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PREFACE 

DURING the past twenty years biochemistry has 
become a subject of ever-increasing importance in 
medicine; especially is this the case in the diagnosis, 
prognosis, and treatment of the so-called metabolic 
diseases. But there is hardly a branch of medicine 
or surgery which does not, at some time, have need 
of the information which can be supplied by the bio
chemical laboratory; and no student or practitioner 
can be regarded as well equipped to-day who does not 
possess a knowledge of the circumstances in which a 
(~hemical examination may be of service, of the inter
pretation and significance to be placed upon the 
results of such an examination, and of the technique 
of obtaining the specimens to "be sent to the laboratory 
for analysis. In order to appreciate the. rationale of 
chemical pathology in its application to practical 
medicine, it would also be ideal for him to have a 
broad knowledge of how the various chemical analyses 
n.re carried out, and a detailed knowledge of the 
method of performing many of the simpler tests 
which do not require much time or equipment, and 
which may be performed, if he so wishes, in his own 
surgery or dispensary. This book has been written 
with a view to giving information on these points to 
the practitioner, house-physician, and senior studen.t. 
It is not an elaborate text-book of biochemistry for 
the laboratory worker, but it aims at something more 
than a short description of side-room methods, or the 
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vi PREFACE 

interpretation alone of laboratory results. It does not 
attempt a comprehensive account of the well-nigh 
innumerable tests which have been proposed at one 
time or another for investigating the various bodily 
functions; it selects those which are more important, 
and which, in the authors' experience, have proved 
useful and reliable. There are, indeed, a number of 
branches of the subject on which the book does not 
touch, but the authors' aim has been rather to treat 
adequately, within a small compass, the more every
day problems requiring chemical investigation, than 
to produce an exhaustive treatise on the capabilities 
of the biochemical laboratory in medicine. They 
have attempted further to explain the rational founda
tion of the tests in the hope that such an explanation 
will help in understanding the mechanism of many 
of the pathological processes concerned. 

Laboratory workers, like many other specialists, are 
apt to be over-enthusiastic about their own branch of 
work, and to attach undue weight to the information 
they are able to give; and there is little doubt that 
there is a tendency nowadays, with the increased 
facilities for chemical and other investigations, for 
some deterioration to take place in bedside observa
tion as compared with former days. The chemical 
laboratory, by itself, cannot supply a ready-made 
diagnosis, but only a link - on some occasions a 
valuable one-in the chain of evidence which leads the 
physician to his diagnosis, prognosis, and treatment. 
The authors, therefore, have been at pains not only 
to point out the value of certain chemical investi
gations, but also to stress their limitations. If only 
the nature of the information whieh these investiga
tions alford is realised, then, even if the methods are 
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multiplied, as they are certain to be, far beyond those 
in use to-day, there is yet no reason why they sho)J.ld 
divert attention from the bedside study of disease. 

The second edition has been thoroughly revised in 
the light of the authors' own and others' experience; 
some tests which have been superseded or have not 
stood the test of time have been deleted; others which 
have proved more valuable have been introduced. 
Certain sins of omission, to which reviewers of the 
first edition called our attention, have, it is hoped. 
been remedied. 

The arrangement of the book has been so altered 
as to allow the technical details to be collected into 
an Appendix. This has enabled the argument in the 
text to continue without interruption, and the new 
Appendix, with the additional methods we have added, 
includes all the side-room tests (apart from bacterio
logical) which the student is usually required to know. 

The authors wish to take the opportunity of -thank
ing Dr. Harold Scarborough for his most helpful 
criticism of the manuscript, for his aid in proof
reading, and for contributing the haematological 
section in Appendix I. 

They also wish to acknowledge the courtesy of 
Messrs. Heffer of Cambridge, who granted permission 
for the adaptati.on of the diagram appearing on p. 185 
of Cole's Practical Physiological Chemistry, 8th edition. 

C'LINI(,AL LABORATORY, 
ROYAL INFmMARY, EDINBUltGH, 

October 1937. 

C. P. STEWART. 
D. M. DUNLOP. 
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CHAPTER I 

INTRODUCTION 

SIMPLE chemical tests such as thc detection of sugar 
and protein in urine have long been used as aids in 
the diagnosis of disease. The last twenty or twenty
five years, however, have witnessed an enormous 
increase in our knowledge of the chemical abnor
malities to be found in disease. This increase has 
occurred along with (though beginning rather later 
than) the growth of biochemistry, and has been 
greatly aided by the development of analytical methods 
suitable for estimating on a micro-scale many of the 
substances prcsent in the body fluids and excreta. 

As usually happens when a new department of 
knowledge is rapidly made available, there is difficulty 
at first in appreciating its real worth. The enthusiasm 
of its sponsors and the hostility of its critics both tend 
for a while to hinder formation of an unbiassed judg
ment. In the case of biochemistry as applied to 
medicine that .phase is now, happily, passing, and it is 
possible to assess the new science at its true value, 
and to rank it as one of many valuable aids in the 
diagnosis and prognosis of disease. It is not, has 
never been, and almost certainly never will be, the 
philosopher's stone of medicine; its methods, both as 
regards number and accuracy, are still far from per
feet; it is still growing so rapidly that many of its 
conclusions may require modification; even with 
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2 CLINICAL CHEMISTRY IN PRACTICAL MEDICINE 

accurate methods of analysis the normal biological 
range of variation and the reserve of power possessed 
by all healthy tissues limit, and must continue to 
limit, the usefulness of most chemical tests. Neverthe
less, properly used and interpreted with due regard to 
these limitations, chemical methods have established 
their right to be considered among the major aids of 
diagnostic medicine. Like other laboratory methods, 
they must be used simply to supply evidence which 
the diagnostician has then to consider along with his 
clinical findings and all other. available information; 
in other words, like other laboratory methods, they 
supplement, but do not replace clinical examination. 

As in radiological, bacteriological, or serological 
examinations, many techniques available for bio
chemical examination are necessarily the province of 
the technical expert. Radiology, of course, occupies 
a somewhat special position on account of the com
plicated and expensive equipment which is required, 
but a number of biochemical, as of bacteriological, 
tests, can well be made by the practitioner without 
specialised biochemical training. It is perfectly ob
vious that the accumulation of data regarding any 
particular case is quite useless unless the data can be 
interpreted; diagnosis consists in collecting and inter
preting all relevant data. It follows that the practi
tioner of these days must understand the meaning not 
only of the signs he elicits at the bedside, but of the 
further information he obtains from laboratory pro
cedures to supplement his clinical examination. 

The physician, confronted by a certain group of 
clinical signs and symptoms, and desirous of obtaining 
the additional data which biochemical methods can 
give him, must know what particular biochemical 
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investigation, if any, may throw further light on his 
problem. This holds whether he is to carry out the 
actual analysis himself or to delegate that part of 
the work to a biochemist. He must not order, as is 
sometime's done, a " complete" or " routine" exam
ination of some biological fluid; such an order is 
usually merely a cloak for ignorance. Even though 
he ·doc'> not carry out the actual chemical analysis 
himself, the physician should have some general idea 
of the procedures involved. Otherwise he can hardly 
appreciate the meaning of, and the necessity for, the 
various precautions and conditions which the chemist 
demands in the preparation of the patient and the ob
taining of samples. Y ct this part of the test is just as 
important as the chemical analysis, and is, of course, 
cssentially within the province of the clinician. The 
clinician must, therefore, know how to obtain the 
specimens for chemical examination, how to preserve 
them from contamination or alteration, how to send 
them to the laboratory, and under what conditions 
they must be obtained so as to exclude fallacies as 
far as possible. He must know the meaning of the 
results obtain('d, and the significance to be attached 
to a variation from the normal or to the absence of 
such a variation. This requirement implies a know
ledge of the normal with the physiological variations 
from it, and of the conditions, other than that sus
pected, which may cause a result similar to that 
obtained. 

Valuable as a biochemical investigation often is, it 
cannot be over-emphasised that its· results must always 
be considered in conjunction with those of clinical 
examination, and that taken alone it can rarely, if 
ever, justify a diagnosis. Just as a systolic murmur 
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heard over the apex-beat of the heart is not, by itself, 
evidence of mitral incompetence, so a high blood urea 
is not itself sufficient justification for a diagnosis of 
nephritis. A high blood urea may be due to cardiac 
failure, intestinal obstruction, dehydration from physio
logical or pathological causes, or any acute fever; 
and only a consideration of other clinical factors can 
differentiate amongst these possible causes. Similarly, 
a rather high fasting blood sugar may be due merely 
to nervousness on the part of the patient, but if it is 
accompanied by polyuria, thirst, or emaciation, it 
becomes valuable evidence in support of a diagnosis 
of diabetes mellitus. Hence, per se, the chemical 
findings may mean little, but considered as a link in 
the chain of evidence they may be of great importance. 
It is important also to realise that though a chemical 
analysis giving abnormal results may support a certain 
diagnosis, one giving normal results does not neces
sarily exclude it. The organs of the human body are 
mostly constructed on a very generous scale. Thus 
it seems that half, or more, of the kidney may be 
destroyed by disease before its function becomes 
markedly impaired. Even then impairment of one 
function does not necessarily mean impairment of all ; 
so that clinical signs may lead to a suspicion of nephritis, 
and quite rightly, before the blood urea is raised. 
Hence a normal value for the blood urea or non-protein 
nitrogen is not incompatible with the existence of 
chronic Bright's disease. It has further to be remem
bered that most substances of biological importance 
have, even in health, a considerable range of variation 
on either side of the normal mean. Hence an analytical 
result within the normal range may actually be 
pathological in a particular case, although of course 
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there is usually no means of knowing whether it is so 
or not. Thus the normal carbon-dioxide combining 
power of the blood lies between 53 and 73 volumes 
per cent., and a result of 56 volumes per cent. must be 
taken as normal. Actually, however, it may represent 
a pathological fall from an original value of 70 volumes 
per cent., a fall which might be of considerable signifi
cance if the original value of70 were known. It is rarely 
that such values within the normal range are known to 
be actually pathological, and this wide range of physio
logical variation therefore constitutes an important 
limitation of the biochemical method of investigation. 

The value of biochemical methods of investigation 
is not confined to diagnosis, but extends to prognosis 
and the control of treatment, where, indeed, some of 
their chief uses are found. It sometimes happens that 
aftcr a diagnosis has been made, and treatment has 
been instituted, considerable improvement takes place, 
and can be demonstrated by chemical means before 
the clinical picture has shown much alteration. Thus 
in a patient with meningococcal meningitis the first 
sign of improvement after serum treatment may be 
the return of sugar in the cerebro-spinal fluid, on 
which a more favourable prognosis may be given. On 
the other hand, an apparent clinical improvemcnt 
may occur unCler treatment without any real ameliora
tion in the underlying disease, and the true state of 
affairs may "be revealed by chemical examination. An 
instance of this is found in the advanced nephritic, 
who apparently improvcs under rcst and dictetic 
treatment, but for whom the prognosis remains 
desperately bad, as is evidenced by the blood creatinine 
remaining at a high level. 

While in some diseases chemical examinations are 
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an aid in the control of treatment, in others successful 
treatment can hardly be carried out without them. 
No physician, for example, would care to treat a case 
of diabetes mellitus without frequent reC9urse to 
chemical examination of the urine, if not of the blood, 
and no surgeon should nowadays undertake the risk of 
radical prostatectomy without previous investigation 
of the blood urea. . 

Most of the investigations mentioned above, and 
many others like them, may be successfully carried 
out in general practice-with, perhaps, the technical 
aid of the biochemist-and do not necessitate the 
sending of the patient to hospital. In some cases 
even the actual analysis can be carried out by the 
practitioner himself, if he has the time and inclination 
to do so. When the samples are sent to a biochemist 
for analysis they should invariably be accompanied by 
a short note of the clinical condition of the patient, 
since the biochemist's experience may then suggest 
some further useful test. Close co-operation between 
the chemist and the clinician is always necessary, for 
both are partners to the transaction, and a successful 
accomplishment of any investigation can be achieved 
only if each does his own part efficiently, and knows the 
full facts of the case. Besides being of service in the 
hetter-known and more usual methods of chemical 
investigation, such as are dealt with in this book, it 
sometimes happens that the biochemist is able to render 
assistance in the elucidation of obscure and difficult 
cases. No single book could deal with all such con
tingencies, and this one pretends to no more than a 
treatment of the commoner and more generally useful 
tests, but in cases of difficulty a consultation between 
the clinician and the biochemist may be fruitful. 



CHAPTER II 

THE COLLECTION AND PRESERVATION 
OF SAMPLES 

ALTHOUGH in many cases, perhaps thc great majority, 
thc physician will not himself carry out the actual 
chemical analysis involved in the various tests of 
bodily functions, it is always his province to obtain 
the material for analysis and to see that it arrives at 
the laboratory in such a condition that it can be 
analysed with trustworthy results. We have therefore 
thought it advisable to collect into one chapter the 
methods used for obtaining samples of blood, urine, 
cerebro-spinal fluid, etc., for preserving them from 
alteration, and for dispatching them to the laboratory. 
Exceptions to this are the collection of gastric contents 
and of expired air, which belong more appropriately to 
the chapters on gastric analysis, and the determination 
of the basal metabolic rate respectively. 

URINE 

Collection.-For chemical tests it is usually unneces
sary to take aseptic precautions in the collection of 
urine, provided that the analyses are carried out with 
the minimum of delay, or, where a day or more must 
necessarily elapse between the collection and the 
analysis, provided some appropriate preservative is 
added. For many purposes a twenty-four hour sample 
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is required, and where quantitative results are sought, 
as in determining the daily output of sugar or of 
urea, the period must be accurately measured and 
precautions must be taken to prevent loss of urine. 
Thus at the beginning and at the end of the period the 
patient must be instructed to empty his bladder com
pletely, and should be told always to micturate into 
a separate container before defaecation. After the 
sample has been measured, and any preservative has 
been added, a certain amount of it is sent to the 
laboratory for analysis, w.ith a note of the total volume 
passcd. For most purposes the sample need not excccd 
200 c.c., though some such generous amount should 
be scnt rather than a few cubic centimetrcs in a test
tube. When there is any doubt as to the volume 
needed for an analysis, it is obviously best to send the 
maximum available. For some analyses, of course, 
very considerable amounts are required, and one may 
instance the estimation of lead in cases of lead
poisoning, for which the whole twenty-four hour 
specimen is needed in order to obtain reliable results. 

In some conditions more information can be ob
tained by the analysis of separate samples of urine 
than by the analysis of the twenty-four hour collection. 
Thus in the investigation of cases of glycosuria it is 
often desirable to know whether sugar is being ex
creted continuously or only after meals, and in sus
pected chronic interstitial nephritis the testing of 
separate urine samples for variation in specific gravity 
and urea content may give information of grcat valuc. 
Tests of this kind need not, of course, prevent the 
simultaneous carrying out of investigations into the 
total daily output of the various urinary constituents; 
a measured volume of each sample of urine passed 
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may be used for separate testing, and if this is kept 
as low as possible-only a few cubic centimetres need 
be used-the error in the analysis of the remainder of 
the twenty-four hqur sample will be slight. 

Preservation of Urine for Analysis.-For hospital 
work, probably the most efficien t method of preserving 
the urine for analysis consists in the addition of a little 
toluene-enough to form a continuous film over the 
surface of the fluid-and the keeping of the samples 
in a refrigerator. Toluene alone is not very satis
factory, for it does not always prevent the growth 
of bacteria completely. It is to ,be remembercd that 
the great object of preservatives is to guard against 
the growth of bacteria, since the organisms live at the 
expense of the urinary constituents, and so, if allowed 
to grow, may profoundly alter the composition of thc 
urine. Thus, in particular, sugar tends to disappear 
and ammonia to be produced at the expense of Urea. 
Hence, unless the urine is examined while it is fresh, or 
with adequate precautions against bacterial growth, 
estimations of the output of glucose, or of the ratio 
between ammonia and urea, may bc entirely fallacious 
and misleading. 

The choice of a suitable preservative in private 
practice is not so easy. Chloroform (5 C.c. to each 
100 C.c. of urine) is more efficient than toluene in 
rctarding bacterial growth, but has the objection that 
it reduces copper solutions and so simulates sugar. 
If it be used, thereforc, the urine must be boiled to 
remove the chlorof'(J),m beforc tcsts are applied for 
sugar. Formalin, which also has been suggested as a 
preservative of urinc, similarly reduces coppcr solu
tions, and as it is not removcd complctely by boiling 
it is thcrefore dcfinitely undesirable in cases suspectcd 
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of glycosuria. Thymol, too, though efficient as regards 
prevention of bacterial growth, interferes with certain 
tests. Possibly the best means of preserving urine 
for chemical examination is simple acidification to a 
reaction at which the ordinary bacteria cannot grow. 
For this purpose the addition of 1 c.c. of concentrated 
hydrochloric acid to 100 c.c. of urine suffices. The acid 
usually precipitates uric acid and destroys casts (so 
that for microscopical examination it cannot be used). 
Before the urine is examined chemically it is advisable 
to neutralise it by thc addition of sodium hydroxide 
(1 c.c. of 40 per cent. NaOH per 100 c.c. of sample 
is a suitable amount), and the volume of alkali so 
added must be taken into account in the subsequent 
calculations. Use of acid for preserving the urine 
prevents any estimation of the titratable acidity or 
pH; but this disadvantage is far outweighed by the 
usefulness of the method with respect to the com
moner tests. 

BLOOD 

Amount.-It is impossible to lay down any simple 
hard-and-fast rule as to the amount of blood required 
for chemical analysis, though in the majority of cases 
2 c.c. for each separate estimation is an adequate 
amount. The actual amount needed for a number of 
the commoner estimations is given in Table I, but it 
must be remembered' that these are minimal and do 
not allow for any duplication of analyses. Wherever 
possible it is wise to send more than the bare amount 
required for a single estimation, for it is most annoy
ing to be deprived of useful information through an 
accident during an analysis which cannot be repeated. 
Again, it is annoying to the chemist to receive, as he so 
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TABLE I 

Test Method Quantity Coagulation 
-- -- - - ---- ---------1------1--------

('°2 combining 
power 

Total Sugar 

Lnn:nlos(' 
Non-proh'in nitro-

gen 
rn'u, nitro_[(('n 
( !r(>atinino 
l:rie a(,l<1 
lnorc;anic phos-

phato 
Chloridos 

;\let,llUf'moglo bin, 
.'tr. 

Pla~ma Proteins 
Chole.-,;terol 
Total fatty acids 

Lipoid Phosphorus 

Bilirubin 

lett -ric' iwiox 

Van Slyke 

{

-Benedict or Folin 
and \Vu 

Hagedorn and 
Jenwn 

Micro-Kjeldahl 

Urease 
Folin 
Benedict 
Fiske and Sub

arrow 
Silver-nitrate 

methods 
Spectroscope 

Micro-Kjeldahl 
'Bloor 
Stewart and 

Hendry 
Stewart and 

Hendry 

Van den Bergh 

Meulengracht 

Ph.-n( ,1.tc,traehlor-1 
\ Rosenthal 

I'hthakin J 
Cakium ·,l.n<1 

Magnesium 

Carhon monOXIde 

Kramer and 
Tisdall 

(Tannin } 

4 c.c. 

2 C.c. 

0·2 c.c. 

• 2 c.c. 
2 c.c. 

1 c.c. 
2 C.c. 
5 c.c. 
1 C.c. 

1 c.c. 

2 c.c. 

5 C.c. 
1 C.c. 
2 c.c. 

1 c.c. 

7 C.c. 

3 C.c. 

Non-coagulated 

Non-coagulated 

Non-coagulated 

Non-coagulated 
Non-coagulated 

Non-coagulated 
Non-coagulated 
Non-coagulated 
Non-coagulated 

Non-coagulated 

Non-coagulated 

Non-coagulated 
Non-coagulated 
Non-coagulated 

Non-coagulated 

{
Non-coagulated 

or coagulated 
f Non-coagulated 
l or coagulated 

( 10 c.c. } 
first sample -l 2 c.c. Non-coagulated 

8nhseq nently 
5 C.c. Coagulated 

3 C.c. Non-coagulated 

1

1 Spectroscopo 
~Van Slyke 

--- - - -- - _ .----------__ --L ____ _____!_ ________ _ 

often does, a minute amount of blood with a demand 
that several complex anulyses be carried out on it. 
It is(JIusually a simple matter to obtain sufficient 
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blood by venepuncture, but when only vcry small 
amounts of blood are available it is usually possible, as 
in the case of sugar, to employ special micro-methods. 

Anti-coagulants.-Most analyses are carried out upon 
whole blood, and therefore the sample must be pre
vented from clotting. The agents most commonly 
used for' this purpose are sodium citrate and sodium 
or potassium oxalate. These salts act on the calcium 
which is essential for blood coagulation, the citrate by 
converting all the calcium to thc very slightly ionised 
but solublc calcium citrate, and the oxalate by forming 
thc insolublc calcium oxalate which is prccipitated. 
The amounts of anti-coagulant required are very 
different in the two cases. Citrates prevent coagulation 
only when present in considerable amount, smaller 
amounts actually hastening clotting, and at least 
60 mg. of sodium citrate (enough to cover the surface 
of a threepenny-piece) must be used for each 10 C.c. 
of blood. 

The most usual anti-coagulant is sodium oxalate, 
of which relatively little is needed; 10 mg. (a small 
pcnknife-point) is ample to prcvent 10 c.e. of blood 
from clotting. Whichever anti-coagulant is used thc 
salt should be in as fincly powdered a condition as 
possible, since it can only fulfil its function if it is 
rapidly dissolved in the .blood before clotting can 
take place. For the samc reason the blood and anti· 
coagulant should be thoroughly shaken together at 
once; it is no uncommon experience in the laboratory 
to rcceive a sam pic with solid oxalate at the bottom of 
the test·tubc and :t firm clot of blood above. An 
equally common fault is the use of an excessive 
quantity of oxalate, and this it is also important to 
avoid, since a high concentration of oxalate may 
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seriously interfere with certain chemical estimations, 
such as those of sugar, non-protcin nitrogen, and 
'creatinine. A useful method, and onc which is almost 
essential in the successful collcction of capillary blood, 
is to prepare a test-tube thinly coated with a film of 
sodium oxalate. The required amount of oxalatc is 
placed in the tube, dissolved in a drop or two of watcr. 
This solution is then evaporated ovcr a small gas flame, 
thc tube, meanwhile, being held at an anglc and 
rotated continuously, so that the oxalate is deposited 
very thinly over the walls of the tube. Though 
oxalate so deposited dissolves more rapidly in the 
blood than does finely powdered oxalate, the use of 
test-tubes so prepared does not absolve the operator 
from the duty of shaking the blood with the anti
coagulant. 

}'or the determination of calcium, of course, oxalates 
cannot be used as anti-coagulants. It is often recom
mended that citrate be used for this purpose, on the 
ground that calcium citrate is soluble. It has bcen 
found, however, that amounts of citrate sufficient to 
prevent coagulation of the blood rrtay precipitate a 
little of the calcium, and that with considerable 
excess of citrate, such as is often used in practice, the 
loss of calcium in this way may be serious. Even when 
citrate is used to prevent clotting, the actual calcium. 
estimation is carried out on the plasma, since the 
results are more uniform and informative than those 
obtained from analysis of whole blood. It seems 
,preferablc, therefore, to avoid the possible loss of 
calcium resulting from the use of sodium citrate, and 
to use the serum obtained from blood which has been 
'allowed to clot. This is indeed cssential if information 
,is required as to the proportion of calcium which is 
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present in the diffusible state, since citrate com
pletely upsets the distribution of the blood calcium 
even if ·it does not alter the total amount. The deter
mination of sodium, of course, cannot usefully be 
made after addition of any sodium salt, and that of 
potassium is best done without addition of any anti
coagulant, since added salts may alter the distribution 
of potassium between cells and plasma. For these 
estimations also the blood should be allowed to clot. 

Some tests, such as that of Van den Bergh, and the 
determination of the icteric index, demand the use of 
blood in which no haemolysis has occurred. Hence in 
obtaining samples, for such tests particularly, neither 
ether nor alcohol must be allowed to come in contact 
with the needle and syringe, or with the collecting 
vessel. Water also must be avoided, and so all the 
apparatus should be clean and dry. If the syringe 
must be washed out, sterile physiological salt solution 
should be used for that purpose. The older practice in 
carrying out the Van den Bergh test was to use blood 
serum, but it is now recommended that plasma be em
ployed, since with the use of a suitable anti-coagulant 
such as sodium oxalate haemolysis is less likely to 
occur than when the blood is allowed to clot spon
taneously. Sodium oxalate is to be preferred to 
the potassium salt. A second important reason for 
the use of plasma in the Van den Bergh reaction is the 
desirability of carrying out the test as soon as possible 
after the blood has been drawn. It is stated that if 
more than two hours elapse before the test is made 
the results may often be misleading. 

Preservation of Blood Samples • .....-All blood analyses 
should be carried out as soon as possible. Besides the 
Van den Bergh reaction, this is particularly true of 
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sugar estimations. Loss of sugar from shed blood may 
begin within a few minutes of withdrawal, though 
usually the loss is inappreciable for the first hour or so. 
Sugar estimation is valueless in blood which has been 
kept overnight without special precautions, since l;ly 
morning half or more of the sugar may have dis
appeared. For sugar estimation it is a usual, and 
good, procedure to add the blood at once, without the 
use even of anti-coagulants, to the protein precipitant. 
After this treatment the mixture may safely be kept 
for a few hours, and may even be sent through the 
post. Many preservatives have been suggested for 
blood, and, for example, a trace of formalin has been 
found to prevent loss of sugar for a considerable time, 
even when, added in amount far too small to interfe:.:e 
with the estimation. Possibly the most useful pre
servative-which, however, cannot be used if urea: 
estimation is required (since fluoride is an enzyme 
poisoll)-is a mixture of one part of sodium fluoride to 
three parts of sodium or potassium oxalate, 40 mg. 
of the mixture being added, without other anti
coagulant, to each 10 C.c. of blood. With blood pre
served in this way, estimations of sugar, non-protein 
nitrogen, and creatinine can safely be carried out after 
two or three days, so that samples so protected may 
be sent by post to the laboratory. If urea estimation 
is rf:quircd, and the analysis cannot be done within a 
few hours of drawing the blood, a drop or two of 
formalin may "be used as a preservative. . 

The inorganic phosphate rapidly increases in shed 
blood owing to hydrolysis of phosphate esters, and it 
is doubtful if any really satisfactory method exists 
for preventing this action over a long period. The 
first step in the estimation of inorganic phosphate 
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is the precipitation of the blood proteins by addition 
of an equal volume of 25 per cent. trichloracetic acid. 
After the addition of this reagent thc hydrolysis 
of phosphatc is very much slower, although it still 
proceeds, owing, probably, to the acid reaction of the 
mixture. The immediate addition of trichloracctic 
acid to the blood sample (using accurately meaSllrf''' 
amounts of each) allows thc remainder of thc analysis 
to be postponed for some hours. 

No satisfactory method is known for preserving 
blood required for determination of the carbon-dioxide 
combining power. If really accurate results are to be 
obtained this analysis must be carried out within an 
hour or two of the blood being withdrawn. 

As in the cases of other samples tor analysis, the 
chemist should always be informed what prcservati \"es 
and anti-coagulants have been added to the samplcs 
of blood he reccives. 

Collection of Blood Samples.-When only a small 
amount of blood is required, or whcn other methods 
are unsuitable, it may be obtained by pricking the 
finger or the lobe of the ear. In order to ensure a free 
flow of blood the part selected should be warm, and 
should be congested by slight constriction, or, in 
the case of the finger, by swinging the arm. The stab 
should be made with a blood gun or a small scalpel, 
which are much more efficient than a needle and are no 
more painful. The stab should be resolute and firm, 
since half-hearted efforts are really more uncomfortable 
to the patient and generally have to be repeated. After 
the stab has been made the blood is massaged out into 
a suitablc vessel. Whcn the finger is selected as the 
sourcc of the blood it is advisable to make the stab at 
the tip rather than at the base of the nail, sincc it is 
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usually possible to obtain a greater flow of blood, and 
to obtain it more easily, from this position. In using 
capillary blood for the estimation of sugar it must be 
borne in mind that though during fasting the sugar 
concentration is usually the same as that of venous 
blood, after ingestion of glucose the sugar concentra
t_:~.l is rather higher in the capillary blood. This is due 
to synthesis of glycogen in the muscles at the cxpcnsc 
of the sugar hrought to thcm by thc capillaries. 

When a larger quantity of blood is required for 
analysis it is usually obtained, by means of a hollow 
needle and syringe, from one of the superficial veins at 
the bend of the elbow. The syringe is not absolutely 
essential, but we much prefer its use to the method of 
simply inserting a needle in the vein and allowing the 
blood to drip through it into the test-tube. With this 
latter method blood is apt to be spilt, and unless there 
is to be danger of the blood clotting a large-bore needle 
must be used, with consequent increased discomfort to 
the patient. 

The withdrawal of blood from a vein should be 
perfectly simple in the vast majority of cases, but it is 
surprising how frequently it is inefficiently performed, 
with resulting undue discomfort to the patient, the 
formation of a haematoma, and partial, or even total. 
-failure to procure an adequate specimen. Vene
puncture should, of course, be performed with scrupu
lous aseptic precautions, and it is advisable to boil the 
needle rather than to sterilise it with ether or alcohol, 
since the introduction of these substances under the 
patient's skin is apt to be painful, and may, more
over, lead to haemolysis of the blood. After sterilisa
tion only the collar of the needle must be touched in 
fitting it on to the syringe. It is quite unnecessary to 

n 
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use a needle with a very big bore, though it must of 
course have a somewhat wider lumen than the very 
fine needles commonly used for hypodermic injections. 
Much more control can be obtained if the needle is 
short rather than long, and if it has a short bevel. A 
No. 19 S.W.G. needle, with a length of one and a 
half inches, is recommended. 

The selected vein is made prominent by suitable 
constriction of the upper arm with a soft piece of 
rubber-tubing. After the surface of the skin has 
been cleansed with ethe~, and with the thumb of the 
operator's left hand controlling the vein, the needle is 
inserted and the requisite quantity of blood withdrawn 
into the syringe. The best results are obtained by slow 
traction on the piston of the syringe. 

If the vein does not become sufficiently prominent 
after the application of the tourniquet, the patient 
should be asked to open and clench his hand several 
times, which will drive more venous blood upwards 
into the veins of the forearm. When the skin is 
punctured immediately over the distended vein some 
bleeding may occur from the puncture-hole when the 
needle is withdrawn. This may be avoided by insert
ing the needle alongside, rather than directly over, 
the vein, and then turning the point inwards so as 
to pierce the vessel. After a little practice one grows 
accustomed to the " feel" of the needle as it slips into 
the vein. It is essential to remember to release the 
tourniquet before taking out the needle, since failure 
to do this is the commonest cause of an unsightly 
bruise or haematoma at the bend of the elbow. On 
withdrawal of the needle pressure is immediately 
applied with a small pad of cotton-wo'ol over the 
puncture-hole, and no bleeding should ordinarily 
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occur. Once the sample of blood has been procured it 
is immediately transferred to a test-tube and thoroughly 
shaken up with a knife-point of sodium oxalate, 01' left 
to clot according to the nature of the analysis in view. 
The syringe and needle should, as soon as possible, be 
washed out with water and then with acetone, and 
the syringe should bc lubricated with a little liquid 
paraffin. 

Difficulty may sometimes be experienced with very 
emaciated patients, whose veins are not anchored by 
subcutaneous fat, and thus tend to be pushed away 
from the point of the needle. If the vein is sufficiently 
steadied by tightening the skin over it with the thumb 
of the left hand this difficulty can be overcome. In 
many fat subjects, on the other hand, especially 
women, the vein never becomes visible, even after 
considerable constriction has been applied to the upper 
arm. It is usually palpable, however, and often much 
less' difficult to puncture than the freely mobile vein 
of a thin subject. If it is neither visible nor palpable, 
the arm should be immersed for a little while in hot 
water, which almost invariably makes the vein more 
prominent. If this fails, some other vein, which may 
be more obvious, on another part of the body, such as 
the dorsum of the foot, may be tried. 

In young children it is usually impossible to obtain 
blood by puncture of the veins of the arm, and the 
~xtcrnal jugular vein is generally selected, with the 
child's head turned so as to steady the vessel over 
the sterno-mastoid muscle. The fact that the child 
usually eries during the proceeding causes the vein 
to be satisfactorily distended. If a large quantity of 
the child's blood is not required, a specimen of 2-8 c.c. 
may easily be collected from a small stab wound in the 
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heel. The ankle is grasped so as to congest the heel, 
and, the stab having been made with a sterile scalpel, 
the resulting blood is massaged into a test-tube. 

In infants, blood may be obtained by puncture of 
the superior longitudinal sinus through the anterior 
fontanelle. This procedure, which sounds rather 
formidable, is ·in reality perfectly simple and safe, 
provided the child's head is held very still by an 
assistant and the needle is not inserted farther than 
the depth of its bevel, since the sinus lies immediately 
beneath the surface of the skin. The needle should be 
inserted in the middle line through the posterior angle 
of the fontanelle. 

It is important to remember that many of the 
blood constituents are increased in amount for some 
time after a meal, and in estimating these substances, 
-therefore, it is absolutely essential to obtain the 
blood while the patient is fasting. Though for other 
analyses fasting blood is not really necessary, its use 
is not harmful, and for routine analysis ·it is always 
desirable to use fasting blood, the blood being with
drawn in the morning before thc patient has had 
breakfast. 

FAECES 

For chemical examination it is desirable that the 
complete stool be sent to the laboratory and that the 
analysis be commenced as quickly as possible, since, 
even more than in the case of urine, the ch$!mical 
composition of faeces is liable to u:ndergo alteration 
owing to bacterial action. Probably the best preserva
tive which will prevent the alteration in amount and 
distribution of the fats of the faeces is alcohol, which, 
if added in considerable amount, will not only kill 
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bacteria, but prevent the continued action of lipase. 
When the faeces have to be sent through the post, 
however, this procedure is inadmissible, and formalin 
should be substituted. The chemist should be informed 
that .preservative has been added. Samples of faeces 
obtained by the use of purgatives or of an enema are of 
no use for chemical examination, and no liquid paraffin 
or other oil should be given for at least three or four 
days prior to the collection of the sample. 

CEREBRO-SPINAL FLUID 

The cerebro-spinal fluid may be withdrawn from 
the lumbar theca, the cistern space, or from the lateral 
ventricles. Of these the safest and most usual method 
is withdrawal from the lumbar theca. In performing 
the operation of lumbar puncture, absolute asepsis is 
again essential, since the most disastrous results may 
be occasioned by an artificial infection of the meninges. 

The ideal lumbar puncture needle is some 7-9 cm. 
(3-4 in.) long, moderately pliable and certainly not 
brittle. The bevel must be absolutely smooth and the 
shaft perfectly rustless. It is provided with a handle 
and a stylet, and its bore should be capable of being 
fitted on to a "record" syringe. The needle should 
be sterilised by boiling rather than by ether or alcohol. 

Two types of needle are in general use. The 
Graham type, a straight needle, is the more suitable 
when a manometer is bcing used; thc White
Jenselme type, providcd with aT-handle through 
which the cerebro-spinal fluid drips, is perhaps easier 
to introduce. 

The pQSition of the patient during the op.eration i~ 
exceedingly important, since, if this is faulty, an easy 
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operation becomes one of considerable difficulty, if 
not impossible. Preferably the patient should be lying 
down with his back on the edge of the bed, his hands 
round his knees pulling them up towards his chin, and 
his head bent downwards, so as to ensure the greatest 
possible degree of flexion of the spine, thereby opening 
up the inter-vertebral spaces to their maximal extent. 

Lumbar puncture is usually performed in the space' 
between the third and fourth lumbar vertebrae. In 
order to identify this space a line is drawn with an 
iodinc swab joining up the iliac crests. This line will 
cut across the spinal column at or near thc spine of 
the fourth lumbar vertebra, and since the spinal cord 
ends about the level of the second, it will be quite 
safe to puncture the theca in the space above, or in 
the space below, the fourth lumbar vertebra. After 
the operator has washed his hands as for a surgical 
operation, and the patient's skin in the lumbar region 
has been thoroughly disinfected with iodine, the needle 
is inserted in the third or fourth interspace. A point 
on thc mid-line should be chosen in children, and one 
5-10 mm. to one side of it in adults. The only real 
pain the patient should feel if the operation is properly 
<:.Onducted is the discomfort of skin puncture, and this 
may be prevented in nervous patients by injecting a 
few drops of novocaine under the skin, so as to cause 
a small blister over the site of the puncture, or by 
freezing the region with ethyl chloride. A general 
anaesthetic is unnecessary save in maniacal cases. 

On introducing the needle through the skin there is 
often an involuntary straightening of the spine, and the 
patient should always be made to flex the spine again 
thoroughly before the operation is proceeded with. 
The needle should then be inserted steadily forwards 
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and slightly upwards, and should slip easily into thc 
spinal canal, encountering little resistance on the way, 
except just as it goes through the ligamentum flavum. 
The dura of the spinal canal should be punctured at a 
depth of 4-6 cm. in adults, unless they are very fat, 
when the needle may have to be inserted to a depth 
of 7 em. In children the canal is reached at a depth 
of 2-4 cm., depending on the age and development of 
the child. Just as it is possible to tell, after a little 
experience, when a needle has entered a vein, so one 
quickly learns to appreciate the" feel" of the needle 
as it punctures the dura of the spinal canal. When 
this occurs the stylet should bc withdrawn and the 
cerebro-spinal fluid allowed to run into a clean sterile 
test-tube, which is at once stoppered. Several of these 
tubes should be ready, since the first few cubic centi
metres of the fluid may be contaminated with blood 
and so be rendered unsuitable for certain of the 
analyses. The first onc or two cubic centimctres should 
therefore be ·received into a separate test-tube. In 
cases in which the pressure of the fluid is not vcry 
obviously increased no more than 10 c.c. of fluid 
should be withdrawn. Where it is obviously under 
greatly increased tension, as in meningitis, consider
ably more may be drawn off with benefit to the 
patient, but certainly never more than 40 c.c., and 
seldom so much. The quality of the patient's pulse 
serves as a good guide as to the amount of fluid to be 
taken. 

When the needle encounters a hard resistance during 
the course of puncture no attempt should be madc to 
force it onwards, as it i~ no doubt encountering bone, 
and traumatisation of the periosteum will cause the 
patient considerable pain. Under such circumstances 
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the needle should be withdrawn until its point is just 
under the skin, and a new attempt made. 

If no fluid is obtained although it is believed that 
the needle has reached the spinal canal, haphazard 
plunging of the needle in all directions should on no 
account be made, as this will undoubtedly cause bleed
ing and post-operative headaches. Rotation of the 
bevel of the needle should be tried, after which the 
fluid may escape easily, since the point may have 
become obstructed by a nerve root; or slight con
striction may be applied to the veins of the neck, 
thereby raising the intracranial venous pressure and 
so increasing the tension of the cerebro-spinal fluid. 
If these measures fail, the needle should be inserted a 
little farther. If this also fails, and if by means of the 
stylet it is ascertained that the lumen of the needle is 
quite clear, the needle should be withdrawn and an 
attempt made in the next interspace. 

Occasionally all efforts to withdraw cerebro-spinal 
fluid by lumbar puncture fail. Sueh a " dry puncture" 
may be due to absence of fluid in the lumbar theca, as 
may be eaused by an obstruction in the spinal canal; 
or to thick pus blocking the lumen of the needle, as 
occasionally happens in suppurative meningitis; but 
one should be very chary of ascribing one's failure in 
obtaining fluid to these causes, since a " dry puncture" 
is much more usually due to failure of the operator to 
puncture the dura and enter the spinal canal. 

In very fat persons, or in patients with some degree 
of spinal arthritis, it may be impossible with the 
patient lying in bed to get the back sufficiently arched 
to carry out the puncture successfully. Under such 
circumstances lumbar puncture is more easily per
formed with the patient sitting on a stool, his legs 
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separated, llnd his head and shoulders bent down
wards towards his knees as much as possible. 

Provided the needle is not inserted to a very ex
cessive depth, so as to pierce the aorta, and provided 
excessive force is not used, so as to break the needle, 
the dangers of lumbar puncture are very slight. A 
few cases of death from ccrebral hernia have bcen 
reported following its performance, but in these the 
puncture was done with the patient in a sitting 
.posture. The rapid removal of 15-20 C.c. of cerebro
spinal fluid from any case suspected of suffering from 
a cerebellar or cerebral tumour, whether associated 
with papilloedema or not, is an exceedingly dangerous 
procedure. When a lumbar puncture is performed in 
such cases a simple manometer should always be 
attached to the needle, the intelligent use of which 
will obviate the dangers of lumbar puncture under 
such circumstances. Owing to the presencc of the 
manometer the fluid will not be rapidly withdrawn, 
and an undue lowcring of thc cerebro-spinal fluid 
pressure can be prevented. (Sec p. 222.) 

Lumbar puncture is definitely contra-indicated in 
erysipelas or septic skin conditions of the lumbar 
region, and in cases of the exanthemata it should be 
performed only when absolutely necessary. 

It is ideal to kecp the paticnt in bed for twenty-four 
hours after the operation, and to tell him to take 
things easily for a day after that. It is essential, if 
hcadache is to be avoided, that he should at any rate 
lie flat for two or three hours afterwards. Headache 
is thc commonest sequel to the puncture, and may 
indicate that too mueh fluid has bcen removed, or may 
be due to non-closure of the puncture-hole in the 
arachnoid, so that leakage of fluid into the tissues 



26 CLINICAL Cn~M1S'l'1tY IN PRACTICAL MEDlCIN~ 

occurs for some time afterwards. This headache is 
usually satisfactorily treated by kceping the patient at 
rest with the foot of the bed raised, giving him plenty 
of watcr to drink and prescribing aspirin. Occasionally 
an intramuscular injection of pituitrin relieves it. 
Pain in the extremities is a less common sequel, and is 
probably due to injury of one of the filaments of the 
cauda cquina. It is of a very temporary character, 
and yields to rest in bed and some mild sedative. 

Cerebro-spinal fluid may also be withdrawn through 
thc occipito-atlantoid ligament from the cistern space. 
This procedure may be called for in order to procure 
fluid in spinal-subarachnoid block, and may occasion
ally be useful in the diagnosis of tuberculous menin
gitis, since the tubercle bacilli are more easily demon
strated in thc cistern than ·in the lumbar fluid. Owing 
to the proximity of the vital centres the procedure is 
not free from risk in the hands of an inexperienced 
operator. The technique should not, therefore, be 
learned from a book, but from repeated trials on the 
cadaver. 

Puncture of the lateral ventricle, which is usually 
performed for therapeutic purposes in hydrocephalus, 
is a much more formidable operation, and calls for 
great care and precision. It should not, therefore, be 
undertaken without skilled surgical aid. 



CHAPTER III 

THE BASAL METABOLIC RATE 

THE word" metabolism" is a general term implying 
the utilisation of foodstuffs by the body tissues. Since 
food is the fuel, the combustion of which gives to the 
body the energy by which it is able to perform its 
various activities, and since combustion involves the 
giving out of heat, we may measure the metabolism of 
an individual by the amount of heat he produces in a 
given time. Such a direct measurement of metabolism, 
however, involves the use of an exceedingly elaborate 
and expensive calorimeter chamber, with at least four 
people in constant attendance to supervise its working. 
It is, therefore, impracticable in the vast majority of 
hospitals to measure metabolism by this direct method, 
ideal though it may be to do so. 

Since, however, the energy production of an or
ganism is due to processes of combustion which involve 
the utilisation of oxygen, it is, subject to certain con
ditions, directly related to its oxygen consumption and 
carbon-dioxide elimination. The metabolism of an 
individual may thus be calculated by the indirect 
process of ascertaining his consumption of oxygen in 
a given time, and calculating from the result the 
amount of heat produced. In order to do this it 
is necessary to know the relationship between the 
oxygen consumption and the heat production. This 
depends on the type of food being oxidised, and to 
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understand this point it is necessary to consider 
briefly the respiratory quotient (" R.Q. "), the ratio 
between the amount of ('arbon dioxide eliminated 
and the amount of oxygen used. 

Fat, carbohydrate, and protein are all oxidised in 
the body with production of carbon dioxide and water. 
In the case of carbohydrate thc relation between the 
volume of oxygen used and the volume of carbon 
dioxide formed can be calculated very readily from 
the equation: 

CSH100o+602=6C02+5H20, 

whence it appears that each gramme molecule of 
oxygen absorbed gives rise to 1 g. molecule of carbon 
dioxide. Since 1 g. molecule of any gas occupies 22·4 
litres at standard temperature and pressure, we have: 

vol. of CO2 produced (i.e. R.Q.)= 6 X 22·4 =1. 
vol. of O2 used 6 X 22·4 

For a simple fat, such as tripalmitin, the R.Q. may be 
similarly calculated from the equation of combustion: 

2C3Ho(ClOH31COO)3+14502=102COll+98HaO, 

R _102X22·4=102_. 
whence, ·Q·-145 X22.4 145-0703. 

The fat actually oxidised in the body is usually a 
mixture, for which careful calculation, checked by 
experiment, shows the average respiratory quotient 
to be 0·707. 

In the case of protein the position is complicated 
by the fact that carbon dioxide and water are not the 
only products of combustion, urea, creatinine, etc., 
being also formed. With allowance for this factor, 
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however, the R.Q. for an average protein is found to 
be 0·80. 

The actual R.Q. found in the course of metabolism 
is due to the oxidation of a mixture of the three types 
of foodstuff; but it is possible, knowing the urinary 
nitrogen excretion, from which the amount of protein 
metabolised may be obtained, to calculate the relative 
amounts of fat, carbohydrate, and protein oxidised, 
with any given R.Q. In practice it is found that the 
rate of protein metabolism under basal conditions 
varies so slightly that, under these conditions, it need 
not be separately determined. For clinical purposes 
it is sufficiently accurate to assume it to have the 
normal value. 

The amount of heat evolved during the combustion 
of each of the foodstuffs has been determined experi
mentally, and from the ·data so obtained the amount 
of heat evolved per litre of oxygen-the "calorific 
value of oxygen "-has been calculated. Thus experi
ment shows that 1 g. of carbohydrate in the form 
of glycogen or starch gives 4·18 cals. when it is burnt 
to carbon dioxide and water. The equation for the 
combustion allows it to be calculat~d that 1 g. of 
either of these substances uses 0 ·828 litres of oxygen 
during the combustion, so that for each litre of oxygen 

used in the combustion of carbohydrate 4·18 , or 5'047 
0'828 

cals., must be evolved. In other words, the calorific 
value of oxygen used in the combustion of carbo
hydrate is 5·047 cals. per litre. Similarly it appears 
that the calorific value of a litre of oxygen used in the 
combustion of fat is 4·686 cals., and of protein, 4'463 
cals. Using these figures, and the knowledge of the 
relati ve amounts of the different foodstuffs oxidised 
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at a given R.Q., we are able to calculate the calorific 
value of oxygen for all possible values of the R.Q. 
This has been done in Table II. It need hardly be 
said that experimental work has amply shown that 
the heat production in metabolism calculated in this 
way from the R.Q and oxygen consumption agrees 
with that found by direct measurement in the 
calorimeter. 

TABLE II 

THE RELATION BETWEEN THE RESPIRATORY QUOTIENT AND 
THE CALORIFIC VALUE OF OXYGEN 

The figures given here are calculated on the assumption that only 
fat and carbohydrate are being oxidised. Actually, of course, protein 
also is being burned, but the error introduced by this simplification of 
the calculations is not considerable. 

---- - --
Reapiratory GalB. per litre RllBpiratory Gals. per litre 

Quotient oj Oxygen wed. Quotient oj Oxygen wed. 

0·70 4·686 0-86 4-875 
0·71 4·690 0-87 4-887 
0·72 4·702 0·88 4-900 
0·73 4-714 0-89 4·912 
0-74 4·727 0·90 4·024 
0·75 4·739 0·91 4-936 
0·76 4·752 0·92 4-948 
0-77 4·764 0·93 4·960 
0·78 4·776 0-94 4-973 
0-79 4-789 0·95 4·985 
0-80 4-801 0·96 4·997 
0·81 4·813 0-97 5-010 
0·82 4·825 0·98 5-022 
0-83 4·838 0·99 5·034 
0-84 4·850 1-00 5·047 
0·85 4·863 

The rate of oxygen consumption will, of course, be 
enormously modified in any individual by a number 
of circumstances: it will be profoundly affected by 
the degree of muscular activity; by the nature and 
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amount of food taken; by changes in temperature; 
and by the pr.esence or absence of mental exertion 
or excitement. In order, therefore, to compare the 
metabolism of one person with that of another, it is 
necessary that the circumstances under which the 
comparison is made should, so far as possible, be 
identical-that is, we should try to keep those factors 
which modify the rate of metabolism constant in each 
case. Such standard conditions may be obtained by 
keeping the patient in bed at a constant temperature, 
completely relaxed mentally and physically, and with 
glandular and peristaltic activity reduced to a mini
mum by previous starvation. Practically the whole 
energy expenditure under such conditions will be 
represented by that necessary to maintain the vital 
functions, such as the respiratory and cardiac move
ments, the tonus of the muscles, and the body tem
perature. Metabolism measured under such conditions 
is called the basal metabolism, which may therefore 
be defined as the energy expenditure of an organism 
in a state of complete physical and mental rest. 

In order to maintain the body temperature at 37° C. 
a certain amount of energy must be continually pro
duced, since heat is always being lost from the surface 
of the body. The heat produced to replace that 
lost from the body surface forms, in fact, a large 
part of the total production under basal conditions. 
To a considerable extent, therefore, the amount of 
energy produced by a person under basal conditions 
depends on his surface area. The smaller the weight 
of the subject, for example, the greater will be his 
surface proportionately. Hence combustion will have 
to takc place at a greater rate in a small man in 
order to maintain his body temperature constant 
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than in a large one. This apparently paradoxical 
relationship between weight and surface area will, 
perhaps, be madc clearer by a concrete example. 
Imagine a cube of some substance, having sides of 
1 cm. and a weight of 10 g. Thc surface area of the 
cube will then be 6 sq. cm., and the surface area per 
gramme will be 0'6 sq. em. Now imagine the cube 
divided by three cuts into eight cubes, each having a 
side of 0·5 em. length. The surfacc area of cach of 
these small cubes will be 6XO·52-i.e. 1·5 sq. em.
and the weight will be 1·25 g. Hence the surface 

1·5 
area per gramme of small cube is --, or 1·2 sq. cm., 

1·25 
so that with the smaller weight the surface is relatively 
greater. Similarly, a man of 60 kilos. has a greater 
surface area in proportion to his weight than a man 
of 70 kilos. 

Again, the age and sex of a person have an effect 
on the basal metabolism. A healthy man of forty has 
a different basal metabolism from a healthy man of 
twenty, and he has also a slightly different basal 
metabolism from a healthy woman of his own 
age. 

If, however, the surface area and sex and age of the 
individual be taken into account, it is found that the 
amount of energy produced per unit of surface area 
per hour under basal conditions varies among healthy 
persons only within narrow limits. This value-the 
number of calories produced under basal conditions 
per square metre of body surface per hour-is known 
as the basal metabolic rate (" B.M.R."), and is usually 
expressed as a plus or minus percentage of the normal. 
Tables showing the normal B.M.R. for persons of 
different ages and sex have been compiled from a large 
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number of observations on healthy subjects and are 
given below (Table III). 

TABLE III 

VARIATION OF BASAL METABOLIC RATE WITI! AGE AND SEX IN 
NORMAL HEALTHY PERSONS. (After AUB and Du BOIS) 

Age in Year8 

14-16 
16-18 
18-20 
20-30 
30-40 
40-50 
50-60 
60-70 
70-80 

Gals. per Sq. M. per Hour 

.'Ifalel 
46·0 
43·0 
41·0 
39·5 
39·5 
38·5 
37·5 
36·5 
35·5 

Female • 
43·0 
40·0 
38·0 
37·0 
36·5 
36·0 
35·0 
34·0 
33·0 

It may safely be said that there can be few labora
tory undertakings of a routine practical nature which 
call for greater technical proficiency and attention to 
detail than a determination of the B.M.R. Otherwise 
an experimental error so easily creeps in that the 
result obtained is valueless and may even be grossly 
misleading if any consequence is laid upon it. Not 
only must the various analyses entailed be carried 
out in the laboratory with the greatest care by some
one practised in the use of the somewhat complex 
Haldane gas analysis apparatus, but the doctor or 
nurse in charge of the patient must pay the most 
scrupulous attention to the details of preserving in 
him a basal state until the samples of expired air have 
been obtained. It is this latter necessity which is 
perhaps most frequently ov~rlooked and which is most 
difficult to attain. 

c 
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PREPARATION OF THE PATIENT 

The determination of the B.M.R. is made ideally as 
soon as possible after the patient has wakened in the 
morning. He should have taken no exercise of any 
sort since the preceding evening, not even being 
allowcd out of bed in thc morning to wash himself 
or to brush his teeth. Occasionally it may be ncces
sary to determine the B.M.R. of an out-patient who 
cannot be taken into the hospital for the night. Such 
a determination on an ambulant case tends to be 
unsatisfactory, but the patient may be rendered 
approximately basal by being brought straight from 
his house to the hospital in a conveyance as early as 
possible in the morning, and being put at complete 
rest, when he gets there, for at least an hour before 
the test is made. 

The patient should fast for at least twelve hours 
before the test so that glandular and peristaltic 
activity may be reduced to a minimum. He should 
·have his temperature takcn before the test, as it has 
been shown that the metabolic rate rises approxi
mately 10 per cent. for each rise of 10 C. of body 
temperature. It would thus be a waste of time to 
estimate the patient's basal metabolic rate if he were 
suffering from any degree of fever. On the other 
hand, the patient should be comfortably warm, to 
exclude the converse fallacy of a raised metabolic 
rate due to shivering or to the invisible muscular 
hypertonus caused by cold. 

Lastly, the patient should be mentally relaxed, and 
of all conditions this is the most difficult to attain.' 
Any unknown test is apt to excite a patient-if his 
confidence is not fully obtained-and when such a 
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test is associated with a somewhat awe-inspiring para
phcrnalia of masks and bags his nervousness may 
become extreme. It is thus essential to have explaincd 
to the patient the previous day the scope and full 
details of the test, and if possible to havc allowed 
him to try on the mask and to become accustomed to 
breathing through valves. If the test is performed in 
the ward, screens should be put round the bed, and 
both the patient and the ward should be kept as quiet 
as possible until the specimen has been procured. 
Too often the subject of the test is discovered by the 
operator engaged in an animated conversation with a 
friend in the next bed or engrossed in an enthralling 
novel. 

It is, indeed, questionable whether all these con
ditions can usually be procured in ordinary hospital 
wards. It would be ideal if the determination could 
always be made in some quiet room adjacent to the 
laboratory. The patient should be wheeled therc in 
his bcd, and left for an hour before the test is started, 
to accustom him to his new surroundings. 

TECHNIQUE 

During the last few years numerous methods have 
been devised for determining the B.M.R .• Most of 
these have aimed at simplification of technique, and 
the majority are quite incapable of giving accurate 
results. Only two methods of proved value need be 
considered here-an " open" and a " closed" method. 
In the former the patient expires into a specially 
oonstructed bag; this exph,ed air is analysed, and 

,from the results of the analysis the oxygen consump
i tion and carbon-dioxide production of the patient 
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are calculated. In the latter the subject rebreathes 
oxygen from a reservoir, carbon dioxide in the expired 
air is absorbed by means of soda lime, and the 
oxygen consumption is measured directly by the 
diminution in the volume of the gas in the reservoir. 

The closed method possesses certain advantages, 
and at least one grave defect: it is easy to perform, 
no knowledge of gas analysis being necessary; only 
a single piece of portable apparatus is required, so 
that the complete determination may be made in a 
ward or even in a private house; lastly, three or four 
determinations may be carried out at one sitting. 
Moreover, by using a recording drum attached to the 
apparatus a complete record of the patient's res
piration during the tests can be obtained, and any 
disturbance can be eliminated. On the otlier hand, 
a very grave criticism of the method is that it allows 
only a determination of the subject's oxygen con
sumption, and his carbon-dioxide elimination is not 
measured. Hence it is necessary to assume an 
arbitrary value for the respiratory quotient in cal
culating the calorific value of the oxygen used. We 
know, however, that the respiratory quotient of even 
normal individuals under basal conditions may vary 
considerably. This variation is often greatly ac
centuated pathologically, and we have already seen 
how the calorific value of oxygen varies with fluctua
tions in the respiratory quotient. It is, therefore, not 
surprising to find that this method, which postulates 
a fixed respiratory quotient of 0 '82, gives accurate 
results only in about three-quarters of the cases 
studied, and in the remaining quarter the results are 
apt to be fallacious. 

The open method, on the other hand, though re-
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qUlrmg a number of somewhat bulky or complex 
pieces of apparatus, and demanding considerable 
technical skill in gas analysis on the part of the 
operator, allows of the estimation not only of the 
oxygen used but of the carbon dioxide eliminated. 
Hence it permits an accurate determination of the 
amount of heat actually produced, and even of the 
amounts of the different foodstuffs oxidised. It is 
thus more informative as well as more accurate than 
the closed method. 

In order to collect the expired air some sort of mask 
or mouthpiece, which can be fitted on to the subject, 
is necessary, whichever method is used. Probably the 
most suitable face-mask is a modified Haldane oxygen 
administration mask. This consists of a metal body 
with a pneumatic cushion round its edges, and is fitted 
with inspiratory and expiratory valves, which may 
be connected to the apparatus used for collection 
by flexible, fabric-covered, corrugated rubber-tubing. 
This mask may be strapped to the patient's face quite 
comfortably, so that he may breathe at will through 
his mouth or nose. The pneumatic rubber cushion can 
be made to fit the face so closely that no leakage 
occurs round the edges of the mask. After the mask 
has been fitted the operator should test it for leaks. 
If the inspiratory valve is permitting inspiration only 
and no expiration, and if the mask is fitting the face 
accurately, it should be impossible for the patient to 
expire if the end of the expiratory tube be temporarily 
closed by the operator's hand. Again, if the expiratory 
valve is functioning efficiently, no inspiration should 
be possible if the inlet for inspiration is closed in the 
same way. 

On some pati~nts with an unusual physiognomy, 
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such as a very protuberant nose or very hollow cheeks, 
it may be impossible to fit a mask so that no leak 
occurs round about its rubber edge. In such cases it 
is convenient to use a simple mouthpiece containing 
inspiratory and expiratory valves, and to prevent 
nasal respiration by means of a nose-clip. This mouth
piece consists of a rubber flange which fits over the 
gums and teeth behind the lips, and has two rubber 
projections which are clenched by the teeth. No 
leaks can occur with this apparatus, which, however, 
becomes exceedingly irksome to the patient if worn 
for any length of time, the discomfort produced giving 
rise to a fallacious B.M.R. reading. 

Closed Method.-In the closed method the in
spiratory valve is connected to a spirometer with a 
water seal, which has previously been filled with 
oxygen. The expiratory valve is connected to a 
soda-lime chamber, through which the expired air 
passes, becoming denuded of its carbon dioxide in the 
process before re-entering the reservoir. The oxygen 
in the reservoir will thus be gradually used up, and the 
floating chamber which contains it will fall, setting in 
motion the pointer of a dial above the apparatus 
which registers the volume of oxygen in the reservoir 
(Fig. 1). The reservoir is first oiall filled with oxygen, 
tested for leaks, and the volume of oxygen which it 
contains read off on the dial. After the pulse and 
respiration rates of the patient have been noted the 
mask is adjusted, and this also is tested for leaks or 
for inefficient valve action in the manner already 
described. Breathing through valves is apt to dis
turb the normal respiration a little, so a preliminary 
period must be allowed for any such disturbance to 
pass off. When the respiration and pulse rates have 
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returned to their original value the patient is con
nected to the spirometer, and at some convenient 
moment the exact time is noted by starting a stop
watch. Simultaneously the volume of oxygcn in 
the reservoir is read. It is essential that the test 

0"'I9cn ChcLmb~l---t--+ 

Wa.Cer cock - """"'"1....1 __ 

Outlet valve. -:-:=:::;;~C~~ 
Illspiratlon rube 
Evpiro..tion tube. _ ===~ 

Cotl, for ref,ll,"!] Oa~ge" Lhll,mbtT

FIG. I.-Sectional view of closod apparatus 
lor detennination of the Basal Metabolic 
Rate. 

l>hould be started and stopped at the same phase of 
l'espiration, and the best moment to select is probably 
just at the completion of expiration. After a suitable 
length of time, and again just when expiration ends, 
the volume of oxygen is read orf and simultaneously 
the watch is stopped. Thus the volume of oxygen 
used in a measured time, measured at atmospheric 
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pressure and at the temperature of the spirometer, has 
been obtained. After repetition of the test the mean 
of two or three observations is reduced to standard 
temperature and pressure by means of the Tables 
supplied with the machine or, less conveniently, by 
means of the formula : 

1 t S T P 
vol. observed X 273 X press. observed 

vo. a ... ---:-----:-.---==-___;:.,__..,------
(temp. In °C.+273)X760 

The B.M.R. is then calculated thus: 
Let the volume of oxygen used at S.T.P. be tl? litres, 

and let the time during which this oxygen is used be 
T minutes. With an arbitrary n.Q. of 0·82 it will be 
seen from Table II that 1 litre of oxygen is equivalent 
to 4'83 calories. Hence the number of calodes pro-

duced per hour is 4'83;X60, and the B.M.R. is equal 

to this number divided .by the body surface in square 
metres. The surface of the individual is obtained, the 
height and weight being known, from Du Bois' 
formula: 

S=(wt. in kilos.)00425 X (ht. in cm.)Oo725 X 71'84 X 10-4, 

or from the graph (Fig. 2) constructed from this 
formula. The result may then be expressed as a per
centage increase or decrease on the figure for a normal 
person of that age and sex. The normal figures are 
given in Table III. 

"Open" Method.-In determining the B.l\I.R. by 
the open method a similar mask is employed to that 
already described. The inlet valve is not connected 
to any reservoir, so that the patient breathes the 
ordinary air of the room. The expiratory outlet of 
the mask is connected by fabric-covered, corrugated 
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rubber-tubing to a large gas-tight bag made of rubber
coated canvas. The type of bag devised by Douglas, 
and usually known by his name, is most suitable. It 
is of largc capacity-being capablc of holding about 
100 litres-is provided with a narrow side-tube and 
clip, so that spccimcns may readily be removed from 
the bag for analysis, and has a large three-way tap 
interposed between the bag and the mask, so that 
the expired air may be directed at will either into 
the bag or back again into the atmosphere. 

The mask having ·becn adjusted and tested for leaks 
exactly as in the closed method, the patient is con
nected with the Douglas bag, with the threc-way tap 
turned so as to direct all the expired air into the 
atmosphere and to shut it off from the bag. When the 
patient's respiration and pulse have resumed their 
normal rate the tap is turned so as to admit the 
expired air into the bag. This is done just at the cnd 
of expiration, and the stop-watch is started at the 
instant the tap is turned. When the bag is reasonably 
full-containing not less than 40 litres, but not enough 
to cause undue distension-the tap is turned so as to 
shut off the bag, again at the end of expiration, and 
simultaneously the watch is stopped. The time reo 
quired for the collectiOli of the air sample varies from 
six to ten minutes, according to the patient's respira
tion. The patient's part in the test is now at an cnd, 
and the bag is removed to the laboratory, where the 
total volume of air is measured and samples are taken 
for estimation of oxygen and carbon-dioxide content. 
From the percentages of these gases in the expired 
air, and a knowledge of the composition of the ordinary 
room air, calculation gives the volumes of oxygen 
used and of carbon dioxide produced during the ex-
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periment, and thence the R.Q. The calculation of the 
B.l\I.R. is then the same as for the closed method, 
except that the calorific value of oxygen at the R.Q. 
actually found is substituted for the arbitrary value 
of 4·83. 

INTERPRETATION OF RESULTS 

Although healthy normal persons of thc same age 
and sex have basal metabolic rates which are fairly 
similar, it is essential to remember -that such values 
are at best only approximate. The personal idiosyn
crasies of the subject, and the slight experimental 
errors that in practice are inseparable from even thc 
best-regulated determination, result in considerable 
yariations above and below the normal mean valuc, 
which variations may be perfectly consistent with 
health. Hence it is the usual practice to disregard a 
variation of 15 per cent. on either side of the normal 
mean when the closed method is employed, and one 
of 10 per cent. with the open method. Even when 
these limits arc exceeded a determination of the 
B.l\I.R. must not be taken as of great significance 
until a second and preferably a third determination 
has shown an approximately equal variation from the 
normal. The patient's apprehension of the first test 
is often so great and so difficult to control that, what
ever the rcsult of the first test, it should be regarded 
with suspicion; but once the patient has got used to 
the procedure, and provided the test is carefully 
carried out in every particular, then a variation of 
more than 15 per cent. from the normal becomes a 

, matter of considerable significance. 
The great fall in the basal metabolic rate which 

: may occur simply by the habituation of the patient 
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to the procedure is insufficiently realised and, in 
consequence, far too much stress is often laid upon a 
single initial estimation, which is usually much higher 
than the true B.J.\iI.R. Once the patient has become 
thoroughly habituated, with skilful technique the 
experimental error should not be much more than 
5 per cent. 

The basal metabolic rate is significantly r~ised in 
cases of hyperthyroidism, fevers, and the leukaemias 
and in functional or organic neurological conditions 
producing spasticity, tremor, or excitement. It is 
usually mildly increased in acromegaly and in Paget's 
disease. It is lowered in hypothyroidism and in the 
terminal stages of wasting diseases. Much less con
stantly, or significantly, it is lowered in hypopituitar
ism. In hydraemic nephritis a low value of the B.M.R. 
has been fairly frequently recorded and has been made 
the basis of thyroid therapy in this condition. We 
believe, however, that such low readings are due to 
the simple fallacy that the inactive oedema fluid may 
artificially raise the body weight and, therefore, the 
estimated .body surface on which the B.M.R. is cal
culated. Thus, low readings are obtained in spite of 
the fact that the patient, apart from his oedema, may 
have a normal rate of metabolism. 

It is a curious fact in this connection that cases of 
exogenous obesity, unassociated with gross endocrine 
disorders, have almost invariably a norm~l B.l\:l.R. 
Because of the great proportion of inactive fat in the 
obese, one would have expected a low result, and the 
normal rate would seem to indicate that the obese 
patient is actually using up a greater amount of energy 
than would a healthy person of " ideal" weight, of 
the same height and sex. 
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The n.M.R. is invariably raised in cases of hyper
thyroidism, sometimes to as much as 100 per cent. 
above normal, and the extent of the increase furnishes 
the most accurate single sign at our disposal for 
gauging the severity of the disease, besides affording 
a valuable aid to diagnosis in those cases where the 
signs observed at the bedside are suggestive but in
conclusive of the condition. A simple enlargement of 
the thyroid gland or benign goitre causes no increase, 
·but, if anything, a decrease in the n.M.R., which 
result may be used to differentiate this condition 
from true hyperthyroidism, if such a differential 
diagnosis is not entirely apparent clinically. 

The severity of exophthalmic goitre, as is well 
known, is not constant or regularly progressive, but 
tends to assume a cyclical periodicity, in which periods 
of exacerbation are followed by periods of comparative 
remission. These fluctuations in the severity of the 
disease are accurately demonstrated by readings of 
the B.l\I.R., which may thus aid in furnishing a~ 
indication of the effects of treatment and of the time 
at which operative interference may be undertaken 
with the best chance of success. It may be taken as a 
general rule that operation is undesirable if the n.M.R. 
is persistently increased by 40 per cent. or more. 
Operative procedures should in any case be under
taken while the B.M.R. is falling rather than rising. 
When iodine therapy is used as a pre-operative treat
ment of toxic goitre it is usual to follow the effect of 
treatment by frequent determinations of the n.M.R. 
In this way it is possible to choose the optimum time 
for operation, which is when the B.M.R. is at its 
lowest and before it has begun to rise again, as it 
will do with continued administration of iodine. 
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This procedure is also of value in differentiating 
thyrotoxicosis from other conditions in which the 
B.M.R. is also raised, since only thyrotoxicosis 
responds to iodine by a fall in the B.M.R. The 
condition known as toxic adenoma, on the other hand, 
gets slowly and progressively worse, and the B.M.R. 
accordingly tends to increase steadily, or at any rate 
does not show the same periodicity (Fig. 3). It is 
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FIG. 3.-Variations in the Basal Metabolic Rate 
over a period of eighteen months, (a) in 8 case of 
exophthalmic goitre, (b) in 8 case of toxic adenoma. 

claimed by some authorities that a differentiation may 
thus be made between the two conditions, though 
it would seem that such a differential diagnosis could 
be made as effectunlly and less tediously from the 
history of the case and the clinical examination. 

Indeed, there is nowadays a strong tendency to 
consider toxic adenoma and exophthalmic goitre, or 
Graves' disease, under one heading of "Thyroid 
enlargement associated with thyrotoxicosis," since 
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small adenomata may be found in practically all cascs 
of Graves' disease. 

Just as hyperthyroidism is accompanied by a rise, 
so hypothyroidism is accompanied by a fall in the 
B.l\I.R., and in extreme cases of myxoedema this fall 
may be as much as 40 per cent. Such extreme eases 
nre of course readily diagnosed without the use of the 
test, but the cases of more moderate hypothyroidism, 
which it is far more usual to encounter nowadays, 
often present an extremely difficult diagnostic problem 
to the physician, and in these cases the discovery of 
a persistently low B.M.R. is most significant. The 
treatment of myxoedema by the administration of 
thyroid may be accurately controlled by determination 
of the B.M.R. at intervals. 

In thyroid disease, determination of the B.M.R. is 
thus of value :-

(a) As an aid to diagnosis, especially in border-line 
cases suffering from either hyper- or hypo-thyroidism. 

(b) As a measure of the severity of well-established 
cases of thyrotoxicosis or of myxoedema. 

(c) When repeated at intervals, as an indication of 
the efficacy of treatment and as a guide to dosage, 
or to the optimum moment for surgical interference. 

Speaking very broadly, values of the B.l\f.R. in 
diseases of the thyroid may be interpreted as shown 
in Table IV. 

TABLE IV 

THE BASAL METABOLIC RATE IN DISEASES OF THE TnYROID 

liIevere myxoedema • . 
Milder degrees of hypothyroidism 
Nonnal values . . 
Moderate hyperthyroidism . 
Fairly severe hyperthyroidil!m 
Very severo hyperthyroidism . 

-40 to -25 
-25 to -15 
-15 to +15 
+15 to +30 
+30 to +50 
+ 50 and upwards 
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REED'S FORMULA 

It is well known that the pulse rate and pulse pres
sure are greatly affected in cases of hyperthyroidism, 
the pulse pressure being the difference between the 
systolic and diastolic blood pressures. The greater 
the pulse rate and the ·higher the pulse pressure the 
more severe the disease. Vice versa, improvement 
is indicated by a slowing of the pulse and a decrease 
in the pressure. It is not surprising, therefore, that 
attempts should have been made to correlate these 
two factors with the basal metabolic rate, and that 
a fair degree of correlation has been found to exist. 
Reed has devised a formula from which the B.M.R. 
may be calculated if the pulse rate and the pulse 
pressure are known : 

B.M.R.=O·683 X (P.R.+O·9 XP.P.)-71·5. 

For example, if the pulse rate is Hio and the pulse 
pressure 60, 

B.M.R.=0·683 (lOO+O·9X60)--71·5=+33·7. 

Apart, however, from the difficulty of determining 
the diastolic pressure accurately in many cases of 
exophthalmic goitre, Reed's formula is not sufficiently 
reliable to give a trustworthy idea of the B.M.R. in 
just those cases of small variation from the normal 
where such knowledge is of greatest service. Gross 
variations from the normal are readily detected by 
this somewhat crude method. When such gross ab
normalities are present, however, the clinical signs 
are usually sufficiently obvious to allow a correct 
diagnosis, and assessment of the severity of the 
disease, to be made without recourse to other means. 



CHAPTER IV 

THE MECHANISM OF NEUTRALITY 
REGULATION 

THEORETICAL CONSIDERATIONS 

THE blood is very slightly alkaline-the arterial blood 
being somewhat more alkaline than the venous-and 
in order that the bodily functions may be properly 
carried out it must be kept in that condition. A 
small deviation from the normal seems to be per
missible without the production of immediate ill
effects, but rather larger deviations in either direction 
are sufficient to cause serious derangement of many 
functions. Indeed, it is only within a moderately 
narrow range of alkalinity that life is possible, and 
certainly the blood must never be allowed to be
come acid or even neutral. It is obvious, therefore, 
that the mechanism for maintaining the blood-and 
through it the tissues-at the correct reaction must 
be at the same time delicately balanced and robust. 
A proper understanding of this mechanism and of the 
wllys in which it may be strained in disease can best 
be obtained by a consideration of the chemical prin
ciples involved. 

Acids and alkalis are among those substances 
whose aqueous solutions conduct electricity. Such 
substances, in solution, are dissociated to a greater 
or less degree into electrically charged particles called 
ions. Thus a solution of hydrochloric acid contains, 

D 40 
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besides undissociated moleculcs, positively charged 
hydrogen ions (H+) and negatively charged chlorine 
ions (CI-); a solution of sodium hydroxide contains 
molecules of that substance, and also positively charged 
sodium ions (N a +) and negatively charged hydroxyl 
ions (OH-). This dissociation into ions-ionisation
is reversible, and is never absolutely complete, so that 
undissociated molecules are always prescnt, and by 
suitable means, such as cvaporation of the solution, 
the ions can be made to recombine. 

All acids, when dissolved in water, produce hydrogen 
ions, and indeed- the definition of the, term "acid" 
is based on this property. Since the characteristic 
property of an acid is the production of hydrogen ions, 
it follows that the strength of an individual acid de
pends on its capacity for ionisation. A solution of a 
strong acid containing 1 g. molecule per litre contains 
more .hydrogen ions than one of a weak acid which 
also contains 1 g. molecule of acid per litre of solution. 
This can only mean that in the case of the strong 
acid a great many molecules have dissociated and so 
given rise to free hydrogen ions, while relatively few 
molecules of the weak acid have dissociated. In an 
extremc casc a very strong acid would be almost com
pletely ionised, an exceedingly weak one hardly at all. 
Hcnce the strength of an acid is determined by its 
degree of dissociation- that is, the extent to which 
it is ionised. 

This conclusion is quite independent of the number of 
hydrogcn atoms in the acid molecule, and, for instance, 
hydrochloric acid (HCI), with one atom of hydrogen 
per molecule, but largely ionised in solution, is a much 
stronger acid than phosphoric acid, which contains 
three atoms of hydrogen in cach molecule (H 3P04) 

r " .~ 
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but is only slightly ionised. Such acids as carbonic 
(H2C0 3) and phosphoric, which contain more than 
one atom of hydrogen in the molecule, dissociate in 
stages. Thus carbonic acid is dissociated, though, 
bcing a weak acid, only slightly, to H+ and He0 3 -, 

H2C03~H++HC03 -, 

and the bicarbonate ion, lICO 3 -, is still further dis
sociated, though to an almost infinitesimal degree, 
according to the equation: 

HC03-~H++C03-· 

Similarly, phosphoric acid dissociates in thrce stages: 

H3P04~H++H2PO,~ 
H2P04-~1I++HPO,
HP04=~H++PO,;. 

Phosphoric acid is a weak acid, and even in the first 
stage the amount of dissociation is small; in the 
second and third it is extremely slight. 

In the same way we find that the strength of a base, 
such as sodium hydroxide, is also dependent on its 
degree of ionisation, a base being essentially a sub
stance which, in solution, gives rise to hydroxyl ions 
{On-}. 

Before the implications of these considerations and 
their bearing on the mechanism of neutrality regula
tion are discussed, it is desirable to explain the nomen
clature in general use for the quantitative expression 
of acidity and alkalinity. 

Purc water, though it conducts electricity very 
badly, does so slightly in virtue of the fact that a very 
few molecules are dissociated according to the equation: 

H20~H++OH-. 
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Evidently water is an acid, since it dissoCiates with 
production of hydrogen ions, and it must also be a 
base, since its ionisation gives rise to hydroxyl ions
that is, it is a so-called amphoteric substance. But 
water, an essentially neutral substance, must, as the 
equation shows, always produce equal numbers of 
the two ions. It is, indeed, this exact equality of 
hydrogen ion and hydroxyl ion concentration which 
we term neutmlity. Acidity consists in the presence 
of an excess of hydrogen ions over hydroxyl ions, so 
that a convenient means of expressing the hydrogen ion 
concentration quantitatively will provide a measure 
of acidity. It is possible, however, to extend th,is, and 
to show that allcalinity, which consists essentially in an 
excess of hydroxyl ions over hydrogen ions, involves 
an actual deficiency of hydrogen ions, so that the 
concentration of hydrogen ions can be used as a 
measure applicable over the whole range of acidity and 
alkalinity. The reasoning which leads to this con
clusion, and to the scale of measurement employed to 
express degrees of acidity and alkalinity, is as follows. 

Consider what is happening in pure water. The 
water contains a certain number of free hydrogen 
ions, an equal number of free hydroxyl ions, and a 
relatively enormous number of undissociated water 
molecules. The amount of each is constant, but this 
constancy is not due to a mere passive static existence 
of molecules and free ions. On the contrary, water 
molecules ·are continually dissociating, but hydrogen 
ions and hydroxyl ions are recombining with equal 
rapidity, and so the balance is maintained. In order 
that a water molecule may be formed a hydrogen ion 
must collide with a hydroxyl ion, and therefore the 
rate of recombination of ions depends on the number 
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of collisions per unit of time. Now the more crowded 
the hydrogen ions-or, in other words, the greater the 
concentration of hydrogen ions-the greater is the 
chance of a hydroxyl ion colliding with one, and con
versely, the greater the concentration of hydroxyl 
ions the greater the chance of a hydrogen ion colliding 
with one-just as, in looking for a needle in a hay
stack, one's chance of success is proportional to the 
number of needles in the stack. Hence the rate of re
combination of ions is proportional to the number of 
collisions per unit of time, and this in turn is proportional 
to the concentration of each of the- ions concerned. 

Bearing this in mind, imagine the effect of adding 
acid to the water. This produces, of course, a great 
increase in the concentration of hydrogen ions, and 
thus a proportionate increase in the number of col
lisions between hydrogen ions and hydroxyl ions-i.e. 
in the rate at which water molecules are being formed. 
There is, however, no corresponding increase in the 
rate at which water molecules dissociate, and so some 
hydroxyl ions (together with an equal number of 
hydrogen ions) must be removed. As this process 
continues the number of hydroxyl ions is diminishing, 
and so the number of collisions per second gradually 
decreases; but the process of removal of hydroxyl 
ions cannot cease until the number of collisions per 
second has fallen to its original value, when, once 
more, the rate of water formation is equal to the rate 
of water dissociation. At this point, however, the 
solution, which contains more hydrogen ions than did 
the pure water, contains fewer hydroxyl ions; if the 
hydrogen ions have been doubled the hydroxyl ions 
have been halved, an(l so on. The two ions, in fact, 
bear the same relationship to one another as do the 
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volume and pressure of a gas, which, according to 
Boyle's Law, are so connected that the pressure is 
inversely proportional to the volume. And, just as 
in the gas the product of the pressure and the volume 
is constant, so in the solution the product of the con
centrations of hydrogen ions and hydroxyl ions is 
constant. Experiment shows that in pure water 1 g. 
of hydrogen ion is present in 10,000,000 litres of water, 
so that the concentration of hydrogen ion is 

1 , or 10-7• The concentration of hydroxyl 
10,000,000 
ions is the same, and the product is thercfore 10-1-1. 
We have seen that this product is constant, and is not 
altered by the presence of acid (or, on similar reason
ing, of alkali), so that we arrive at the important con
clusion that under all circumstances 

(cone. of H+) X (conc. of OH-)=10-u . 
If, then, the conccntration of hydrogcn ions is grcater 
than in pure water, as in an acid solution, the concen
tration of hydroxyl ions must be less, and conversely, 
in an alkaline solution, where the concentration of 
hydroxyl ions is greater than in water, the concentra
tion of hydrogen ions must be less. 

The concentration of hydrogen ions, then, affords 
a quantitative measurc of the degree of acidity or 
alkalinity, being 10-7 in neutral solutions, greater 
than 10-7 in acid solutions, and less than 10-7 in 
alkaline solutions. _ 'rhus a decinormal solution of 
hydrochloric acid, a strong acid, and therefore almost 
completely dissociated, contains very nearly 0·1 g. 
of hydrogen ions per litre, a hydrogen ion concentra-

tion of 110 or 10-1
• Similarly a decinormal solution of 
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the strong base sodium hydroxide contains 0·1 g. 
moleculcs of hydroxyl ions per litre, so that the 
hydrogen ion concentration is only 10-13• On the 
other hand a decinormal solution of acetic acid, which 
being a weak acid is slightly dissociated (1·36 per cent.), 

1·36 1 
has a hydrogen ion concentration of only 100 X 10' 

or I·S6XI0-3, or 10-2:867• In practice it is customary 
to use only the indices of these figures, under the 
t('rm "pH," and to say that purc water has a pH 
of 7, an acid solution a pH less than 7 (thus deci
normal HCI has a pH of 1, decinormal acetic acid 
onc of 2·867), and an alkaline solution a pH greater 
than 7 (thus decinormal sodium hydroxide has a pH 
of 13). 

Tl.fJugh this is perhaps the simplest way of regarding 
the derivation of the term" pH," it is actually defined 
a"l t'le logarithm to the base 10 of the concentration 
(If hydrogen ions, the negative sign being omitted. 
'I'hue; decinormal acctic acid, 1·36 per cent. dissociated, 
ha<:; 

1·36 1 1 
COllC. ofH+=--x -=1·36X--

100 10 1000· 

:Sow, 
1 

LoglO 1·36=0·133, and LoglO 1000=-3. 

lIence, 
Log10(conc. of H+)=0·133+( -3)= -2·867, 

i.e. pH=2·S67. 

The use of the pH system of mcasurcment suffers 
from the drawback that it makes a change in hydrogen 
ion concentration look less than it really is. It must 
be remembered that a pH decrease from 7 to 6·7 



56 CLINICAL ClIEMISTRY IN PRACTICAL MEDICINE 

-i.e. a decrease of 0·3-involves a doubling of the 
hydrogen ion concentration. At pH 7 the hydrogen 
ion concentration is 10 -7. Twice this concentration, 
2 X 10-7, has Log10 equal to Log102+Log101O-7--i.e. 
0·301+( -7)-i.e.-6·7-the pH being therefore 6·7. 
Similarly a decrease of 1 in the pH means that the 
hydrogen ion concentration has been multiplied by 10. 

This small change in the pH (the number representing 
the hydrogen ion concentration) produced by a rela
tively large change in the actual concentration of 
hydrogen ions has the disadvantage that it is liable 
to obscure the real magnitude of changes in alkalinity 
or acidity. Thus, the pH of arterial blood varies from 
about 7·3 to 7·5. The range in pH is only 0·2, but 
actually this means that the concentration of hydrogen 
ions is more than 50 per cent. greater at one extreme 
of the range than at the other. A change of 50 per 
cent. in the blood sugar concentration would be 
regarded as considerable, yet the peculiarity of the 
pH system has led to the quite unjustifiable statement 
that the hydrogen ion concentration of the blood 
varies only very slightly. Actually it may vary to 
quite a considerable extent; the pH, however, does 
vary only slightly. 

The addition of a small amount of acid to pure water 
causes a very considerable alteration in the pH. Thus 
0·0365 g. of hydrochloric acid, which can liberate 
0·001 g. of hydrogen ions, when dissolved in 1li_tre of 
water gives a solution of pH 3 (i.e. a hydrogen ion 

concentration of _1_, or 10-8). Yet this amount of 
1000 

acid added to blood would produce a very much 
smaller change in pH, and therein lies the problem to 
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be solved-how is the blood able to prevent the acid 
from liberating its hydrogen ions? 

Consider a solution of sodium bicarbonate, which 
contains sodium ions and bicarbonate ions together 
with undissociated molecules, and suppose that hydro
chloric acid, which is dissociated into hydrogen ions 
and chlorine ions, be added : 

NaHCOs~Na++HCOs
HCI ~H+ +CI-. 

Now a collision between a hydrogen ion and a bi
carbonate ion wouln form carbonic acid (H2COs), which 
is a very weak acid and therefore has very little 
tendency to dissociate into free ions. Hence there 
will be formation of this acid in the form of undis
sociated molecules, and so free hydrogen ions will be 
removed from the solution, which will then contain 
undissociated molecules of carbonic acid, free sodium 
ions, free chlorine ions, and only a few hydrogen ions. 
Hence the solution is much less acid in reaction than 
one containing the same amount of hydrochloric acid 
alone. The sodium bicarbonate acts as a buffer, oppos
ing, so to speak, the liberation of hydrogen ions by 
acid, as buffer springs oppose the momentum of the 
railway wagons which are shunted against them. 
Probably a better analogy is that of a sponge, which 
absorbs water, since the bicarbonate does not so much 
oppose the liberation of hydrogen ions as remove, or 
absorb, those already liberated. The buffer analogy, 
however, was first used, and the term buffer is now 
generally applied to substances which exert an action 
like that of sodium bicarbonate. The buffering action 
of sodium bicarbonate depends on the fact that it is 
a salt of a weak acid and a strong base, and it is 
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obvious that the salt of any weak acid can act in 
the same way, cutting down the fall in pH produced by 
the addition of acid. A salt formed from a strong acid 
and a weak base is able, by an exactly similar mechan
ism, to act as a buffer in the opposite direction, pre
venting an alkali from excrting its full cffect in raising 
the pH. 

NEUTRALITY UEGULATION IN TilE BLOOD 

The blood is provided with a very efficient 
mcchanism for prevcnting undue increase in the 
hydrogen ion concentration in spite of the very con
siderable amount of acids-end-products of meta
bolism-which it is called upon to carry. 

Of this mechanism haemoglobin forms an cx
eeedingly important part. Like all proteins, haemo
globin can function cither as an acid or as a base, 
according to circumstances; in solutions with a pH 
below a certain valuc (the iso-electric point) it behaves 
as a base, and in solutions more alkaline than that it 
behaves as an acid. In the pH range available to the 
more complex organisms such as ourselves, haemo
globin is a weak acid, and actually exists in the red 
cells as a potassium salt. Oxyhaemoglobin also 
exists as a potassium salt, but combines with more 
potassium than does reduced haemoglobin itself. 
Hence when oxyhaemoglobin gives up its oxygen to 
the tissues, potassium is liberated. It is then available 
to combine at once with the acids-mostly carbonic 
acid-which the tissues are producing and pouring 
into the blood-stream. In the lungs the process is 
reversed; the carbonic acid is excreted and the 
potassium left behind is available for the oxyhaemo
globin which is bcing re-formed. At the pH of arterial 
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blood the liberation of one gram molecule of oxygcn 
involves the setting free of nearly 0'7 of a gram atom 
of potassium (which can combine with 0·7 of a gram 
molecule of carbon dioxide). Under normal meta
bolic conditions the R.Q. (the ratio of CO2 produced to 
oxygen used) is about 0'8, so that without any change 
of pH about 1- of thc CO2 produced is neutralised 
by the potassium libcratcd during the rcduction of 
oxyhaemoglobin. 

The remainder, together with the" fixcd" acids 
(i.e. those other than carbonic acid, which dccomposes 
to water and CO2) of metabolism and those present 
in the absorbed foodstuffs (uric acid, phosphoric, 
sulphuric, etc.) is left to the remaining mechanism
the buffering power of the blood. 

In blood there are three buffer -systems present in 
sufficiently high concentration to be quantitatively 
important, and of these sodium bicarbonate is one. 
In addition, phosphates are present, and act as buffers, 
since phosphoric acid is weak and slightly dissociated. 
Not only is this so, howevcr, but phosphoric acid 
contains three hydrogen atoms in its molecule, and 
can therefore give rise to three different sodium salts 
which dissociate in different ways. Two of these salts 
are of practical importance, sodium dihydrogen phos
phat<r-NaH2PO,-which ionises to Na + and H 2PO,-, 
and disodium hydrogen phosphate-Na2HPO,-which 
ionises to 2Na +and HPO, =. Solutions of the former 
arc slightly acid, since H 2PO, - tends to ionise further 
to lIPO, = or PO ,= and H +; while solutions of the 
latter are slightly alkaline, since the tendency of 
the HPO,= to dissociate further is overcome by its 
tendency, in the presence of many sodium ions, to 
combine with hydrogeh ions to form H 2PO, - . The 



60 CLlNICAL CHEMISTRY IN l'RACTICAL MEDICINE 

hydrogen ions for this action are obtained from the 
dissociation of water, and necessarily, of course, leave 
an excess of hydroxyl ions. Evidently addition of acid 
to a solution of disodium hydrogen phosphate does 
not cause a very great fall in pH, since the dihydrogen 
phosphate is formed: 

HCI~H++CI

Na2HPO 4 ~2N a + + HPO 4 = 

HCI+Na2HP04~2Na++CI +H2P04 
Conversely, addition of alkali to a solution of sodium 
dihydrogen phosphate produces a relatively small 
increase in pH on account of the formation of the 
only slightly alkaline disodium salt : 

NaOH~Na++OH
NaH2P04 ~Na + +H2P04-

NaOH+NaH2P04 ~2Na + +HP04 - +HsO· 

Although the actual amount of phosphate in blood 
is small, and its direct buffering action is correspond
ingly small, phosphates are of considerable importance 
in the excretion of acid-the second line of defence 
which we have to consider shortly. 

The third buffer substance is protein. The blood 
proteins include albumin and globulin (mainly in the 
plasma) and, of course, haemoglobin, which ca:Q. share 
in neutrality regulation as a general buffer as well 
as by virtue of the special property previously dis
cussed. 

Protein is built up from amino-acids, which are acids 
since they contain the carboxyl group, -COOH, 
and can give rise to hydrogen ions. They also 
contain the basic amino group, - NH2, which can 
combine with water (just as ammonia does to form 
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ammonium hydroxide) and then give rise to hydroxyl 
ions. They are, in fact, like water-amphoteric sub
stances. In the protein some of these carboxyl and 
amino groups remain free, although many are con
cerned in the linkages between the amino-acids, and 
so proteins themselves are amphoteric. Whether they 
behave as bases or as acids depends on circumstances, 
but at the pH of blood they are functioning as weak 
acids, and exist partly as salts (of sodium in the plasma, 
of potassium in the red cells). 

It has been estimated that, per litre of blood, the 
various buffers are able to neutralise the following 
amount of strong acid under physiological conditions: 

c.c. of N. acid neutralised 

Bicarbonate 
Haeml'globin . 
St'rwn protein . . . . 
Other buffers (mainly phosphate) 

per litre of blood 
18·0 
8·0 
1·7 
·3 

TOTAL 28·0 

These various buffer systems are, of course, inter
dependent and, except for haemoglobin, are not con
fined to the blood, but are present in tissues also 
(where, however, the protein salts are probably the 
most important). Since, so far as the blood is con
cerned, the buffers are partly in the plasma and 
partly in the cells, the diffusion of acid from tissues 
into the plasma will, in practice, set in motion a some
what complex series of transferences of ions from the 
pla8ma to the cells and vice versa. Nevertheless, the 
brief outline of the neutrality regulating mechanisms 
given above, lacking though it is in detail, is suf
ficient for a gener~l understanding of the processes 
and of the ways in w~ich they may be overtaxed 
under abnormal conditions. 
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The blood, then, in virtue of the various buffer 
salts it contains, is able to take up consIderable 
amoJInts of acid without any marked alteration in pH. 
This ability is of great importance-especially so since 
the blood reflects the conditions throughout the tissues 
-for the blood is constantly being called upon to deal 
with acid, in health no less than in disease. The 
ordinary metabolic changes in the tissues-the oxida
tion of fat, carbohydrate, and protein-produce 
carbonic acid, which the blood must carry td the 
lungs; purines are oxidised to uric acid; the sulphates 
of such amino-acids as cystine and methionine ulti
mately appear as sulphuric acid. Muscular effort 
causes the production of lactic acid in the working 
muscles and some of this diffuses into the blood; the 
deranged oxidation of fat in diabetes mellitus causes 
the accumulation of ,8-hydroxybutyric and aceto
acetic acids, and the acid produced in these and other 
ways must be prevented from affecting the pH. Now 
although the buffer mechanism of the blood-and 
tissues-is normally so efficient that considerable 
amounts of acid can accumulate without much 
change in pH, its action is limited. It may be likened 
to a sponge, which can absorb considerable quantities 
of water, but eventually becomes' saturated. It is 
essentially, however, a stop-gap, and thc body's final 
method of dealing with excess acid is to excrete it. 
Carbonic acid is of course excreted by the lungs as 
carbon dioxide, and other acids are excreted by the 
kidney. 

Now the pH of the urine can be varied by the 
kidney~ according to the needs of the moment, over a 
wide range; urine may be as acid as pH 5 or as alka
line as pH 8, without any ill-effects. Usually, with 
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the average mixed diet containing an excess of in
organic acid radiclcs (chloride, sulphate, phosphate, 
etc.) over basic radicles (sodium, potassium, etc.) it is 
somewhat acid, having a pH in the neighbourhood of 
6. Such a pH, however, in an unbuffered solution, 
would bc produced by a minute trace of such an acid 
as hydrochloric or sulphuric, whereas urine contains 
considerable amounts both of chloridc and sulphate. 
Evidently only a small part of these can be present as 
sulphate or chloride of hydrogen (i.e. as free acid) 
and by far the greater part must be present as salts. 
In other words, the kidney, though it excretes a little 
acid as such, excretes it mainly along with basic 
radicles, which either must have been ingested in 
sufficient amount or must originally have formed part 
of the base given up by the blood buffers to neutralise 
the acids. Ordinarily the amount of ingested base 
suffices, especially as the healthy kidney is able to 
supplement it to a considerable extent by forming 
ammonia (either from urea or from amino-acids) and 
using this to spare the more valuable sodium, potas
sium, etc. Nevertheless, the continued excretion of 
excessive amounts of acid neutralised in these ways 
may seriously deplete the available supplies of base
i.e. the buffers-and so damage to some extent the 
power of the blood to maintain the normal pH. In 
such a condition further excessive production of acid 
might easily overtax the resources of the blood and 
bring about a pH change great enough to bc dangerous 
or even to cause death. In any case, such a lack of 
buffer salts seriously impairs the power of the blood to 
deal with the normal metabolic production of carbon 
dioxide. 

It is to this decreascd power of preserving the normal 
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pH on the addition of acid that the term acidosis is 
applicd, and the term therefore does not necessarily 
imply an actual demonstrnble changc in pH. In 
acidosis the pH of the blood and tissues may be still 
within the normal range, and actually is so unless the 
acidosis be severe. Either through abnormal retcn
tion of acid, whereby the buffcrs have bcen partly 
used up, or through actual loss of buffer, as in the 
attempt to excrete the excess acid, the amount of 
buffer remaining available is decreased. The contrary 
condition, in which abnormally large amounts of base 
are available for the neutralisation of acid, is called 
alkalosis. Here again there is not necessarily any 
easily measurable increase in the pH-that is, any 
abnormal alkalinity of the blood, though such a 
change occurs more readily than in acidosis, since the 
blood buffers are more efficient against a decrease 
than an increase of pH. 

Decrease in the amount of available buffer sub
stances (the alkali reserve) does theoretically, of course, 
bring about some decrease in the blood pH, but the 
accurate measurement involves the use of expensive 
and not always accessible apparatus, together with 
great care to avoid loss of CO2 during the obtaining of 
the blood sample. Direct measurement of the blood 
pH is not, therefore, a method of grcat use in routine 
examinations for acidosis or alkalosis. 

It has been stated that the kidney can, and in 
health does, attempt to compensate for an alkalosis 
or acidosis by altering the pH of its secretion and by 
varying its production of ammonia. The amount of 
adaptation which can be obtained by these methods 
alone is, however, limited. In order to excrete ex
cessive amounts of acid, the kidney cnn use still another 
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method-it can increase the total volume of urine. 
This involves either an increase in the water intake 
or an excessive withdrawal of water from the tissues. 
Since the clinical conditions resulting in acidosis fre
quently involve reduction of fluid intake or excessive 
fluid loss in other ways, it follows that dehydration 
is a frequent concomitant of disturbances of the 
neutrality regulation. Indeed, an adequate supply of 
fluid to make good the dehydration and to allow the 
kidney to do its share in adjusting the alkali reserve 
of the body is often an important factor (and one 
which is not seldom overlooked) in the treatment of 
such conditions. Since, further, an increased water 
excretion involves an increased output of sodium 
chloride, the body may be depleted of salt in either 
acidosis or alkalosis, and its administration also is 
necessary as part of a rational treatment. 

MEASUREMENT OF THE ALKALI RESERVE 

The defence of the body against acid thus lies 
essentially in a supply of available base, chiefly sodium 
and potassium, with which the acid may be neu
tralised. The available base -is that part of the total 
base which corresponds to the weak acidic radicles, 
the bicarbonate, phosphate, ~nd proteinate, which can 
combine with hydrogen ions to form molecules which 
are only slightly dissociated. Hence a measure of the 
available base, the so-c~lled alkali reserve, arIords a 
measurc of the power of the body to resist acid. In 
order to estimate the alkali reserve Haldane intro
duced the method of determining the percentage of 
carbon dioxide in the alveolar air, a method based on 
the princip~e that in acidosis the power of the blood to 

E 
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carry carbon dioxide is reduced, ,vith a proportional 
reduction in the carbon-diqxide content of the alveolar 
air. This method, however, is by no means easy to 
carry out and is open to many objcctions, both theo
retical and practical. Other indirect methods of 
calculating the blood pH (and so gauging its buffering 
power) indirectly by determining the ratio of free 
carbonic acid to combined bicarbonate ions have bcen 
evolved, but involvc the use of arterial blood and arc 
too difficult and laborious for routine use. Actually, 
since very considerable variations in buffering power 
from the normal mean are found in clinical conditions 
of acidosis and alkalosis, it is usually sufficient 
to determine the CO2 content of a sample of 
venous blood, drawn with precautions to prevent 
loss of CO2, or even more simply, that of venous blood 
drawn and re-equilibrated with alveolar air. The 
latter method is founded on the fact that blood ex
posed to an atmosphere containing a definite amount 
of carbon dioxide absorbs that gas in proportion to 
its supply of available base. Thus this method, due 
to Van Slyke, measures the ,carbon-dioxide combining 
power of the blood, and not directly its alkali reserve. 
With certain reservations to be discussed later, how
ever, the terms are interchangeable. 

Although in experimental work, where very small 
alterations in the carbon-dioxide combining power of 
the blood may be of importance, a number of pre
cautions in obtaining the sample must be observed, 
the requirements of clinical work are satisfied by the 
use of a fresh sample of oxalated venous blood ob
tained in the ordinary way. A thin layer of blood is 
exposed at room temperature in a suitable flask to an 
atmosphere containing a 5·5 per cent. concentration of 
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carbon dioxide, that being the no.rmal concentration 
in alveolar air. Slight variation above or below this 
value has very little practical effect on the result. 
Thc amount of carbon dioxide present in the blood 
after this treatment is determined by acidifying a 
measured volume with lactic acid and extracting the 
gas in a vacuum. The result is expressed preferably 
in volumes of carbon dioxide taken up by 100 c.c. of 
blood, though often it is given as a plus or minus 
percentage of an arbitrary normal which is taken as 
being 54 vols. per 100 c.c. 

INTERPRETATION OF RESULTS 

Normal.-The carbon-dioxide combining power of 
normal healthy individuals actually varies within 
wide limits. We ourselves have obtained values as 
low as 55 vols. per cent. and as high as 70 vols. per 
ccnt. in individuals who were apparently perfectly 
healthy. This corresponds closely to the limits of 
carbon-dioxide combining capacity observed by Van 
Sly1..e, who gives the range 53 to 77 vols. per cent. as 
the normal. These variations are not due to experi
mental error, but represent actual differences between 
individuals, and variations in the same individual, due 
to purely physiological causes. We may therefore say 
that no clinical significance can be attached to a single 
analytical result falling within this range, and yet it 
is apparent that a change from 77 to 53, either of 
which alone must be considered normal, is one of con
siderable magnitude, and may be due to pathological 
as well as to physiological c~uscs. Broadly speaking, 
however, an acidosis exists When the carbon-dioxide 
eombining power falls below 5~ vols. per cent., and an 
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alkalosis exists when it has risen above 77 vols. per 
cent. 

It must be remembered, of course, that an acidosis 
due to excessive retention or accumulation of COs in 
the blood, or an alkalosis due to excessive COs loss 
(so-called "gaseous" acidosis or alkalosis) cannot 
be detected by determination of the COs combining 
power of the blood. It can, however, be done by 
determination of the COs content, or better by deter
mination of the free carbonic acid. This hoBs since the 
acid causing the abnormality is the standard of refer
ence and is removed from or taken up by the blood 
during the process of equilibration with alveolar air. 

Acidosis 
The alkali reserve may be lowered as the result of 

anyone of three causes: (a) by an over-production of 
acid substances; (b) by a failure to eliminate acid; 
or (c) by an excessive loss of base; and the patho
logical production of acidosis may 'be considered under 
these separate heads. 

(a) The Over-production of Acid.-The most com
mon cause of acidosis due to this factor in disease is the 
faulty oxidation of fat occurring in diabetes mellitus. 
tJ-hydroxybutyric acid and aceto-acetic acid may 
then accumulate to such an extent as to take up 
a very considerable part of the available base, and 
the continued production of these acids and their 
excretion by the kidney tend to a progressive diminu
tion of the alkali reserve. It is quite commonly sup
posed that the mere appearance of acetone bodies 
in the urine is sufficient evidence to warrant a diag
nosis of acidosis; but this is entirely fallacious, since 
it is no uncommon experience to find diabetic patients 
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with considerable quantities of acetone in the urine, 
but with no diminution in the carbon-dioxide com
bining power of the blood. None the less such an 
appearance of ketone bodies in the urine must be 
treated as a danger-signal. Their continued pro
duction will in time lead to the development of an 
acidosis, and treatment should be directed, just as in 
the presence of actual acidosis, towards their oxidative 
removal. The administration of alkalis in these cir
cumstances can at best be only the most temporary of 
expedients, since it does not greatly aid the elimination 
of the acid substances and does not at all prevent their 
continued production. A determination of the carbon
dioxide combining power, therefore, distinguishes 
between cases of ketonuria, since those cases in imme
diate danger of coma show a carbon-dioxide combining 
power below 53 vols. per cent., whereas less urgent 
cases do not show any s~gnificant variation from 
normal. Those cases which already exhibit symptoms 
of coma have a very considerable reduction in the 
carbon-dioxide combining power of the blood, and 
the severity of the condition may be assessed by deter
mining the extent of this reduction. The approximate 
values of the carbon-dioxide combining power to be 
expected in these various conditions are shown below 
(Tablc V). 

TABLE V 

CARBON-DIOXIDE COMBINING POWER IN DIABETES MELLITUS 

Ketonuria, but no immediate danger of coma. • 
Ketonuria, with immediate danger of coma, but few or 

no symptoms • . . . . . . 
Ketonuria, with slight but de~ite symptoms of coma 
Ketonuria, cema, but fair prognosis . 
Ketonuria, coma, bad prognosis 

Vola. CO. 
per cent. 

50 or over 

40-50 
35-40 
20-35 
below 20 
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The carbon-dioxide combining power in hypo
glycaemic as opposed to hyperglycaemic coma is of 
course normal. 

The excessive production of acids, which brings 
about the state of diabetic coma, may also contributc 
to the production of acidosis in other pathological 
conditions. In starvation, where, the availablc gly
cogen supplies having been used up, carbohydrate 
metabolism is reduccd to a minimum, thc complete 
oxidation of fat is prevented. Hence the ketone acids 
are produced just as in diabetes, though to a .less 
extent. This factor, combined with the loss of ayail
able base in the urine-a loss which is not being made 
good by the ingestion of salts-may cause such a 
lowering of the alkali reserve as to render it difficult 
for the patient to resist the extra strain thrown on 
the acid-base regulating mechanism by the acidosis 
of anaesthesia. The practice, therefore, which was 
once common, of starving the patient prior to opera
tion is to be deprecated, and, where any cause pre
disposing to acidosis is suspected, a determination of 
the carbon-dioxidc combining power should be made, 
in order that, if necessary, pre-operative treatment 
may be given to raise the alkali reserve to a safe level. 

(b) The Failure to eliminate Acid.-We have already 
seen that the kidney plays a considerable part in 
the excretion of acids, either as such, or togethcr 
with basic radicles such as sodium, potassium, and 
ammonium. When this function of the kidney fails, as 
it may do in cases of acute or subacute nephritis, 
or in the terminal stages of chronic ncphritis, there 
is a retention of aeid in the blood, and therefore a 
diminution of thc available base and a lowering of the 
carbon-dioxide combining power. 
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This retention of acid, although it may at times be 
considerable, is only one factor, and perhaps not the 
most important, in the production of an acidosis due 
to impaired renal function. Probably the most im
portant factor is the inability of the damaged kidney 
to manufacture ammonia and so spare the available 
bases of the body fluids. This failure of ammonia 
production is particularly marked in acute nephritis 
and in the terminal stages of chronic interstitial 
nephritis; it does not occur to any appreciable 
extent in nephrosis, a condition which is (probably 
in consequence) not characterised by lowering of the 
alkali reserve to any great extent. 

Most cases of chronic interstitial nephritis show a 
carbon-dioxide combining power within the normal 
range, and it is only in the terminal stages of the 
disease, with c6>mmencing uraemic manifestations, 
that it is lowered much below 53 vols. per cent. The 
onset of chronic uraemia, however, is frequently 
accompanied by symptoms which are so varied, and 
which so often simulate those of many other con
ditions, that it may be difficult to decide whether 
they arc due to uraemia or to other possible causes. 
In these circumstances the discovery of a lowered 
carbon-dioxide combining power may be of some 
significance. When uraemic coma supervcnes the 
carbon-dioxide combining power of the blood is always 
markedly lowered. This m~y become a valuable 
diagnostic sign, for, even with coma present, the 
diagnosis of uraemia may not be perfectly obvious in 
those cases where the patient has not previously been 
under observation. . For instance, some cases of 
cerebral haemorrhage, 'with albuminuria, may present 
many features in common with uraemic coma, but show 



72 CLINICAL CHEMISTRY IN PRACTICAL MEDICINE 

no lowering of the carbon-dioxide combining power. 
From the point of view of treatment, too, a knowledge 
of the alkali reserve may be useful, for the distressing 
breathlessness, which is one of the characteristic 
symptoms of one type of uraemia, is largely due to the 
acidosis, and may be alleviated by the therapeutic use 
of alkali. Indeed, this treatment may prolong life in 
cases of chronic uraemia and even preserve it in aeute 
cases. 

In acute nephritis and in hydraemic nephritis 
showing the nephrotic syndrome the carbon-dioxide 
combining power is usually lowered to some extent, 
and this forms the basis of the intensive alkali treat
ment recommended by some authorities for use in these 
conditions, and as a means of prophylaxis in such 
diseases as scarlet fever, in which nephritis is a com
mon complication. It is now well known that the 
convulsions frequently seen in acute nephritis are 
due, not to true uraemia, but to cerebral oedema and 
high blood-pressure, and the immediate treatment is 

. not the intravenous administration of alkali, but the 
relief of the cerebral symptoms by venesection and 
"lumbar puncture. The differentiation of convulsions 
of this type from true uraemia is thus a matter of 

. importance, and may be aided by a knowledge of the 
carbon-dioxide combining power of the blood, for 
whereas acute nephritis without uraemia rarely shows 
a carbon-dioxide combining power below 40 vols. per 
cent., true uraemia with convulsions rarely shows one 
above that figure. 

Respiratory conditions, such as broncho-pneumonia, 
may be accompanied by some degree of acidosis owing 
to the retention of carbon dioxide, and, indeed, such a 
retention may occur in any condition involving de-



'fIlE MECIIANISl\1 OF NEUTRALITY REGULATION 73 

pression of the respiratory centre, inability of the 
lung itself to excrete carbon dioxide, or circula
tory failure. T.bis follows from the fact that carbon 
dioxide is present in the blood and tissues as carbonic 
acid, which, though a weak acid, combines with some 
of the available base and, when it cannot bc rcmoved 
rapidly, reduces the amount available for neutralising 
other acids. As has already been pointed out, deter
mination of the carbon-dioxide oombining power, 
however, cannot reveal this condition, since the re
tained carbon dioxide will be lost during the analytical 
procedure. Indeed, since the kidney may compensate 
for the presence of excessive amounts of carbon 
dioxide by cxcreting an equivalent amount of some 
other acid, the carbon-dioxide combining power of the 
blo')d may actually appear to be increased. 

(c) The Excessive Loss of Base.-In the infectious 
diarrhoea so often seen in infancy, or in any prolonged 
or severe diarrhoea not accompanied by vomiting, 
an acidosis may occur. Such an acidosis is not 
brought about by failure in the elimination of acids 
or by their excessive production, though some ketone 
bodies may be produced by starvation and help to 
exacerbate the condition. It is due to loss in the 
diarrhoeal stools of material drawn from the blood 
for t.he construction of the alkaline digestive juices. 
Owing to the cQmposition of the juices which are 
secreted into the intestine, there is a large withdrawal 
of fixed base from the blood, and hence a reduction 
in the alkali reserve and carbon-dioxide combining 
power. The characteristic hyperpnoea and drowsi
ness often observed in children suffering from severe 
diarrhoea is probably largely due to this acidosis and 
its accompanying dehydration. Administration of 
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sodium bicarbonate together with water to replace that 
lost in the motions will often abolish these symptoms. 
A determination of the carbon-dioxide combining 
power of the blood in these cases throws light on the 
condition and suggests the necessary treatment. A 
combining power of less than 30 vols. per cent. is a 
very grave prognostic sign. 

Allwlosis 
Just as a state Qf acidosis may bc said to exist when 

the carbon-dioxide combining power of the blood falls 
below 53 vols. per cent., so an alkalosis exists when it 
is raised above 77 vols. per cent. Such an alkalosis 
may be due to excessive intake of alkali or to an 
excessive loss of acid. 

(a) Excessive Intake of Alkali.-Though the car
bon-dioxide combining power of the blood may un
doubtedly be raised by the administration of alkalis 
such as sodium bicarbonate, it is usually raised only 
within normal limits, and a true alkalosis ra1;ely 
occurs clinically from this cause. Occasionally, how
ever, this does occur in patients undergoing the 
intensive alkali treatment for gastric or duodenal 
ulcer, especially when there is some degree of pyloric 
stenosis with vomiting and loss of gastric juice. 
Should symptoms of prostration, shallow breathing, 
headache, tetany, and vomiting supervene during the 
course of such treatment it is well to determine the 
carbon-dioxide combining power of the blood, and 
if this gives a reading over 77 vols. per cent. a reduc
tion of the alkali intake should be advised. 

(b) Excessive Elimination of Acid.-Excessive elimi
nation of carbon dioxide, which, as we have seen, 
behaves as a weak acid, may cause an increase in the 
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alkali reserve of the blood. Such a washing out of 
carbon dioxide may be produced clinically by the 
hyperpnoea seen in light ether anaesthesia, or in 
surgical shock, when the loss of carbon dioxide may 
be so great that the patient may stop breathing. 
Treatment of the condition by prompt inhalation of 
carbon dioxide under artificial respiration is so effi
cacious that it may be said that no surgical theatre 
ought to be without its cylinder of carbon dioxide for 
emergency purposes. A similar alkalosis, due to 
washing out of carbon dioxide, is seen in mountain
sickness, carbon-monoxide poisoning, and in some 
cases of hysteria associated with hyperpnoea. 

It must be remembered that gaseous alkalosis, like 
gaseous acidosis, cannot be detected by determination 
of the CO2 combining power, though it may be 
shown by the much more complicated procedure of 
determining the free carbonic acid of thc plasma. 

The most important clinical manifestation of alka
losis, however, occurs in cases of excessive vomiting 
such as may be produced by a high intestinal obstruc
tion or by pyloric stenosis. An examination of the 
carbon-dioxide combining power of the blood in such 
a case shows it to be greatly increased. Readings as 
high as 120 vols. per cent. have been obtained in cases 
of high obstruction just before death, and there is 
little doubt that this alkalosis, with the simultaneous 
dehydration, is the actual cause of death in such cases. 
The alkalosis is readily understandable when we re
member that owing to the loss of acid stomach con
tents in the vomited matter the concentr_ation of 
chloride ions, which is normally the chief acid factor 
in the plasma, may be reduced to about a third of its 
usual value. In consequence there is a considerable 
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increase in the concentration of bicarbonate ions in 
replacement of the loss of chloride ions, bringing 
about an extensive increase in the alkali reserve and 
carbon-dioxide combining power of the blood. By 
the simple expedient of supplying salt solution 
abundantly in such cases the bicarbonate concentra
tion may be temporarily corrected (and the fluid loss 
made good) and the patient brought into a sufficiently 
satisfactory condition to stand an operation which 
might otherwise have proved fatal. A determination 
of the carbon-dioxide combining power is thus of 
service in verifying the presence and extent of such 
an alkalosis, and in those cases where thc carbon
dioxide combining power is found to be significantly 
raised, operation should be deferred until the ex
cessive alkalosis has been corrected by the supply 
of salts and water. 

Co-existence of Alkalosis and Ketosis 

Since the production of ketone bodies is the causative 
factor in the acidosis of diabetes and starvation, their 
frequent presence in the urine and occasional presence 
in the breath in cases of severe vomiting quite naturally 
lead many people to suppose that an acidosis must 
be present. Cases of cyclical vomiting in children, of 
severe gastro-enteritis, of hyperemesis gravidarum, 
and of post-operative vomiting frequently show such 
signs of acidosis. It is, therefore, something of a 
surprise to find that instead of a reduction there may 
sometimes be an increase in the carbon-dioxide com
bining power of the blood of such patients. There 
seems to be no doubt that there are two processes at 
work in these cases: a tendency to ketosis due to 
starvation, to an anaesthetic or to bacterial infection, 
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and a tendency to alkalosis due to excessive loss of 
acid in the vomited gastric contents (both processes 
leading to excessive water and chloride loss). The 
two antagonistic tendencies may cancel each other, 
so that the carbon-dioxide combining power of the 
blood is within normal limits. One or other factor 
may predominate, and where an alkalosis is present 
the accumulation of ketone bodies may limit its extent 
and indeed prevent one of fatal degree. Such a situa
tion, therefore, presents an interesting therapeutic 
problem, for if the chlorides be restored faster than the 
ketones are removed an acidosis may be occasioned; 
but if the ketone acids be removed too rapidly a .further 
and possibly dangerous exacerbation of the already 
existing alkalosis may occur. Without frequent deter
minations of the carbon-dioxide combining power 
we are, therefore, largely in the dark in dealing with 
those cases, but with such aid we immediately become 
acquainted with the exact state of affairs and are able 
to control the treatment indicated in a rational 
manner. 



CHAPTER V 

GLYCOSURIA 

MODERN methods of micro-analysis have made it a 
relatively easy matter to differentiate true diabetes 
mellitus from other less !ilerious causes of glycosuria, 
and in our opinion they should be applied to the 
thorough investigatiQn of every case in which sugar is 
found to be present in the urine, and in which clinical 
examination does not make the diagnosis obvious. 
Examination of the blood may often show that a 
patient, though only occasionally and spasmodically 
showing glycosuria, is in reality suffering from slight 
diabetes, and control of the disease at this stage is, of 
course, a relatively simple matter. Although many 
cases of glycosuria are undoubtedly not diabetic, and 
though the passing of sugar is not in itself harmful, 
we believe that every instance of sugar in the urine 
demands complete investigation. If it is due merely 
to a leakage through the kidney, or to some emotional 
disturbance, so much the better; but if it is a mani
festation of diabetes the sooner proper treatment is 
commenced the better for both the patient and the 
physician. 

It is, of course, true that the diagnosis is clear in the 
majority of cases of diabetes without recourse to com
plicated investigations. When a patient, who has 
lost weight rapidly, complains of severe thirst, polyuria 
and weakness, and his breath is found to be heavy 
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with the smell of acetone and his urine loaded with 
sugar, further investigation is unnecessary to establish 
the fact that he is suffering from diabetes mellitus. 
There remain, however, a large group of cases where 
symptoms are absent or equivocal-mostly cases of 
functional glycosuria, but a few with mild diabetes
where an accurate diagnosis is impossible without bio
chemical methods. 

INVESTIGATION OF A CASE OF GLYCOSURIA BY 

TilE CARBOHYDRATE TOLERANCE TEST 

The detection of sugar in the urine by anyone of 
the tests available should, as a general rule, be followed 
immediately by an examination of the blood. In 
symptomless glycosuria, this is of paramount im
portance in order to determine whether the patient is, 
or is not, suffering from diabetes. Further examina
tion of urinary specimens while fasting and at varying 
times after a meal, which is recommended by some 
writers, is simply a waste of time. In some cases of 
mild diabetes, for instance, sugar is by no means 
invariably present in the urine, while certain cases of 
purely functional glycosuria may excrete sugar in 
every specimen of urine, not excluding the fasting 
specimen. The slight saving of trouble in avoiding 
the blood analysis is not worth the risk of missing a 
case of mild diabetes which, neglected, becomes more 
severe, but which, caught in time, is easily treated. 
On the other hand, it is well worth the very temporary 
inconvenience of blood examination to save a case of 
functional glycosuria from being regarded as one of 
diabetes with all the trouble and distress that such a 
diagnosis involves. . Even where a condition of true 
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diabetes is obviolls clinically, an examination of the 
blood is useful, not necessarily from the point of view 
of diagnosis, but rather as an aid to gauging the 
severity of the case and as a guide to the type of 
treatment to be adopted. 

Amongst the circumstances in which the finding of 
glycosuria does not demand blood-sugar estimations 
as the next step are those in which the urine sugar 
may be, not glucose, but lactose-that is to say, in 
pregnancy or lactation. Excessive production of lac
tose during these periods may cause the appearance of 
that substance in the blood ann. so produce lactosuria, 
for which the kidney threshold is very low. Lactose 
responds to the usual qualitative tests in -a manner 
similar to glucose, and therefore the hvo are readily 
confused. In theory, the best way of distinguishing 
them is by their reaction with phenyl hydrazine, 
whereby both form osazones which crystallise in 
·rather different forms and can be distinguished by 
microscopical examination. In practice, however, it 
is difficult to prepare pure crystalline osazones from 
urine, and the difficulty is intensified when, as not 
uncommonly happens, the two sugars are found 
together. The presence of lactose can be shown by 
submitting the urine to the mucic acid test, but it is 
important to know, not merely whether lactose is 
present, but if glucose is also present. If the latter 
sugar is being excreted a positive response to the mucic 
acid test does not negative the diagnosis of possible 
diabetes. A more valuable method of differentiation, 
therefore, is the quantitative method (Appendix), 
which not only detects and estimates lactose, but 
shows whether or not glucose is present as well. 

Glycosuria is a fairly common accompaniment of 
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hyperactivity of the thyroid and pituitary glands, so 
that in the presence of well-marked signs of these 
conditions the presence of sugar in the urine does not 
as a rule call for further investigation. 

In an investigation of the blood sugar for the 
purpose of differentiating diabetes mellitus from other 
possible causes of glycosuria we believe it desirable, 
both as an ultimate saving of time to the physician 
and as a saving of inconvenience to the patient, to 
proceed at once with a carbohydrate tolerance test
that is, the construction of a blood-sugar curve. In 
this way information is obtained both as to the 
fasting-level of the blood sugar and as to the reaction 
of the blood towards glucose ingestion, and both 
in diagnosis and subsequent treatment the latter 
information may prove to be the more valuable. 

The procedure to be adopted is as follows. The 
test should be begun early in the morning with the 
patient fasting since the preceding evening. The in
gestion of glucose, and therefore of any carbohydrate
containing meal, raises the blood sugar above the 
fairly constant fasting-level, and though normally 
this increase disappears in the course of about two 
hours it sometimes lasts much longer, and a fast of 
twelve hours at least is necessary before one can be 
sure that the blood sugar has returned to the fasting
levf'l. A sample of blood is withdrawn for determina
tion of the fasting sugar content, and the bladder is 
emptied. Fifty grammes of glucose are then given 
in concentrated .solution, flavoured, if desired, with 
lemon juice. Thereafter samples of blood and urine 
are obtained at intervals of thirty minutes for two 
hours. The urine samples are tested qualitatively for 
sugar, and the sugar content of the blood is deter-
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mined by any suitable method, the analytical results 
being plotted graphically against time. 

The Normal Response 
The fact that blood normally contains sugar is due 

to the oxidation and storage of that substance by the 
tissues and the replacement of the lost sugar from the 
glycogen stores of the liver, the glycogen being hydro
lysed and the resulting glucose carried by the blood 
to the various tissues. Normally, in a fasting subject, 
the rate of glycogen breakdown - glycolysis - and 
therefore the rate of entry of sugar into the blood so 
balances the rate of disappearance from the bloo!! that 
the blood sugar remains remarkably constant. The 
true figure is probably, as recent exact methods have 
shown, about 80 mg. of sugar per 100 c.c. of blood. 
Some of the methods employed in clinical work, 
however, estimate other reducing substances also 
(which do not vary very much in comparison with the 
glucose), and with them the normal figure is about 
100 mg. per 100 c.c. One of the methods most com
monly used is that of Hagedorn and Jensen, and with 
it some of the non-sugar reducing substances are 
removed during the preliminary treatment of the 
blood. This method gives 80-90 mg. per 100 c.c. as 
the normal fasting blood sugar. Where other methods 
are employed it is advisable to ascertain from the 
analyst the actual normal range, when the figures 
given here and in the following charts can be suitably 
corrected. 

The ingestion of glucose is followed by a rise in the 
sugar content of the blood, since the rate of absorp
tion from the alimentary canal is at first greater than 
the rate at which the sugar is removed from the blood 
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by oxidation and-quantitatively the main factor
conversion to glycogen. This increase in the blood 
sugar is maximal about three-quarters of an hour 
after ingestion, by which time the level has reached, 
usually, 140 to 150 mg. per 100 c.c. By this time, 
however, oxidation and, particularly, synthesis of 
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FIG. 4.-The blood sugar, after ingestion of 50 g. 

of glucose, in a nOl'II\al healthy person, and in 
one showing a "lag" curve. 

glycogen have become the predominating factors, so 
that the blood sugar begins to fall again, and reaches 
the fast.ing-Ievel in one and a half or two hours. The 
normal blood-sugar curve is thus of the shape shown 
in Fig. 4. 

Throughout the test. the urine of a healthy person 
should remain sugar-fr.ee. The normal kidney ex
cretes sugar only when the concentration of that sub
stance in the blood exceed~ 150 to 160 mg. per 100 c.c. 
-the normal threshold. It is very rarely indeed 
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that the blood sugar passes the normal threshold 
when a healthy person ingests 50 g. of glucose, so 
that if the sample of urine obtained at the end of 
the test contains more than a mere trace of glucose we 
are inclined to regard it as evidence of some lowering 
of the renal threshold, though this, if it is thc sale 
abnormality, is of little or no importance. 

The normal blood sugar curve varies somewhat 
according to the age of the patient. Young adults, 
and particularly children, show a greater sugar toler
ance than old people. In consequence the normal 
blood sugar curve in youth is flatter and returns more 
rapidly to the fasting-level than in old age. 

Abnormal Responses 
The appearance of sugar in the urine may obviously 

be due either to the raising of the blood sugar above 
the threshold or to a lowering of the threshold--or, 
of course, to a combination of these causes. If even 
the fasting, blood sugar is above the threshold, sugar 
will be present in all specimens of urine; otherwise 
it will be present only after the ingestion of sufficient 
carbohydrate to raise the blood sugar above the 
critical point. Similarly the lowering of the threshold 
may be slight, with consequent intermittent glyco
suria, or it may be so great as to cause continuous 
excretion of sugar. It is this dual mechanism which 
renders it so difficult to tell from urine examination 
alone whether or not a glycosuria is an indication of 
diabetes mellitus. 

Diabetes Mellitus.-In diabetes the glycosuria is 
due primarily to a raising of the blood sugar, though 
in some cases, particularly those of long duration, 
there may be either lowering or raising' of the renal 
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threshold, a fact of which some account must be 
taken later. The raising of the blood sugar even 
during fasting, when the supply of insulin is deficient, 
is due to a combination of causes. The diabetic 
apparently cannot oxidise glucose as can the normal 
person, nor can he use it for synthesis of glycogen. 
Hence the two means by which glucose is ordinarily 
removed from the blood have failed to an extent 
which is seldom if ever complete, but is proportional 
to the severity of the diabetes. Besides failing to 
remove glucose from the blood, the diabetic organism, 
again to an extent depending on the severity of the 
condition, manufactures glucose from protein (and 
possibly fat) in a vain effort to supply the carbo
hydrate for which his tissues are starving, but which 
they cannot utilise. There is thus a tendency for 
sugar to accumulate in the blood even when no 
carbohydrate has been ingested for some time, and 
this accumulation may be great enough to raise the 
fasting blood sugar above the kidney threshold, in 
which case sugar will be found in all urine passed. 
Consideration of the factors involved makes it obvious 
that the height to which the fasting blood sugar is 
raised above the normal indicates to some extent 
the severity of the diabetes in an untreated case. 

It is not unusual to obtain somewhat high values 
for the fasting blood sugar in non-diabetic persons, 
especially if they are of a nervous disposition or fear 
the slight pain of veQ.epuncture. In these cases par
ticularly the blood-sugar curve, which, of course, is 
normal, is valuable in leading to the correct diagnosis. 
Even when the increase in the fasting blood sugar 
is gross the curve is useful in affording further in
formation for gauging the severity of the diabetes, and, 
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an aid in future treatment, in determining the renal 
threshold if this is higher than the fasting blood level. 
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FIG. 5.-The blood sugar, in diabetes, after ingestion 

of 50 g. of glucose. 

In diabetes, as in health, ingestion of glucose causes 
an increase in the blood sugar. The very factors 
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which raise the sugar-level in the blood of the fasting 
diabetic, however, prevent the removal of the absorbed 
glucose, and thus the rise is greater than that found 
in normal people. Moreover, the slow removal of 
glucose from the blood, and especially the failure in 
the glycogen-synthesising mechanism, means that 
absorption remains the more rapid of the processes 
for a longer time than normally. Consequently the 
maximum concentration in the blood- is reached much 
later-at least an hour, and usually more, after the 
glucose ingestion-than in the healthy person. Oxida
tion and glycogen synthesis are reduced, and, though 
some sugar is excreted, this is not sufficient to cause 
a rapid fall in the blood sugar even after absorption 
has slackened. Hence the curve characteristic of 
diabetes, instead of showing a sharp return to the 
fasting-level, shows a considerable retention of sugar in 
the blood, and a slow fall, so that two hours after the 
glucose meal the blood still contains much more sugar 
than it did during fasting. The curve thus approxi
mates to those shown in Fig. 5, which are from cases 
of mild, moderate, and severe diabetes respectively. 

If one considers the whole day as a series of carbo
hydrate tolerance tests, the meals being substituted 
for the doses of glucose, the blood sugar is found to 
follow a course similar to that shown in Fig. 6, which 
is constructed from a case of mild diabetes. The 
interval between meals is not sufficient for the blood 
sugar to fall completely, and so ther~ is a tendency 
for it to climb steadily throughout the day, both 
as regards maximal concentration after meals and 
minimal concentration immediately before meals. At 
night the blood sugar falls gradually to the lowest 
level of all, which is found early in the morning. The 
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curve also shows how it is possible, in a case of 
diabetes, for the early-morning urine to be sugar-free. 
It is interesting to compare this curve with that of a 
severe diabetic with a high fasting blood sugar and 
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FIG. 6.-The blood sugar during twenty.four hours in an untreated 
case of diabetes. Note the rise after each meal. with inability to 
fall completely to the fasting.level before the next meal. At night 
the blood sugar is able to fall to the fasting.level. 

undergoing insulin treatment (Fig. 7). Here the 
blood sugar is controlled during the day by insulin 
administration. It falls after each dose of insulin, 
but rises after the subsequent meal, and continues to 
rise towards the fasting-level until the next dose of 
insulin. During the day, however, the insulin is given 
with sufficient frequency to keep the blood sugar 
generally below the very high fasting-level, but during 
the night, without insulin, this is attained. Thus the 
highest blood sugar, instead of the lowest, is found 
early in the morning. This explains the finding of 
sugar in the early-morning urine of a patient, under 
insulin treatment, who may otherwise be sugar-free. 

The considerable swing in the blood sugar is due to 
the rather evanescent effect of insulin. When insulin 
is combined with protamines. and still more when 
converted to a zinc-protamine insulinate, it is liberated 
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slowly in the tissues, and the effect of a single injection 
is much more prolonged. Under these circumstances 
the blood sugar is kept much more constant, as is 
shown in Fig. 7. 

Thyroid and Pituitary Dysmnction.-In over-
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FIG. 7.-The dotted line shows the cours~ of the blood sugar in B 
patient receiving two doses (each of 20 units) of insulin per day. 
The insulin was given at the points marked I, and meals were taken 
at the times M. On this particular day there was a hypoglycaemic 
reaction at A. 

The continuous line shows the blood sugar in. the sa.me patient ro
ceiving, for the sixth successive day, 50 units of zinc-protamine 
insulinate once per 24 hours (I). Meals Qre marked as before. 

activity of the thyroid and pituitary glands, both 
conditions in which glycosuria may occur, the blood 
picture may simulate. that of mild diabetes. The 
fasting blood sugar is raised to some extent above the 
normal, and the response to glucose ingestion re
sembles that of diabetes' in showing a rather greater 
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increase in the blood sugar than the normal, and a 
slow fall of the blood sugar from the maximal concen
tration, instead of the normal rapid return to the 
fasting-level. Usually, however, the maximum con
centration of sugar in the blood is reached in very little 
more than the normal time, but in practice it is not 
casy to use this as a means of differentiating uncom
plicated exophthalmic goitre or acromegaly from the 
same conditions complicated by the presence of mild 
diabetes. Those cases of diabetes which give fasting 
blood-sugar values of the order sometimes found in 
disturbance of thyroid or pituitary function (100 to 
130 mg. per 100 c.c. of blood) are so mild that their 
blood -sugar curves do not show departures from the 
normal sufficiently marked for very fine distinctions 
to he drawn. In such cases the physician is thrown 
largely on his own clinical resources. 

Although they are not accompanied by glycosuria, 
the opposite pathological condition of the thyroid and 
pituitary glands should perhaps be mentioned here 
for the sake of completeness. In myxoedema and 
hypopituitarism the fasting blood sugar may be abnor
mally low. There is also an increased tolerance of 
carbohydrate, which disappears from the blood almost 
as rapidly as it is absorbed and is followed by little or 
no increase in the blood sugar. The curve obtained from 
a sugar tolerance test in these conditions is thus much 
flatter than is normally the case, and in severe myx
oedema it may approximate to a straight line parllllel 
with the base-line. Typical curves from cases of thyroid 
and pituitary disturbances are given in Fig. 8. 

Liver Deftciency.-It is held by some writers on the 
subject that the conversion of glucose to glycogen 
docs not commence immediately the blood sugar 
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begins to rise after carbohydrate ingestion, but that 
a certain " head " of glucose is necessary before the 
reaction can proceed, at any rate with more than 
minimal velocity. This is the explanation given of 
the fact that in the normal person the blood sugar 
reaches its maximum so early as three-quarters of 
an hour after ingestion of glucose, when absorption 
cannot be completed. It is supposed that at this 
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FIG. 8.-I3lood·sugar curvos in cases of hyper- and hypo-thyroidism. 
In pituitary dysfunction the curves are very similar. 

time, when the blood-sugar concentration has reached 
about 140 mg. per 100 c.c., sufficient" head" of sugar 
is present to stimulate glycogen synthesis, and that 
this synthesis accordingly becomes the dominating 
factor, taking place at a much greater rate than 
absorption, so that the blood sugar.begins to fall again. 
On this supposition it is easy to understand that a 
deficiency in the glycogen-storing mechanism, which is 
seated principally in the liver, may well have the effect 
of requiring an abnormally great" head" of glucose to 
be present before glycogen synthesis can pro(,ecd. 
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This is actually the explanation of a curious and 
rather unusual type of functional glycosuria. It is 
characterised by a normal fasting blood sugar, and 
then by an-abnormal increase in the blood sugar after 
glucose ingestion. Once the maximum is reached, 
however, there is a rapid return to the normal fasting
level. In this type of curve, sometimes known as the 
" lag type, " glucose synthesis does not begin until the 
blood sugar has risen over the renal threshold-per
liaps to 200 or 210 mg. per 100 c.c. (see Fig. 4). Once 
initiated, however, it proceeds rapidly just as in the 
normal person, so that the blood sugar returns to its 
fasting-level within two hours. Thus, the abnormality 
in this type of curve does not lie in the kidney threshold 
for sugar, but simply in the fact that the liver seems 
to require an unusually high blood-sugar concentration 
to galv~nise it into active glycogen synthesis. Thus 
sugar appears in the second, if not in the first, half
hourly specimen of urine obtained after glucose 
ingestion. 

The kidney mechanism appears to resemble that of 
glycogen synthesis in that, though the excretion starts 
only when the blood-sugar content has been raised 
to the necessary height, it does not necessarily stop 
when the same point is reached during the later fall, 
and it may continue until the fasting-level has been 
reattained. Thus, contrary perhaps to what might be 
expected, the later samples of urine in a case of gly
cogen-storage deficiency may contain glucose, though 
the excretion may be, and often is, confined to the 
time when the blood-sugar concentration is high. The 
kind of curve to be expected in a case of this type is 
shown in Fig. 4. The condition is readily differen
tiated from one of true diabetes by the normal fasting 
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blood sugar, and by the rapid return to normal after 
the attainment of the unusually high maximum. 

Renal Glycosuria.-We have seen that the excre
tion of sugar takes place only when the blood sugar 
rises above the renal threshold. If, however, in any 
individual case, this threshold happens to be lower 
than that which is found for the majority of healthy 
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FIG. 9.-The blood-sugar curve in a case of 
renal glycosuria. 

individuals, and which is therefore taken as the normal, 
the~e will be leakage of sugar into the urine with a much 
lower blood sugar than is usually required to give 
rise to glycosuria. In such a case the low threshold 
may be the sole abnormality. Utilisation of sugar 
is perfectly normal, both as regards direct oxidation 
and glycogen storage. Hence the fasting blood sugar 
is not raised above that found in healthy persons, and 
the response to glucose ingestion, as far as the blood 
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is concerned, is normal. The blood -sugar curve is 
thus of the shape seen in health, but sugar is found in 
the urine after glucose ingestion, and may be present 
in any number of the samples according to the extent 
to which the renal theshold is lowered. 

The results of a glucose tolerance test carried out 
on a patient suffering from renal glycosuria are shown 
in Fig. 9, the renal threshold in this case standing at 
120 mg. per 100 c.c. of blood. This condition of renal 
glycosuria is apparently harmless, and is much com
moner than was supposed before .the intensive investi
gations of the last few years. Unless the condition 
is accurately distinguished from true diabetes by 
means of the blood-sugar curve, it may give rise to 
much needless distress. Many patients suffering from 
this harmless condition are stigmatised as diabetics 
and condemned to unnecessary dietetic restrictions. 
Again, it is a common, if unjustifiable, cause for a life 
assurance proposal being rejected or heavily loaded. 

BLOOD AND URINE TESTS DURING THE TREATMENT 

OF DIABETES 

The effect of treatment on diabetes can be followed 
in two ways: (a) by making frequent estimations of 
the blood sugar; (b) by examining each specimen of 
urine passed. The former method is often impractic
able, except when the patient is under observation in 
hospital. Even in hospital it is usually superfluous. 
Onc~ the diagnosis of diabetes has been established 
beyond doubt by means of blood-sugar estimations, 
practically all the information required for treating a 
case may be obtained by frequent urine examinations, 
without undertaking further blood analyses, which 
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are distasteful to the patient, and which need be 
resorted to only in certain exceptional circumstances. 
The second plan, of examining each specimen of urine 
passed until the suitable diet, and possibly the suitable 
dose of insulin, for the patient has been established, 
has a wide application, since any intelligent patient, 
after he has been taught to test his urine with Feh
Hng's solution, can make the observations by himself. 
This method of controlling treatment consists in 
examining any samples of urine passed during the 
day and a specimen collected after the hours of 
sleep. In this way it can be seen whether or not 
any meal contains an amount of ctrbohydrate with 
which the patient is unable to deal, and appropriate 
dietetic or insulin corrections can be made. In 
hospital, where quantitative as well as qualitative 
estimations of the amount of sugar passed may be 
performed, such corrections may be made with great 
accuracy. When a patient is taking insulin and his 
twenty-four hour specimen of urine shows a small 
amount of sugar, the time at which this leak of 
sugar occurs will be shown at once by this method 
of frequent urine sampling. Apart from the glyco
suria being exacerbated by an infection or by mental 
excitement, such traces of sugar indicate that the 
carbohydrate in some meal is being inadequately 
covered by the insulin, or that the effect of the insulin 
has worn off too soon during the night. 

Once the diet suitable for the patient has been 
established by this method, an occasional qualitative 
analysis of a twenty-four hour specimen is sufficient 
for practical purposes. 

A possible objection to the method of controlling 
dietetic and insulin therapy by analysis of the urine 
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alone is that it yields information only that the blood 
sugar is below or above the renal threshold of the 
.patient. In diabetics this threshold may be very 
considerably raised, so that some degree of hyper
glycaemia may exist without any sugar, or with only 
a trace, being present in the urine. 

We have repeatcdly observed in old-standing dia
betics fasting blood sugar values of as high as 300 mg. 
per 100 C.c. without glycosuria being present. It has 
not yet been definitely established whether hyper
glycaemia moderate enough to show no glycosuria 
should be treated as a matter of great significance. 
The majority of workers believe that it should be, 
holding that hyperglyeaemia of any severity causes 
further degeneration of the already diseased islet 
tissue in the pancreas, and that it may cause the 
arterial disease so commonly seen in the senile ~ype of 
diabetic. On the other hand, it is possible that in 
diabetes of long standing the pancreas and kidneys 
have become acclimatised to working at their optimal 
efficiency with a slightly higher blood sugar level than 
normal, and that this hyperglycaemia may not, there
fore, be entirely harmful. Certainly in many cases an 
attempt to keep the blood sugar of an old-standing 
diabetic within strictly normal limits causes hypo
glycaemie symptoms to occur, and the patient feels 
less well than when a moderate hyperglycaemia is 
allowed to persist. For all practical purposes we 
believe that the diet and insulin should be so regu
lated that sugar does not appear in the urine, and 
that once a diagnosis of diabetes is definitely es
tablished treatment may be carried out perfectly 
efficiently by examination of the urine alone, except 
in exceptional circumstances, where a blood-sugar 
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estimation may be called for. One of those excep
tional circumstances is the onset of coma. 

Coma.-In diabetic coma the blood sugar is in
variably greatly raised, acetone is present in large 
quantities in the breath and urine, and there is always, 
as we have seen in a prcvious chapter, some degree 
of acidosis. The diagnosis of the condition is rarely 
in doubt. Thc treatmcnt consists in the adminis
tration of suitable quantities of glucose and insulin, 
together with large amounts of fluid to make good 
an invariable dehydration. The latter point is indeed 
almost as important as the former, and is frequently 
overlooked, with disastrous results. While it may be 
useful at the onset to determinc the degree of acidosis 
present by an estimation of the carbon-dioxide com
bining power of the blood, a much more important 
estimation is that of the blood sugar; and it is ideal 
to control the case until no further danger exists by 
frequent readings of the level of the blood sugar. If 
this is not feasible, as it may not be in private prac
tice, very frequent tcsts for sugar in the urine should 
be made. Insulin should never be administered 
without a covering dose of g1ucose, except in respect 
of the initial dose, when a large injection of insulin 
can usually be given alone without any risk of unduly 
lowering the blood sugar. The absence of sugar from 
the urine, or a rapidly diminishing· blood sugar, should 
be regarded as a call to reduce the insulin dosage. 
Though the possibility of hypoglycaemia should 
always be kept in view, we believe that the danger of 
a patient passing imperceptibly from hyperglycaemic 
into hypoglycaemic coma is exaggerated, and is the 
frequent cause of inadequate insulin treatment in 
diabetic coma. The ideal to be aimed at is a slowly 
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falling blood sugar, rapid disappearance of ketone 
bodies from the urine, and some degree of glycosuria, 
until the symptoms of coma have disappeared. Only 

'then may steps be taken to deal with the glycosuria 
itself. 

Hypoglycaemia.-The diagnosis of hypoglycaemie 
coma, apart from that which may be produced during 
the treatment of true diabetic coma, is usually obvious 
from the history of the case, the absence of ketone 
bodies from the urine and breath, and the absence of 
glycosuria. In those rare emergency cases in which 
the diagnosis is in doubt, the examination of the 
sugar content of the blood or its carbon-dioxide 
combining power may be of service. Mild degrees of 
hypoglycaemia of a more chronic type may, however, 
exist in a patient under treatment and give rise to 
vague symptoms, the exact cause of which may be a 
matter of doubt. An estimation of the blood sugar 
while such symptoms are present may be exceedingly 
useful in differentiating such chronic hypoglycacmia 
from other causes of ill health. In this connection it 
must, however, be remembered that hypoglycaemic 
symptoms may occur in some old-standing case of 
diabetes. when the blood sugar is apparently quite 
normal or even high. We have observed undoubted 
hypoglycaemic attacks in some diabetics while -their 
blood sugar was as high as 140 mg. per 100 C.c. As 
has been said, these patients have become habituated 
to a higher blood-sugar level than normal, and so hypo
glycaemia may occur at a much higher level of the 
blood sugar than would produce symptoms in the 
average case. The danger of hypoglycaemia is often 
exaggerated, and may become so much of a bugbear 
to patient and doctor that. inadequate doses of insulin 
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are given. It mu st be remembered that thousands 
of patients die from hyperglycaenlic coma, but death 
from hypoglycacmia is comparatively a clinical 
curiosity. 

CHEMICAL TESTS AS A GUIDE TO PROGNOSIS 

IN DIABETES 

Just as no clinical sign or symptom alone can 
furnish an indication of the severity of the disease, so 
no single laboratory test can by itself furnish a short 
cut to prognosis in diabetes. All tests fail to differ
entiate between severe uncomplicated diabetes, on 
the one hand, and slight diabetes on which are super
imposed other complicating, though possibly tem
porary, factors on the other. It is only after keeping 
the patient under observation for some time, and 
noting his response to treatment, that a forecast of the 
future of the case can be given with any certainty. 
Some cases which, on first examination of the blood 
and urine, show a severely pathological picture do 
very well under treatment, while others, in which 
the picture is less marked, show a tendency for the 
pancreatic insufficiency to progress in spite of treat
ment. It is, therefore, recommended that no definite 
prognosis be given until the patient's response to 
treatment has been observed-unless, of coursc, thc 
blood-sugar curves indicate quite definitely that thc 
condition is not one of true diabetes, but one of 
the functional types of glycosuria. In these cases a 
favourable prognosis may be given at once. 

In the blood, the most valuable points to investi
gate in regard to prognosis are, as we have seen, the 
fasting-level of the blood sugar and the response to 
the ingestion of 50 g. of glucose. 
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In regard to the urine, untreated cases of diabetes 
may show, in the twenty-four hour specimen, quanti
ties of sugar varying in individual cases from a mere 
trace up to 10 per cent. An average case will show a 
loss of about 100 g. of sugar in the day, but as much 
as 300 g. may be lost in very severe cases. Again, 
however, it must be reiterated that such a single 
estimation only shows the severity of the condition 
at the moment, and is not necessarily an index of how 
the patient will respond to treatment. Large quanti
ties of sugar may be excreted for some time owing to 
some temporary intercurrent infection, such as ton
sillitis or a cold, and mere domestic worry or mental 
excitement may profoundly, though temporarily, in
fluence the sugar excretion in diabetes. 
. In practice, then, the best guide to prognosis is the 
total amount of sugar lost in the urine over a period 
of twenty-four hours. The prognosis, however, should 
be made only after the effects of treatment in modify
ing the excretion have been determined, and after all 
external exciting factors, such as toxaemia or mental 
stress, have been excluded. 



CHAPTER YI 

ALBUMINURIA AND TESTS OF RENAL 
FUNCTION 

IN this chapter it is proposed to consider first the 
general question of albuminuria, a condition which 
may exist quite independently of renal damage. In
vestigation of a case of albuminuria, however, often 
resolves itself into an investigation of kidney function, 
and therefore the chemical methods available for such 
an investigation have been discussed here. It is un
fortunately not feasible to classify these methods in 
order of delicacy, since such a course would involve a 
great deal of repetition and possibly confusion. They 
have, therefore, been classified under the headings of 
blood analysis, urine analysis, and methods involving 
analysis of both blood and urine. An effort has been 
made, however, to indicate the relative delicacy of 
the tests described, and to give some idea of the ease 
with which they may be performed. 

ALBUMINU,RIA 

Disease of the kidney is accompanied, inter alia, by 
the passage of substances from the blood to the urine 
which the healthy kidney does not usually permit to 
pass. These substances are the proteins of the blood 
plasma, comprising albumins and globulins, of which 
the former are quantitatively, in nephritis, the most 
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important. A second factor in the production of 
protein in the urine in kidney disease may be found 
in the cells of the renal tubules themselves, which 
may proliferate and desquamate, or may swell and 
burst, thereby discharging some of their albuminous 
contents into the tubules. It is not difficult in these 
circumstances to understand the albuminuria which 
accompanies nephritis, where damage to the glomeruli 
and damage to the cells of the renal tubules may 
occur. 

Just as, however, the discovery of sugar in the 
~lIrine may be a matter of little importance or one of 
grave significance, so may the discovery of albumin 
in the urine be evidence of some trivial functional 
'abnormality or of serious renal disease. Again, its 
absence from the urine, although it may exclude the 
possibility of certain types of kidney damage being 
present, is in itself no criterion of renal efficiency. 
Thus, many cases of grave, though chronic, kidney 
disease show no albumin in the urine, or only occa
sional traces, while numbers of people with perfectly 
healthy kidneys may occasionally show a considerable 
degree of albuminuria. The amount of albumin in 
the urinc is therefore no criterion of the degree of renal 
damage. There is no doubt that in the past too mueh 
stress has been laid on the degree of albuminuria in 
coming to a conclusion as to a patient's renal condition, 
and we now know that the mere demonstration of 
albumin in the urine, apart from definite clinical 
~igns and symptoms of kidney disease, is simply an 
indication that the case should be further investi
gated, and is not, taken by itself, of any diagnostic 
significance. 

Protein in the urine frequently has its origin in 
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extra-renal sources. Thus blood; pus, or spermatozoa 
from the lower urinary passages, or albuminous dis
charges from the vagina or uterus, may give rise to 
it in moderate quantities. In this way a cystitis, a 
urethritis, or a cervicitis may occasion a proteinuria 
although the kidneys may be perfectly healthy. It is, 
therefore, ess'ential to exclude such extra-renal causes 
before blaming the kidney for the condition. If it is 
suspected that the protein may' be due to vaginal 
or uterine discharges a catheter specimen should be 
examined; or if a urethritis is thought to be the 
cause of it, in the male, he should be asked to pass his. 
water into two glasses, and the contents of the second 
vessel should be examined for albumin, the urine in 
the first glass having washed out any albuminous 
secretion which may have been present in the urethra 
previously. This latter proceeding is safer in male 
urethritis than the passage of a catheter, which may 
cause an infection localised in the anterior urethra to 
be passed back into the posterior urethra and bladder. 
In all such cases the centrifuge should be used, and 
only the clear supernatant fluid tested for albumin. 
The microscopical examination of the centrifuged 
deposit itself may, of course, be of the greatest value 
in coming to a diagnosis. Indeed, the presence of 
pus, except in very large amount, can be demon
strated with certainty only by the microscope, since 
no rcliance can be placed upon the liquor potassii 
reaction, and the guaiac test is not. extremely delicate 
and is reliable only when the presence of blood can be 
excluded. Incidentally it may be remarked that a. 
few leucocytes arc always .present in the centrifuged 
deposit from healthy urin~, and it is only the presence 
of large numbers of pus cells in the deposit which is 
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of importance. This matter is further discussed in 
Appendix I, dealing with the microscopical examina
tion of the urinary sediment. 

Even when the source of the albumin is traceable 
to the kidney, it is not necessarily evidence of renal 
disease. For example, albuminuria is present in 
most young people after severe exercise, so that such 
!albuminuria may really be called physiological. Again, 
protein may be present in the urine of many healthy 
individuals after a cold bath-possibly due to the 
driving of blood temporarily from the peripheral to the 
renal area, thereby causing congestion in the kidney. 
It may also occur after the use of certain drugs, such as 
arsenic, mercury, and other heavy metals, or irritants 
like cantharides, but in these cases the albumin.uria 
cannot be looked upon as harmless, as such substances 
may cause renal damage. 

A functional albuminuria is common in young 
men, between the ages of puberty and twenty-five, and 
frequently gives rise to trouble in securing life insur
ance. The subjects of such albuminuria are often 
weedy and neurotic youths, with clammy hands and 
a very variable blood-pressure. They are not un
commonly subject to fainting attacks when forced to 
stand in an upright posture for any length of time, 
as on parade in the army, or in early-morning chapel 
at school; and whereas, in normal individuals, a 
change from a recumbent to an upright posture is 
accompanied by a rise in blood-pressure of not more 
than 10 mm. of mercury, in such albuminurics the 
change is usually much more considerable, and may 
even be as much as 30 mm. A vasomotor centre, 
easily exhausted when the upright posture is main
tained for some time, is probably the cause of this 
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albuminuria, so that cerebral anaemia may occur, 
causing fainting, and congestion in -the kidney, which 
in turn causes albuminuria. This explanation is 
further suggested by the fact that albumin occurs in 
the urine of such individuals only when they are 
going about during the day, and is absent from the 
urine passed on rising from a recumbent posture the 
first thing in the morning. This absence of albumin 
from the early-morning specimen, the absence of 
casts other than hyaline, and the clinical examination 
of the patient with special reference to the blood
pressure, may be sufficient to establish a diagnosis of 
orthostatic albuminuria. There is no evidence to 
suggest that the subjects of orthostatic albuminuria 
are more apt to develop kidney disease in later life than 
other people, and the condition probably requires no 
specific treatment, except in so far as the general 
health of the individual may call for it. This albu
minuria seldom persists into later life. 

Albuminuria is present in uncompensated cardiac 
diseases, owing to a congestive state of the kidney 
produced by backward pressure. As the cardiac con
dition is improved,. so the albumin usually clears from 
the urine. Owing to the fact, however, that true renal 
disease often accompanies cardiac lesions, it may be 
difficult during the stage of cardiac decompensation 
to assess how much of the urinary signs and sympt!>ms 
are to be ascribed to the heart and how much to the 
kidney. 

Some degree of albuminuria is frequently present 
in fevers and in the a,naemias, owing, presumably, 
to cloudy swelling. Its presence alone cannot be 
taken as evidence of reQal disease as such, unless 
further tests of the renal function are carried out, 
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and these are often most unsatisfactory in such 
conditions. 

Although the orthostatic albuminuria of adoles
cence and early adult life, which has been described, is 
a well-known condition, it is not so well realised how 
common albuminuria is in older adults. This albu
minuria may be due to a leaky kidney which has been 
slightly damaged by a previous disease but is npt the 
seat of a progressive lesion. It is not of the ortho
static type-albumin being present in the early
morning specimen of urine-and the gravity or other
wise of its significance can be gauged only by further 
tests. There secms to be no doubt that a few adults 
show albumin in the urine persistently without any 
apparent upset of the renal function, and without 
developing any renal deficiency in the course of time. 
On the other hand, it must be remembered that pro
gressive renal disease may be present with few or no 
clinical symptoms or signs cxcept albuminuria, and 
it is therefore essential that in any adult case showing 
albuminuria the urinary deposit should be thoroughly 
examined and renal function tests should be per
formed before a favourable prognosis is given. 

It is claimed that some help in differentiating the 
various types of albuminuria may be obtained from 
a detcrmination of the relative amounts of albumin 
and globulin in the urine, though we ourselves are of 
opinion that no reliancc can be placed on this test 
alone. In functional or orthostatic albuminuria the 
ratio of albumin to globulin is about 2 : 1; in album
inuria due to a leaky kidney it is about 1 : 2; but 
with actual renal damage it may be as much as 
6: 1. 

The albuminurias of pregnancy, which present special 
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problems of their own, will be discussed in another 
place (Chapter XI). 

To sum up, then, unless albuminuria is accom
panied by definite symptoms of nephritis, it cannot 
by itself be taken as being of much significance, 
and further investigation of one kind or another is 
necessary. 

DEFINITION OF TERMS USED 

Before discussing the various tcsts of renal func
tion, it is desirable to consider briefly the terms used 
to describe the different types of kidney disease. By 
the term acute Bright's disease we recognise that· 
renal condition often encountered after scarlet fever or 
tonsillitis-particularly in young people. When the 
condition is severe, slight fever and general malaisc 
occurs; a small amount of smoky blood-stained urine 
is passed and mild oedema of the nephritic type is 
present; the blood-pressure is temporarily raised 
and the heart enlarged. It is probable that only the 
severe types of the disease are commonly recognised. 
In the mild types a small shower of red blood cells 
occurs in the urine and there .are no striking con
comitant clinical features, so that the condition may 
escape medical attention altogether. 

A few of the very severe cases may die in acute 
uraemia. This is, however, uncommon quring the 
first attack, and, when death from acute uraemia 
occurs, it usually means that an acute lesion has been 
superimposed upon an already severely damaged 
kidney. 

Most of the cases of acute Bright's disease recover 
entirely with complete restoration of kidney function 
and without any progressive renal deficiency resulting 
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in the future. In some cases, however, the acute 
symptoms subside, but small quantities of albumin 
and a few casts and red blood cells continue to be 
excreted in the urine. Such cases usually .pass out of 

. medical care, to return in a greater or smaller number 
of years suffering from advanced chronic azotaemic 
Bright's disease, called by some " chronic interstitial 
nephritis." Such cases are characterised by a r~ised 
blood-pressure, a hypertrophied heart and retinitis, 
and suffer from a great variety of clinical symptoms, 
among which polyuria is constantly noted. 

A few cases of acute Bright's disease, instead of 
getting better or instead of developing chronic 
azotaemic Bright's disease, develop an hydraemic 
state in which the slight oedema which characterised 
the acute disease becomes exaggerated into a general
ised anasarca; the red blood cells also, to a great 
extent, disappear from the urine, which, however, 
becomes very heavily laden with albumin and remains 
scanty. The increased blood-pressure falls and the 
heart becomes normal in size and any tendency to 
azotaemia which existed during the acute process 
subsides. Such a condit.ion, characterised by gross 
oedema and heavy albuminuria, is termed the ·ne
phrotic syndrome, sometimes named "sub-acute 
parenchymatous nephritis." Again we do not suggest 
that all cases showing this nephrotic syndrome must 
necessarily have suffered from a previous attack of 
acute Bright's disease. It is possible that some cases 
develop an insidious degenerative lesion from the 
start without any previous acute renal inflammation. 

A few cases exhibiting the nephrotic syndrome 
entirely recover in the course of time, with complete 
restoration of kidney function, or with it only very 
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slightly impaired. Others die from exhaustion or 
from an intercurrent infection to which their oedema
tous tissues are very susceptible. Should, however, 
the patient neither die nor completely recover, a 
tendency to azotaemia gradually becomes super
imposed upon the hydraemic state. The oedema and 
albuminuria persist, though perhaps in a less marked 
form; but, in addition, the blood-pressure tends to 
rise, the heart to become hypettrophied and nitrogen 
retention to occur. These cases, thus, suffer from 
a mixed type of Bright's disease which we recognise 
by the name of" secondary contracted kidney." Such 
cases may die eventually from chronic uraemia if this 
is not preceded by a cardio-vascular accident. 

Chronic uraemia in these cases has, however, been 
reached by a road characterised by an obvious clinical 
picture, such as the nephrotic syndrome, instead of 
being reached by the path of chronic azotaemic 
Bright's disease, which is, particularly in its early 
stages, almost featureless from the purely clinical 
point of view. Biochemical tests of kidney function 
are thus more useful diagnostically and prognostically 
in azotaemic than in hydraemic Bright's disease. 

One other kidney condition remains to be described, 
which we shall term the "arteriosclerotic kidney." 
Here, any deficiency of renal function which occurs is 
the result of a primary vascular disease, whereas in 
Bright's disease any vascular changes which occur arc 
secondary to the kidney condition. It is not very 
easy during life to separate the patient suffering 
from an advanced stage of atteriosclerotic kidney from 
one in an advanced stage of chronic azotaemic Bright's 
disease, since they present many clinical and bio
chemical features in common. In patients suffering 
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from the arteriosclerotic type of kidney, however, 
death is much more commonly due to heart failure or 
cerebral haemorrhage than to chronic uraemia. 

When an individual is found to be suffering from a 
very high blood-pressure, an hypertrophied heart, 
albuminuric retinitis, to have a trace of albumin and 
some casts in the urine, and yet to have only a very 

FIG. IO.-To illustrate the tenns used in the discussion of 
kidney function tests. 

slightly impaired renal function, we may safely assume 
that he is suffering from a primary vascular disease 
rather than from chronic azotaemic Bright's disease. 

Reference to Fig. 10 will elucidate the terms used. 

TESTS OF RENAL FUNCTION 

Tests based on the Composition of the Blood 
From the point of view of kidney function one of 

the most important groups of substances in the blood 
is that heterogeneous mixture of relatively simple 
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nitrogenous compounds which is collectively referred 
to under the title of the non-protein nitrogen of the 
blood. In this grou·p are included the amino-acids, 
which the blood carries in pursuance of its function 
as provider of foodstuffs. The blood is also, however, 
the common sewer for the tissues, and as such it 
carries the end-products of protein metabolism, urea, 
uric acid, creatine, and creatinine. Of the total non
protein nitrogen normally present in the blood during 
fasting, some 25 to 35 mg. per 100 C.c. of blood, the 
nitrogen of the amino-acids accounts for 5 to 8, that 
of the urea for 12 to 18, that of the uric acid for about 
1, that of creatinine for only 0'3 to 0'6, and that of 
creatine for 1 to 2. The remaining third or quarter 
of the total non-protein nitrogen of the blood is 
derived from a number of substances, some present 
only in very small amounts, and some-possibly 
many-as yet unidentified. 

After a meal containing protein the amount of 
circulating amino-acid is somewhat increased for a 
while, as, indeed, is to be expected. Only a part of the 
ingested amino-acid, however, is used for the repair 
of tissue wastage, etc., and the remainder is at once 
oxidised-chiefly in the liver-to urea, carbon dioxide, 
and water, while any nucleoprotein yields uric acid in 
addition. Thus a meal is followed by an increase in 
the non-protein nitrogen of the blood owing to the 
increased' amounts of these particular constituents. 
Creatine and creatinine do not participate in this 
increase to any appreciable extent, since they are 
derived almost entirely from the endogenous meta
bolism. The practical importance of these facts is, 
of course, that they neces!!ilate the use of blood drawn 
during a fast for the investigation of the amount and 
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distribution of the non-protein nitrogen of the blood. 
In the absence of any knowledge of the time required, 
with a possibly damaged kidney, for the non-protein 
nitrogen to return to the fasting-level, it is usual, as 
a measure of safety, to obtain blood samples before 
breakfast, after a fast of twelve hours. 

From the clinical point of view, and especially with 
regard to kidney function, it is those substances 
formed as the, end-products of protein metabolism
substances which it is the province of the kidney to 
remove from the body-that are important. The 
amino-acids, during fasting, are remarkably constant 
in amount, and though they are said to be increased 
in such allergic conditions as asthma and urticaria, 
especially during the active phase, this fact is of little 
diagnostic value, and there is no evidence of any 
significant alteration associated with renal.inefficiency. 
The end-products of protein metabolism, however, 
are in very different case. It is particularly in these 
constituents of the non-protein nitrogen that altera
tion is to be expected with deficient kidney function. 
Hence their separate estimation, or at least the 
estimation of the most important of them, is desirable 
in preference to the estimation simply of the total, 
composite, non-protein nitrogen. When only one 
estimation is to be made-and often that is all that is 
necessary-urea should be chosen: it is quantitatively 
the most important; it is actually one of· the sub
stances which the kidney is called upon to excrete; 
it shows, in disease, the widest range of variation; 
and it is easy to estimate with a sufficient degree of 
accuracy. There are, of course, occasions on which 
it is desirable to know the ·concentration in the blood 
of other constituents than urea, and sometimes it is 
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desirable to know the value of the total non-protein 
nitrogen as well, but often either alone will suffice, and 
it is then that we recommend the choice of urea. 

The blood urea is not increased in early chronic 
azotaemic Bright's disease, but it increases later as 
the kidney damage progresses, and with moderately 
advanced lesions figures of 25 to 40 mg. of urea 
nitrogen per 100 c.c. of blood are common. (Following 
a usual practice we give the figures for urea nitrogen, 

which, multiplied by two, or, more accurately, by 60, 
28 

give the actual amounts of urea itself. Analyses of 
uric acid and creatinine, on the other hand, are here. 
as usual, given in terms of the substance itself. There 
seems no real reason for this difference. but we have 
thought it advisable not to change to a more'logical 
mode of expression lest confusion arise in any com
parison of the figures here and elsewhere.) In the 
later stages of severe azotaemia. and in some cases of 
acute Bright's disease, the retention of urea is very 
marked. amounts such as 60 to 100 mg. of urea 
nitrogen per 100 c.c. of blood being common, while 
even more-up to 250 or 300 mg. per cent.-may be 
found in uraemia. The actual daily output of urea, at 
least in the less severe cases, is not necessarily de
creased very much. and may even be quite normal. but 
the damaged kidney cannot excrete urea properly at 
the normal blood-level; it requires a greater" head .. 
of urea, which therefore accumulates in the blood 
until the requisite concentration is reached. It is 
thus not a question of any active retention of urea on 
the part of the kidney, but a mere passive inability 
to pass out the proper amount of urea until sufficient 

n 
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has accumulated in the blood from protein breakdown 
to produce the necessary "head." As the kidney 
damage becomes progressively greater, so does the 
requisite" head" of urea, and so the concentration 
of urea in the blood increases. High concentrations of 
urea in the blood are thus to be expected in a variety 
of other conditions associated with impaired renal 
function - poisoning with heavy metl!-ls, such as 
mercury, lead, etc., arsenic poisoning, double poly
cystic kidney, prostatic obstruction, cardiac failure, 
and so on. 

In the cases of poisoning accompanied by a high 
blood urea there is actual kidney damage, but with 
other conditions this is not necessarily the case. A 
retention of urine in the bladder, such as occurs in 
prostatic obstruction, may eventually lead to such 
a dilatation of the ureters, with consequent backward 
pressure on the kidneys, as to prevent proper excretion 
of urea until the " head " has been suitably increased. 
In such cases there may be no actual kidney damage, 
though some will undoubtedly be produced if the 
condition is allowed to persist. When the kidney 
is healthy, relief of the backward pressure by suitable 
means rapidly brings about a lowering of the blood 
urea to normal. Hence determination of the blood 
urea affords a valuable guide to surgical risk in cases 
of prostatic obstruction. With a normal value the 
prognosis may be regarded as good and a single
stage operation may be attempted. With a high blood 
urea only a simple suprapubic cystostomy should be 
performed. If after this procedure the blood urea 
returns to normal the radical prostatectomy may be 
carried out; if it does not, however, the outlook is 
bad. 
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The blood urea may be increased not only by a 
partial failur.e to excrete by a kidney damaged or sub
jected to backward pressure, but by an overloading of 
an actually healthy kidney owing to an over-production 
of urea in metabolic processes, or to a loss of water 
with consequent concentration of the blood. It is 
possible that these factors playa part in the moderate 
raisi.ng of the blood urea found in certain fevers. 
Dehydration is almost certainly concerned in the high 
blood urea seen in the terminal stages of high in
testinal obstruction, where there has been excessive 
loss of fluid by vomiting, with consequent concentra
tion of the blood. The kidneys, however, may still be 
working efficiently, as evidenced by a correspondingly 
high urea concentration in the urine. In this condition, 
too, there has been great loss of chloride in the vomitus, 
and the retention of urea may conceivably be in part 
a defensive mechanism-an attempt to maintain the 
osmotic pressure in spite of the loss of salts. The 
same mechanism is probably operative in producing 
the high blood urea observed in severe sweating, 
diabetic coma, and Addisonian crises. Conversely, a 
high chloride content of the blood is often accom
panied, as in the nephrotic syndrome and eclampsia, 
by a low blood urea, and it may be suggested, with
out stressing the point, that this again may be due 
to an attempt to maintain the osmotic pressure at 
the optimal level in face of a deficiency or excess of 
one constituent. 

Hence, per se, a high blood urea-or non-protein 
nitrogen-cannot be taken as evidence of renal damage. 
It is simply one more fact which, added to the 
clinical and other data, may aid in making a correct 
diagnosis. If the various other causes of a high blood 
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urea can be excluded, however, then such a discovery 
is of great diagnostic value as ino.icating the existence 
of gross kidney insufficiency. In the absence of acute 
Bright's disease such insufficiency must be due to 
sclerosis of the renal elements, the result either of 
renal or vascular disease. 

Where it occurs in conjunction with the nephrotic 
syndrome, it is a sign that the degenerative lesion has 
resulted in destruction and sclerosis of the renal 
tissue, and that secondary contraction is taking place. 
If the blood urea is normal, though it by no means 
implies a properly functioning or undamaged kidney, 
it is at least evidence that renal sclerosis has not yet 
advanced so far as to render the organ hopelessly in
adequate. In this connection 'it will be seen from Fig. 
11 that practically all cases dying of chronic uraemia 
showed their blood urea nitrogen concentrations to be 
raised above normal within a year of death. A normal 
reading of the blood urea is, therefore, inconsistent 
with a very rapidly fatal issue from chronic azotaemic 
Bright's disease so long as fatal extraneous events 
do not occur, such as cardio-vascular catastrophes, 
intercurrent infections, or a superimposed acute 
kidney lesion. 

It will also be seen from Fig. 11 that very high 
readings of the blood urea in chronic Bright's disease 
may furnish a rough guide to the immediate gravity 
of the prognosis. Thus no case with a blood urea 
nitrogen concentration of over 100 mgm. per cent. 
lived for more than five months, and no case with a 
reading of over 50 mgm. per cent. for more than 
fourteen months. The extent to which the blood urea 
is raised above normal, however, though invariably 
implying severe damage, is by no means always pro-
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portional to the exact amount of the damage, and, 
unless the reading is very high, affords little accurate 
information as to the imminence of death from chronic 
uraemia. Thus it will be seen from Fig. 11 that 
moderately raised blood urea nitrogen readings, up 
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FIG. n.-The relation between the height of the blood 
urea and the time of survival. Each point shows the 
blood urea and the time the patient survived after the 
observation was made. 

to a concentration of 50 mgm. per cent., may bc con
sistent either with survival for some years or almost 
immediate death from chronic uraemia. 

An estimation of the blood creatinine may assist in 
making a prognosis as to the imminence of death in 
very severe cases. This substance the kidney finds 
easier to concentrate from the blood into the urine 
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than urea, and it is therefore only in very extensive 
kidney damage that the .concentration of the blood 
creatinine is significantly raised. The estimation of 
this substance is, however, a somewhat inaccurate 
chemical procedure, and though the normal concen
tration is usually given as varying from 1 to 2·5 mgm. 
per cent., it is only when it rises to over 3·5 mgm. per 
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cent. that much significance should be attached to the 
result, since perfectly healthy people give, on occasion, 
readings up to that figure. Fig. 12 represents some 
hundreds of simultaneous readings of the blood urea 
nitrogen and creatinine concentrations in cases of chronic 
azotaemic Bright's disease. It will be seen that where
as the blood urea nitrogen is almost invariably greatly 
increased when the creatinine concentration is above 
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3·5 mgm. per cent., yet the creatinine concentration 
is frequently normal when the blood urea nitrogen 
concentration is significantly raised .. It is apparent, 
therefore, that just as other tests to be described later, 
such as urea concentration and urea range tests, are 
more delicate indications of impaired kidney function 
than the simple estimation of the blood urea, so the 
blood urea figure is a more delicate index than that 
of the blood creatinine. In very severe cases, how
ever, the latter may be of service in estimating the 
immediate gravity of the prognosis. Fig. 13 represents 
the creatinine concentration at varying periods before 
death in a considerable number of cases of fatal chronic 
azotaemic Bright's disease. It will be seen that all 
cases with readings above 7 mgm. per cent. died 
within a month. Similarly, all cases with concentra
tions above 5 mgm. per cent. died within six months. 
Once, therefore, the concentration of this substance 
in the blood is significantly raised in chronic Bright's 
disease, a fatal issue must be looked for within a very 
short time, and this is true in spite of any lowering of 
the blood urea which may be brought about by treat
ment, such as the administration of a low-protein diet 
or of alkalies. Diet has little efiect on the blood 
creatinine, which is produced almost entirely endo
genously from the breakdown of the body tissues, and 
once its concentration has been significantly raised 
owing to extensive renal insufficiency, no lightening 
of the exogenous load can bring it back to normal. 
Fig. 13 also shows, however, that, unlike the blood 
urea, a normal creatinine concentration is not incon
sistent with immediate death from chronic uraemia. 

Estimations of the bl90d uric acid, though occa
sionally useful in other conditions, such as gout or 
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leukaemia, are of little service in determining the 
prognosis, or in following the course of. treatment, in 
Bright's disease. Uric acid, formed by oxidation of 
the purines derived from the breakdown of nucleo· 
protein, is the most difficult of the main end·products 
of protein metabolism to excrete. This is shown by 
the ratio of its concentration in the urine to its con· 
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ccntration in the blood, a ratio which is normally 
about 20, as against 60-80 for urea and 100 for 
creatinine. Hence, so far as the blood is concerned, 
failure of the kidney to eliminate nitrogen normally 
is shown first in an increase in the uric·acid content, 
and a fairly early case of chronic azotaemic Bright's 
disease may show this without any increase in the 
blood urea. It must be remembered, however, that a 
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considerable amount of kidney damage has taken 
place before even the blood uric acid shows any 
increase above the normal value, and the mere fact 
that the blood chemistry shows no abnormality is 
no criterion of renal efficiency. More delicate tests 
are necessary to demonstrate all but gross lesions. 

Those types of kidney damage which ·are char
acterised by an accumulation of nitrogenous waste 
products in the blood show also an increase in the 
inorganic phosphate of the blood, and it has been 
suggested that estimation of this substance affords a 
more delicate test of renal function than does estima
tion of the uric acid, urea, and creatinine. In our 
experience this is not the case, but the inorganic 
phosphate has about the same s~gnificance as the' 
blood creatinine, provided that any increase found 
can be ascribed to kidney damage. This is shown in 
Table VI. It is interesting to note that a retention of 
phosphate, sometimes associated with a high blood 
non-protein nitrogen, probably plays a part in the 
somewhat rare and curious condition known as renal 
rickets (renal dwarfism). 

The nephrotic syndrome is characterised by oedema 
which may be very marked indeed. When azotaemia 
is superimposed, as in secondary contracted kidney, 
this oedema may become progressively less marked. 
The cause of renal oedema is a matter of considerable 
debate, and numerous hypotheses have been advanced 
to explain the phenomenon. It may be the inability 
of the kidney to excrete water, with, as a secondary 
effect, the retention by the body of sufficier:tt chloride 
to keep the concentration at the normal 0'6 per cent. 
in spitc of the increased water-content of thc tissues; 
it may bc thc exact opposite of this, a difficulty in 
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TABLE VI 

NON-PROTEIN NITROGEN, URIC ACID, UREA. 'NITROGEN, CREA.TININE, 
AND INORGANIC PHOSPHORUS OF THE BLOOD IN CHRONIC 
AZOTAEMlC BRIGHT'S DISEASE 

mg. per 100 c.c. 

Case 
Inorganic Uric Urea N.P.N. Acid N. Creatinine Ph08.-

phoru8 

Normal 25-35 2-3·5 12-18 1-3 3-4 
(Also in Early 
Chronic Azo-
ta.emic Bright's 
Disease.) 

Moderately Ad-
vanced 

(1) 37 9·1 20 2'4 3·7 
(2) 41 7·3 24 2·0 4·2 
(3) 45 6·9 29 2·7 3·9 

Severe 
(4) 69 8·3 44 3·7 6·4 
(5) 65 7·6 36 3·2 5·4 
(6) 91 9·5 4·0 8·3 

Very Severe. (Died 
shortly afterwards.) 

(7) 245 15·0 195 8·6 13·6 
(8) 152 8·6 90 7·5 9·8 
(9) 161 12·3 110 9·1 12·2 

excreting chloride, and hence a retention of water to 
dilute the chloride content to the normal level; it 
may be bound up with the loss of albumin in the urine, 
a loss which is characteristically large in the condition; 
or it may be due to a generalised alteration of capil
lary permeability. We believe there is not sufficient 
evidence to allow any of these hypotheses to be 
definitely accepted, though some at least can be 
excluded. As in many biological processes, however, 
more than one causative mechanism may bc at work. 
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Whatever the cause of the oedema, there is no doubt 
that in acute Bright's disease it is accompanied by a 
reduction in the concentration and total output of 
chloride in the urine. It might be thought that this 
would be reflected in an increase in the blood chloride. 
This, however, is not the case, since the simultaneous 
retention of water keeps the tissue chloride and the 
blood chloride at a levcl so near the normal as to be 
indistinguishable from it. 

Thc oedema itself affords a sufficient criterion of the 
severity of the condition, but if a chemical means of 
assessment is desired the estimation of the blood 
cholesterol is probably one of the most satisfactory, 
since it seems to be raised in proportion to the severity 
of the disease. The clinical data leave no doubt as 
to the diagnosis of the nephrotic syndrome, so that the 
fact that the blood cholesterol is raised in many other 
conditions need cause no confusion. Typical results 
from the estimation of the blood cholesterol In 

Bright's disease are given in Table VII. 

TABLE VII 

THE BLOOD CHOLESTEROL IN BRIGHT'S DISEASE ... 

Ohol68terol mg. per 100 c.c. blood 
Normal . . . . . • 140-180' 
Acute Bright's Disease. •. 150-500 
Chronic Azotaemic Bright's Disease 100-450 
Nephrotic Syndrome . 250-1000 

The othcr striking feature of the blood chemistry 
in the nephrotic syndrome is to be found in a fall in 
the plasma protein concentration. The plasma pro
teins consist of albumin, globulin, and fibrinogen, and 
together they normally tptal from 6·8 to 8·8 gm. per 
100 c.c. of plasma. The normal plasma albumin 
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concentration is 4·6 to 6·7 gm. per cent. and of globulin 
2·0 to 2·5 gm. per cent. The fibrinogen is, of course, 
removed from the blood in clotting, and since fibrinogen 
is included in the globulin fraction of the plasma 
protein, the serum globulin is about 0·2 per cent. lower 
than that of the plasma globulin. In the nephrotic 
syndrome thc total plasma protein concentration 
usually falls below 5 gm. per cent., and in very severe 
cases may cven fall below 3·5 gm. per cent. The 
diminution in the total plasma proteins is at the 
expense of the albumin rather than the globulin 
fraction. Hence in severe cases of the nephrotic 
syndrome the concentration of the plasma albumin 
may actually be the same as, or even less than, 
the plasma globulin-the so-called inversion of the 
albumin-globulin ratio. 

When such cases develop secondary contraction a 
diminished plasma protein concentration continues, 
though it may be less striking, and a moderate fall 
in the plasma proteins also occurs in acute Bright's 
disease. Such a fall is not seen, however, either in 
chronic azotaemic Bright's disease nor in those cases 
of renal insufficiency due to primary vascular disease. 

Changes in plasma protein concentration are by no 
means pathognomonic of hydraemic Bright's disease, 
since they may occur in many other conditions. A 
decreased concentration is observed in famine oedema, 
in pernicious anaemia, in severe haemorrhage, and in 
congestive heart failure; whereas an increased con
centration occurs, as might be expected, in all con
ditions giving rise to dehydration, such as severe 
sweating, vomiting, and diarrhoea. An increased 
concentration also occurs in cases of myeloma, and 
most strikingly in kala-azar. In the two latter con-
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ditions the increase in the total protein is due mainly 
to an increase in the globulin and fibrinogen fractions. 

It is significant that the plasma proteins are de
creased in conditions which give rise to oedema, and 
increased in those associated with dehydration. In 
the nephrotic syndrome, for instance, oedema in
variably occurs when the total protein concentration 
falls below 4·5 gm. per cent., arid is never .present 
when the concentration is over 5·5 gm. per cent. If 
the serum albumin level is taken alone, it is found that, 
with few exceptions, nephrotic oedema does not occur 
till this has fallen below 2·5 gm. per cent. Again, 
nephrotic oedema rarely occurs unless an average 
of at least 6 gm. of albumen is being lost in the 
urine in the course of twenty-four hours. These obser
vations have suggested that nephrotic oedema is 
due to the fact that damage to the glomerulus allows 
the albumen molecules, normally retained in the 
blood, to fall through into the urine, but the globulin 
molecules, being larger, are retained in the blood
stream. There is no doubt that the urine albumin 
in Bright's disease is identical with the plasma albu
min. It is therefore suggested that this long-continued 
loss of albumin leads eventually to a depletion of the 
plasma protein concentration, and a tendency to 
inversion of the albumen-globulin ratio. In conse
quence of this fall in protein concentration the osmotic 
pressure due to these proteins (oncotic pressure) falls, 
and oedema results. 

This attractive and simple theory is difficult to 
accept for many reasons. A significant fall in plasma 
protein concentration, for instance, may occur during 
the first few days of acute Bright's disease, long before 
a loss of albumin in the urine has occurred sufficient 
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to cause a significant depletion in the plasma albumin. 
Again, when recovery occurs in the nephrotic syn
drome, the oedema disappears first, next the plasma 
protein concentration rises, and, lastly, the albu
minuria subsides. This is manifestly just the reverse 
order to what would occur if the above cxplanation of 
nephrotic oedema were the true one. Lastly, in in
dividual cases, observed for a su,_fficient time under 
controlled conditions, no accurate correlation can be 
observed between fluctuations in the intensity of the 
albuminuria, the height of the serum protein con
centration, or the extent of the oedema. 

Just as an increased concentration of plasma pro
teins is present in dehydration due to a concentration 
of the blood, so it might be thought that a diminished 
concentration is found in hydraemic conditions simply 
on account of hydraemic plethora. Such an explana
tion, however, cannot be the true one, since all careful 
estimations of blood volume in patients suffering from 
the nephrotic syndrome have gone to show that the 
blood volume is certainly not increased and may 
indeed be diminished. 

Lastly, it has been suggested that the diminished 
plasma protein concentration seen in hydraemic 
Bright's disease is due to a loss of albumin in the 
oedema fluids. This theory is in its turn disproved by 
the discovery that the oedema fluids in question 
contain only a trace of protein, quite insufficient to 
account for the phenomenon under discussion. 

We ourselves incline to the view that the low plasma 
protein concentration observed in hydraemic Bright's 
disease is due to some deficiency in the synthesis of 
plasma albumin, rather than to the actual loss of this 
substance from the body, though this latter may be a 
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subsidiary cause. If a simple loss of albumin were 
in itself a sufficient explanation of the phenomenon, 
such a loss could readily be made good-as it is in 
famine oedema-by feeding a high protein diet. 
Though this measure is advocated in the nephrotic 
syndrome, and may indeed be beneficial in certain 
respects, yet it usually has little effect in raising the 
depleted concentration of plasma proteins to nor
mal. Where and how the synthesis of plasma pro
teins occurs is, however, still largely a matter for 
conjecture. 

Estimation of the blood urea is of some value in 
indicating whether secondary contraction is occurring. 
In the pure nephrotic syndrome there is no difficulty 
whatever in excreting the end-products of protein 
metabolism, so that all renal function tests based on 
the retention or excretion of nitrogen yield normal 
results. Secondary contracted kidney, however, is 
accompanied by a gradually progressing azotaemia, 
so that a heightened blood urea would indicate that 
this stage had been reached. 

Tests depending O1i the Composition of the Urine 
The function of the kidney is to secrete a solution 

containing those water-soluble substances which at 
the time of secretion are superfluous. These sub
stances include the end-products of protein and of 
nucleic acid metabolism, the excess of acids, bases of 
salts ingested with the food, and so on. The secretion 
of such a solution naturally implies the loss to the 
body of water which may originate largely in the 
ingested water, but partly in the oxidation of foods in 
the body. It is obvious that though the end-products 
of metabolism are always superfluous, this is not true 
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of other substances. Chloride, for example, or even 
water itself, may at one time be present in excessive 
amounts and may, therefore, be superfluous, but at 
another time may be a substance which it is desirable 
or even necessary to retain. The properly functioning 
kidney, in fact, is charged with the double office of 
removing waste or superfluous substances from the 
body, and at the same time of maintaining a fairly 
constant composition of the body fluids. Hence one 
outstanding characteristic of the healthy kidney is 
its power of adaptability, of varying the volume and 
composition of the urine to accord with the needs of 
the moment. Whether this adaptability is achieved 
by varying the number of secretory units in action 
or by varying the amount of work done by each unit 
is really immaterial to our present discussion; in 
either case the position can be expressed by saying 
that under average conditions the kidney possesses a 
large reserve of power for emergency purposes. This 
appears to be true, and, indeed, it is only under very 
exceptional circumstances that the excretory capacity 
o~ the healthy kidney is taxed to the utmost. Yet it 
does not express adequately the whole state of affairs, 
for the fact is that the normal kidney not only can, 
but does, vary both the amount and composition of 
its secretion. 

Even the grossly damaged kidney can contrive to 
remove all or nearly all of the waste substances from 
the body during the course of twenty-four hours, 
although to do so it may be forced to permit certain 
abnormalities in the composition of the body fluids. 
It does so, however, in a manner very different from 
that of the healthy organ. The power of adaptability 
has largely been lost, through functional or anatomical 
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destruction of many of the secretory units, and it is 
now working at or near its maximum capacity all the 
time. So marked is the loss of adaptability associated 
with very severe renal damage that one might expect 
a similar though less marked loss to be evident in 
cases where the actual kidney damage is relatively 
slight. In considering whether or not this expectation 
is realised in actual fact, much depends on the value 
to be placed on the term " slight." It is almost cer
tainly true that kidney damage may bccur without 
any detectable limitation in the power of adaptability; 
it is equally true, however, that a considerable failure 
in adaptability has occurred before any evidence of 
renal insufficiency can bc detected by chemical ex
amination of the blood. 

From these considerations it follows that little 
useful information as to kidney function can be de
rived from chemical examination of a single sample 
of urine. Examination of a twenty-four hour specimen 
may be more useful, though not much. It is true that, 
on the average, the total output over the twenty-four 
hours tends to be greater in chronic azotaemic Bright's 
disease, and less in the nephrotic syndrome than the 
normal average of 1200-1400 c.c.; it is equally true 
that the greater volume is associated, as a rule, with 
a lowered specific gravity, and vice versa. The range 
of variation in individual cases, however, is so great 
that these averages are of little or no diagnostic value. 

Tests of very considerable value have been based 
on the loss of adaptability associated with deficient 
kidney function. The simplest of all consists simply 
in collecting all samples of urine passed over a period 
of 24 or 48 hours, noting the time of each, and measur
ing the volume and specific gravity. The kind of 

I 
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result to be expected from a normal healthy person is 
shown in Fig. 14 (A), and the loss. of adaptability 
found in a case with damaged kidneys in Fig. 14 (H). 
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FIG. 14.-The specific gravity and hourly volume of 
urine (A) in a normal healthy person, and (ll) in a case 
of early chronic interstitial nephritis. The night 
urine is collected in one sample from 8 P.M. to 8 A.M. 

A point particularly to be noted is the failure of the 
damaged kidney to produce a scanty concentrated 
urine during the night; instead it continues secreting 
at a steady rate as if to overtake arrears of work. 
If results obtained by this simple procedure are 
plotted logarithmically, the loss of adaptability which 
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appears as a change in the slope of the curve and by a 
clumping of the points is even more striking (Fig. 15), 
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FIG. IS.-The relation between the specific gravity and 
the rate of secretion of urine. A: nonnal; the slope of 
the curve and the wide range both of secretion rate and 
specifio gravity show the adaptability of the kidney to 
varying loads. 

n, C, and D: kidney deficiency; the horizontal line 
shows the loss of power to vary the concentration of 
the urine, and the olumping of the points shows the 
relative inability to vary the rate of water secretion. 
D is an extreme case. 

and this is an excellent method of showing up rela
tively small deficiencies in kidney function. 

The Water Concentration Test.-A very similar test, 
but one of which the result is obtained in a shorter 
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time, consists in obtaining one-hour samples of urine 
before, and for three hours after giving the patient a 
pint of water to drink. The time must be measured 
with reasonable accuracy and the patient must be 
instructed to empty the bladder as completely as 
possible on each occasion. The healthy kidney quickly 
responds by a diuresis which eliminates all or, at any 
rate, most of the extra water within the period of 
three hours. The diuresis is usually greatest even 
during the first hour. The damaged kidney, how
ever, less. able to adapt itself to the extra work of 
removing the superfluous water, fails to respond in this 
way, and the rate of water excretion increases rela
tively little above that obtaining before the water was 
imbibed (Fig. 16). Specific gravity determinations on 
the venous samples show the same thing; relative 
constancy in the presence of the damaged kidney, 
but a sudden drop in specific gravity in the normal case 
immediately after drinking water. 

The Urea Concentration Test.-The fundamentally 
important property of the healthy kidney, its adapt
ability to varying circumstances with, as a corollary, 
its power of responding to an extra load by the 
performance of extra work, can be tested in a variety 
of ways. The essence of all tests is the same, the test 
substance and the details of the technique may vary, 
and just as the excretion of added water has been 
used as a test of renal function, so may the excretion 
of added urea. The patient, for the urea-concentra
tion test, must be fasting since the previous evening, 
and after the collection of a one-hour sample of urine 
he is given 15 g. of urea in a pint of water, flavoured 
in order to disguise the disagreeable metallic taste of 
the solution. It is as well not to tell the patient the 
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actual constituents of the draught, as sensitive persons 
are occasionally nauseated by the association of urea 
with urine. After the ingestion of the urea the urine 
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FIG. 16.-Results of the water-concentration test 
in normal and nephritic persons. 

is collected at the end of the first and second hours. 
If there is reason to suppose that there is incomplete 
emptying of the bladder, accuracy demands the use 
of a catheter. If the diuresis-as shown by the 
volume-has not subsided by that time a third 
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sample is collected at the end of another hour. The 
volume, specific gravity, and urea concentration are 
determined in each specimen. The normal kidney, 
besides showing the phenomena noted in the water
excretion test (vide supra), usually excretes 75 per cent. 
or more of the added urea in the two hours, giving 
a urea perc'entage in the urine of at least 2·5. In the 
first sample, where the excretion of water is the pre
dominating factor, this percentage of urea may not 
be attained, but in the second-the diu~esis having 
largely subsided-a percentage of about 3 is almost 
invariable in healthy young persons. With advancing 
years the concentration of urea may be slightly de
creased, but any concentration below 2·5 per cent. is 
diagnostic of some degree of renal inefficiency. When 
the concentration does not reach 1·5 per cent. in 
either specimen the damage is very definite, and a 
concentration never exceeding 1 per cent. is of very 
serious import. Besides showing these relatively low 
concentrations of urea in the urine, the damaged 
kidney fails to excrete more than a small amount of 
the added urea, and, as in the water test, shows very 
little increase in the volume of urine secreted as 
compared with the rate prior to administration of the 
urea (Table VIII). 

The Urea Range Test.-The urea range test is a 
rather more elaborate form of urea concentration test, 
and combines measurement of the kidney's power to 
produce a concentrated urine along with its power of 
producing a very dilute one. That is, it tests the 
kidney'S range of adaptability. 

From noon on the day of the test the patient is 
given the minimal amount of fluid. At 9 P.M. the 
bladder is emptied, and a dose of 15 g. of urea dis-
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TABLE VIII 

THE UREA CONCENTRATION TEST 

lBtSample 2nd Sample 3rd Sample 
Case One hour after Two hour8 after Three hour8 

Urea Urea after Urea 

Vol. in GmB.Urea Vol. in GmB.Urea Vol. in Gm •• Urea 
c.c. lIer cent. c.c. per cent. c.c per cent. 

NormaZ 300 1·80 200 3·00 100 2·50 
------

Acute Bright's 
Disease: 
Convalescent 
stage showing 
recovery : 

(1) 64 . 0·90 84 1·33 35 1·37 
(2) 74 1·20 74 1·54 65 1·80 
(3) 120 1·50 90 1·90 60 2·60 

---
Chronic Azo-

taemi" 
Nephritis: 

Early 200 1-50 180 1·60 160 1-60 
Sovere 150 0·89 130 0·94 - -

solved in 100 C.c. of water is given. At 10 P.M. the 
bladder is again emptied and the specimen kept. These 
three specimens (or two if no urine has been passed 
during the night) have been obtained at a time when 
the kidney has been forced, by a reduced fluid intake 
and a heavy dose of urea, to exert its maximum powers 
of concentration; at least one of them should nor
mally contain not less than 3·5 g. of urea per 100 c.c. 
At 6 A.M. the second part of the test begins, the 
response to an intake of two pints of water (given as 
stich, as weak tea, or flavoured with lemon, lime 
juice, etc.) Urine is then collected at 7 A.M., 8 A.M. 

(and at {) A.M. if no diuresis has previously occurred). 
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In one of these samples the urea concentration will 
ordinarily fall below 0·5 per cent. It -is sometimes 
difficult, particularly in the case of females, to per
suade the patient to drink as much as two pints of 
water. One has then to be content with inducing the 
patient to drink as much as possible. In evaluating 
the results of the test, both parts are taken into account, 
the attainment of a maximum of at least 3·5 per cent. 
urea in one of the night specimens, and a fall to below 
0·5 per cent. in one of the morning specimens. Im
pairment of renal function is indicated by a narrower 
range of variation than this. It is found that as a rule 
the highest concentration in any sample is 2·3 per 
cent. (or less), when the damage has reached the 
stage at which the blood urea is just beginning to rise, 
and in terminal cases adaptability has been so far lost 
that all the samples contain about the same con
centration of urea. 

In the nephrotic syndrome tests involving urea are, 
naturally, not employed. The diagnosis is clinically 
obvious, and, since in this condition there is no diffi
culty in excreting urea, the tests are valueless in prog
nosis. Such tests are harmless, and if, owing to 
increasing blood-pressure, suspicion arises that secon
dary contraction is occurring, they may yield con
firmatory evidence. Again, they are not employed 
in acute Bright's disease nor in advanced chronic 
azotaemic nephritis, where the blood urea is already 
high and furnishes sufficient information. Their main 
use lies in supplying information concerning those 
cases of albuminuria which, from an examination of 
the urinary sediment, are apparently not functional, 
but do not show any alteration in the blood chemistry. 
Here their value is considerable, for they usually de-
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monstrate the presence of a kidney lesion much earlier 
than does estimation of the non-protein nitrogenous 
constituents of the blood. 

Tests based on Examination of a Single Sample of 
Urine.-It has already been pointed out that little help 
is provided by clinical analysis of single samples of 
urine-even of twenty-~our hour samples. There are, 
however, occasions when,jaute de mieux, such analyses 
may be of slight service. Thus in a very advanced 
nephritis the urea concentration of the urine (and 
also, of course, the specific gravity) tend to fall well 
below the normal average even for a similar protein 
intake. Thus in the absence of any obvious cause of 
diuresis, a urea concentration over 2 per cent. or even 
1·5 per cent. will exclude the possibility of true chronic 
uraemia. 

The terminal stages of chronic azotaemic Bright's 
disease are accompanied by the development of an 
acidosis, and, as we have seen, one of the means by 
which the alkali reserve is conserved is the production 
of ammonia in the kidney. The ammonia is then 
excreted with acid as an ammonium salt, while sodium 
and potassium are retained to be utilised again. This 
mechanism can ordinarily be adapted to circumstances, 
more ammonia than usual being produced and ex
creted as the alkali reserve of the blood· falls. Hence, 
in the terminal stages of chronic azotaemic nephritis, 
in acute Bright's disease, and in the nephrotic syn
drome we may expect some increase in the ammonia 
excretion with a corresponding diminution in the 
urea excretion. In other words, we may expect the 
ammonia coefficient, the ratio ammonia-nitrogen X 
lOO/urea nitrogen, to rise above the normal figure 
of 8 to 5. The alteration of this ratio, however, 
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must be expected to be proportional, not to the 
amount of kidney damage, but to the degree of acidosis 
which is the real cause of the alteration. Moreover, 
damage to the kidney may, and usually does, involve 
damage to the ammonia-producing mechanism. Con
sequently, in kidney disease with acidosis the increase 
in the ammonia coefficient is much less than is found in 
cases with a comparable lowering of the, alkali reserve, 
but with healthy kidneys. 

Just as in chronic azotaemic nephritis the urine urea 
concentration may be low, so in the nephrotic syndrome 
the urine chloride is usually low and, in very severe 
cases, may be nearly non-existent. This is not diag
nostic of the condition (though it may supply useful 
confirmatory evidence at times), since it is·a common 
finding whenever chloride becomes of outstanding 
value to the body tissues-e.g. in the state of chloride 
lack following the severe vomiting of' high intestinal 
obstruction, in other conditions of alkalosis, or in 
pneumonia. 

The presence of diastase (amylase) in the urine has 
been made the basis of another test for renal function. 
Diastase reaches the urine' by a rather roundabout 
route. It is secreted into the intestine by the pancreas, 
absorbed thence by the blood, and excreted by the 
kidney. Diastase is, of course, a starch-splitting 
enzyme, and its quantity in the urine is measured by 
the number of cubic centimetres of 0·1 per cent. solu
tion of starch which is digested in a given time by 
1 C.c. of urine. Each cubic centimetre of starch solu
tion so digested is called a diastatic unit. In subjects 
with healthy kidneys the diastatic index in the urine 
varies within wide limits. There are seldom, however, 
more than twenty-five units in 1 C.c. of healthy urine, 
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and almost never less than six. In subjects with renal 
insufficiency the diastatic index may be decreased, but 
the test is not an accurate one, since it may be influ
enced by a number of factors, such as the acidity or 
alkalinity of the urine. It is, indeed, not uncommon 
for the most misleading and anomalous results to be 
obtained by it, in that some grossly diseased kidneys 
occasionally seem to excrete a urine with a diastatic 
index in the region of twenty. 

Tests based on the Excretion of Foreign Substances. 
-The main value of tests based upon the excretion 
of foreign substances is that they lend themselves to 
the easy detection of gross inefficiency in one kidney, 
since by passage of a, ureteral catheter the secretion 
of each kidney can be collected separately. Without 
catheterisation they can, of course, be used to gauge the 
total kidney efficiency, though in the medical case the 
tests previously described are probably to be preferred. 

The substance chosen must be non-irritant and harm
less when injected, must be excreted freely by the 
healthy kidney, and must be readily detected in the 
mine. These criteria of suitability are fulfilled by 
a number of dye-stuffs, of which phenol-sulphone
phthalein is most commonly used. In order to ensure 
an adequate volume of urine, the patient is given 
300 C.c. of water to drink, and, the bladder having been 
completely emptied, 1 C.c. of the saline solution of the 
dye (containing 6 mg.) is injected intramuscularly. 
If the technique of ureteral catheterisation is being 
employed, the urine from the catheters is allowed to 
drop into separate test-tubes, each containing a little 
alkali. The appearance of the dye in the urine is 
heralded by a red colour in the test-tube, since the dye 
produces a deep red colour in alkaline solution. With 
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a healthy kidney this will occur within ten minutes of 
injection. In addition, information may be obtained 
by measuring the rate of excretion of the dye during 
the two hours after its injection, and this method is 
usually employed when catheterisation is not being 
used. Two one-hour samples of urine are collected, 
the time beginning ten minutes after the injection. 
In each sample the amount of dye is determined by 
making the urine alkaline and comparing its colour 
with that of a standard solution. Normally, 40 to 60 
per cent. of the dye (i.e. 2·4 to 3·6 mg.) will be ex
creted in the first hour, and 20 to 25 per cent. (1·2 
to 1·5 mg.) in the second. A total excretion of only 
50 per cent. (3 mg.) of the dye within the two hours, 
and a corresponding decrease in the hourly rate, in
dicates definite renal inefficiency, and with increas
ing severity of the lesion less and less of the dye is 
excreted. It will be observed that when the kidneys 
are being tested separately, use of this quantitative 
method is capable of showing not only that one 
kidney is damaged (which is done by the time method), 
but also whether or not the other is compensating for 
its deficiency. 

Other substances than phenol-sulphone-phthalein 
may, of course, be used in the same way, provided 
they satisfy thc conditions laid down above. Thus 
uroselectan, injected for purposes of pyelography, 
may be used at the same time for comparing the 
efficiencies of left and right kidneys. As in the case 
of the dye, the secretion of each kidney may be 
collected separately by ureteral catheterisation, two 
or three one-hour samples being obtained. Since uro
selectan markedly increases the specific gravity of the 
urine, hydrometer readings alone suffice to show 
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whether it is being excreted. It can, however, be 
estimated chemically by determining the iodine 
content of the urine, or less accurately by weighing 
the amount precipitated by strong acid. Uroselectan 
is not used for the sole purpose of testing the functional 
efficiency of the kidneys, it merely affords the pos
sibility of making such a test when a pyelographic 
examination is, in any case, being carried out. 

Occasionally patients suffering from amyloid disease 
of the kidney (waxy or lardaceous kidney) may bear 
some clinical resemblance to those exhibiting the 
nephrotic syndrome. In both conditions albumin is 
found in the urine in large quantities, all varieties of 
casts appear, there may be no tendency to azotaemia, 
and the patient is pale and may have considerable 
dropsy. In amyloid disease, however, the quantity of 
urine passed is usually greater than in the nephrotic 
syndrome and the oedema correspondingly less. In 
addition there is always a history of syphilis, or of 
some chronic tuberculous or other suppuration to 
account for the amyloid condition, and enlargement of 
the spleen or liver and intractable diarrhoea are 
frequently present. Thus, differential diagnosis is 
rarely a matter of difficulty. Where doubt still exists, 
however, a test based upon the absorption of Congo 
red by amyloid tissue may be used. 

The technique is very similar to that used with 
phenol-sulphone-phthalein (without catheterisation): 
15 C.c. of sterile 1·5 per cent. aqueous solution of 
Congo red are injected intravenously, and one-hour 
samples of urine are, thereafter, collected for two hours; 
10 C.c. of blood are withdrawn (from the other arm) 
'five minutes and one hour after the injection. The 
presence of the dye is indicated by a strong red colour, 
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which may appear more clearly on addition of HCI; a 
pale pink tinge shows the presence of an insignificant 
trace. The plasma from the five-minutes sample is 
taken as the standard, and the other plasma is com
par.ed with it colorometricaUy. 

When Congo red is injected intravenously into a 
healthy person or into one suffering from chronic 
azotaemic nephritis, it remains in the blood-stream, 
deeply staining the plasma for a considerable time. 
Less than 40 per cent. of the dye disappears from the 
blood in the course of an hour and no significant 
quantity of it appears in the urine. In the nephrotic 
syndrome, and especiaUy in amyloid disease, the dye 
tends to disappear from the blood-stream more rapidly 
-in the former case because, like albumin, it falls 
through the damaged kidney into the urine, and in 
the latter because it is absorbed by the amyloid 
tissues, for which it has an affinity. Thus in the 
nephrotic syndrome a loss of from 40 to 60 per cent. 
of the dye occurs from the blood in the course of an 
hour, and the urine contains considerable quantities 
of Congo red. In severe amyloid disease a loss of 
over 60 per cent. of the dye may occur from the 
blood in the course of an hour, but none of it 
appears in the urine. 

Tests founded on Analysis of both Blood and Urine 
Various methods have from time to time been 

propounded for detecting and estimating renal ineffi
ciency of the azotaemic type, by studying the concen
tration of urea simultaneously in the blood and urine. 
Many of them are open to criticism both from the 
theoretical standpoint and on account of the practical 
difficulties involved in determining satisfactory con-
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ditions. Nevertheless, in view of the fact that nor
mally the kidney does secrete a fluid in which the urea 
concentration is much greater than that of the blood, 
there are a priori reasonS for believing that, provided 
an the factors involved in this differentiation are 
determined, a completely satisfactory test may, some 
day, be devised. 

As we have seen, the normal kidney is capable of 
concentrating the blood urea sixty to eighty times. 
In other words, the ratio : 

mg. urea per 100 C.c. of urine 
mg. urea per 100 C.c. of blood 

60 to 80. 

In azotaemic Bright's disease, where the kidney has 
lost much of its concentrating power, this ratio is 
usually lower, and in very severe cases may be much 
lower, so that figures of under 10 may be found, and 
may be of grave significance. This simplest offormulae 
conrlecting blood and urine, which involves analysis 
of a twenty-four hour specimen of urine and a single, 
fasting, blood sample, may be quite fallacious. It 
fails to take into account a number of factors which 
may affect the concentration of urea; both in the blood 
and urine. In health the ratio may vary over quite 
a wide range and may occasionally fall well below the 
so-called normtl range, which, in reality, is merely an 
average. 

In the past, many attempts, mainly empirical, have 
been made to devise formulae which would take 
into account such factors as might affect the urine 
urea/blood urea ratio, the most obvious of these being 
the water excretion and the body weight. These older 
formulae were cumbersome, insensitive, and tended 
to give markedly abnormal values only when the blood 
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urea was already raised and when, therefore, they 
were really unnecessary. They havc consequently 
fallen into desuetude. 

One more recent improvement of the simple ratio is, 
however, in use, and is capable of yielding valuable 
information in cases of azotaemic Bright's disease 
before the blood urea has begun to rise. This is based 
on the idea that one can imagine part of the blood 
losing the whole of its urea during its passage through 
the kidney. This urea then appears in the urine. 
Suppose, then, that in one minute 2 c.c. of urine are 
produced, and that this urine contains 1·5 per cent. 
of urea. The amount of urea excreted in the one 
minute will then be 0·03 g., i.e. 30 mg. Suppose, 
further, that while this urine is being secreted the 
blood reaching the kidney contains 40 mg. of urea per 
100 c.c.; then 30 mg. of urea will be prcsent in 75 c.c. 
of blood, and therefore this volume of blood must be 
cleared of urea in one minute to provide the urea 
found in the urine. Van Slyke found that, under 
certain conditions, the "urea clearance," the volume 
of blood which must be cleared of urea per minute to 
provide the observed urine urea concentration, was 
normally about 75, and that kidney inefficiency of 
the azotaemic type was accompanied by a marked 
decrease in the figure before any abnormality of blood 
urea could be detected. This held only when the 
volume of urea produced was more than 2 c.c. per 
minute, and since this is at least twice the normal rate, 
Van Slyke termed it the maximum urea clearance. It 

is given by the formula : C=~ V, where C=maximum 

urea clearance, U =urine urea concentration in grams 
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per 100 c.c., B = blood urea concentration in grams 
per 100 c.c., and V = volume of urine per minute (in 
c.c.). The maximum urea clearance is usually at
tained only under the stimulus of a large intake of 
water or urea (or both). The normal figure for the 
maximum urea clearance is found to be 75 (+7) 
whatever the rate of urine secretion, provided it is 
over 2 c.c. per minute. 

If, however, the rate falls below 2 c.c. per minute, 
the urea clearance depends upon the volume of urine, 
and, experimentally, was found to be very nearly pro
portional to the square root of the volume of urine 
excreted per minute. This means that when less than 
2 c.c. of urine are excreted per minute, either a table 
must be constructed giving the normal values for all 
possible excretion rates or it m1.!st be made possible 
to calculate, for every excretion rate, the value of the 
urea clearance at some arbitrarily chosen rate. (A 
third, theoretical, but practically impossible, method 
would be to measure the urea clearance at the chosen 
rate of urine secretion.) The second of these alterna
tives is the one adopted in practice. 

If CB=standard urea clearance; i.e. the urea 
clearance at the arbitrarily chosen rate of urine 
section, VB: 

And C=observed urea clearance at the observed 
rate of urine secretion V (V being less than 2 c.c. per 
minute), 

Then, since the clearance is found experimentally 
to be proportional to the square root of the urine 
secretion rate, . 

Ca '\IV •. 
C= \f/V 

K 
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Hence, Cs = C ~s. 
VB is chosen as 1 c.c. per minute, partly because that 

simplifies calculation, and partly because it is the 
normal average rate. 

In that case, 
VI 

CS = c-=. vv 
But C, as we have seen, is repres~nted by the value, 

U 
B V. 

U 1 
Therefore, CB = B V VV' 

U .1-i.e. standard urea clearance= B V V. 

Determination of the standard urea clearance, 
which is normally 54 + 10, presents the advantage 
that it does not necessitate special stimulation of the 
kidney to diuresis. If diuresis is present at the time 
of the test, the observed .figures are, of course, used to 
calculate either the maximum or the standard urea 
clearance according to whether" V," the volume of 
urea per minute, is found to be greater or "less than 
2 c.c. 

The technique of the urea clearance test is simple. 
Urine is collected over a measured period, of one or 
two hours, with or without stimulation of the kidney 
by administration of urea, and a sample of blood is 
drawn at the middle point of the collection period. 
From the volume of the urine and the time over which 
it was collected, the volume per minute is calculated, 
and urea is estimated in both urine and blood samples. 
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The test can readily be combined with any of the 
others involving urine collection over definite periods 
(the urea concentration test, the urea range test, etc.). 
simply by obtaining a sample of blood half-way 
through anyone of the collection periods. 

The urea clearance (maximum or standard) is 
usually lowered in acute Bright's disease to less than 
half th~ normal, and increases again with clinical 
improvement. In chronic azotaemic Bright's disease 
the urea clearance is generally normal during the 
latent period following recovery from the acute phase 
(though albuminuria may p~rsist), but later falls and 
reaches a value half (or less) the normal before the 
blood urea begins to rise. With values below 20 per 
cent. of the normal, thc survival time rarely exceeds 
two years, and death has occurred within a year in 
more than half the cases studied. Chronic uraemia 
is invariably present when the urea clearance falls to 
about 5 per cent. of the normal values. In the nephrotic 
syndrome the urea clearance is normal, but the onset 
of secondary contraction produces the same changes 
as hl chronic azotaemic Bright's disease. The arterio
selE'rotic kidney is accompanied by a normal urea 
clearance usually maintained over a long period, but 
finally giving place to a slow, steady fall, or to a 
relatively sudden drop to the -uraemic level within 
:l short time. It is worth remembering that, with 
increasing renal inefficiency of the azotaemic type, 
the urea clearance is said to fall well below the 
normal some time before abnormality becomes de
tectable by the phenol-sulphone-phthalein test, and, 
conversely, with improving kidney function, re
covery is shown earlier by a better excretion of the 
dye. 
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SUMMARY 

The value of renal function tests in the various 
types of Bright's disease may conveniently be sum
marised as in Fig. 17 and Table IX. The indications 
given as to the relative delicacy of the tests must, of 
course, be taken as merely approximate . 
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FlO. 17.-The response to kidney function tests at 
various stages of chronic azotaemic Bright's disease. 
The curve showing the amount of kidney damage is 
purely hypothetical. The initial acute stage mayor 
may not occur in a given case. The period during 
which all tests are negative is, of course, of very 
variable length. The stage at which the patient 
usually seeks medical advice is marked" B," but 
cases are sometimes seen at "A" - e.g. after 
examination for life insurance. Similar findings 
appear in secondary contracted kidney. but are there 
associated with the changes which characterise the 
nephrotic syndrome. 
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TABLE IX 

THE RESPONSE TO RENAL FUNCTION TESTS IN 
THE NEl'HROTIC SYNDROME 

Volume of Urine 

Specific Gravity of Urine 
Water Concentration Test 
Uroa Concentration Test 
N.P.N. of the Blood 
Blood Urea Nitrogen. 
Blood Creatinine 
Ammonia Coefficient . 
CO. Combining Power 
Blood Cholesterol 
Plasma Proteins 
Albumin·Globulin ratio 

Low daily output, hourly 
volume tends to keep 
constant. 

High, and varies little. 
Little or no response. 
Normal. 
Nonnal. 
Normal or slightly low. 
Normal. 
Somewhat raised. 
Tends to be low. 
Markedly raised. 
Low. 
Lowered. 



CHAPTER VII 

THE EXAMINATION OF STOMACH CONTENTS 

WHEN Rehfuss introduced the method of analysing 
the gastric contents by the withdrawal of samples at 
short intervals of time throughout the digestive cycle, 
it was hoped by many that the diagnosis of gastric 
disorders had been placed on a concrete and scientific 
basis. These expectations have unfortunately not 
been fully realised, for there are many factors which 
may modify the gastric secretion and motility and of 
which our knowledge is still inexact. The method, 
therefore, cannot be regarded as giving a chemically 
exact picture of the progress of gastric digestion, but 
it is nevertheless capable of affording, in certain cases, 
valuable information. 

TECHNIQUE 

The Preparation of the Patient.-The day before 
the test the patient receives no drugs; the nature of 
the test and its purpose are explained to him, and at 
11 P.M. he is given a cup of milk containing two tea
spoonfuls of charcoal, or two large charcoal biscuits. 
Charcoal is an easily recognisable substance in the 
gastric contents, and if it is found in the fasting juice 
the next morning it indicates a gross delay in the 
emptying of the stomach. It is usual to ask the 
patient not to brush his teeth on the morning of the 

150 
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test, lest blood be introduced into the stomach con
tents through bleeding of the gums. 

The Passage of the Tube and the Withdrawal of 
Samples.-The passage of the tube is commenced in 
hospital usually at 6.30 A.M., no food or drink having 
been taken previously. If the tube is passed later in 
the morning the taking of the charcoal the previous 
night must be correspondingly later. The tube used 
is the narrow No.8 French rubber tube devised by 
Ryle. It is about 105 cm. long, having a bulbous 
blind end into which is inserted an oval lead weight. 
At a distance of about 2 cm. from the tip it is per
forated by several holes of about 2 mm. diameter. 
It is marked by transverse lines at 40 cm. and 57 cm. 
distance from the tip to give'an approximate indica
tion of the cardiac orifice and pylorus respectively. 
The tubc is boiled and kcpt lying in the water till 
required for use, when the end is lubricated with 
glycerine or milk. 

The patient sits upright in bed, and is told to take 
the weighted end of the tube into his mouth, together 
with two or three inches of tubing so that there is 
plenty of " slack " in the mouth. He retains this till 
it is thoroughly moistened with saliva, and is then 
told to work the bulbous tip towards the back of the 
tongue by pressing his lips firmly round the tubing. 
He is then told to say " Ah I " and the operator drops 
the end of the tube well down into the pharynx. This 
immediately produces a swallowing reflex which forces 
the bulb past the constriction corresponding to the 
cricoid cartilage, the point at which obstruction to 
the passage of the tube is most apt to occur. When he 
gets it past this point he should take a few breaths, to 
reassure himself that he can breathe perfectly easily, 
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and then should continue to swallow the tube, quietly 
and taking his own time, till the mark on the tube 
indicating the pylorus is just reached, when the pas
sage of the tube is stopped. If the patient feels any 
inclination to retch during the proceedings he should 
close his lips on the tube and take several long breaths 
through the nose before continuing to swallow. 

The difficulties in swallowing the tube are almost 
entirely psychical, since, success having once been 
achieved, repetition on future occasions becomes 
almost as easy as swallowing a pill. Success largely 
depends on the personality of the operator, who should 
be able to impress the patient with the ease of the 
procedure, or, better still, when dealing with hysterical 
people, to demonstrate how easy it is by swallowing 
a tube himself in front of the patient. Many patients 
have to make two or three attempts before getting 
the bulb past the constriction of the cricoid, but total 
failure to pass the tube should be very rare. 

When the tube has been swallowed as far as the 
pyloric mark, withdrawal of the fasting juice is com
menced by suction with a record syringe attached to 
the open end of the tube. Suction is applied with the 
patient sitting up, lying on his back, lying on his right 
side, then on his left side, and, finally, on his face. 
No change in position is made until suction in that 
particular position produces only a little froth. While 
the patient is in each position the tube is raised and 
lowered a little, so as to search the stomach thor
oughly. This complete emptying of the stomach of 
fasting juice is of considerable importance, and is 
frequently neglected. We believe that many of the 
indifferent results obtained with the fractional method 
of gastric analysis are due to neglect of this essential 
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point. When the stomach has been completely 
emptied, and the aspirated juice has been transferred 
to a measuring cylinder, the patient is asked to 
maintain the tube so that the pyloric mark is just at 
the level of his lips, and thereafter, throughout the 
test, to spit out any saliva which accumulates in his 
mouth rather than to swallow it, so as to prevent an 
artificial hypo-acidity of the stomach contents owing 
to excessive salivation. 

The patient, with the tube in situ, then eats his 
" test-meal." This consists of thin gruel, made by 
boiling two tablespoonfuls of oatmeal in two pints of 
water until the total bulk is reduced to one pint, and 
then straining through muslin. No salt should be 
added to the meal, because chloride estimations would 
thereby be rendered valueless, but the gruel can be 
flavoured with a little sugar. This meal, though not 
epicurean, has the advantage of giving a colourless 
specimen when aspirated from the stomach, so that, 
when it is examined later, titration end-points and 
other colour reactions can be determined with great 
ease. After taking the meal the patient lies down again 
and remains in that position for the remainder of the 
test. The tube is closed by a clip to prevent any 
leakage of gastric contents between the aspiration of 
samples. 

Samples of about 10 c.c. each arc withdrawn from 
the stomach at intervals of a quarter of an hour, 
reckoned from the time the patient began to take the 
meal, the syringe being thoroughly washed out after 
each aspiration and the tube cleared by forcing a little 
air down it. If this latter point is neglected the first 
one or two C.c. of gastric contents to be aspirated on 
the next occasion may consist of the previous sample. 
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Occasionally some difficulty is experienced in with
drawing the samples, owing to the orifices at the lower 
end of the tube becoming blocked, but this again can 
be overcome by the injection of a little air. Samples 
are withdrawn in this way for two and a half hours, 
so that eleven samples, including the resting juice, 
are obtained, and are placed in numbered test-tubes. 
The stomach is completely emptied when the last 
sample is obtained by a similar procedure to that 
already described for procuring the resting juice, and 
this specimen is also measured. 

The tube is withdrawn at the end of the test by 
steady, gen1;le traction. It usually comes away per
fectly freely, bu:t occasionally the bulbous end may 
show a tendency to stick at the level of the cricoid 
cartilage, in which case the patient should be asked 
to swallow while the traction is continued, and the 
end will then slip past the constriction quite easily. 

Each sample of gastric contents is examined with 
respect to odour; colour; presence of bile, starch, and 
mucus; and titratable acidity. In certain cases, to 
be discussed later, the total chloride content is deter· 
mined. The fasting sample is also examined for char
coal, blood, pus, and (if the titratable acidity is low) 
lactic acid. 

The titratable acidity is determined by titrating a 
measured volume of the samplc with N/IO NaOH, 
using first Topfer's reagent and second phenolphtha
lein as indicator. Topfer's reagent (dimethyl-amino
azo-benzene) is an indicator which changes colour at 
about pH 4·5, and as any acidity greater than that is 
due. either to a strong acid such as hydrochloric or to a 
very high concentration of a weaker organic acid, it is 
regarded as indicating the amount of free hydrochloric 
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acid present. If, however, the amount of acidity shown 
by Topfer's reagent is small, it is necessary to prove 
that it is really due to hydrochloric acid by some more 
specific test, such as that of Gunzberg. Phenolphtha
lein, colourless in acid solution, turns pink at about 
pH 8, and titration with this indicator includes in the 
estimation all weak organic acids, and therefore gives 
the total titratable acidity. Even if such acids as 
lactic and butyric arc absent, the total acid and the 
free (hydrochloric) acid are not equal, and the differ
ence between them is generally termed the combined 
acid. The explanation is that both the gastric juice 
and the test-meal contain salts of protein-mucin in 
the former and oatmeal or other protein in the latter. 
Hence the following reaction takes place :-

H++C1-+Na++(protein}- = H(protein}+Na+ 
+C1-

(i.e. Hcl) (i.e. Na. proteinate). 

Some of the hydrochloric acid is thus replaced by 
the very weak acid, free protein. This acid can be 
titrated, but only when phenolphthalein is the in
dicator, and it may vary from sample to sample in 
accordance with the amount of protein present. The 
so-called combined acid, however, will include, besides 
the frcc protein derived from this reaction between 
protein salts and hydrochloric acid, any organic or 
other weak acids which may bc present. The term is, 
thereforc, not strictly accurate. 

TilE RESULTS IN HEALTIIY SUBJECTS 

The results obtained from such a fractional analysis 
in healthy individuals vary within very wide limits. 
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The volume of the resting juice is usually about 
50 c.c., but is frequently considerably less, or as much 
as 100 c.c. may be obtained without being of much 
significance. When the volume of the resting juice, 
however, is much more than 100 c.c. there is a strong 
suggestion of gastric stasis due to pyloric spasm or 
stenosis, or to a very atonic condition of the mus
culature of the stomach. 

No charcoal should be present in the fasting juice 
of healthy individuals, except possibly a few specks 
which may have adhered to thc gastric mucosa. The 
finding of any quantity of charcoal in the specimen, 
so long after its ingestion as seven and a half hours, 
is again strong evidence of gastric stasis. The only 
substance with which charcoal might conceivably be 
confused in the stomach contents is the dirty grey 
sputum which miners sometime!;! swallow. 

The volume of gastric juice removed at the end of 
the two and a half hours' test is small in healthy 
people, and, as has been said, it is often impossible to 
obtain a sampl~ at all. A volumc of 30 c.c. or over 
suggests that there is delay in emptying the stomach 
or, more rarely, hypersecretion. 

Lastly, the meal itself, as recognised by the iodine 
test, or by the simple inspection of the sample, has 
usually disappeared from the stomach co~tents some 
two hours after the ingestion of the mcal. Small 
quantities of starch may sometimes be dcmonstrated 
in apparently healthy stomachs so long as two and a 
half hours after the taking of the meal. If a large 
quantity of the meal is still present in the last specimen, 
however, it may be considered, along with other signs, 
as evidence of delay in emptying. The disappearance 
of starch from the samples earlier than an hour and 
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a half after the meal has been taken suggests hyper
motility. 

Bile is frequently discovered in the fasting juice of 
healthy persons, and, though it often appears again 
when the stomach is nearly empty, does not usually 
occur in the samples obtained early in the test. When 
it occurs in these early samples it indicates a premature 
patency or relaxation of the pylorus which may be 
pathological. The presence or absence of bile may 
thus give some indication as to the state of the 
pylorus. It must be remembered, however, that under 
the conditions of the test, at least, the alkaline 
pancreatic juices may be regurgitated into the 
stomach independently of the presence of bile (but 
see p. 161). 

In health none of the samples should have a foul 
odour, and should contain no demonstrable quantity 
of lactic acid. 

It is usual to find a few leucocytes on microscopical 
examination of the stomach contents of healthy 
people, but no recognisable quantity of pus should be 
present. If pus is found, it is essential to exclude 
extra-gastric sources, such as swallowed purulent 
sputum, before attributing its presence to a gastric 
lesion, which only seldom gives rise to any quantity 
of pus in the stomach. 

Blood should not be found, though it must be 
borne in mind that the presence of small streaks of 
blood in the fasting juice is usually evidence of trauma 
due to the passage of the tube and not to disease of 
the stomach. The presence of a considerable quantity 
of blood or of " coffee-ground " material is definitely 
pathological. 

The presence of mucus in any of the samples is 
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shown readily by their behaviour while they are being 
aspiratcd and while they are being analysed. There 
is, unfortunately, no satisfactory method of estimating 
mucus quantitatively, and its amount can therefore 
be gauged only roughly. In addition to gastric 
mucus, oesophageal secretion and mucus from other 
parts of the upper alimentary and respiratory tracts 
may also find their way into the stomach. So long as 
any accurate investigation of gastric mucus remains 
difficult or impossible, the significance to be attached 
to varying amounts of mucus lacks precision. In 
the healthy stomach mucus is not present in very large 
amounts, and when it is found in excessive quantities 
it is usually an index of one of the gastric conditions 
associated with achlorhydria, which will bc referred 
to later, and is particularly abundant in gastritis. 
There seems usually to bc a rough inverse relation
ship between the mucus content of the stomach and 
its acidity. 

The secretory response of normal stomachs to the 
stimulus of a test-meal is again most variable, an 
average response being shown in Fig. 18. When there 
is a fair concentration of free acid in the fasting juice, 
the diluting and neutralising effects of the meal cause 
a fall. The concentration then gradually rises owing 
to the secretion of gastric juice, being at its maximum 
usually in an hour or an hour and a half, but rarely 
exceeding 40 C.c. of N/I0 NaOH per cent. Towards 
the end of the test it tends to diminish, owing to a 
variety of causes, such as the cessation of gastric 
secretion and the possible regurgitation of alkaline 
duodenal contents. Some apparently healthy people, 
however, show curves of free hydrochloric acid which 
rise to a much higher maximum than that shown to be 
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the limit for the majority, and a few show no free 
acid whatsoever throughout the test. Considerable 
variations in the acid curves obtained from consecutive 
tests, performed at short intervals of time, in the same 
healthy subject, may be observed. The general con
formation of the curve is, however, maintained, and 
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the rate of emptying, as judged by the disappearance 
of starch, is very constant. The extent of emotional 
stress occasioned by the test does not seem to exert 
a significant effect upon secretion. There is a tendency 
for secretion to diminish with advancing years, but 
on the whole the sex and age variations may be said 
to be negligible. The curve of total acidity is usually 
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some 10 c.c. above that of the free hydrochloric 
acid. 

A considerable amount of experimental evidence 
has accumulated which suggests that the stomach 
contents do not mix so rapidly or so completely as 
might be supposed, at all events during thc first 
hour of digestion. It is, therefore, probable that the 
apparent acidity of the stomach contents varies quite 
considerably according to the region of the stomach 
from which the sample is removed. Hence it becomes 
a matter of importance to ensure that all samples 
throughout a fractional test-meal are drawn from the 
same part of the stomach, and it has been suggested 
that this is a practical impossibility owing to move
ments of the tip of the tube being constantly produced 
by the stomach contractions. It is probable, however, 
that actually the tip of the tube does not move about 
the stomach to any great extent, provided the mark 
on the tube indicating the distance of the pylorus 
is kept constantly in position at the patient's lips. 
Under such circumstances X-ray examination shows 
that the tip of the tube lies like a sinker on the lowest 
point of the greater curvature of the stomach"' and 
does not move appreciably. None the less, even if it 
·be granted that the tip of the tube remains approxi
mately still during anyone test-meal, it is plain that 
there may be considerable differences in its position 
in different stomachs, since the distance between the 
lips and the lowest point of the stomach is subject 
to individual variations, and cannot be accurately 
gauged. On the whole, however, although this may 
account for some of the variation in gastric acidity 
from person to person, it is probable that the experi
mental error so introduced is not very great. 
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A more serious criticism is based upon the con
tention of some authorities that the regurgitation of 
alkaline duodenal contents into the stomach is not a 
physiological process, and it seems to us that further 
work is needed before such a regurgitation can be 
definitely accepted as taking place in health. The 
mere fact that bile is often found in the stomach 
contents of apparently healthy people, when samples 
are removed through a stomach tube, is no evidence 
of physiological regurgitation, since an artificial reflux 
of duodenal contents may have been occasioned by 
retching due to the presence of the foreign solid body, 
or by suction at the tube when the sample is with
drawn by the syringe. It is therefore quite possible 
that those patients who are more prone to retch than 
others may show an artificial 'hypo-acidity of the 
stomach contents, owing to neutralisation, solely 
during the test, by alkaline duodenal contents. The 
whole question of duodenal regurgitation is still very 
debatable, and its occurrence is certainly one of the 
factors which, at present, ren4ers gastric examination 
by fractional test-meals most· open to criticism. 

ABNORMAL REsULTS 

Hyperchl()rhydria 

Simple hyperchlorhydria is probably the commonest 
form of digestive disturbance. A specimen of the high 
acid curves given in such cases is shown in Fig. 19, 
but except for such hyperacidity there is little unusual 
in the analysis. No abnormal constituents are found, 
and the gastric motility is usually either normal or a 
little rapid, as demonstrated by the quantity of juice 

L 
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found at the end of the test, and the disappearance 
of starch from the gastric contents. 

A second type of hyperchlorhydria is found, how
ever, which is not primarily due to the excessive 
quantity of hydrochloric acid secreted, but rather to 
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FIG. 19.-Results of a fractional test-meal in a case 
of simple hyperchlorhydria. 

Fasting juice, 15 c.c.; juice recovered at the end of 
test, 8 c.c. Curves show hyperchlorhydria, and the 
early disappearance of starch shows rather rapid 
emptying. 

a spasm of the pylorus, associated with some unknown 
central nervous stimulation or with a reflex irritation 
from some other organ, such as the appendix. Owing 
to such a spasm no neutralisation of the stomach con
tents by alkaline regurgitation from the duodenum 
can occur, and the lengthy presence of food in the 
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stomach induces a prolonged secretion of acid. In 
such a case the quantity of juice recovered at thc end 
of the test wi1I be fairly large. Starch will not have 
disappeared from the stomach contents at the end of 
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FIa. 20.-Results of a fractional test·meal in a case 
of hyperchlorhydria with pyloric spasm. 

The fasting stomach contained 90 c.c. of fluid, with 
a trace of charcoal. The acidity curves climb to 
a high level and show no tendency to fall at the 
end of two and a half hours. 32 C.c. of fluid were 
recovered at the end of the test, and starch was 
still present. Hence the hyperchlorhydria was 
assooiated with slow emptying of the stomaoh. 

two and a half hours and no bile will be found in the 
samples (vide Fig. 20). 

Duodenal Ulcer.-In the vast majority of cases a 
duodenal ulcer is associated with marked hyperchlor
hydria. Beyond this fact, however, the test-meal 
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seldom offers further help in the differential diagnosis 
of the condition. A duodenal ulcer may cause exces
sive gastric motility, and give rise to a picture very 
similar to that shown in Fig. 19. Motility, on the other 
hand, may be normal, or there may be slight gastric 
stasis due to pyloric spasm (vide Fig. 20). In some 
cases, when the ulcer is situated just beyond the 
pylorus, definite pyloric stenosis may eventually be 
brought about. This condition gives a very typical 
picture, a specimen of which is shown in Fig. 21. The 
quantity of fasting juice recovered is large, sometimes 
being about 200 c.c. or over, and considerable quan
tities of charcoal are found. Again, the quantity of 
gastric contents recovered at the end of the two-and-a
half-hour test is plentiful, and much starch is present. 
Thus the final sample may be as much as 200 or 300 c.c., 
the quantity depending on the severity of the stenosis. 
The acid-secretion curve is high and shows no ten
dency to fall, but may even rise continuously through
out the test. It is unusual to find any abnormal 
constituents. 

Slight degrees of organic stenosis, however, cannot 
be differentiated by the test-meal findings alone from 
functional pyloric spasm, since the pictures given by 
the two conditions may be almost identical. 

Gastric IDcer.-Just as it is usually impossible to 
make a diagnosis of duodenal ulceration from test
meal findings alone, so is it usually impossible to 
diagnose a gastric ulcer with certainty by such means. 
The presence of " coffee-ground " blood in the fasting 
juice, however, is usually pathognomonic of gastric 
ulceration of some sort, and when found is a very 
strong point in differential diagnosis. A gastric ulcer 
may give rise to any of the types of picture illustrated 
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in Figs. 19-21. On the other hand, it is quite common 
for a gastric ulcer to be present with no sign of hyper
chlorhydria on analysis of the stomach contents, 
especially when the ulcer is situated on the lesser 
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FIG. 21.-Results of a fractional test·meal in a case of 
duodenal ulcer with pyloric stenosis. 

The fasting stomach contained 120 C.c. of fluid mixed 
with a considerable amount of charcoal. The acidity 
curves climb to a moderately high plateau. At the 
end of the test as much as 160 C.c. of fluid were 
recovered, still containing a quantity of the gruel 
meal, and giving a strong starch reaction. Blood 
was absent from all samples, and no abnormal 
quantities of mucus were found. 

curvature. A condition of pyloric stenosis is, as we 
have seen, easily diagnosed by the test-meal findings, 
but results obtained in this way cannot dIfferentiate 
between a stenosis caused by a duodenal ulcer and one 
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caused by a gastric ulcer, unless blood is discovered 
in the stomach contents, when there will be strong 
evidence of a gastric rather than a duodenal lesion. 

To sum up, the symptoms of hyperchlorhydria are 
usually very typical, and the symptoms and signs of 
pyloric stenosis are generally clear. The fractional 
analysis of the stomach contents in thosc conditions 
is thus generally of service merely as a verification of 
a clinical diagnosis. As a more subtle diagnostic test, 
in distinguishing between simple hyperchlorhydria 
and organic ulceration, or between pyloric spasm and 
the lesser degrees of true stenosis-which are just the 
conditions in which the clinician may require help
fractional analysis is, unfortunately, often, though not 
always, of very little service. 

Test-meal Findings after Gastro-enterostomy and Gas
trectomy 

Considerable information can be obtained as to the 
success or otherwise of operations ·on the stomach by 
fractional analyses. 

A successful gastro-enterostomy causes complete 
neutralisation of the stomach contents by regurgita
tion through the stoma. In consequence, frce acid is 
absent throughout the test, and the curve of total 
acidity is low. Bile is usually abundantly present in 
all the samples. In addition, very little fasting juice 
can be obtained and the stomach cmpties rapidly 
(Fig. 22). If the stoma is working inefficiently free 
acid occurs to a greater or less extent, and bile is less 
abundant, but if it ceases to work altogether a hyper
ehlorhydric climbing curve, indistinguishable from 
pyloric spasm or stenosis, is obtained. 

After a successful partial gastrectomy, the curve of 
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free acidity is very low and sometimes-though infre
quently-complete achlorhydria exists. Again there 
is a very small quantity of fasting juice, the 'stomach 
empties rapidly and bile is present in most of the 
samples (Fig. 23). In unsuccessful cases the acid 
secretion continues to be high. 
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FIG, 22,-Results of a fro.ctional test-meal in a 8uccessful 
case of gastro.enterostomy. 

Fasting juice, 10 c.c.; only 8 c,c. recovered at the end of 
two hours. Bile present in all specimens, 

It can hardly be urged too strongly that a routine 
surgical practice should be established of conducting 
a fractional analysis within a month of such opera
tions. In this way it is possible to ascertain whether 
or not the operation has been successful in combating 
thc previous hyperchlorhydria and in assuring free 
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emptying of the stomach. In those cases where free 
hydrochloric acid is still found to be present in signi
ficant quantities more stringent measures as regards 
diet and alkalies should be adopted in an attempt to 
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FIG. 23.-Results of a fractional test-meal after par
tial gastrectomy 

Fasting juice, 9 c.c.; 6 c.c. recovered at the end of 
two hours. Bile present in all specimens. 

prevent the occurrence of the far too common sequelae 
of operations such as jejunal ulceration. 

Hypochlorhydria 

Whatever may be thought as to the importance of 
gastric analysis in the diagnosis of hyperchlorhydric 
conditions, there can, nowadays, be no dubiety as to 
the importance of the recognition of achlorhydria. 
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For many years achlorhydria was known to occur 
as the result of, or in the course· of, a number of 
diseases-particulady in association with chronic gas
tritis, gastric carcinoma, and pernicious anaemia. This 
achlorhydria was usually looked upon as a rather un
important incident in such diseases, which waS often, 
however, of some slight diagnostic value. The inci
dence of achlorhydria is now recognised to be extremely 
high in ill-health generally, and, though it may occur 
as the result of certain diseases, therc can now be no 
doubt that a number of morbid processes are direct 
sequels of achlorhydria. These may be due to the lack 
of hydrochloric acid, to the absence of peptic activity. 
or to the inadequate absorption or utilisation of fun
damental nutritional factors of which the achlorhydria 
may be a cause or an expression. 

Achlorhydria is a common accompaniment of 1 
various wasting or febrile diseases. Thus it is fre
quently present in tuberculosis, in the convalescent 
stage of influenza, and in the terminal stages of 
malignant diseases in any part of the body. In such 
conditions as these achlorhydria is simply an indica
tion of the general debility, chloride starvation, or lack 
of tone, known to be present. 

Again achlorhydria is a fairly constant concomitant 
of chronic gastritis. Here it is again obviously secon
dary to the disease. It is due either to the gastric 1 
mucosa being infiltrated with inflammatory cells and 
covered with mucus, or to the eventual complete 
atrophy of the secreting cells themselves, the result 
of a long-continued inflammatory process. 

On the other hand, we know that diseases such as 
pernicious anaemia and subacute combined degencr,a
tion 2f the cord are definitely secondary to a deficient 
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gastric condition characterised by achlorhydria. It 
is quite possible, though by no means certain, that a 
somewhat similar primary defect expresses itself in 
many other morbid pictures. Thus, achlorhydria is 
often found in patients suffering from colitis, chole
cystitis, rheumatoid arthritis, microcytic anaemia, 
rosacea, sprue, neuritis, neurasthenia, and in certain 
allergic conditions such as asthma and urticaria. It 
may well be that the loss of the bactericidal action of 

~
he hydrochloric acid, the deficient absorption of iron 
nd vitamins, or the improper digestion of proteins

all the results of an atrophic alimentary mucous mem
brane of which achlorhydria is an expression-may be 
important aetiological factors in the causation of such 
conditions. 

These numerous associations of deficient hydro
chloric acid secretion with disorders of health indicate 
the importance of detecting achlorhydria, which ne
cessitates analysis of the gastric contents. In hyper
chlorhydria the symptoms are usually so typical that, 
as we have seen, fractional analysis usually does little 
more than furnish corroborative diagnostic evidence. 
The symptoms and signs usually encountered in achlor
hydria, on the other hand, are much less definite 
and may present a great variety of different clinical 
pictures. The most common arc loss of appetite, 0. 

sense of fullness and discomfort in the epigastrium, 
constipation or diarrhoea, neurasthenia, anaemia, and 
glossitis. It is apparent that a fractional test-meal 
carried out under such circumstances may reveal the 
underlying c~use of a puzzling condition of affairs and 
indicate thc lines of rational treatment. 

Carcinoma of the Stomach.-Gastric carcinoma is 
associated, in the majority of cases, though not in-
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variably, with absence of free hydrochloric acid from 
the stomach contents in all the samples of a fractional 
test-meal. Many explanations have been put forward 
to explain this phenomenon, but its true cause has not 
yet been definitely established. It has been suggested 
that the achlorhydria is simply due to the fact that all 
cachetic conditions, including malignant disease any
where, tend to cause achlorhydria; gastric carcinoma, 
however, causes achlorhydria much more frequently 
than carcinoma in other parts of the body. Again, 
since gastric carcinoma involves the pyloric part of 
the stomach more frequently than other parts, and 
since the pyloric portion is responsible for the secretory 
mechanism, it has been thought possible that the 
destruction of the pyloric mucosa might explain the 
achlorhydria of gastric carcinoma. This cannot, 
1J.0wever, explain the very frequent occurrence of 
achlorhydria even when the growth involves portions 
of the stomach other than the pylorus, and, indeed, 
it is now known that the secretion of hydrochloric 
acid is not a function solely of the pyloric portion of 
~he stomach. Thirdly, gastritis no doubt invariably 
occurs as the result of gastric carcinoma with its 
associated outpouring of excessive mucus and a con
sequent tendency to achlorhydria; yet it is well known 
that a carcinomatous stomach can often be washed 
out till the return is quite clear. and yet no free 
hydrochloric acid can even then be obtained. Lastly, 
it has been suggested that gastric carcinoma, like 
some carcinomata in other regions, is due to chronic 
irritation, and thus usually occurs in patients who 
have suffered for a long time from chronic gastritis, 
of which achlorhydria is a sequel. Such an explana
tion, however, does not accord with the well-known 
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fact that the majority of patients suffering from 
gastric carcinoma give a very short, rather than a 
long, history of stomach trouble. 

While none of these explanations is thus, in them
selves, sufficient to account ·for the approximately 
80 per cent. of patients with gastric carcinoma who 
show concomitant achlorhydria, it may well be that 
one or other operate in certain cases. and, taken 
together, they may account for the fact that achlor
hydria is a common finding in this disease. 

Complete achlorhydria in gastric carcinoma is al
most invariably associated with the presence of lactic 
acid in the stomach contents. This lactic acid is 
usually caused by the fermentation of gastric contents 
in an achlorhydric stomach, but it is quite possible 
that it may be produced in another way, since we have 
observed its presence in the contents of several carcino
matous stomachs, where the growths were situated so 
as not to interfere in any way with the emptying of 
the stomach, and even in cases where the motility of 
the gastric contents was unusually rapid. 

Where free hydrochloric acid does occur in this 
disease, it is usually present in small amount. Cases 
of gastric carcinoma have been reported in which 
large quantities of free hydrochloric acid have been 
discovered, but it is very probable that Gunzberg's 
test was not applied in those cases, and what was 
estimated was not in reality free hydrochloric acid, 
but lactic acid, since, as we have seen, when very 
large concentrations of this acid are present, it may 
behave to Congo-red paper and to Topfer's reagent in 
the same way as does hydrochloric acid. 

The absence of free hydrochloric acid and the 
presence of lactic acid are not necessarily, as is 
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commonly supposed, evidence of an advanced stage 
of the carcinoma, since some of the earliest cases may 
show such results on analysis of the gastric contents. 
Conversely, the presence of free hydrochloric acid is 
not necessarily evidence of an early stage of the 
growth. 

Owing to the presence of lactic acid, and some
times other organic acids, the curve of total acidity is 
often moderately high. Blood is frequently present 
in an altered state, and mucus is excessive. 

Other results depend on the presence or absence of 
pyloric stenosis. Since the pylorus is the commonest 
site for gastric carcinoma, signs of stasis in the gastric 
contents are common in this disease. Consequently, 
an excessive quantity of fasting juice may be obtained, 
stained black with charcoal and altered blood, and 
foul smelling owing to the presence of lactic and 
butyric acids. Yeasts, sarcinae, and numerous leuco
cytes may be present, and decomposing foodstuffs 
which may have been ingested twenty-four hours 
previously. The subsequent specimens are thick in 
consistency, and nearly the whole of the meal may be 
recovcred at the end of the test period. A typical 
result from a case of gastric carcinoma with pyloric 
stenosis is shown in Fig. 24. 

We believe, contrary to many authorities, that 
gastric carcinoma, even .in its early stages, can be 
diagnosed or excluded, in the majority of cases, by 
the examination of the gastric contents, particula~ly 
of the fasting ju~ce. The macroscopic examination of 
the fasting juice as a method of diagnosis in gastric 
carcinoma is, indeed, insufficiently stressed. It is 
usually thought that achlorhydria is the most im
portant test-meal finding in this respect, whereas the 
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presence or absence of foul fasting juice is probably 
a more valuable diagnostic indication. If, on aspira
tion of the fasting juice, the syringe is filled with a 
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FIG. 24.-Results of a fractional test-meal in a case 
of gastric carcinoma with pyloric stenosis. 

The fasting stomach contained 130 C.c. of foul·smell
ing fluid, with much mucus, charcoal, and altered 
blood. No fl'E;le HOI was present, but a relatively 
large amount of .. combined .. acid. Lactic acid 
was present. Later specimens showed free HOI 
to be constantly absent, and varying amounts of 
.. combined" acid. Gastric motility was much 
impaired, 180 c.c. of fluid, mixed with gruel and 
blood, being recovered at the end of the test. 

dark-coloured, evil-smelling material, then a diagnosis 
of gastric carcinoma can be made with considerable 
assurance, especially when this appearance is associated 
with achlorhydria on biochemical examination. If, 
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on the other hand, a clcar, inorIensive juice is obtained, 
then a diagnosis of gastric carcinoma is most unlikely 
whether achlorhydria be pr~sent or not. 
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FIG. 25.-Results of a fractional test-meal in a case of pernicious 
anaemio.. 

The fasting stomach contained only I) C.c. of juice, no free HOI, 
and only a very low concentratio.n of total acid. Lactic acid and 
blood were absent. Free HOI was absent throughout, and all ' 
specimens go.vo an almost identical low reading for tho total 
acid. Mucus was present in excess, and motility, as shown by 
the rapid disappearance of starch, was increased. Only a few 
cubic centimetres of starch-free gastric contents could be re
covered with difficulty at the end of one-and-a-half hour. 

Pernicious Anaemia.-The results obtained from 
fractional analysis of the stomach contcnts in per
nicious anaemia are exceedingly typical. They may, 
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indeed, be said to be invariable in their main features, 
an example of which is given in Fig. 25, and there 
can be little doubt that the gastric condition shown 
precedes the development of pernicious anaemia by 
many years, and is, indeed, probably congenital in 
origin. 

The most typical and striking feature of the curve 
is the complete absence of free hydrochloric acid from 
the stomach. One or two cases of anaemia whose 
blood picture was typically that of the pernicious 
type have been described in which free acid was 
found in the stomach contents, but such a finding is 
so exceptional that it may be said that the discovery 
of free hydrochloric acid in any specimen is very 
strong evidence against a diagnosis of true pernicious 
anaemia. Again, the curve of total acidity is uniformly 
low, and there is a narrow interval and close parallelism 
between it and the base-line. This curve, therefore, 
differs considerably from the curve of total acidity 
observed in the secondary achlorhydria of gastric 
carcinoma, where, owing to the presence of organic 
acids, the curve of total acidity may be fairly high, 
and does not show the parallelism with the base-line 
observed in pernicious anaemia. 

The stomach usually empties very rapidly in 
this condition and, except for occasional excessive 
quantities of mucus, no abnormal constituents are 
found. 

ACHLORHYDRIA AND ACHYLIA 

From what has -been said, it is apparent that achlor
hydria may be due to either of two main causes: an 
actual absence of secretion of hydrochloric acid-which 
may be temporary or permanent-or the neutralisa-
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tion of whatever hydrochloric acid is produced, whether 
normal or reduced in amount. 

The first of these causes operates in the true achylia 
characteristic of the complete atrophy of the gastric 
glands found in cases of very long-standing chronic 
gastritis, in pernici'ous anaemia, and occasionally as a 
congenital abnormality in apparently healthy persons. 
In such conditions the achylia is permanent, but there 
are, no doubt, some cases of less long-standing gastritis 
where the cessation of gastric secretion is still sus
ceptible to treatment. 

The second main cause of achlorhydria accounts for 
cases in which a normal, or even increased, acid se
cretion is neutralised by alkaline regurgitation-as in 
a successful gastro-enterostomy-or in which a reduced 
secretion is completely neutralised by either slight 
duodenal regurgitation, increased gastric mucous 
secretion, or possibly, as in some cases of pulmonary 
tuberculosis, by swallowed sputum. 

It is obviously important in many cases to be able 
to difIerentiate between an atrophic and irrecoverable 
achylia gastrica and a secondary or functional achlor
hydria. There is no doubt that in the ordinary curve 
of total acidity there is, as we have seen, in true 
achylia gastrica a very narrow interval and close 
parallelism with the base-line, whereas a wide interval 
and a lack of parallelism are more likely to be found in 
secondary achlorhydria. It is not possible, however, 
to distinguish all cases with certainty in this way, and 
it is certainly impossible, by this method, to distinguish 
a temporary recoverable achlorhydria from one which 
is due to complete atrophy of the secreting glands. 

The importance of' a complete chloride analysis 
is often stressed for the purpose of differentiating 

M 
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between the two types. It is pointed out, and quite 
rightly, that the ordinary {lcid estimation is incomplete 
as a measure of secretory activity, since it takes no 
account of the hydrochloric acid which has been 
neutralised and is present as inorganic chloride. 
When the gruel meal is taken the total concentration 
of chloride (i.e. free hydrochloric acid plus combined 
hydrochloric acid plus inorganic chloride) represents as 
nearly as possible the concentration of the total hydro
chloric acid secreted, and the curve of the 'total 
chlorides is, therefore, the real secretory curve as 
nearly as can be obtained. It is claimed that by means 
of such total chloride estimations, achlorhydria, due 
to excessive neutralisation of the gastric juice, may be 
distinguished from simple diminution in the amount 
of gastric juice secreted, or from true achlorhydria 
(achylia), in which no hydrochloric acid is secreted at 
all. Unfortunately, though such chloride estimations 
are eminently possible, they are somewhat laborious 
and r~quire considerable technical skill, while the 
results are not sufficiently helpful to warrant the 
procedure becoming general. They have been largely 
displaced for practical purposes by the much simpler 
and more accurate" histamine test-meal." 

Histamine is the best known stimulant for the 
secretion of true hydrochloric acid, and it has been 
suggested that it is the gastric secretory hormone, just 
as secretin is the pancreatic secretory hormone. Many 
stomachs, apparently achlorhydric by the ordinary 
methods of fractional analysis, may be demonstrated 
to be capable of acid secretion after its injection. 

The test is applied after the fasting juice has been 
withdrawn and the stomach has been thoroughly 
washed out with water. Instead of the ordinary 
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meal being fed, 0'4 mg. of histamine is injected 
hypodermically. Half an hour later the stomach 
contents are again aspirated and examined for free 
hydrochloric acid. The volume of juiee produced 
by a normal individual to such stimulus varies 
from 10 to 50 c.c. and the sample is highly acid, 

requiring from 50 to 150 C.c. of ~ NaOH per 100 c.c. 

of gastric contents to neutralise it. Complete absence 
of free hydrochloric acid in the sample indicates 
atrophic achylia gastrica. 

Although the injection of such a quantity of hista
mine is not usually dangerous, the patient should be 
warned previously that somewhat unpleasant, though 
very transient, effects are sometimes produced-such as 
headache, flushing, and palpitation. Since symptoms 
of collapse appear very occasionally, the injection 
should always be given by the physician himself. 

THE EWALD TEST-MEAL 

A second method of investigating the gastric 
function has been practised for many years, but has 
now been largely superseded by the fractional method 
already described. It consists of the analysis of a 
single specimen of stomach contents, removed one 
hour after the ingestion of a meal. It is usually 
called the Ewald or, in contradistinction to the 
fractional method, the one-hour test-meal. 

The preparations made for -the test are identical 
with those for the fractional test, but the constitution 
of the meal is differ~nt. At 6.30 A.M. a cup of tea and 
a small slice of dry toast are given, and an -hour later 
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an ordinary large-size stomach-tube is passed and as 
much fluid as possible siphoned off from the stomach. 
The volume of this specimen is measured, and after 
filtration through -muslin it is examined by the 
methods already described for the fractional samples. 

The only advantage of this method is that it takes 
up less of the time of the doctor or nurse in charge of 
the case. The disadvantages, on the other hand, are 
numerous. To begin with, thc swallowing of a large
size stomach-tube is excessively unpleasant for the 
patient, and the stomach' contents obtained for 
analysis are so coloured that it is difficult to detect 
small quantities of blood or charcoal by naked-eye 
examination. The test takes no account of the volume 
of the fasting juice, which is included along with the 
response to the test-meal. Hence no indication of 
gastric motility is furnished unless it is very grossly 
impaired, when the damage is usually quite obvious 
clinically. Again, it gives very little information 
about the acid secretion of the stomach. It is quite 
true that this is usually at its maximum about an 
hour after the taking of a meal, but we have already 
seen that in many cases the free-acid concentration 
goes on rising long after this, and may, indeed, still 
be rising at the end of two and a half hours. The 
estimation of free acid in the one-hour specimen will 
therefore give, in such cases, but a poor idea of the 
extent of the hyperacidity. On the other hand, the 
analysis of a single specimen may give rise to an 
utterly unjustifiable diagnosis of achlorhydria, for in 
fractional test-meals we have not infrequently found 
the first four specime;lls to contain no free hydro
chloric acid, while later specimens contained free acid 
in fair amount. Some of these disadvantages may, of 
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course, be overcome by substituting oatmeal gruel 
for thc tea and toast of the original Ewald test-meal, 
by passing a Ryle's stomach-tube instead of the or
dinary large-size tube, and by including a separate ex
amination of the fasting juice. Even then many of the 
disadvantages, already enumerated, of the single sample 
remain in full force, and, in addition, we have seen in 
studying fractional analyses that the actual shape of 
the free or total acid curves may be of diagnostic 
value, so that a method which does not permit of 
a curve being plotted at all is to be deprecated, 
Considering these disadvantages, it would appear all 
but impossible to obtain reliable and valuable informa
tion from the one-hour method, and there can be 
little doubt that, if time does not allow of a com
plete fraetional test-meal, the simple examination of 
the fasting juice removed by means of a Ryle's tube 
will give all the information, and more, that can 
be obtained from a one-hour meal, besides being 
infinitely less disagreeable for the patient. 

FAECAL BLOOD 

A test which should not be omitted in any case in 
which gastric or duodenal ulceration is suspected is 
the examination of the stools for blood. Its presence 
in the stools is, of course, simply an indication of 
bleeding in some part of the alimentary tract, but 
bleeding from the lower part usually gives rise to 
blood stains which are apparent in the naked-eye 
inspection, whereas bleeding in the stomach or duo
denum usually causes the presence of occult blood 
which can be detected only by chemical means. (See 
Appendix I.) 
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This test is exceedingly delicate. When it is 
negative it is definite evidence that bleeding is not 
occurring in the alimentary tract. .A strongly positive 
result indicates bleeding, but a faintly positive re
action is frequently obtained when meat is included 
in the diet. When a faint reaction is observed, there
fore, meat should be excluded from the diet for two 
days and the test repeated. 



CHAPTER VIII 

TESTS OF PANCREATIC FUNCTION 

THE internal secretory function of the pancreas has 
been discussed already in Chapter V, during the 
consideration of glycosuria. Failure of its other 
function, the supply of an external secretion which 
contains the most important digestive enzymes in the 
body, has still to be studied. Disturbances of this 
second function of the pancreas have been supposed 
to be comparatively rare, probably because they are 
seldom diagnosed rather than because they are actually 
infrequent. Few cases of pancreatic disease, affecting 
the external secretion, give rise to any typical syn
drome which points definitely to the pancreas as the 
seat of the trouble, and in consequence many cases 
must escape recognition. With a view to placing the 
diagnosis of such conditions upon a sounder basis, a 
number of pancreatic function tests has been sug
gested at one time or another. Many of them are 
laborious, and, except ·in certain cases, they usually 
give rather unsatisfactory results. 

In order to understand the rationale of these tests 
-of which only the more important are referred to 
here-it is necessary to note the enzymes which the 
pancreatic secretion contains. These are :-

(1) Diastase (amylase), the starch-splitting enzyme, 
which continues the work begun by the ptyalin of the 
saliva and hydrolyses starch into maltose; the work 
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is completed by the enzyme maltase, which further 
hydrolyses maltose to glucose. 

(2) Lipase (steapsin), which splits the fats into 
glycerol and fatty acids. 

(3) Trypsin, which becomes active trypsin on 
coming into contact with the enterokinase of the 
succus entericus, and plays a great part in the hydro
lysis of proteins, proteoses, and peptones to amino
acids. 

Pancreatic function tests are, therefore, based 
upon the presence of, the three chief enzymes here 
enumerated. 

TESTS BASED UPON THE PRESENCE OF DIASTASE 

As we have already seen (p. 138), some of the 
diastase which the pancreas se<;retes into the intestine 
is absorbed into the blood, and is thence excreted by 
the healthy kidney in amounts varying roughly from 
ten to twenty-five diastatic units, this unit being the 
number of cubic centimetres of 0'1 per cent. starch 
solution digested by 1 C.c. of the urine. In cases of 
acute pancreatitis very large amounts of diastase 
pass into the blood, and hence a very high diastatic 
index is found in the urine. The exact cause of this 
great escape of diastase into the blood in this con
dition is debatable. In biliary obstruction the bile 
pigmcnt, failing to get into the intestine, is removed 
by the blood and eventually appears in the urine. 
Similarly it is possible that in thc pancreatic obstruc
tion following severe inflammation and swelling of 
the cells, the diastase escapes through the damaged 
epithelium into the blood-stream and is excreted in 
high concentration by the kidney. This explanation 
is, however, not an entirely satisfactory one, since 
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diastase is found in the urine when no pancreatic 
obstruction exists, and in experimental animals it is 
found that the diastatic index is greatly increased 
after the complete extirpation of the pancreas. It is 
obvious, therefore, that the pancreas is not the only 
gland in the body which is responsible for the supply 
of diastase, and it is almost certain that the liver 
also is responsible to some extent. The high urinary 
diastase found in acute inflammation, or after extir
pation, of the pancreas has thus been explained by 
some authorities as due to the liver taking on the 
production of diastase in greatly increased amount 
when the supply from the pancreas fails. Neither of 
these explanations is perfectly satisfactory, nor is any 
other of those which have been advanced; but, what
ever be the explanation, there is no doubt that in 
acute pancreatitis, instead of a normal urinary index 
of 6-25 diastatic units, there is usually one of over 100, 
and often of much over 200. 

Where acute pancreatitis is suspected this test is, 
therefore, of very considerable value, since the acute 
abdominal signs and symptoms encountered are often 
of such a nature as to make an accurate diagnosis a 
matter of the greatest difficulty without chemical aid. 
Again, the test has the advantage over many of the 
other chemical tests used in medicine of being ex
ceedingly definite, the results of the analysis showing 
a gross change from normal quite outside the bounds 
of experimental error or of physiological variation, 
and which is given by no other condition to the same 
extent. A diastatic index of over 100, when accom
panied by symptoms of acute abdominal disease, is 
significant, and one of over 150 is practically diag
nostic of acute pancreatitis. 
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The test, which is otherwise performed in the same 
way as the diastase test for renal f~nction (p. 138), is 
carried out on the first specimen of urine which can be 
obtained, since it would, obviously, be ridiculous to 
wait for a twenty-four hour specimen before making 
a diagnosis of such an acute malady. The small 
variations in the diastatic index which occur in the 
specimens passed throughout the twenty-four hours 
-variations which may be of importance in the renal 
function test-are, of course, of no significance in this 
condition, where only large abnormalities are taken 
into account. 

Cases of acute pancreatitis are, however, com-
paratively uncommon, and are seldom encountered 
under circumstances where the diastase test can be 
performed. The test, therefore, has a necessarily 
limited application, and it is only in acute pancreat
itis that it is of any service as a pancreatic function 
test. It is quite useless as an index of chronic pan
creatitis, where readings range from the rather low 
values obtained in cases of slight renal deficiency to 
somewhat above the normal maximum. If a chronic 
disease of the pancreas is suspected it is necessary to 
have recourse to other tests. 

It would seem logical to test the faeces for the 
presence of diastase, or of one of the other enzymes, 
so that an index of pancreatic efficiency might be 
obtained in this way. Several tests for the presence 
of diastase and trypsin in the faeces have been de
scribed, but they have all proved most unsatisfactory. 
Consequently the pancreatic function is usually in
vestigated by the less direct method of examining 
the faeces chemically or microscopically for evi
dence of incomplete digestion of foodstuffs, which 
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would result from diminution or absence of the 
pancreatic enzymes. 

TESTS BASED ON THE ACTION OF LIPASE 

In the normal subject most of the fats taken in the 
food are absorbed from the intestine after being acted 
on by the lipase from the pancreas and the bile from 
the liver. A small part of the ingested food, however, 
escapes absorption, and is excreted in the faeces. 
Normally, about 15-25 per cent. of the dried stool 
consists of fat and fatty acids, but it seems probable 
that this is by no means entirely derived from un
absorbed residues. Part, it has been suggested, is due 
to actual re-excretion through the intestinal mucosa, 
and a little, conceivably, is due to bacterial synthesis. 
However this may be, it is an undoubted fact that 
animals fed on a fat-free diet for considerable periods 
still produce faeces containing little less than the 
normal amount of fat. 

Fat digestion may possibly begin in the stomach, 
through the action of thc gastric lipase and of the 
hydrochloric acid. This digestion is, however, of little 
importance, and by far the greatest amount of hydro
lysis occurs in the small intestine, where the fat meets 
the pancreatic lipase. Intestinal digestion is greatly 
aided by the bile acids, which, by emulsifying the fat, 
accelerate the action of thc enzyme. The fatty acids 
liberated during the hydrolysis are absorbed in loose 
combination with ,bile acids. Since the reaction of the 
intestinal contents is normally acid, soluble soaps are 
not formed, though a small amount of the fatty acids 
may combine with calcium (or magnesium) to form 
insoluble compounds which escape absorption. In-
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gested fat is usually absorbed almost completely, but 
the fat re-excreted into the intestine is also subjected 
to the action of lipase and, if it remains in the ali
mentary tract for the normal lcngth of time, is nearly 
completely hydrolysed. It is evident that two main 
factors are concerned in the hydrolysis and absorption 
of fat-pancreatic lipase and bile acids. Deficiency in 
either can causc decreased hydrolysis and absorption, 
but lipase must be expected to have the grcater effcct 
on hydrolysis, while the bile acids have the greater 
effect on absorption. 

The excreted fat, then, has normally been largely 
split by the action of the lipase into fatty acids, 
some of which have been converted to insoluble 
(calcium) soaps, but a little of the fat has escaped 
the fat-splitting enzyme and is present in the stool 
as neutral fat. Thus the total·fat in the stool should 
not, in health, form more than 25 per cent. by weight 
of the dried faeces, and should be made up approxi
mately of 80 per cent. of "split fats" (fatty acids 
and soaps) and not morc than 20 per cent. of neutral 
or unsplit fat. These figures are subject to variation 
from day to day even in health, and only gross 
variations from the average should be taken as 
significant. 

When the external secretion of the pancreas is 
deficient there is a tendency for the total fat in ·the 
stools to increase above 25 per cent. This tendency 
is considerably exaggerated when the pancreatic 
lesion is associated, as it so often is, with a simul
taneous biliary deficiency. In such cases large, bulky, 
pale stools are passed in which fat droplets can be 
seen-the fat forming up to 80 per cent. of the dried 
faeces. The characteristic feature of the faeces, how-
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ever, in pure pancreatic deficiency is not so much the 
increase in total fat as the increase in the percentage of 
unsplit fat, which, in a severe case, may form from 
80-90 per cent. of the total fat in the stool instead of 
the normal 20 per cent. or less. On microscopical 
examination, therefore, oily globules, but not an excess 
of fatty acid crystals or of soap plaques. may be 
found. A small quantity of split fat is nearly always 
present, even in the worst cases in which no lipase, 
possibly, is being secreted at all, since a certain amount 
of fat-splitting is carried on in the stomach and by the 
intestinal bacteria. A characteristic analysis of the 
faeces in a case of pure pancreatic deficiency is shown 
in the following Table (Table X (b». Table X (c) 

TABLE X 

THE FAECES FATS 

(a) Normal. . . 
(b) Pancreatic insufficiency 
(c) Pancreatic insufficiency 

with obstructive 
Jaundice. . . 

(d) Jaundice alone, Coeliac 
Disease or Sprue . 

(e) Diarrhol"a, small 
intestine . 

TotaZ Fat 

Percentage of 
Dried Faece. 

19 
40 

76 

60 

46 

SpZit Fat I UnapZit Fat 

Percentage oj Total Fal 
80 20 
25 75 

19 81 

76 24 

60 40 

shows the results of an analysis in a case in which 
the pancreatic deficiency is associated with obstructive 
jaundice. Here it will be seen that fat-absorption is 
much more deficient than it was when the pancreas 
was alone responsible, and fat-splitting is as poor as 
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ever. Table X (d) supplies the figures of an analysis 
of the stool from a case of obstructive jaundice un
associated with pancreatic deficiency. It will be 
noted that though fat-absorption is inefficient, fat
splitting is going on perfectly well. 

It is apparent, then, that a considerable amount of 
information may be obtained by the analysis of the 
faecal fat content, provided the results obtained all 
tend to show the same features, and a single examina
tion is not relied upon. In this way some evidence 
may be obtained as ~o the true cause of certain very 
obscure disorders, such as emaciation associated with 
nervous symptoms, and some cases of infantilism. It 
may also give an index of chronic pancreatitis, pan
creatic calculus blocking the main duct, and carcinoma 
of the pancreas. A source of fallacy lies in the fact 
that occlusion of the main duct may be partially 
compensated for by the existence of the subsidiary 
duct of Santorini. Again, carcinoma of the pancreas 
mayor may not give rise to deficiency in fat-splitting. 
In fact, it is probable that no deficiency arises till 
the growth is very far advanced, or unless complete 
occlusion of the duct has taken place. Lastly, there 
is no doubt that the work of the pancreas in fat
splitting may be taken on to some extent by the 
bacteria of the intestine and possibly also by the 
gastric juice. This may account for the fact that 
cases are not unknown in which the pancreatic 
function is markedly deficient, but which show rela
ti vely little abnormality in the faecal fat. From 
these considerations, therefore, a negative finding 
does not exclude the possibility of pancreatic disease, 
and only a positive result is of importance in 
diagnosis. 
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It must be remembered, further that, a high total 
fat in the stools, and even some deficiency in fat
splitting, may be occasioned by other conditions 
besides disease of the pancreas. Thus diarrhoea due 
to irritation of the small intestine may give rise to 
such results, owing to the fact that the food does not 
remain long enough in the small intestine for the fat 
to be efficiently absorbed, or, indeed, in the alimentary 
canal as a whole for the enzyme to exert its full action. 
Thus it is not unusual for children with abdominal 
tuberculosis, causing irritation and hurry in the small 
intestine, to have stools with a high fat content, and 
occasionally with some increase in the unsplit fat. A 
bulky, fatty stool may also be found where mesenteric 
tuberculosis blocks the lacteals. Diarrhoea affecting 
only the large intestine-that is, colitis-will not cause 
any upset in the total fat found in the faeces, nor 
usually in the proportion of split and unsplit fat which 
the stool contains. The test may thus, on occasion, be 
of some service in differentiating between a diarrhoea 
due to a pathological condition of the large intestine 
only and one involving the small intestine as well. 
It must be remembered, as a practical corollary of this, 
that the application of the test as a guide to the diag
nosis of pancreatic disease is useless if diarrhoea 
is present or is induced by the administration of 
purgatives. 

Lastly, the total amount of fat in the faeces may 
be greatly increased in coeliac disease. The aetiology 
of this condition is still somewhat obscure. It is 
associated with -markedly deficient absorption of fat, 
but with less marked deficiency in fat-splitting and 
is possibly due to some abnormality in the bile salts. 
Consequently, while the total fat is greatly increased 
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in the stools, the ratio of split to unsplit fat may 
·bc nearly normal. The inspection of the very 
typical bulky, greasy stool passed in coeliac disease, 
combined with the characteristic clinical appearance 
of the child, usually makes the diagnosis definite 
enough, without any need of confirming it by chemical 
methods. In less definite cases, however, the analysis 
of thc stool differentiates the condition clearly from 
that of chronic pancreatitis. In sprue a bulky, fatty 
stool is found, but the fat-splitting tends to be even 
better than in the normal case. 

It must be remembered that the estimation and 
analysis of the faecal fat is a laborious procedure, 
and, therefore, it is desirablc to avoid it, if the same 
information can be obtained by the simpler methods of 
naked-eye and microscopical examination. Inspection 
methods, however, cannot yield satisfactory evidence 
of the relative amounts of split and unsplit fat. 

TESTS BASED ON TilE ACTION OF TRYPSIN 

Many tests of pancreatic function have been based 
on the tryptic action of the pancreatic juice. Of 
these there is probably only one which is of any 
practical importance, and this consists in the examina
tion of the faeces for undigested muscle fibres. A few 
meat fibres are usually found in the healthy stool when 
meat is included in the diet, but, owing to the a,ction 
of the pancreatic juice, they show practically no stria
tions, and the ends of the fibres are regular. It would 
appear that the trypsin secreted by the pancreas is 
essential for the digestion of meat fibres to advance' 
to the stage at which their striations disappear. If 
protein digestion be inefficient owing to lack of this 
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enzyme, meat fibres will be present in the faeces in an 
excessive quantity, and the great majority will be 
striated, and will have irregular ends. It is well to 
bear in mind that the same effect is produced by diar
rhoea, particularly when it affects the small intestine, 
for in this case the meat will not be in contact with 
the pancreatic enzyme for a sufficient length of time 
to ensure proper digestion, even though the pancreatic 
secretion may itself be perfectly normal. Conversely, 
if pancreatic sccretion is deficient, constipation may 
so lengthen the period of digestion as to cause an 
apparently normal disappearance of striated muscle 
fibres. Thc discovery in the stool of numerous well
striated meat fibres with irregular ends thus points 
strongly to a pancreatic deficiency where constipation 
can be excluded. Their absence, however, does not 
pxclude pancreatic disease. 

Some emphasis has been laid on the presence of 
nuclei in the animal cells of the faecal matter, since 
it is supposed that the pancreatic juice is entirely 
responsible for their digestion. Thus if the pancreas 
is functioning efficiently, no such nuclei should be 
present in the stool. Several tests involving somewhat 
complex histological procedures have been based on 
this point. The results obtained are usually unsatis
factory, and are hardly worth the labour involved. 

It would seem that some information as to the 
pancreatic juice might be obtained from its direct 
withdrawal by the passage of a Ryle's tube into the 
duodenum. This has indeed been attempted, but 
again the results obtained are not of sufficient value 
to warrant this somewhat difficult and laborious pro
cedure being undertaken. The withdrawal of the 
duodenal contents is probably of more use in the 
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diagnosis of inflammatory and infective conditions of 
the biliary tracts than as a pancreatic function test. 

SUMMARY 

In summary, then, acute pancreatitis ean ·be 
diagnosed almost certainly by the application of the 
diastatie test, which is, howevcr, of no service in 
more chronic pancreatic lesions. Some light on the 
latter may be shed by the microscopical examination 
of the stool, and by an analysis of its faecal fat 
content. 



CHAPTER IX 

TESTS OF HEPATIC FUNCTION , 

THE multifarious activities of the liver include the 
secretion of bile and the conversion of glucose and 
certain other sugars to glycogen, an~ on these two 
activities are founded the most important tests of 
hepatic function. It is not that these are necessarily 
the· most important of the liver functions, which 
include the obscure mechanism by which the liver 
participates in the production of red blood cells; the 
oxidation of amino-acids not required for immediate 
tissue repair; the synthesis, from certain poisonous 
substances, of other harmless compounds which can 
be excreted; the replacement, if need arise, of the 
pancreas in the production of digestive enzymes; 
and the excretion, in the bile, of certain foreign 
substances. Obviously these various activities can
not be ranged in order of importance, but many of 
them do not lend themselves readily to measurement. 

It is proposed, in this account of the more im
portant of the hepatic tests, to deal first with the 
formation of bile pigment, and this for two reasons. 
Firstly, an abnormality in the formation of bile pig
ment, whatever its cause, invariably manifests itself 
in the pigmentation of the skin, and since this single 
clinical sign of jaundice may be due to a number of 
causes, it is convenient to consider it separately. 
Secondly, while functional deficiency, as shown by 
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any other of the tests, implies some damage or de
struction of the liver cells, this is by no means the 
case with disturbance of the bile-pigment production, 
sincc such a disturbance may be extra-hcpatic in 
origin, whatever its ultimate effect on the liver. 

TilE PRODUCTION OF BILE PIGMENT: JAUNDICE 

The van den Bergh 7'est 

During the last two decades our views of the origin 
of jaundice have been revolutionised, and the revolu
tion has involv:ed a return, in part, to the old classical 
division of jaundice into two types, hepatogenous and 
anhepa:togenous. 

This, of course, is not the place for a full discussion 
of the modern theory of jaundice-which, be it remem
bered, is still a theory, and is by no means completely 
proved, though it rests on a good deal of expcri
mental evidence. It is necessary, however, to con
sider very briefly the theory and its implications with 
respect to the production and fate of bile pigment. 
It is based on the view that bile pigment-mainly 
bilirubin-is elaborated from the haemoglobin of the 
red blood corpuscles in the cells of the reticulo
endothelial system - possibly those of the spleen, 
possibly the Kiipffer cells of the liver. The bile pig
ment formed in these cells is taken up by the poly
gonal cells lining the bile channels, and, after slight 
modification, is transferred to thesc channels. Ac
cording to this view there are two slightly different 
forms of bile pigment, one which has passed through 
the polygonal cells, and one which has not. The 
existence of these two forms of bilirubin is evidenced 
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from the application of van den Bergh's test, to be 
discussed shortly. Moreover, in spite of some failures, 
there have been enough claims to the isolation of two 
slightly different bile pigments to make their existence 
at least probable. 

If this. theory of pigment formation is correct, it is 
evident that jaundice, which is essentially an accumu
lation of bilirubin in thc blood, with deposition of the 
pigment in the tissues as a secondary consequence, 
may arise in several ways. Thus:-

(1) It may be caused by obstruction to the escape 
of bile from the fine bile channels, the pigment, 
which has passed through the polygonal cells, being 
reabsorbed into the blood-stream. 

(2) It may be due to an inability of the polygonal 
cells to allow entrance of the pigment manufactured 
by the reticulo-endothelial cells, the pigment, there
fore, passing direct into the hepatic vein. The blood, 
in. jaundice so produced, contains an excess of bili
rubin which has not passed through, and been modified 
by, the polygonal cells. 

(3) It may be due to the production of an excessive 
amount of bilirubin-more than the polygonal cells, 
though functioning normally, could deal with. The 
result, so far as the blood is concerned, is the same 
as that of damage to the polygonal cells. 

(4) It may be due to a combination of obstruction 
and damage to the polygonal cells or over-production 
of pigment. In this case both types of bilirubin would 
accumulate in the blood. . 

Van den Bergh, applying the diazo-benzene sul'
phonate reagent of Ehrlich to icteric sera, found that 
in cases of frankly obstructive jaundice a colour 
developed with great rapidity-a result obtained also 
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with bile from the gall-bladder. He called this the 
immediate direct reaction. Normal serum contains a 
little bilirubin, though insufficient to react under the 
conditions of the test. On the other hand, sera from 
cases of haemolytic jaundice, or from haemorrhagic 
effusions into the chest or abdomen, gave a colour 
only after a long delay (or not at all)-delayed direct 
reaction. Hence an immediate direct reaction is taken 
to indicate the presence in excess of bilirubin which 
has passed through the polygonal cells, and therefore 
is to be expected when the first of the above-men
tioned causes of jaundice is operating. A delayed 
direct reaction indicates the presence of pigment 
which has not passed through these cells, and is 
therefore to be expected in jaundice due to the 
second and third theoretical causes. It has later been 
found that in some cases of jaundice the serum gives 
a direct reaction, the biphasic reaction, which is a 
mixture of van den Bergh's two types, and consists in 
an immediate slight coloration, gradually increasing 
in depth. It is taken as indicating the presence of 
both forms of bilirubin, and corresponds, therefore, 
to the fourth theoretical ty~e of jaundice mentioned 
above-that is, in practice, to the toxic and infective 
jaundices. 

All sera which give a positive direct direction, 
whatever the type of reaction, behave similarly when 
protein is precipitated by alcohol and the diazo
reagent is added to the filtrate. This is called the 
indirect reaction, and is of particular importance, 
bccause, being more sensitive than the direct reaction, 
it can detect hyperbilirubinaemia, which would pass 
unnoticed if only the direct reaction were employed. 
Indeed, if the test is carefully carried out under 
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optimal conditions, a faint, but recognisable (pink) 
colour is given even by normal sera. It is of import
ance, too, in that it is not obscured, as is the direct 
reaction, by the presence of haemoglobin in the serum, 
since this pigment is precipitated along with the other 
proteins by alcohol. 

The indirect van den Bergh reft.Ction may be used 
as a means of estimating quantitatively the amoun.t 
of bilirubin in the blood. Normally the values appear 
to lie'between 0'1 and 0'3 mg. per 100 c.c. of serum, or, 
taking van den Bergh's" unit" of 0·5 mg. per 100 c.c., 
between 0·2 and 0·5 units. The original quantitative 
method is not very convenient, however, for clinical 
work, and a simpler technique is that of Meulengracht, 
who compares the colour of serum, suitably diluted, 
with that of a standard solution of potassium bichro
mate, equality of colour representing unity. as the 
"icteric index." Using this technique, the normal 
"icteric index" lies, in our experience, between 4 
and 8, though some others prefer the lower range of 
1 to 5. Though simple, the test is not specific and a 
high icteric index is found, for example, in caro
tinaemia. It is, moreover, impossible to obtain a 
colour comparison if haemolysis has occurred during 
collection of the sample. 

The findings in the various types of jaundice may be 
summarised as follows :-

Obstructive Hepatic Jaundice.-In jaundice of this 
type an immediate direct reaction is obtained, and 
quantitatively the amount of bilirubin in the serum 
may be very large, as much as 50 van den Bergh 
units having been reported-an amount equal to that 
found in bile from a gall-bladder fistula. The serum 
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bilirubin bears no relation to the depth of skin pig
mentation, which is relatively slow in appearing, so 
that a high serum bilirubin, or icteric index, may be 
found with little or no pigmentation. Pigmentation 
of the skin is equally slow in disappearing, so that it 
persists after removal of the obstruction, when the 
icteric index may have fallen. In the later stages of 
obstructive jaundice, too, there is a tendency for the 
manufacture of bilirubin to diminish, or even cease; 
so that the icteric index may be quite low, even though 
the skin is still markedly pigmented. Bilirubin of 
the type present in this condition appears in the 
urine only when the serum content reaches about 
4 van den Bergh units or the icteric index reaches 
about 50. Jaundice of the obstructive type may 
be due, for example, to occlusion of the common 
bile duct by gall-stones, which, however, produces 
little or no increase in the icteric index unless the 
occlusion is complete. It may be caused also by 
carcinoma of the head of the pancreas involving 
the orifice of the common duct, or by carcinoma of the 
liver itself completely occluding one or more of the 
groups of bile capillaries. 

In practice, unfortunately, the immediate direct 
reaction is obtained only in the early stages of an 
obstructive jaundice. The accumulation of bili
rubin in the blood tends to cause damage to the liver 
cells; the obstruction to the bile flow causes an 
accumulation of bilirubin in the polygonal cells and 
so prevents them from obtaining and dealing with 
the fresh supplies of bilirubin which the reticulo-endo
thelial cells continue, for a while, to produce. Both 
of these processes lead to an increased concentration 
in the blood of bilirubin which has not passed through 
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the liver, and so to a van den Bergh reaction of the 
biphasic type. It may still approximate to thc im
mediate type of reaction, but so may that obtained in 
a jaundice of frankly infective origin (vide infra). 

Haemolytic J'aunmce.-In haemolytic jaundice the 
direct reaction is either of the delayed type (as it is 
usually) or negative, but the indirect reaction is 
positive, and shows quantitatively that the serum 
content of bilirubin is high. The very excessive 
amounts of bilirubin occasionally found in obstructive 
jaundice do not occur here, where the value is rarely 
above eleven units, or, in terms of icteric index, 
about 100. Even at this level, biliuria is not present, 
though the urine usually contains urobilin, formed, 
possibly, from the bilirubin which has not passed 
through the polygonal cells. Apart from following 
thc course of the jaundice-f9r which purpose, as has 
been explained, pigmentation is of little value-and 
from detecting latent jaundice (vide infra), possibly 
the chief clinical value of a van den Bergh test in this 
type of jaundice lies in distinguishing pernicious or 
splenic from other types of anaemia. In haemolytic 
anaemias the bilirubin content of the blood-whether 
skin pigmentation is present or not-is invariably 
sufficient to give an indirect reaction with the van 
den Bergh technique. 

A toxic jaundice due solely to hepatic damage ought 
also to give a van den Bergh reaction of the de
layed direct type-e.g. salvarsan jaundice. Secondary 
effects, however~ again tend to produce a mixture of 
the two types of bilirubin with, in consequence, a 
biphasic reaction. 

Toxic and Infective J'aundice.-This group includes 
the jaundice which 'complicates acute fevers (pneu-
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monia, typhus, spirochaetal js.undice, etc.); which 
follows administration of such drugs as chloroform, 
arsenicals and phosphorus; and which accompanies 
certain types of liver damage such as yellow atrophy, 
or such general infective or toxic conditions as acute 
sepsis. Here, again, the van den Bergh is unfortunately 
-for here a reliable test would be of great service
of little clinical value. Typically, a biphasic direct 
reaction is obtained, but, according to whether the 
cell damage or the obstruction is the predominating 
factor, the result of the test may approximate so 
closely either to the immediate or to the delayed 
reaction as to be indistinguishable from one or other 
of them. Thus catarrhal jaundice, which belongs to 
this class, cannot be distinguished by the van den 
Bergh test from obstructive jaundice, with which it is 
most liable to be confused. In catarrhal jaundice the 
obstruction is often the main factor-, and the van 
den Bergh reaction, though strictly biphasic, may 
consequently simulate the immediate direct reaction 
very closely, and may even be indistinguishable from 
it. 

Latent J'aundice.-It is obvious that jaundice, in 
the sense of bilirubinaemia, may be present without 
biliuria, which appears only when the serum bilirubin 
reaches some four units with obstructive jaundice, 
and not at all with haemolytic jaundice. Equally it 
may be present without skin pigmentation, which 
develops slowly. Such a jaundice is said to be latent. 
With the van den Bergh reaction it is readily detected; 
without it, it is not so easily found, though it is fre
quently accompanied by the presence of urobilin and 
bile salts in the urine. Latent jaundice occurs quite 
often in chronic liver disease, such as cirrhosis, when 
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an immediate direct reaction (often, however, faint) 
is obtained. Similarly, an indirect reaction, with, at 
times, a delayed direct reaction, is found in all cases 
of pernicious anaemia, though there is not always 
pigmentation of the skin. The detection of latent 
jaundice giving an indirect or biphasic direct reaction 
may be a useful warning in cases treated with salvar
san, the continued use of which is not infrequently 
followed by severe, or even fatal, jaundice. 

The van den Bergh Test in Pathological Fluids.
Pathological fluids, such as may be drawn from the 
peritoneal or pleural cavities, may contain haema
toidin, which is probably isomeric or identical with 
bilirubin, and which responds to the van den Bergh 
test. Haematoidin is produced by the breakdown of 
haemoglobin in situ, and consequently occurs only in 
fluids which have contained blood for some time. 
The test may therefore be used to decide whether in 
a haemorrhagic effusion, or in aspirated fluid contain
ing blood, the blood has been present for some time, 
or was introduced at the time of puncture. In the 
former case a positive indirect reaction is obtained, in 
the latter none. This holds, of course, only if blood 
drawn direct from a vein is normal. Similarly, the 
test may be used to decide whether the yellow colour of 
a sample of cerebro-spinal fluid is due to a lipochrome 
or to a haemorrhage of one or two days' standing. 

Other Tests in Jaundice 
It has to be confessed that the van den Bergh 

reaction, while of considerable academic interest for 
the understanding, of the etiology of jaundice, is of 
little or no value in differentiating the various types 
of jaundice. Its maIn use, as has been pointed out, is 
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in detecting latent jaundice and, in the quantitative 
form (which may be replaced by Meulengracht's 
icteric index determination), for following the course 
of a jaundice. 

Examination of the urine and faeces will often yield 
information of greater value for a differential diagnosis 
than will the van den Bergh reaction, though here, 
too, caution is required in interpreting the results in 
view of the .possible secondary changes whic~ may bc 
superimposed on any primary type of jaundice. 

Excretion of Bile Pigments.-The bilirubin excreted 
by the liver is reduced by bacteria to hydrobilirubin
ogen, and this is further converted to the brown 
pigment hydrobilirubin, which is mainly lost in the 
faeces. A small amount of the hydrobilirubinogen, 
however, is reabsorbed, and of this some is reconverted 
to bilirubin by the liver and returned as such to the 
intestine, while a little (not detectable by the ordinary 
tests) is excreted by the kidney as urobilinogen, which 
is probably identical with hydrobilirubinogen. This, 
on exposure of the urine to light and air, is oxidised to 
urobilin (not identical with hydrobilirubin). 

With excessive breakdown of haemoglobin the rate 
of formation of all these substances is increased, so 
that in haemolytic jaundice we expect, and usually 
find, very dark stools containing excessive amounts of 
hydrobilirubin, and much increased urinary excretion of 
urobilinogen. The urine may even contain bilirubin 
itself, though seldom more than a trace. 

Damage to the liver cells without obstruction to 
the flow of bile, on the other hand, will not produce 
excessively dark stools (and indeed they are often 
palc, since the formation of bile is decrcased). Nor, 
in consequence, is there increased excretion of uro-
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bilinogen (or urobilin), though there may be traces of 
bilirubin. 

Partial obstruction of the bile passages causes 0. 

decreased excretion of bile with, therefore, pale stools 
and no increased urobilinogen in the urine. On the 
other hand, the accumulation of bilirubin in the blood 
may, if it is sufficiently large, lead to the appearance 
of that pigment in thc urine. These findings are, of 
course, accentuated in complete obstruction. 

Jaundice of the infective or catarrhal type is usually 
the result of functional destruction of the liver cells 
in association with some degree of obstruction. Hence 
the stools contain a diminished amount of pigment, 
the urine contains only the normal amount of uro
bilinogen (or little more), though it may contain con
siderable amounts of bilirubin.1 

Of the various functions performed by the polygonal 
cells of the liver, it seems that the most difficult 
is the conversion of hydrobilir~binogen to bilirubin. 
Consequently the earliest sign of liver damage in
volving these cells is the excessive excretion of uro· 
bilinogen in the urine. As the damage to the cells 
increases, the excretion of bile pigment into the 
intestine decreases. Hence even less hydrobiliru
binogen than normal is formed, and therefore uro
bilinogen disappears from the urine, being replaced 
by bilirubin. 

Excretion of Bile Salts.-The bile acids, which are 
condensation products of glycine (amino-acetic acid) 
or taurine (ethylamine sulphonic acid), with a variety 
of hydroxy-acids closely related to the sterols, are 

1 Urobilinuria is present in many conditions not regarded as 
involving liver damage..--e.g. fevers, severe oonstipation, perniciouB 
anoemia-and during the absorption of large extravasations of 
blood. 
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normally excreted as salts with the bile and so com
pletely reabsorbed that they are not detectable in the 
faeces. Obviously, therefore, obstruction to the flow 
of bile cannot be detected by examination of faeces 
for bile salts, and, further, they cannot be expected to 
be affected by alterations in the rate of haemoglobin 
breakdown. On the other hand, obstruction to the 
excretion of bile must cause the accumulation of bile 
acids, and therefore some leakage into the urine is to 
be expected. A similar state of affairs will arise when 
there is damage to the liver cells, and we consequently 
find urinary excretion of bile salts in obstructive 
jaundice, jaundice of hepatic origin, but not in haemo
lytic jaundice (which is thus an example of "dis
sociated jaundice "). In catarrhal jaundice bile salts 
are said to appear in the urine before the pigment, 
disappearing as bilirubinuria develops and reappear
ing later. The available tests for bile acids, however, 
are not very good. 

THE GLYCOGENIC FUNCTION OF THE LIVER 

The liver, as has been mentioned in a previous 
chapter, is the great storehouse of glycogen, which it 
synthesises from ingested glucose. It can, however, 
utilise for this purpose other sugars, such as galactose, 
which it normally gets from milk-sugar, and laevulose, 
which it normally gets from cane-sugar. 

As long ago as 1901 Strauss noted that ingestion 
of fructose was followe<:I by fructosuria in thc great 
majority of his patients with liver disorders, but not, 
as a rule, in healthy persons. As a test for deficient 
liver function this was soon shown to be unreliable, 
since fructosuria after fructose ingestion is quite a 
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common occurrence. But in 1920 McLean and De 
Wesselow found that practically no hyperglycaemia 
followed the ingestion of 100 g. of fructose. When 
Spence and Brett found that under similar circum~ 
stances patients suffering from various types of liver 
disease showed definite hyperglycaemia, the laevulose 1 

tolerance test in its more modern form was founded. It 
was soon realised, however, that the small number of 
normal persons studied by Spence and Brett had given 
too perfect a picture. It was therefore necessary to 
regard as normal (though actually it might not be so) 
any case in which the blood sugar, an hour after the 
ingestion of fructose, had risen less than 30 mg. per 
100 c.c. 

During the succeeding decade the laevulose tolerance 
test was severely attacked on both theoretical and 
practical grounds. Theoretically it was objected that 
no proof existed that the liver was primarily con
cerned in fructose metabolism, and that the pancreas 
was probably a more important factor. Practically 
it was objected, on the basis of an experiment by Mann, 
that an enormous amount of liver destruction must 
occur before the damage was revealed by the test; 
that since the test was invariably positive in diabetes, 
that condition must always be excluded, and that there 
was considerable dubiety as to the normal result. 

Thus, although the test retained a number of sup
porters, it gradually fell into disuse if not disrepute. 

Evidence has, however, accumulated in favour of 
the view that the liver is the main site of the conversion 
of fructose to glycogen. Glucose, on the other hand, 
is largely dealt with by extra-hepatic tissues. More
over, the conversion of fructose to glucose, which 

1 The terms" laevulose" and "fructose" are synonymous. 
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appears to be the first step in glycogen formation, 
seems to be independent of insulin. Hence the fructose 
tolerance test is fundamentally sound. The recent 
evolution of methods enabling fructose to be estimated 
separately even in the presence of glucose has removed 
most of the practical obstacles, and in its newest form 
the test seems likely to be of some valuc. It cannot 
differentiate one type of liver disease from another, 
but an abnormal result with the new fructose tolcrance 
test does seem to indicate liver damage, and the test 
is much more sensitive than Mann's experiments 
would suggest (see, however, the experiments of 
Rosenthal, quoted on page 214). A normal result, of 
course, does not indicate a healthy liver any more 
than a normal blood urea indicates perfectly healthy 
kidneys. 

The test is carried out by a method very similar to 
that used in applying the glucose tolerance test for 
diabetes. The patient, fastirig since the preceding 
evening, is given 50 g. of laevulose after a sample of 
blood has been obtained, and four further blood 
samples are withdrawn at intervals of half an hour. 
If the laboratory is equipped with a micro-colorimeter 
0·2 c.c. of blood suffices; otherwise 2 c.c. are required. 
The samples are oxalated. Fructose is estimated in 
each sample. Normally the fructose concentration 
never rises above 20 mg. per 100 c.c. of blood (at half
hour or one hour after fructose) litnd falls to about 
5 mg. per 100 after two hours. Figures greater than 
these, an increased maximum being the more important 
point, are indicative of hepatic insufficiency. The test 
can be successfully used in cases of diabetes (Fig. 26). 

It is a matter of great practical importance to obtain 
a pure sample of laevulose and to give it in as palatable 
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a form as possible. With impure laevulose, nausea 
and vomiting frequently occur, owing, probably, to 
the presence of some irritating impurity. We our
selves give 50 g. of pure laevulose, dissolved in about 
150 c.c. of water and liberally flavoured with lemon 
juice, and have had no trouble. 

A galactose tolerance test has been used, but is not 
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FIG. 26.-The blood laevulosc after the ingestion of 
50 g. of la.evulose. A. normal; n, uncomplicatod 
diabetes; C, cirrhosis of the livcr; D, diabetes, with 
carcinoma of the liver. 

of much value, 'since there is no satisfactory method 
of estimating galactose and the available evidence 

o 
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does not sufficiently support the assumption that th,e 
liver is th,e main site of galactose metabolism. 

THE LivER AND AMINO-ACID METABOLISM 

A great part of the amino-acids taken into the 
body is not used for the repair of tissue wastage, but 
is oxidised and used as a source of energy. This 
oxidation, which takes place to a large extent in the 
liver, involves, as a first step, the removal of the 
amino group in the form of ammonia. Ordinarily, 
this ammonia, along with carbon dioxide, is converted 
-again in the liver-to urea, which of course is 
excreted by the kidney. The synthesis of urea is so 
complete that the blood contains only mere traces of 
ammonia. 

Although the blood contains so little ammonia, the 
urine contains quite considerable amounts. This 
ammonia is believed to be produced by the kidney, 
possibly, though not certainly, from urea. In 
health the ammonia excretion amounts to about 
3 per cent. of the urea excretion. In other words, the 

"ammonia coefficient" 
(ammonia nitrogen X 100) 

-urea nitrogen 
of the urine is about 3, with a range of 2 to 5. It has 
been suggested that liver damage may lead to defi
cient urea formation with a correspondingly increased 
ammonia concentration in the blood and an increased 
ammonia excretion. This would mean an increased 
ammonia coefficient. Such an increased coefficient is 
quite often, though not always, found when the liver 
is grossly damaged. Since, however, the ammonia 
coefficient is very sensitive to changes in the acid-base 
balance (see Chapter IV), it is at best difficult to inter-
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pret. An equal lack of success attends other proposed 
methods for detecting insufficiency of liver function 
in relation to protein metabolism-e.g. concentration 
of amino-acids in blood or urine, blood urea and 
ammonia concentrations following amino-acids or 
protein meals, etc. • 

The urinary excretion of tyrosine usually, though 
not invariably, along with leu«ine, occurs somewhat 
rarely. It is usually associated with acute yellow 
atrophy, but may occur in other (non-hepatic) con
ditions in which there is very excessive breakdown of 
tissues. Tyrosinuria is, in fact, an indication simply 
of such an excessive breakdown, and not of an in
ability on the part of the liver to deal with amino
acids. 

THE DETOXICATING POWER OF THE LIVER 

The liver is probably the chief organ concerned in 
detoxicating a variety of poisonous substances which 
may be formed' by putrefactive processes in the in, 
testine or may be administered as drugs. The detoxi
cation consists in combining (" conjugating ~') the 
poisonous substances with some other substance 
already present or manufactured for the purpose, so 
as to form a harmless compound which can be excreted. 
For combination with many toxic alcohols, phenols, or 
aromatic acids, glycuronic acid is used, and is prob
ably obtained by oxidation of glucose; for com
bination with some of these toxic substances (and with 
other poisons not included in these classes) sulphuric 
acid is used. Thus indoxyl, formed from tryptophane 
by bacterial action, is excreted partly as a glycuronate, 
and partly as indoxyl sulphuri~ acid (urinary indican) ; 
benzoic acid appears in the urine to some slight extent 
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as a glycuronic acid derivative, but mainly combined 
with glycine (to form hippuric acid) or glutaminic acid. 

The presence in the urine of these conjugation 
products formed for detoxication purposes depends 
upon the capacity of the liver and also upon the 
supply to it of the toxic substances. Hence, for 
example, absence of indican from the urine is as likely 
to be a sign of absence of the right kind of bacterial 
action on tryptophane as of deficient liver function. 
Attempts to abolish the intestinal factor by administer
ing indoxyl or indole have not been very successful. 

A similar state of affairs holds for glycuronates. 
Normally they mayor may not be found in the urine 
in readily appreciable amounts, but administration of 
a substance such as aspirin (5 to 10 grains orally) or 
camphor (5 grains subcutaneously), which is detoxi
cated by conjugation with glycuronic acid, stimulates 
their production and excretion. In liver disease with 
very gross damage, the conjugation often fails to 
occur, and the urine remains free from' glycuronic 
acid. Often, however, even a badly damaged liver pro
duces satisfactory amounts of glycuronates (or else its 
function can be taken over by other tissues). Hence 
a failure to excrete glycuronates after aspirin or cam
phor is a sign of gross liver damage, but the sign is 
by no means sensitive, the amount of glycuronates 
excretion is not proportional to the liver damage, and 
a satisfactory excretion does not remove suspicion from 
the liver. 

TIlE EXCRETION OF FOREIGN SUBSTANCES IN 

THE BILE 

A number of foreign substances are, normally, 
excreted exclusively in the bile, and with hepatic 
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deficiency their removal from the body is more pr less 
delayed. Any test founded on this excretory function 
-which is, of course, the basis of the S.T.I.P.P. 
(sodium tetra-iodo-phenolphthaleinate) method of 
radiological examination of the gall-bladder and bile 
ducts-requires the use of a substance which is easily 
recognised and estimated. Such a substance exists 
in phenoltetrachlorphthalein, which can be injected 
intravenously, is normally excreted to a very large 
extent by the liver, and can readily be detected, since 
it gives a reddish colour on addition of alkali. A 
similarly convenient dye is the closely related phenol
tetra-brom-phthalein sulphonic acid, which is used as 
the sodium salt (" brom sulphalein "). In some cases 
of hepatic disease a little of the dye appears in the 
urine, but the amount is smalI~ and excretion by the 
kidney is too irregular to be ·of service as a test of 
hepatic efficiency. ' 

In the past ·the dye excretion has been estimated 
by examination of the faeces or of the duodenal 
contents withdrawn by duodenal intubation. 

A much more convenient method of applying the 
dye excretion test consists in determining the amount 
of dye remaining in the plasma at various times 
after its injection. Normally, it is found, phenoltetra
ehlorphthalein disappears from the plasma rapidly and 
at a remarkably uniform rate, so that under the con
ditions of the test no more than 6 per cent. of the 
amount injected remains at the end of fifteen minutes, 
while the whole of the dye is removed within an hour. 
When the liver is damaged, however, considerable 
quantities of the dye are retained in the plasma for 
several hours, and improvement in the condition of 
the liver is accompanied ·by an approach to normal 
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in the rate of removal of the dye. Rosenthal, who 
introduced this modification of the phenoltetrachlor
phthalein test, states that the method gives results 
that are quantitative, in that the degree of divergence 
from the normal of the curve of disappearance of the 
dye affords an index of the amount of functional 
damage. In rabbits he was able to detect the removal 
of as little as 12 per cent. of the liver, and the removal 
of 20 per cent. gave frankly abnormal curves. 

After first drawing about 8 c.c. of blood from a 
superficial vein of the arm, 5 mg. of phenoltetrachlor
phthalein per kilogramme of body weight are injected 
into the same vein. For injection, the required amount 
of dye, which is obtained in ampoules containing 5 mg. 
per 0·1 c.c., is drawn into a sterile syringe and diluted 
to about 25 c.c. with sterile physiological saline. The 
time of completion of the injection is noted, and the 
vein wall is then washe_d free of dye by injecting a 
further 20 c.c. of saline through the same needle. At 
the end of fifteen minutes, counting from the com
pletion of the injection of the dye, 2 c.c. of blood are 
drawn from a vein of the other arm, and a second 
sample is obtained at the end of an hour. Later 
samples may be drawn if the second sample, on analysis, 
shows the presence of the dye. 

Though this modification of the phenoltetrachlor
phthalein test appears to be more delicate than the 
older forms, and to give some idea of the amount 
of functioning liver tissue remaining, it, like other 
hepatic function tests, fails to differentiate the various 
types of liver damage. Rosenthal notes, however, that 
the degree of abnormality as shown by this test does 
not parallcl the degree of jaundice or hepatic enlarge
ment, and that in early jaundice due to mechanical 



'i'11:S'tS OF I111:PATtc FUNCTION 215 

obstruction, before extensive damage to the liver cells 
had been produced, the disappearance eurves were 
practically normal. 
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FIG. 27-.-Curves showing the disappearance of phenol
tetrachlorphthalein from the blood in various 
conditions. (After Rosenthal.) 

A-Acute hepatitis after aI'Sphenamine. 
B-Atrophio oirrhosis. 
C--Carcinoma of the liver. 
D-Acuto choleoystitis. 

Brom sulphalein is used in the same way as phenol-· 
tetrachlorphthalein and gives similar results. The 
amount to be injected is rather less-2 mg_ per kilo 
body weight, given In 5 per cent. solution_ Normally, 
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no dye (or only a trace) remains in the plasma at thc 
cnd of 30 minutes, though in non-hepatic diseases 
amounts up to 5 per cent. of the initial concentra
tion may be found. More than that indicates liver 
deficiency. 



CHAPTER X 

THE CEREBRO-SPINAL FLUID 

TilE examination of the cerebro-spinal fluid is a factor 
of the greatest importance in the diagnosis of diseases 
of the central nervous system. In the early stages of 
many of the acute forms of such diseases it is usually 
impossible to make an accurate diagnosis, and, there
fore, prognosis, without recourse to such an examina
tion. Even in the more chronic forms of central 
nervous system disease the cerebro-spinal fluid often 
provides diagnostic evidence of the greatest value. 

The information which the examination of the 
cerebro-spinal fluid yields is based largely upon cyt_o
logical and bacteriological evidence, and is, therefore, 
outside the scope of this book; but a chemical analysis 
is by no means to be despised, and may, on occasion, 
give diagnostic results after the cytological and bac
teriological examinations have failed to be of service. 
It is necessary, however, before discussing the changes 
met with in pathological cerebro-spinal fluid, to refer 
briefly to the characteristics and more important 
chemical constituents of the healthy fluid. 

THE NORMAL CEREBRO-SPINAL FLUID 

The methods by which cerebro-spinal fluid may be 
withdrawn have been discussed in Chapter II, and, 
provided no contamination by blood has occurred 
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during the process, the fluid is found, in health, to be 
perfectly clear and colourless, and to remain so on 
standing, provided it is protected from bacteria by 
stoppering the test-tube containing it with cotton
wool. In addition, no sedimentation of any kind 
occurs, owing to the fact that the normal fluid con
tains only one or two cells per cu. mm. and very little 
protein. 

The chemical constituents of the eerebro-spinal 
fluid are similar to those of blood, thouSh they are 
not always prcsent in the two fluids in similar concen
tration. Thus, while some are present in approxi
mately the same concentration in blood and spinal 
fluid, others are present in much lower concentration 
in the cerebro-spinal fluid than in blood, and one, at 
least, is in much greater concentration. 

Protein Content.-In the healthy fluid protein may 
be present in quantities ranging from 14 to 50 mg. per 
100 C.c., with an average of about 28 mg. per 100 c.c. 
The protein content is not influenccd to any appre
ciable extent by the age of the patient, but if the fluid 
be removed from the ventricle, instead of from the 
cistern or lumbar regions, the protein content is 
usually found to be considerably diminished. A read
ing of over 50 mg. per cent. for the total protein may be 
taken to be definitely pathological. The total protein 
in the healthy fluid is made up almost entirely of 
albumin and pseudo-globulin. In pathological fluids 
euglobulin and fibrinogen make their appearance, 
while the normal proteins arc increased in amount. 
The amou~t of globulin never exceeds that of 
albumin, but insufficient work has been done on 
the determination of their relativc proportions in 
health and disease to ma~e their separate estimation 
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of value. All the information required may be obtained 
from an estimation of the total protein, which is 
preferable to the more cumbersome and less reliable 
method of' estimating the globulin alone. A less satis
factory, but simple, substitute for the estimation of 
total protein is the qualitative test for globulin, the 
technique of which is so arranged that the small 
amOlmt of globulin present in healthy fluid fails to 
give a positive result. -

Sugar Content. - The relationship of the sugar 
content of the cerebro-spinal fluid to that of the 
blood is to· some extent controversial, probably 
owing to the fact that different methods of estima
tion have been used by various investigators. The 
consensus of opinion appears to be that the normal con
centration of sugar in the cerebro-spinal fluid varies 
from 45 to 85 mg. per 100 c.c. Thus it is probably 
not much, if at all, less than the concentration of 
glucose in the blood, for, as has been explained (p. 82), 
the blood contains reducing substances other than 
glucose, and these are included in estimations by some 
methods, so that the figures obtained by their use 
are too high. Recent accurate methods for estimation 
of the blood sugar suggest that the normal range, 
instead of the 90-110 formerly taken, is actua!ly from 
70 to 90 mg. per 100 c.c. The sugar in the ventricular 
fluid is usually said to be higher than that in the fluid 
obtained by lumbar or cistern puncture. 

Chloride .Content. - The chloridc content of the 
cerebro-spinal fluid is higher than that of the blood, 
and is found, in adults, to vary within the range 
720-750 mg. per cent. (calculated as sodium 
chloride). Any r~ading above or below these 
amounts must therefore be looked upon, in adults, 
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with suspicion; but in young children a somewhat 
greater physiological variation may be observed, 
so that readings between 700 and 760 mg. per 
cent. may be consistent with health. The chloride 
content of the fluid seems to be similar in the ven
tricles, the cisterna magna, and the lumba.r region. 

Urea Content.-Owing to the fact that urea is a 
very easily diffusible substance,,it is not surprising 
that the concentration in the cerebro-spinal' fluid 
should usually be almost identical with that found in 
the blood, though it may sometimes be a little lower. 
Its estimation is, therefore, of value only when the 
blood urea is not being examined. Except in cases 
in which the blood urea is also raised, the urea nitrogen 
in the cerebro-spinal fluid varies from 6 to 25 mg. per 
cent., and any reading much above this figure must 
be regarded as pathological. 

PATHOLOGICAL VARIATIONS 

A chemical change in the cerebro-spinal fluid, be
sides being brought about by an acute or chronic 
infection of the meninges, as in the acute and syphilitic 
meningitides, or by new growths of the meninges, may 
also, on occasion, be caused by simple meningeal irri
tation, though to a less extent. Such irritation may 
be produced by an increase in the blood-and there
fore in the cerebro-spinal fluid-of certain chemical 
substances, as in diabetes and nephritis. It may also 
be caused by bacterial toxins, such as those of influenza 
and pneumonia; by inflammatory changes in the 
brain, as in encephalitis; by increased intracranial 
pressure, such as may result from a cerebral tumour; 
or by an inflamed state of the structures adjacent 
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to the cranial cavity, as in some cases of otitis 
media. 

Changes in Pressure.-Changes in the pressure of 
the cerebro-spinal fluid, though undoubtedly common 
in many diseases of the central nervous system, are 
difficult to gauge aCGurately and, unless they are gross, 
are of little diagnostic value. Opinions as to the 
cerebro-spinal fluid pressure based on the rate of flow 
through the lumbar puncture ncedle are apt to be 
very misleading, and it is most desirable that a mano
meter should be used. The best is probaply a simple 
vertical glass tube graduated in millimetres with a 
special attachment to the lumbar puncture needle 
and a three-way tap. Before introducing the needle 
"the tap is opened, and whenever fluid bcgins to drip 
out. it is turned so as to allow the fluid to rise in 
the tube. Here the pressure will fluctuate slightly, 
being rather greater during expiration than during 
inspiration. In normal patients in the recumbent 
posture the fluid in the lumbar theca is found by such 
manometric readings to be under a pressure of 60-
150 mm. When the puncture is performed in the 
sitting posture this pressure is approximately doubled. 
Even slight variations in the posture of the patient 
may, however, profoundly affect the pressure of the 
fluid, and crying, coughing, holding the breath or 
struggling-all of which may occur, especially when 
a child is the subject of the examination-may 
materially affect the result, anyone of them being 
enough to send up the pressure by 100 mm. or 
more. The statement, therefore, that "The fluid 
is under pressure" must always be accepted with 
reserve. When fqe abov.e fallacies can be excluded, 
however, a reading of 175-250 mm. is suspiciously 
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high, and a reading of over 250 mm. is definitely 
abnormal. 

The pressure of the cerebro-spinal fluid, depending 
as it does on the intracranial venous pressure, is raised 
in such conditions as meningitis, encephalitis, cerebral 
haemorrhage, cerebral tumour, or any irritation of the 
meninges causing an increase in the amount of fluid 
in the subarachnoid space. The extent of the pressure 
increase is determined by the character and acuteness 
of the underlying disease. 

The pressure is lowered when there is some obstruc
tion to the flow of the fluid into the lumbar theca, as 
in tumours of the cord, in advanced spinal caries, or 
in cases in which adhesions of the arachnoid have 
occurred as the result of meningitis and have produced 
an obliteration of the subarachnoid space. The pres
sure is lowered also when there is an obstruction be
tween the ventricular and spinal fluid. Thus a tumour 
causing a blocking of the foramen magnum, or an 
obstructive hydrocephalus, will cause a lowering of the 
pressure of the cerebro-spinal fluid. Some information 
as to the site of the lesion may be obtained in such 
cases by simultaneous cistern and lumbar puncture, 
the pressure of the fluid in each case being measured by 
means of a manometer. If the pressure is normal in 
the cistern space, but decreased in the lumbar theca, 
then the inference is that the obstruction is spinal in 
origin; if, however, the pressure is decreased in both 
spaces, the obstruction must be between the cistern 
and ventricular spaces. 

Pressure on the neck over the jugular causes a dis
tension of the veins in the brain and in normal in
dividuals an instant rise in the spinal fluid pressure 
of from 30 to 50 mm.; this increased pressure dis-
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appears as the jugular compression is removed. This is 
known as the Queckensted phenomenon. If com
pressing the jugular causes no sueh rise in the mano
metric reading, which, however, may still be increased 
by coughing or straining, the inference is that a 
complete block of the spinal subarachnoid spaccs is 
present, such as may be caused by adhesions, tumours 
of the cerebellar fossa, or double and complete lateral. 
sinus thrombosis. If, however, the spinal block is 
incomplete, very slow rise in pressure with an un
usually slow fall takes place. A rapid rise in pressure 
followed by a very slow fall is suggestive of a meningeal 
tumour situated so as to exert a ball valvc effect. If 
no rise in pressure takes place on compressing both 
jugulars, however, the possibility of the needle 
opening having become blocked by a nerve root 
floating against it must always be kept in mind, 
and the needle should be moved and rotated 
slightly in order to free it from such a possible 
obstruction. 

After the removal of about 10 C.c. of fluid the 
cerebro-spinal fluid pressure normally falls about 
50 mm. When, however, the fluid is under great 
pressure, as in meningitis, the fall is usually lcss than 
half this amount after a similar quantity of fluid has 
been withdrawn. When, after the removal of a small 
amount of fluid, a high initial ·pressure is greatly 
reduced, there is probably an obstruction around the 
tentorium in the space between the spinal cord and 
dura. 

Changes in Appearance.-Turbidity of the usually 
clear cerebro-spinal fluid is always pathological unless 
it has been artificially produced by contact of the 
fluid with alcohol or some other disinfectant used for 
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sterilising the puncture needle, or by accidental con
tamination with blood during its withdrawal. Pro
vided these possible fallacies have been excluded, any 
turbidity is due to an increase in cells or organisms 
(or both). Such a turbidity may be so slight as to be 
barely perceptible, as in acute syphilitic meningitis, 
or may be so gross, as in cases of pyogenic meningitis, 
that the fluid is frankly purulent. When turbidity is 
present there are usually over 400 polymorphonuclear 
cells per cu. mm. A similar lymphocyti(' increase does 
not cause turbidity. 

A turbidity together with a colour varying from 
bright red to a mere pink may be occasioned by the 
presence of blood, due either to recent ventricular or 
subarachnoid haemorrhage or to the traumatisation 
of a vein during the process of puncture. In doubtful 
cases a brown deposit on centrifuging the fluid will 
indicate the presence of blood definitely. It is usually 
possible to distinguish between a haemorrhagic fluid 
due to a ventricular or subarachnoid haemorrhage and 
one due to accidental injury to a vein, since in the 
former cases the fluid is uniformly coloured, while in 
the latter the fluid is heavily contaminated at first, 
but becomes clearer after the first few cubic centi
metres have been withdrawn. As was mentioned in 
Chapter IX, the van den Bergh reaction can be 
used in cases of doubt to distinguish blood due to a 
haemorrhage of one or two days' standing from fresh 
blood, since the former has been partly broken down 
to haematoidin and gives a reddish violet colour with 
the van den Bergh reagent. 

If the haemorrhage is not of quite recent date the 
fluid is found to possess a yellowish colour, which 
gradually deepens to a maximum about ten days after 
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the haemorrhage, when very few red blood cells are 
to be seen. After this the yellow colour slowly fades, 
and it has usually· disappeared completely at the end 
of three weeks, provided no further haemorrhage has 
occurred. This yellow coloration, or xanthochromia, 
is not significant if a previous lumbar puncture has 
been performed, since it may occasionally be caused 
by blood artificially introduced into the cerebro-spinal 
fluid. 

A xanthochromia associated with rapid coagulation 
of the fluid has been described by Froin, and the 
syndrome bears his name. Froin's syndrome may be 
due to syphilitic arachnoiditis, or to compression 
of the cord, though it may more rarely be found in 
other conditions. The yellow tinge of the fluid in 
Froin's syndrome is due to extravasated blood pigment 
from congested meningeal vessels, and the spontaneous 
clotting to a great increase in the fibrinogen content 
of the fluid. 

A yellow fluid is obtained also in cases in which 
there is a blockage in the spinal subarachnoid space, 
such as may be caused by tumours of the cord or by 
Pott's disease. It may also occur occasionally in 
cerebral thrombosis. 

Lastly, in severe jaundice of long standing the 
cerebro-spinal fluid may eventually become yellow 
owing to the presence of bile. In all these xantho
chromias the van den Bergh reaction is positive, and 
the pigment is, presumably, haematoidin. 

Normal cerebro-spinal fluid, like normal urine, 
froths on being thoroughly shaken in a test-tube, but' 
this froth quickly settles down and disappears in a 
few minutes. An increased protein content of the 
fluid causes the froth to be greater in amount and to 
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last very much longer, so that any condition which 
markedly increases the protein content of the fluid 
may give rise to this phenomenon. 

The presence of fibrinogen, which is not a constituent 
of normal cerebro-spinal fluid, is strikingly indicated 
by the formation of a fibrin coagulum or pellicle 
on allowing the fluid to stand at foom temperature 
without being disturbed. This delicate test is very 
frequently missed, as most fluids are analysed im
mediately and are not left undisturbed for any length 
of time. Again, the coagulum, though it may form 
quickly, may appear only slowly and may require as 
much as twenty-four hours to make its presence 
obvious. It is therefore wise, while going on with the 
rest of the analyses, to set aside a little of the fluid to 
see whether or not a fibrin coagulum will form. The 
coagulum may be seen as a very fine web or meshwork, 
taking a long time to form-a type seen typically in 
tuberculous meningitis-or may form very quickly 
and be exceedingly gross, as in suppurative meningitis. 
On prolonged standing the coagulum may be destroyed 
by autolysis, so that the examination for the presence 
of a coagulum should take place not more than 
twenty-four hours after withdrawal of the fluid. The 
appearance of a fibrin coagulum indicates that the 
total protein is considerably increased, usually to 
100 mg. per cent. or more, though occasionally it is 
found with a protein content slightly less than this. 
Owing to the fact that its formation from fibrinogen 
depends on the presence of an excessive number of 
cells in the fluid, a coagulum will not form if the cells 
are not increased, even in a highly albuminous fluid. 
A practical corollary of this, of course, is that the fluid 
to be examined for coagulation must not be cleared 



THE CEREBRO-SPINAL FLUID 227 

by centrifuging, but must be observed in its un
treated state. 

Changes in Cells.-Although the cell count in the 
cerebro-spinal fluid of healthy people is seldom Qlore 
than 5 per cu. mm., no real pathological significance 
can be attached to such a count unless it totals over 
10 per cu. mm. A slight lymphocytic cell increase 
is occasionally found in such chronic conditions as 
herpcs zoster, chronic encephalitis, polyneuritis, and 
disseminated sclerosis. These conditions, however, are 
not usually associated with any abnormality in the 
cell count. A bnormal cell counts are also rare in 
cases of cerebral tumour, though high counts have 
occasionally been recorded in patients with de
generating gliomata in relation to the walls of the 
ventricles. A moderate lymphocyte increase up to 
100 cells per cu. mm., associated with a positive 
Wassermann reaction, is, of course, pathognomonic of 
syphilis of the central nervous system. In the late 
chronic stages of tabes dorsalis and general paralysis 
of the insane the cell counts may, however, show few 
abnormalities. A high lymphocytic count of two 
hundred or more cells is highly suggestive of tubercu
lous meningitis, though of recent years a condition of 
benign lymphocytic meningitis has also been described 
in which the fluid may contain several hundred lym
phocytes. In this latter disease, however, which is 
sometimes associated with influenza and mumps, and 
is probably due to a virus infection, no chemical 
changes occur in the ,cerebro-spinal fluid and no or
ganisms are present. Tuberculous meningitis, on the 
other hand, is, as we shall see, associated with very 
characteristic chemical changes in the fluid, in which 
the tubercle bacillus is als6 frequently found. Large 
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numbers of polymorphonuclear cells are found in the 
cerebro-spinal fluid in the invasive stage of acute 
anterior poliomyelitis. In the course of a week these 
are replaced by lymphocytes, which may persist for a 
few weeks longer. Otherwise a high polymorphonu
clear count of from 500 to 2000 cells is almost invariably 
diagnostic of an acute coccal infection of the meninges. 

Changes in Protein.-The commonest pathological 
change in the composition of the cerebro-spinal fluid 
is an increase in its protein content, hut the very 
universality of this alteration makes it of little use in 
the differential diagnosis of the conditions in which it 
occurs. Usually the increase in protein content is 
not very marked, readings up to 100 mg. per cent. being 
commonest, while values of over that figure are much 
less usual, and values over 500· mg. per cent. are very 
rare. As has already been explained, the protein in 
pathological cerebro-spinal fluids consists of a mixture 
of albumin with globulins-pseudoglobulin and euglo
bulin-and, sometimes, fibrinogen. The albumin is 
always present in greatest amount, but the ratio 
of albumin to globulin is too variable to make the 
separate estimation of globulin a matter of importance 
in differential diagnosis. Hence, though the qualita
tive test for globulin does indicate an increase in the 
protein content of the fluid, it does no more, and for 
quantitative work it is desirable to estimate directly 
the total protein. An increase in the protein content 
of the cerebro-spinal fluid mayor may not be accom
panied by an increase in the number of cells. It is 
found without increase in cells in such conditions as 
spinal tumour or compression of the cord, cerebral 
arteriosclerosis, polyneuritis, and usually, though not 
invariably, in tumours of the brain. When the pro-
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tein increase is associated with a cellular increase, as is 
most conunonly the case, it is usually an indication 
of a meningeal inflammation, and is therefore found 
in all cases of meningitis, whatever their cause. This is 
true even though the meningeal affection is secondary 
to some such condition as encephalitis or poliomyelitis. 
An increase of protein with a slight cellular increase, 
however, may occasionally be present without any 
meningeal involvement, as in a few cases of dis
seminated sclerosis. 

Changes in Glucose.-An increase in the glucose 
content of the cerebro-spinal fluid is an index of an 
increased glucose content of the blood, and is thus 
usually an expression of diabetes mellitus. It may be 
slightly increased in certain other conditions, especially 
in uraemia, but, except in diabetes, the increase is 
insignificant and variable, and has little or no diag
nostic importance. 

A diminished glucose content is, on the other hand, 
a matter of great significance, from both a diagnostic 
and a prognostic point of view. Owing to the fact that 
the organisms invading the meninges use glucose as a 
food, sugar is reduced or absent in all acute meningeal 
infections due to glucose-fermenting organisms. Thus, 
in pneumococcal, streptococcal, and meningococcal 
meningitis and, to a less extent, in tuberculous 
meningitis, the glucose content of the cerebro-spinal 
fluid is markedly diminished, and this is all the more 
striking since the blood sugar is frequently increased 
in these conditions. In meningococcal meningitis the 
return of sugar in the cerebro-spinal fluid may be the' 
first indication of improvement under treatment, and 
is, therefore, an important prognostic sign. Besides 
the meningitic conditions, the glucose of the cerebro-
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spinal fluid is decreased in cases of localised cerebral 
abscess. It is worthy of note that the sugar of the 
cerebro-spinal fluid is never decreased in encephalitis 
and may be increased, a useful diagnostic point in 
differentiating the condition from other acute diseases 
of the central nervous system. 

Changes in Chloride.-The chloride content of the 
cerebro-spinal fluid is increased in some cases of 
hydraemic and acute nephritis, and in uraemia. Such 
an increase in the chloride content of the fluid may 
occasionally be of diagnostic aid when a lumbar 
puncture has been performed on a case of coma or 
convulsions due to uraemia, in the belief that the 
symptoms were primarily due to disease of the central 
nervous system. 

The chloride content is decreased in cases of acute 
meningitis, especially in tuberculous meningitis, where 
readings as low as 500-600 mg. per cent. may be 
obtained. Any reading ·below 550 mg. per cent. is 
practically diagnostic of tuberculous meningitis, since 
no other condition (except, possibly, acute intestinal 
obstruction, with which it cannot be confused) causes 
a reduction of such magnitude in the chloride content 
of thc cerebro-spinal fluid. The other acute meningi
tides causc a more moderate reduction, usually giving 
readings of between 600 and 700 mg. per ccnt. Un
fOltunately, from a diagnostic poi~t of view, cases of 
simple meningism are also frequently associated with 
a fall in the chloride content of the cerebro-spinal 
fluid. Symptoms of meningism may occur, particu
larly in children, in pneumonia, typhoid, vomiting, or 
diarrhoea-all conditions which may cause a rapid fall 
in the blood chlorides, with consequent secondary 
effects on the chloride content of the cercbro-spinal 
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fluid. In meningism, ·however, as opposed to menin
gitis, the cell count in the cerebro-spinal fluid is 
within normal limits and its protein content low. 

The discovery of a lowered chloride content of the 
cerebro-spinal fluid is of considerable importance in 
differentiating an acute meningitis from such a con
dition as a cerebral abscess, where, provided the 
inflammatory condition remains localised and does 
not spread to the meninges, no reduction in the 
chloride content of the cerebro-spinal fluid occurs. A 
slight decrease in the chloride content may be the first 
indication that such a localised inflammatory process 
is becoming generalised. 

Just as the presence or absence of sugar in the 
cerebro-spinal fluid may be used as an important 
prognostic sign in cases of meningococcal meningitis, 
so may the extent of -chloride reduction be used as 
an aid to prognosis. As the inflammatory process 
becomes more widespread, so the chlorides in the 
cerebro-spinal fluid continue to diminish; as it re
trogresses and improves, so the chloride content 
tends to return to normal. 

Changes in Urea.-The urea content of the cerebro
spinal fluid is increased almost proportionately with 
an increase in the blood urea. It is usually, therefore, 
an expression of nephritis, but its separate estimation 
in the cerebro-spinal fluid offers no further information 
beyond that which can be obtained by an estimation 
of the blood urea. Occasionally in young children 
with acute nephritis it may be easier to obtain a 
specimen of cerebro-spinal fluid than a specimen of 
blood on which to estimate the urea, and in cases of 
coma or convulsions, when a lumbar puncture is 
being performed in any case, an estimation of the 



282 CLINICAL CHEMISTRY IN PRACTICAL MEDICINE 

cerebro-spinal fluid urea makes a separate estimation 
of the blood urea superfluous. Apart from cases of 
nephritis the estimation of urea in the cerebro-spinal 
fluid is, however, of little or no importance. 

The variations in the composition of the cerebro
spinal fluid dealt with in this chapter are summarised 
under separate diseases in Table XI. (pp. 284-235). 

LANGE'S COLLOIDAL REACTION 

In certain pathological conditions the cerebro-spinal 
.fluid has the power of' precipitating gold from a 
colloidal solution. This power seems to depend on 
the presence of globulin, and to be prevented, wholly 
or in part, by the albumin. The precipitation or 
otherwise of a gold sol, however, does not depend 
entirely on the relative amounts of albumin and 
globulin, but appears to be affected by some change 
in the physical or chemical condition of the globulin, 
the exact nature of which is not known. Normal 
cerebro-spinal fluid, which contains little globulin, 
fails to precipitate the gold. 

Method.-The test is made by adding a definite 
amount of the gold sol to a series of tubes containing 
cerebro-spinal fluid in increasing dilutions, and, after 
mixing, leaving the tubes for twenty-four hours before 
examining them. It is usual to employ a series of 
numbers to indicate changes of colour-which corre
spond to different degrees of precipitation. Thus slight 
precipitation is shown by a deepening of the red 
colour, and is indicated by the figure 1, while complete 
precipitation, which gives a colourless solution, is 
indicated by 5. The numbers showing the degree of 
precipitation are then plotted graphically against the 
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dilution, as shown in Fig. 28. Alternatively, the result 
is given as a series .of numerals, and the curves in 
Fig. 28, expressed in this way, would read thus :-

Normal 00000000000 
Paretic 55555481000 
Tabetic 01281000000 
Meningitic 00018442100 
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FIG. 28.-Curves illustrating Lange's Colloidal 
Gold Reaction. 

The tabetic and paretic types of curve are not diag
nostic of syphilis, since they may be obtained from 
cases of disseminated sclerosis and less commonly in 
other conditions. In presence of a positive Wasser
mann reaction, however, the colloidal gold reaction 
may be used to differentiate between the different 
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types of neuro-syphilis, since' general paralysis of the 
insane tends to give the paretic type of curve, whereas 
locomotor ataxia tends to give the tabetic type. The 
paretic type is sometimes given by cases of tabes 
without mental symptoms, and by cases of syphilitic 
meningo-myelitis, but these tend to revert to a 
tabetic· curve under treatment, while cases of general 
paralysis present the paretic type throughout. 



CHAPTER XI 

CHEMICAL TESTS IN PREGNANCY 

THE main abnormalities of pregnancy in which 
chemical examination may prove of service are those 
characterised by the appearance in the urine of re
ducing substances or of albumin. These urinary 
constituents may signify some entirely harmless ab
normality which requires no treatment, or they may 
be indicative of grave complications which must be 
treated at once and may need the premature termina
tion of the pregnancy if the life of the mother is to 
be saved. Hence they necessitate full investigation 
by clinical and, in many cases, by chemical means. 
As usual, however, the chemical findings must not 
be taken alone, but must always be considered 
together with the results of thorough clinical ex
amination. 

THE GLYCOSURIAS OF PREGNANCY 

The appearance of reducing substances in the urine 
is a conunoner phenomenon among pregnant than 
among non-pregnant women. When it is an accom
paniment of pregnancy it may, just as in the non
pregnant, be intermittent, occurring only after a meal 
rich in carbohydrate, or it may occur in all specimens 
of urine passed. This constancy or otherwise of the 
glycosuria depends upon the factors discussed in 
Chapter V -the level of the blood sugar and the 
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height of the kidney threshold-and the fact that 
glycosuria occurs only after a meal does not mean 
that the condition can be neglected. Even though 
clinical signs of diabetes are absent, the condition 
is not necessarily due merely to a lowering of the 
threshold. 

In a proportion of cases the reducing power of the 
urine is due entirely to lactose, and in these no treat
ment is necessary, as the condition appears to be quite 
harmless. Even when lactose is present, however, 
glucose may be present as well, and it is desirable to 
know if this is the case, since the glycosuria, even in 
the absence of clinical signs, may be due to diabetes 
mellitus. The simultaneous presence of the two sugars 
should, therefore, be tested for, using the quantitative 
method (see Appendix). If glucose is found, with or 
without lactose, the case should be further investi
gated, with the possibility of diabetes in mind, and 
for this purpose the glucose tolerance test (p. 82) 
should be applied. 

The great majority of glycosurias of pregnancy give 
normal blood-sugar curves or curves showing a rather 
small rise in the blood sugar after glucose ingestion; 
for the cause of most of these glycosurias is simply 
a lowered threshold for the excretion of sugar by 
the kidney-the so-called renal diabetes. This lower
ing of the thre~hold is usually purely temporary 
and disappears when the pregnancy is terminated. 
Lactosuria, too, is a temporary abnormality, and dis
appears at the end of lactation, if not earlier. Even 
when the glucose tolerance test reveals a true diabetic 
type of curve, it does not necessarily mean that the 
diabetic tendency will be permanent, though proper 
treatment may have to be given with the modifications 
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made necessary by thc presence of the foetus, and pre
cautions taken during labour to prevent the occurrence 
of acidosis and coma. We have, ourselves, observed 
several cases of glycosuria of pregnancy associated 
with diabetic symptoms and diabetic sugar curves
in one case requiring as much as 90 units of insulin 
a day to control the condition-whose carbohydrate 
metabolism returned to normal as soon as the child 
was born. This abrupt return to normal carbo
hydrate metabolism after delivery is not infrequently 
attended by symptoms of hypoglycaemia which are 
sometimes alarming or even dangerous. No doubt 
such cases are due to a temporary over-action of the 
diabetogenic hormone of the pituitary, which may 
occur during pregnancy, and which may so antagonise 
the internal secretion of the pancreas as to produce a 
definite, though temporary, diabetic condition. It is 
important, therefore, when diabetes is noted for the 
first time in pregnancy to give a guarded prognosis 
as to the permanence of the condition. 

THE ALBUMINURIAS OF PREGNANCY 

The albuminuria of pregnancy may be, and most 
often is, purely functional. The presence of albumin 
in the urine is due, possibly, to some temporary altera
tion in the permeability of the glofiieruli, or to the 
extra strain thrown by the pregnancy on a kidney 
which, though apparently normal, has less than the 
usual large reserve of power. This type of case is often 
-called the" low reserve kidney of pregnancy." J'he 
albuminuria is frequently the only sign, though there 
may sometimes be a slightly increased blood pressure. 
The blood non-protein nitrogen is not raised in total 
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amount and its distribution among the various con
stituent substances is normal. Indeed, since in normal 
pregnancy the blood urea is somewhat lower than usual, 
the non-protein nitrogen of the blood, even with a 
functional albuminuria, is slightly below the normal 
for non-pregnant women. Figures for the blood urea 
nitrogen in cases of" I.ow reserve kidney," as in normal 
pregnancy, range from 5-15 mg. per 100 c.c., while 
the total non-protein nitrogen varies between 20 and 
35 mg. per 100 c.c. The reason for this lowered blood 
urea is not at all clear, though it may be due partly to 
increased utilisation of amino-acids for tissue growth 
of the foetus and uterus, with, in consequence, a 
diminished utilisation of these substances for the 
direct production of energy with formation of urea. 
In the "low reserve kidney of pregnancy" therc is 
no abnormality of the urine other than the presence of 
albumin; the variation in volume and specific gravity 
is normal, as is the relative concentration of urea and 
ammonia, and the response to the urea-concentrat.ion 
test, or to any other renal function test, faHs to 
show the presence of any kidney damage. Similarly, 
there is no sign, as determined by functional tests, of 
any liver inefficiency. Although there is no definite 
evidence that women with functional albuminuria are 
more liable than others to develop any of the graver 
complications of pregnancy-and, indeed, the con
dition may not recur in future pregnancies-yet we 
feel that the incomplete state of our knowledge demands 
that they should be watched more closely than others. 

In a second type of albuminuria the pregnancy is 
complicated by a definite chronic azotaemic Bright's 
disease. The disease may have existed prior to the 
pregnancy and have been exacerbated by it, or it may 
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have developed subseque;ntly to conception. In either 
case the blood-picture and the response to kidney 
function tests are similar to those given by an un
complicated case of chronic azotaemic Bright's disease. 
In interpreting the results of blood analysis it is, 
however, necessary to take into account the lower 
figures found in normal pregnancy. The extent of 
kidney damage, as determined by such tests in con
junction with careful clinical examination, will deter
mine the course to be adopted. With slight damage 
it may be possible to allow the case to go to term, 
but more extensive damage calls for the immediate 
emptying of the uterus. It may be said that a blood 
urea nitrogen above 20 mg. per 100 C.c. is definitely 
pathological (although values below this do not, of 
course, exclude the possibility of some renal damage), 
and that values above 40 mg. per 100 c.c. indicate the 
need for the immediate termination of the pregnancy. 
Whether the pregnancy is terminated normally or 
artificially, in this type of case special care is needed 
during the puerperium, since, as in so many other 
diseases (e.g. tuberculosis and cardiac disease), there 
is a great tendency towards rapi_d progression of the 
lesion during this period. Immediately after delivery, 
too, the amino-acid metabolism Tesumes its normal 
course, so that the production of urea becomes greater 
than during the pregnancy. Hence there is a greater 
tendency to nitrogen retention in the blood. 

A third type of albuminuria of pregnancy can often 
be distinguished from the nephritic type by examina
tion of the blood, since it is not accompanied by an 
increase in the blood urea. In drawing this distinction 
chemical analysis may be of service, since the clinical 
pictures may be somewhat sl.milar. This third type of 
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albuminuria of pregnancy, the pre-eclamptic type, is 
associated with a large quantity of albumin in the 
urine, casts, and some degree of oliguria. The only 
other urinary abnormality which is at all commonly 
present is an increase in the ammonia content, with a 
cOITesponding slight decrease in the urea content, and 
this is due usually to an acidosis. In contradistinction 
to the true nephritic type of albuminuria, the urea
concentration test gives, in pre-eclampsia, results 
within the normal limits. In pre-eclampsia, as in 
eclampsia, the blood has an increased uric-acid con
tent, with, consequently, a slight increase in the total 
non-protein nitrogen, but there is no marked nitro
gen retention, as is evidenced by the absence of any 
rise in the blood urea. The carbon-dioxide combining 
power usually tends to be lowered, in some cases to 
a considerable degree, and the blood cholesterol is 
considerably increased. Some slight increase in the 
blood cholesterol is indeed a common finding in 
pregnancy, and has no clinical significance. In pre
eclampsia, however, the increase is very marked. 
The whole blood and urine picture thus cOITesponds 
in many respects with that seen in the nephrotic 
syndrome. 

The pre-eclamptic state, which is characterised by 
certain fairly typical symptoms, may come on insidi
ously or abruptly, usu,ally during the last two months 
of pregnancy. It differs in no important particular as 
regards the chemical findings from true eclampsia, 
being simply a potential statc of the latter, from which 
it can hardly be differentiated except by the absence 
of convulsions. Chemical analysis is of little, if any, 
service in estimating the imminence of true eclampsia. 
The acidosis usually becomes more marked with the 
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onset of convulsions, as does thc retention of uric 
acid; the serum calc_ium is occasionally lowered still 
further than it is in thc later stages of a normal 
pregnancy; and chemical methods may show the 
presence of bilirubinaemia with excretion of bile 
pigments, together with other evidence of hepatic in
sufficiency, none of which liver changes is marked in 
early pre-eclampsia. The chemical changes are, how
ever, not distinct enough to form a foundation for the 
prophecy of imminent eclamptic convulsions, and 
when the convulsions have occurred, by which time 
the chemical changes may have become distinct, there 
is no need to have recourse to chemical tests. The 
real service of chemical tests in the albuminurias of 
pregnancy lies in thc differentiation of an albuminuria 
due to a complicating chronic azotaemic nephritis 
from a mere functional albuminuria or one due to 
pre-eclampsia. Possibly, in addition, the discovery 
of a lowered carbon-dioxide combining power may 
give a useful indication of the need for anti-acidotic 
treatment. 

THE VOMITING OF PREGNANCY 

Though vomiting is a very common accompaniment 
of pregnancy in the early months, the type known as 
the pernicious vomiting of pregnancy is only a very 
occasional complication, OCCUlTing in about one case 
per thousand. The vomiting of pregnancy has been 
divided by some observers into three types: the 
reflex, the neurotic, and the toxaemic or pernicious 
type. Whether these three types really exist, or 
whether all cases are neurotic or all toxaemic, as others 
have suggested, the chemical picture in severe cases 
is almost invariably that of a dehydration, together 
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with a lack of carbohydrate utilisation. It is hardly 
fair, perhaps, to suggest that lack of carbohydrate is 
a causative factor in thc diseasc (though this has been 
done), for it would seem equally possible that the 
vomiting might be the cause of the carbohydrate lack. 
Since the same thing is equally true of the dehydration, 
it seems that we must admit ignorance of the true 
cause of vomiting in pregnancy. 

The loss of water and of hydrochloric acid in 
the vomitus leads eventually to dehydration and a 
depletion of the blood and tissue chloride. Hence in 
severe cases the blood chloride is low, and there is no 
need to postulate kidney damage in order to explain 
the high blood non-protein nitrogen, uric acid, and urea 
which are so often found. The retention of these sub
stances may be due to a mere general concentration 
of the blood, or it may, as has been suggested of a 
similar increase in other conditions (p. 115), be an 
attempt to maintain the blood osmotic pressure in 
face of a falling chloride content. In high intestinal 
obstruction a similar chloridc loss with dehydration 
leads to a very severe alkalosis, but iii. severe vomiting 
of pregnancy, though the blood chloride may be as 
low as 250 or 300 mg. per 100 c.c., it is generally agreed 
that the carbon-dioxide combining power is generally 
normal or low-i.e. there is rather a tendency to 
acidosis. This is explained by the superimposed lack 
of carbohydrate oxidation (whatever the cause of this 
may be), which leads to incomplete oxidation of fatty 
acids, with, therefore, production of aceto-acetic acid 
and hydroxy-butyric acid. There is, in fact, a ·very 
considerable ketosis in this condition, and figures of 
100-150 mg. per 100 c.c. of blood for the concentra
tion of acetone bodies in the blood are not uncommon 
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in severe cases. There is a corresponding ketonuria 
(unaccompanied, of course, by glycosuria), and, in 
severe cases at all events, the customary response 
of the kidney to a demand for the continued ex
cretion of large quantities of acid-a production and 
excretion of ammonia at the expense of urea. Hence 
the ratio of ammonia nitrogen to urca nitrogen in the 
urine is high, and figures of over 10 may be obtained 
for the ammonia. coefficient. This, together with the 
ketonuria, is. the main chemical fact of prognostic 
importance, for the opposing tendencies to alkalosis 
(caused by the chloride loss) and acidosis (caused by 
the continued ketosis) cancel each other and most 
frequently give a normal carbon-dioxide combining 
power. Treatment is usually directed-with good 
results-towards the removal of the ketosis by the 
administration of glucose, insulin being given as well 
if necessary.- In addition it would seem desirable to 
pay attention to the chloride loss and to correct this 
by administration of salt and water, lest the removal 
of the ketosis leavc the patient in a state of alkalosis. 
It seems to us that hitherto insufficient attention has 
been paid to this point. 

ACUTE YELLOW ATROPHY OP THE LIVER 

The rare condition of acutc yellow atrophy of the 
liver, or icterus gravis-of which pregnancy seems 
to bc a predisposing cause, sincc 60 per ccnt. of the 
rcported cases have been associated with prcgnancy
is not one which usually requires chemical data as an 
additional aid in diagnosis. It is, or course, accom
panicd by a positive ven den Bergh reaction and a 
high icteric indcx, even before the skin pigmentation 
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occurs; and it is usually possible to demonstrate 
liver damage by any of the hepatic function tests. 
The most characteristic chemical abnormality is the 
excretion in the urine of leucine and tyrosine. Though 
there is no possibility of confusing the condition with 
that of chronic interstitial nephritis accompanying 
pregnancy, it is perhaps as well to note that in acute 
yellow atrophy of the liver the blood non-protein 
nitrogen and 'urea arc usually increased. With a 
badly damaged liver therc may be failurc of the 
glycogenic function, with consequent ketosis, keton
uria, and a slightly lowered carbon-dioxide combining 
power. 

TESTS FOR PREGNANCY 

Several chemical tests have been proposed for 
determining the existence of pregnancy in doubtful 
case,>. Some, such as the ninhydrin reaction, are 
frankly useless; others, such as the histidine test, 
are liable to be fallacious, though giving correct 
results in a considerable proportion of cases. The 
only tests whieh can be recommended are the 
Ascheim-Zondek and those based on the same 
principle-the urinary excretion, during pregnancy, 
of the pituitary gonadotropic hormone. 



CHAPTER XII 

THE BLOOD CALCIUM AND PHOSPHORUS 

THE calcium o~ the blood is confined to the plasma, 
which, in normal persons, contains from 9·5 to 10·5.mg. 
per 100 c.c. Figures below 9 and over 11 mg. per cent. 
may bc taken as definitely abnormal. For a variety 
of reasons, including the variability, in disease, of the 
cell volume, and the relative difficulty of estimation, 
it is not advisable to rely on determinations of calcium 
in whole blood, and it is most usual to use the serum 
for analysis. Citrated plasma is often recommended, 
but its use is undesirable, since the amounts of sodium 
citratc required to prevent coagulation may precipi
tate a little of the calcium. 

Of the total serum calcium about 20 per cent., or 
2 mg. per 100 c.c., is present in the form of free ions, 
and this is included in the 60 per cent. which is nor
mally capable of diffusing through a collodion mem
brane. The remaining 40 per cent., the non-diffusible 
calcium, is apparcntly combIned with protein and 
possibly lipoids in some non-ionised form. Though 
thc distribution of calcium amongst these various 
forms is often altered in disease, insufficient is as yet 
known to make their separate estimation of value, and, 
indeed, there is no realJy accurate method for the 
determination of the ionic calcium. 

The total phosphorus 'in the blood amounts to 
about 80 mg. pcr 100 c.c. Of this, about a third is 
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combined with protein, and about a third is present 
in phospholipins (the lipoid phosphorus). The re
mainder consists of inorganic phosphates, which 
account for 2-3 mg. phosphorus per 100 C.c. of blood 
in adults and up to 5 mg. per 100 c.c. in children, and 
a number of esters which are soluble in dilute acid 
(the acid-soluble phosphorus). 

FUNCTIONS OF CALCIUM AND PHOSPHORUS 

The most obvious function of . calcium is, of course, 
the formation of bone, and in this phosphate is equally 
important. The mechanism of bone calcification is 
not yet completely understood, but it seems to be 
established that an important .part of it hinges on the 
enzyme phosphatase. Phosphatase is widely distri
buted, and is, for example, present in blood, but the 
amount in bone far transcends that in other tissues. 
Moreover, it is present in greatest amounts when and 
where calcification is most rapid, and in the embryo 
bone it appears only when calcification begins. The 
action of phosphatase consists in the hydrolysis of 
organic phosphates with liberation of phosphate 
ions. This action, occurring locally, so raises the con
centration of phosphate as to raise the product 
Caoo X PO" above the level at which precipitation of 
calcium phosphate occurs. It does not, however, 
account entirely for the calcification of bone, since t.he 
inorganic part of bone does not consist of pure calcium 
phosphate, but contains considerable amounts of 
calcium carbonate. 

Calcium is essential for the clotting of shed blood, 
and there is evidence to show that in this proccss some 
complex non-diffusible calcium compound is con-
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cerncd, while free calciumlons may actually inhibit the 
coagulation. There is an equilibrium amongst the 
various calcium compounds in the blood, and altera
tion in the concentration of anyone causes a readjust
ment of the equilibrium so that the change is dis
tributed amongst them all. It is, consequently, rare 
to find any deficiency in blood-coagulability which can 
be attributed directly to an abnormal blood calcium. 
Even after parathyroidectomy, when the total serum 
calcium may be as low as 5 mg. per 100 c.c., the 
blood still clots normally. The therapeutic usc of 
calcium salts to expedite blood clotting, in hacmor
rhagic conditions is, therefore, usually irrational. 

The conductivity and irritability of nervous tissue 
and the contractility of muscle are profoundly affected 
by variations in their calcium content and that of the 
fluids bathing them. In certain forms of tetany, 
accompanied by a 40 per cent. reduction in the serum 
calcium, the symptoms arc due to hyperexcitability 
of the peripheral nerves and of the striped muscle, 
and disappear when the serum calcium is raised to the 
normal level. 

Without a supply of calcium in the perfusing fluid 
the heart cannot continue to contract, and it is appa
rently free calcium ions that are needed. A large 
excess of calcium, however, is toxic to the heart, and 
causes its stoppage in systole. 

It has been suggested that calcium is concerned in 
the maintenance of the acid-base equilibrium of the 
body, but though the amount in the blood is often 
altered in alkalosis or acidosis, there does not appear 
to be sufficient evidence to show that calcium has any 
function in this respect different from that of the 
other inorganic elements. 
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Phosphoric esters and inorganic phosphates are, as 
has been mentioned, concerned in bone calcification. 
Certain esters are also formed as obligate steps 
in the metabolism of carbohydrate, in which another 
phosphorus compound, adenylic acid pyrophosphate, 
functions as a co-enzyme. Phosphoric acid is also 
present, of course, in phosphocreatine, which is in
timately concerned with muscular contraction; in 
nucleic acids j in such phosphoprotcins as casein
ogen; and in the phospholipins, which, besides being 
structurally important, are probably involved in the 
transport and utilisation of fats. 

V ARlATIONS OF THE SERUM CALCIUM 

It appears, from the vast amount of work that has 
been done in recent years, that the serum calcium may 
vary widely from the normal in a great number of 
pathological conditions. In some conditions individual 
cases seem to vary both in the degree and direction of 
the abnormality without reference to the severity of 
the disease. In others, however, the variation is 
always in the same direction, a finding which would 
seem to indicate some connection, direct or indirect, 
between the disease and the abnormality of calcium 
metabolism. Thus in various acute fevers, such as 
pneumonia, both hyper- and hypo-calcaemia have 
been reported; in a number of dermatological dis
orders the serum calcium has been found to be high, 
low, or normal in individual cases without any apparent 
correlation between the calcium level and the disease; 
and similar inconstant abnormalities have been found 
in syphilis, sprue, epilepsy, arthritis, diabetes, and 
many others. 
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Acidosis and Alkalosis.-In some cOllditions there 
seems to be a .relationship between tht level of the 
blood calcium and the carbon-dioxide combining 
power. An acidosis causes, at first, an increase in the 
calcium content of the blood, but the resulting in
creased excretion of ~alcium may, if the acidosis 
continues, eventually lead to a depletion of the body 
stores and so to an ultimate lowering of the blood 
calcium. This seems to be a feasible explanation of 
the low serum calcium so often found in diabetes 
accompanied by ketonuria, and in nephritis with 
acidosis. On the other hand, an alkalosis produced 
by excessive dosage with sodium bicarbonate lowers 
the blood calcium, and such low values may accom
pany the alkalosis produced by overdosage with 
alkali in the treatmcnt of g;tstric and duodenal ulcer. 

Pregnancy.-The serum calcium is usually at or 
slightly below the lower limit of the normal range 
during thc latcr months of pregnancy, a state of 
affairs which is due most probably to the heavy and 
growing demand of the foetus-a demand which 
amounts finally to about 0·5 g. per day, or about a 
third of the calcium content of the ordinary daily 
food. Attempts have been made to correlate this 
tendency to a lowering of the calcium stores with the 
occurrence of ecJjlmptic convulsions, but, although in 
eclampsia the serum calcium is slightly lowered, there 
seems to be no definite causative connection between 
the two. It is, however, probable that the drain on 
the maternal calcium is responsible for the dental 
affections which so often accompany pregnancy, and 
for the osteomalacia which is, fortunately, rare in 
Occidental countrics, thOUg~l common in India and 
China, whcrc the diet is so frcquently deficient in 
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vitamin D. The expectant mother should be given 
a diet rich in calcium and containing adequate supplies 
of vitamin D. Thus the food should include plenty of 
milk and green vegetables, and may profitably be 
supplemented by cod-liver oil. 

Haemopbilia.-Among the important functions of 
calcium is the conversion of fibrinogen to fibrin in shed 
blood. Calcium plays, therefore, an essential part in 
the clotting of blood, and its precipitation by oxalates, 
or conversion to an inactive form by citrates, prevents 
the formation of fibrin. It i~, however, not the only 
factor concerned in blood coagulation, and in the most 
striking clinical condition in which blood clotting is 
deficient-haemophilia-the blood calcium is normal 
and the condition is not improved by attempts to 
increase it. It is said that the deficient clotting in 
haemolytic jaundice is improved by injections of 
calcium salts, especially when, as is often the case, 
the blood calcium is somewhat low. A very efficient 
method of controlling post-operative oozing in this 
condition, however, is the intramuscular injection of 
sodium citrate (30 C.c. of 10 per cent. solution into 
each buttock). It seems probable that the citrate acts 
by combining with, and removing, the free calcium 
ions which seem to have an inhibitory effect on blood 
coagulation. 

Rickets.-A fact which has an important bearing on 
the use of estimations of the blood calcium is that an 
error of calcium metabolism is by no means neces
sarily accompanied by an appreciable alteration in 
the calcium content of the blood. This is well illus
trated in rickets. In this disease there is, of course, 
fa:ilure to deposit calcium phosphate in the bones, and 
there sccms no doubt· that it is due, in part, to a failure 
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to absorb calcium or phosphate (or both) from the 
intestine. Other factors may be concerned, but that 
this is one appears probable from the lowering of 
the intestinal pH which follows administration of 
vitamin D to the rachitic animal, a change which is 
in the direction favouring absorption of calcium and 
phosphate. In the rachitic child, however, the blood 
calcium may be present in normal amount, and it is 
uncommon to find figures below the normal minimum 
unless the condition is complicated by the presence of 
spasmophilia. Taking the normal range for the serum 
calcium as 9·5-10·5 mg. per 100 c.c., simple rickets 
may give results from 8·5-10, with the majority 
about 9-10, while in spasmophilia normal results 
are very. rare, and values as low as 5·8 may be obtained .. 
It is commoner, in fact, to find a low inorganic phos
phate content of the blood in simple ricketf? than to 
find a markedly lowered sel'1,lm calcium. The frequent 
existence of a low serum phosphate with a normal 
serum calcium has led to. the :·recognition of two 
types of rickets-the low phosphorus and the low: 
calcium types. They may be ascribed to different 
dietetic errors, but are clinically identical except 'that 
tetany (spasmophilia) is associated only with the low 
calcium type. The clinical signs of rickets are so 
obvious, however, and the treatment-a diet wcll 
balanced as regards calcium and phosphate, and con
taining adequate amounts of vitamin D-is so well 
known and reliable that estimation of the serum calcium 
is never more than a. matter of interest in this condition. 

Renal Rickets.--Renal rickets appears to be due, 
not to inability to absorb calcium and phosphorus, 
but to renal insufficiency. The serum calcium and 
inorganic phosphate may be normal, but as the 
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disease progresses the phosphate usually rises along 
with the blood urea. The serum calcium, as usual in 
late chronic azotaemic Bright's disease, tends to fall 
as the phosphate rises, and in consequence tetany 
becomes a frequent concomitant of renal rickets. As 
in true rickets, the plasma phosphatase is high. 

Osteomalacia (adult rickets).-Osteomalacia, so far 
as its chemistry is concerned, resembles, and is due to 
the same causes as, low calcium rickets in children. 
The causes are a diet poor in calcium and vitamin D, 
together with insufficient exposure to sunlight. The 
condition is· consequently common in the Orient, and 
more particularly among women whose calcium 
metabo!ism is further strained by repeated pregnancies 
and (often prolonged) periods of lactation. The serum 
calcium is almost invarably low, and often so low 
(below 7·5 mg. per 100 c.c.) that tetany is present in 
active or latent form. The inorganic phosphate is 
usually normal and the plasma phosphatase may be 
somewhat raised. Calcium balance experiments, in 
which a low calcium diet is given and the total calcium 
excretion is compared over a period of some days with 
the intake, give very varying results, though there is 
rarely more than a slight net loss of calcium. The 
usual anti-rachitic treatment, of course, brings about 
marked retention of calcium, with increase of the 
serum calcium, abolition of tetany, and recalcification 
of the bones. 

A somewhat similar condition of osteoporosis occurs 
in sprue, coeliac disease, and congenital steatorrhoea. 
In these diseases the bone abnormality is due (in 
part, at least) to faulty calcium absorption resulting 
from the excessive formation in the intestine of 
insoluble calcium soaps. 
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Generalised osteitis fibrosa (von Recklinghausen's 
disease).-This disease is apparently due to over
activity of the parathyroids, and the chemical picture 
is, therefore, that given by normal animals after 
injection of the parathyroid hormone. The serum 
calcium is markedly raised, occasionally to double the 
normal level, though more usually to 12·5-16·0 mg. 
per 100 c.c. The inorganic phosphate, as frequently 
happens, changes in the opposite direction (unless 
there is also renal deficiency, when it may be raised) ; 
figures of 1·0-2·7 mg. phosphorus per 100 c.c. blood 
have been reported. In most conditions associated 
with either active decalcification of bone or inefficient 
calcification, there seems to be some leakage of 
phosphatase from the bones, and consequently an 
increase in the plasma phosphatase; such an increase 
usually is found in generalised osteitis fibrosa. The 
active withdrawal of calcium phosphate from the bones 
and the resulting high serum calcium lead to an 
increased excretion of calcium, mainly in the urine. 
This is most easily observed by measuring the excre
tion over a period of three or four days while the 
patient is receiving a diet containing the minimum 
of calcium; under such conditions the excretion is 
markedly greater than the intake. 

Focal osteitis fibrosa, affecting as a rule only a few 
bones, and developing slowly, is probably of entirely 
difI('rent, and at present unknown, origin, and not due 
to a parathyroid tumour. The blood chemistry, with 
respect to calcium, inorganic phosphate, and phos
phatase, is normal, as also is the calcium balance. 

Osteitis deformans (Paget's disease). - Paget's 
disease differs essentially.from von Recklinghausen's 
disea!:e in being characterised by excessive apposition 
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as well as resorption of bone, whereas in the latter 
condition there is little excessive apposition, and 
that merely focal. In Paget's disease the chemical 
picture depends to some extent on whether, at the 
time of examination, apposition or resorption happens 
to be the predominating process. Thus the calcium 
intake may exceed the output (positive balance), the 
two may be equal (correct balance), or the output 
may exceed the intake (negative balance). The 
balance, however, is never so markedly negative as in 
generalised osteitis fibrosa. The serum calcium and 
inorganic phosphate are usually normal, but the 
plasma phosphatase is constantly and markedly in
creased, the increase being roughly proportional to 
the severity of the condition. 

TABLE XII 

Serum Plasma Oalcium 
Oondition I I 

Oalcium Inorganic Phosphataa6 Balance Phosphate 

Rickets ·Normal Normal Often Not positive or low or low raised 

Renal Rickets Normal Normal Raised Not positive or low or high 

Osteomalacia Low Normal Raised May be 
or low negative 

G eneraliEed High Low Raised Markedly 
Osteitis fibrosa negative 

Focal osteitis Normal Normal Normal Normal fibrosa 

Osteitis Markedly Positive, 
Normal Normal normal, or deformans raised negative 



TIlE BLOOD CALCIUM AND PHOSPHORUS 257 

Tetany.-Tetany is to be regarded, not as a single 
disease, but as a group of diseases, all characterised by 
increased excitability of the peripheral nerves with spas
modic contractions of the muscles of the extremities; 
but, though these symptoms are very suggestive of a 
calcium deficiency, they mayor may not be accom
panied by a low serum calcium. Nevertheless, it is an 
attractive, though admittedly unproved, hypothesis 
that all these tetanies, whatever the level of the blood 
calcium, are due to a deficiency of calcium ions in the 
tissues and in the fluid bathing the peripheral nerves. 

It has long been recognised that gastric disorders 
accompanied by vomiting may be associated with 
symptoms of tetany, yet in these conditions there is 
no decrease in the serum calcium. Long-continued 
vomiting, as we have seen, results in an alkalosis 
(which may be very severe) and a marked lowering 
of the 'blood chloride. This state of affairs is seen in 
pyloric obstruction, in occlusion of the duodenum or 
upper jejunum, in the pernicious vomiting of preg
nancy (where, however, the alkalosis may be masked 
by ketosis), and also in uraemic vomiting, all con
ditions which may be accompanied by tetany. It is 
surely more than coincidence that in two other con
ditions characterised by alkalosis tetanic convulsions 
are liable to occur. Of these the first, and commonest, 
is overdosage with alkali in the treatment of gastric or 
duodenal ulcer, and here, as in vomiting, the tetany 
is not accompanied by any lowering of the serum 
calcium. The second is hyperpnoea (rarely, in clinical 
practice, accompanied by active tetany), in which the 
excessive elimination of carbon dioxide has produced 
an alkalosis with, however, a normal or slightly raised 
serum calcium. 

It 
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Thc common factor in all these conditions is the 
alkalosis, and it has been shown that an increase in 
the blood pH leads to a decrease in the amount of 
calcium existing as free ions. Even with the pH 
remaining constant it has been found, in vitro, that 
an increase in the concentration of bicarbonate ions 
(such as occurs in vomiting or overdosage with alkali) 
is accompanied by a decrease in the ionic calcium. 
Hence it may well be that in these alkalotic tetanies 
the cause of the hyperexcitability of the peripheral 
nerves is the secondary decrease in the concentration 
of ionised calcium. Administration of calcium, how
ever, serves no useful purpose, since the body stores 
are not depleted. Treatment should be directed to
wards the correction of the alkalosis, whereby the 
distribution of the calcium will be restored to normal 
and the tetany banished. 

In the idiopathic tetany of childhood, on the other 
hand, the serum calcium is actually decreased, not 
infrequently to as low a level as 6 mg. per 100 c.c., 
and improvement in the condition coincides with an 
increase in the serum calcium. Actual estimation of 
the serum calcium is rarely of value, however, since 
the presence of rickets makes the cause of the tetany 
sufficiently obvious. Treatment is directed towards 
the underlying rickets. In urgent cases the serum 
calcium may be raised, and the symptoms of tetany 
abolished, by administration of calcium chloride intra
venously, or parathormone intramuscularly. Though 
such medication is rapidly effective, its action is 
purely temporary, and permanent relief is to be 
sought in improvement of the normal assimilation 
process by administration of vitamin D and a diet 
rich in calcium. 
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Complete removal of the parathyroids is followed by 
a rapid fall in the serum calcium to some 5 or 6 mg. 
per 100 c.c., and acute tetany usually appears within 
three or four days of the operation. Little harm 
results, however, from the partial removal of the 
glands, so that, although tetania parathyreopriva 
occasionally follows thyroidectomy or destruction of 
the parathyroids by tubercle, it is very rare. Intra
venous administration of parathormone has been used 
successfully to remove the symptoms of tetany with 
simultaneous raising of the serum calcium. The para
thyroid hormone does not aid absorption or diminish 
excretion of calcium, its function, apparently, being 
to maintain the balance between the calcium content 
of the blood and soft tissues and that of the bones. 
Excess of the hormone produces hypercalcaemia, 
which, if sufficiently severe and prolonged, is dangerous, 
and may even prove fatal. Hence treatment with 
parathormone should always be controlled by fre
quent estimations of the serum calcium. 

A point of pr.actical importance arising from these 
considerations is that parathormone is of no service 
except as an emergency measure in tetany. Indeed, 
it is obviously contra-indicated in those conditions 
in which the object of treatment is to bring about 
deposition of calcium in the bones, and not merely to 
raise the serum calcium. When parathyroid therapy 
is employed our experience shows that parathormone, 
injected subcutaneously or intramuscularly, regularly 
produces an increase in the serum calcium. Given by 
the mouth, however, it has no effect on the serum 
calcium, and dried preparations of the gland are 
useless. 

It is mainly in cases of deficient parathyroid 
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function that regplar administration of the hormone 
may be useful, though it can be of service in combat
ing the tetany which sometimes results from grossly 
deficient calcium absorption in sprue. As an emer
gency measure, a single dose or a short series of doses 
may be of use in dealing with other tetanies, e.g. 
the spasmophilia associated with low calcium rickets. 
Absorption of calcium may be assisted by increasing 
both the amount of vitamin D available (either by 
direct administration of some source of the vitamin, 
or by exposure to sunlight or ultra-violet light) and 
the amount of calcium in the diet (either by increasing 
the calcium-rich foods, such as milk, or by direct 
administration of calcium salts). In attempting to 
raise the serum calcium by administration of calcium 
salts it seems to matter little what salt is used, pro
vided it is given in sufficient quantity, but the lactate 
is most often used on account of its solubility and 
palatability. At best, much of the calcium ingested 
escapes absorption, and to produce a rapid rise in the 
serum calcium small doses are useless. Thus cases of 
parathyroid tetany have been found to respond well 
to treatment with a high calcium diet supplemented 
by vitamin D and a daily intake of 300 grains of 
calcium lactate. The dose of calcium lactate can 
usually be reduced gradually, and often finally 
abolished. It has to be remembered, of course, that 
just as a deficiency in calcium metabolism is not 
necessarily reflected in a decrease in the serum 
calcium, so calcium administration may produce a 
beneficial effect without causing an appreciable in
crease in the serum calcium. It would seem that 
a low serum calcium is readily raised to normal by 
ingestion of vitamin D and calcium salts, but that it is 
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relatively difficult to produce a hypercalcaemia by 
such means. With large doses of calcium salts, or 
grossly excessive amounts of vitamin D, however, 
even this can be accomplished. 

LEAD POISONING 

The conditions which govern the deposition of 
calcium phosphate in, and its resorption from, bone, 
may be expected to affect similarly any other in~ 
soluble phosphate. Under conditions which favour 
calcification there has been shown to be a tendency 
for various metals (e.g. arsenic, silver, mercury, 
strontium, barium, radium, lead) to be deposited 
in bone. The case of lead has been most fully 
studied, but the results obtained in researches with 
that metal seem likely to apply to others. Lead 
is removed from the circulation and deposited in the 
bones when calcification is active-i.e. when the 
patient is receiving a high calcium diet rich in vitamin 
D. Since the symptoms of lead poisoning are due to 
the circulating lead, and since the metal is deposited 
in the bones more easily than it is excreted, this 
affords a r~pid means of abolishing the more dan
gerous results of lead poisoning. Excretion from the 
body must bc the final aim of treatment, however, and 
therefore the deposition of the lead in the bones is 
followed by its resorption at a rate so controlled that 
the excretory mechanism can prevent a dangerous 
accumulation in the -blood and soft tissues. This can 
be accomplished by giving a low calcium diet, poor in 
vitamin D, and supplemented either by careful dosage 
with parathyroid hormone or by an acidosis-producing 
salt. such as ammonium chloride. Should symptoms 
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of active lead poisoning reappear, the process is 
immediately reversed. It is usual, indeed, to alternate 
the periods of high and low calcium diets, each 
period lasting about a week. The conditions which 
favour resorption of calcium and lead from the bones 
can also be used diagnostically in Cases of possible lead 
poisoning, for whereas the amount of lead ordinarily 
present in the urine may .be insufficient to establish 
the diagnosis, an increased amount will usually be 
found, in cases of lead poisoning, after administration 
of parathyroid hormone or of ammonium chloride. 



CHAPTER XIII 

THE BI.OOD SEDIMENTATION RATE 

WHEN blood is prevented from clotting, it separates 
on standing into an upper layer of plasma and a lower 
layer of erythrocytes. This erythrocyte sedimentation 
is more rapid in pregnancy, in acute infective condi
tions, and in certain diseases associated with toxaemia 
and tissue destruction. In health, however, the 
sedimentation rate is fairly constant, though it is 
slightly more rapid in women than in men. The 
cause of an abnormal sedimentation rate is not well 
understood and involves complicated questions relat
ing to the physics of the blood, such as its suspension 
-stability, and its albumen-globulin ratio. It is 
commonly supposed that tissue breakdown releases an 
increased amount of fibrinogen, which in its turn 
induces an increased clumping or larger rouleaux 
formation of the red cells. The larger clumps settle 
more rapidly than smaller clumps or single cells, and 
an increased rate of sedimentation thus occurs. 

Methods 

There are, unfortunately, several methods in common 
use for performing th~ blood sedimentation test, and 
there are also several ways of recording the results. 
This often makes it difficult to make an accurate 
comparison between the results obtained by one 
observer with those obtained by another. 

~63 
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The method which is, perhaps, in most common use 
is that of Westergren. One C.c. of a 3·8 per cent. 
solution of sodium citrate is drawn into a 5 c.c. syringe, 
or 2 c.c. into a 10 c.c. syringe. The needle is then 
attached and by venepuncture the syringe is com
pletely filled with blood. The citrated blood is then 
emptied into a test-tube, and thoroughly mixed by 
inversion. The actual test is performed in a special 
pipette, which is graduated in millimetres and has a 
mark on it 200 mm. from its lower end. The mixture 
of citrated blood is sucked into the pipette several 
times to ansure complete mixing, and having event
ually sucked it up accurately to the 200 mm. mark, 
the pipette is set to stand vertically in a special rack 
with its lower end embedded in plasticine or in a 
rubber cork. The rate of sedimentation of the red 
cells is read off in an hour's time-the measurement 
taken being the difference between the lower edge of 
the meniscus of the plasma and the upper free surface 
of the red cells. In healthy persons the erythrocytes 
have usually fallen from 8 to 5 mm. in an hour's time. 
A reading above 8 mm. is suspicious, and above 
12 mm. is certainly pathological. 

A frequently used modification of this method 
consists in expelling the whole 10 C.c. of citrated blood, 
obtained as above, into a special tube which is gradu
ated from 0 to 10· c.c. in increments of 0·1 c.c. The 
blood thus fills the tube to the top mark. After 
thorough mixing by inversion, the tupe is stood up 
vertically and the height of the column of sedimented 
erythrocytes is read off in an hour's time. The method 
of recording the result, using this method, thus differs 
from that of the Westergren technique. In a healthy 
individual, after an hour's sedimentation, the column 
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of red cells will extend up to and beyond the 9 c.c. 
mark. Any reading below 8·5 c.c. must be regarded 
as definitely pathological. 

Various micro-methods are also employed, using 
blood which is obtained from a finger prick, which is 
then mixed with a proper proportion of citrate and 
drawn up into a thin pipette. These micro-methods 
require only the simplest of apparatus and dispense 
with venepuncture. They require, however, rather 
more skill in technique, and the results are perhaps 
not quite so accurate. In addition, they are not in 
such common use, and thus the results so obtained 
are not so easy to compare with those recorded by 
the majority of other workers. 

Value of the Test 

It must be clearly understood that an increased 
sedimentation rate is not diagnostic of any particular 
disease, since it is definitely non-specific, being influ
enced by a large variety of pathological conditions. 
A normal result may sometimes, however, be of diag
nostic service, since it may help to exclude some 
suspectcd disease usually associated with an increased 
sedimentation rate. Conversely when such a disease 
is suspected, the findings of an increased sedimenta
tion rate may furnish another small link. in the diag
nostic chain of evidence. 

In acute inflammations the increased rate of sedi
mentation is roughly proportional to the severity and 
extent of the inflammatory process. Thus a mild 
upper respiratory tract catarrh will only affect the 
rate very slightly, while a suppurating appendix will 
have a greater effect, and a generalised pelvic cellulitis 
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or peritonitis will cause a very rapid sedimentation 
indeed. The test is of no value as an assessment 
of the infections of pregnancy, since a considcrably 
increased rate of sedimentation is observed normally 
after the third or fourth month of pregnancy, and 
persists for a few weeks into the puerperium. An 
ectopic gestation, however, which practically never 
continues beyond the first few months, does not 
significantly affect the scdimentation rate. The test 
has thus been used in distinguishing between an 
ectopic gestation and salpingitis, which latter causes 
a markedly increased sedimentation rate. It has been 
claimed that in pelvic inflammations it is dangerous 
to perform an extensive operation if the sedimentation 
rate is over 18 mm. (Westergren), and that when such 
readings are obtained it is wise to treat the case con
servatively or, when an abscess is present, to be 
content with a simple drainage operation. 

An increased sedimentation rate is observed in 
malignant disease; and where the tumour is fungating 
or extensive, the rate is seldom lower than 18 mm. 
Early localised malignant tumours or slow-growing 
scirrhous carcinomata do not cause such rapid rates, 
and benign tumours give normal results. It is claimed 
that benign fibroid or ovarian tumours may' thus be 
differentiated from an abdominal swelling due to 
pregnancy, provided that such tumours are not under
going torsion or degenerative changes. The clinical 
signs of pregnancy and the Ascheim-Zondek reaction 
are, however, much more reliable diagnostic criteria. 

The sedimentation rate is greatly increased in 
rheumatic fever, as in other febrile conditions, read
ings of from 60-120 mm. being obtained during the 
acute stages of the disease. The rate falls as the 
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temperature and severe symptoms decline, but may 
still remain considerably increased long after the 
temperature and pulse rate have become normal and 
the physical signs and symptoms have completely 
disappeared. We believe that the repeated applica
tion of the test to a patient in the convalescent stage 
of acute rheumatism gives a most valuable index of 
the latent activity of the rheumatic process, and it is 
probably unwise to allow such patients out of bed till 
the sedimentation rate has returned to normal. 

A normal rate of sedimentation is probably never 
found in active tuberculous disease. This applies to 
tuberculosis generally and not only to the pulmonary 
variety. By repeating the test at intervals of a month 
a conception of the progress of the disease can be 
obtained which is often a more delicate expression of 
the activity and extent of the tuberculous process 
than any .other single clinical finding, such as the 
pulse rate, temperature, or weight; and it is in tuber
culosis that the test has recei.ved its widest applica
tion as a prognostic index. In an afebrile ambulant 
case, showing little systemic or local disturbance, 
some additional aid in the estimation of prognosis is 
most useful, so that the patient's exercise or work 
may be regulated with greater accuracy, and it is in 
such cases that the test is of particular value. Further, 
when serial readings are being made on a patient, a 
suddenly increased rate of sedimentation not infre
quently gives warning earlier than clinical signs or 
symptoms of an oncoming exacerbation of the disease 
or of incipient complications, and the test thus forms 
a guiding factor of real value in the treatment and 
control of a tuberculous case. 

In anaemias the sedimentation rate is increased 
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proportionately to the degree of anaemia. Owing 
to this fact it has been held by some workers that 
a blood count should always be performed at the 
same time as the test is carried out, and an ap
propriate correction made when anaemia is present. 
Unless the anaemia is very profound, however, when 
the sedimentation test will obviously be inaccurate as 
a prognostic guide in an associated disease, we do not 
believe that such a correction is necessary, nor in our 
experience are the results more accurate when it is 
made. In polycythaemia an,d in cyanotic conditions 
the sedimentation rate is, as might be expected, 
slower than normal. 

In summary, the blood sedimentation rate may be 
of some slight use in diagnosis, but its main value 
lies in prognosis, especially in tuberculous and rheu
matic conditions. In these diseases it is particularly 
useful as an assessment of the degree of active disease 
which may still be present when other signs and 
symptoms of activity have disappeared. 



APPENDIX I 

THE EXAMINATION OF THE URINE 

Volume 

THE normal twenty-four hour volume of 1!rine may 
be taken as 1200-1400 c.c., but is greatly influenced 
by diet and environmental temperature. Marked 
increases are found characteristically in diabetes 
insipidus, diabetes mellitus, certain types of kidney 
disease, and in a few diseases of the nervous system, 
etc. Oliguria is usually present in febrile conditions, 
in dehydration caused by diarrhoea or vomiting, acute 
nephritis, etc. 

Normally, the night urine collected from 10 p.m. to 
6 a.m. forms not more than a quarter to a third of the 
total daily output. In cases of renal disease, the pro
portion of the urine secreted at night is increased, and 
its specific gravity approximates more closely than 
usual to that of the whole twenty-four hour sample. 

Colour 

The normal yellow tint of urine is due principally 
to urochrome, but traces of haematoporphyrin, 
urobilinogen, uroerythrin, and other pigments are 
present; its intensity varies with the concentration 
of solids in general, i.e. with the specific gravity of the 
urine, which, in turn, depends very largely on the 
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daily volume. Hence the straw-like colour of the 
average urine becomes a pale lemon in the dilute 
urine of diabetes mellitus (and disappears almost 
entirely in that of diabetes insipidus), while it deepens 
to amber when the urine is scanty. 

The colour of the urine may be altered in a variety 
of ways-by certain inborn errors of metabolism 
which may be harmless; by pathological processes, or 
by drugs. The more important of these are summarised 
in Table XIII. 

Tests for Urinary Pigments 

Haemoglobin.-The presence of erythrocytes must 
be determined by use of the microscope to differentiate 
passage of the eells into the urine (haematuria) from 
excretion of previously liberated pigment (haemo
globinuria). The pigment may be detected spectro
scopically (p. 340) or by tests based on its peroxidase
like action-an action which, unlike true enzymes, it 
retains after boiling. In the presence of hydrogen 
peroxide, haemoglobin (or its derivatives, methaemo
globin, haematin, etc.) brings about the oxidation of 
a variety of substances, e.g. guaiacol, benzidine, reduced 
phenol-phthalein. 

Guaiac Test.-If the urine is alkaline, acidify it 
with dilute acetic acid (the test only works satis
factorily in an acid medium); boil for two minutes 
to destroy any peroxidases present (e.g. in pus); cool 
somewhat; add enough alcoholic solution of guaiac 
(1'5 per cent.) to produce a turbidity; then add a 
few drops of hydrogen peroxide solution, avoiding 
excess. A blue or green colour indicates the presence 
of haemoglobin or its iron-containing der!vatives. 
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'l'ABLE XIII 

ABNORMAL URINARY ApPEARANCES. 

Awearance 

Reddish. 

Brown or brownish· 
black. 

Yellow or brown with 
greenish tinge. 

Dirty green. 

Milky. 

GaUBe 

Haemoglobin---disintegration of red cells 
in alkaline urine; excretion of pigment 
released by intravascular haemolysis
scurvy, typhus, severe burning, various 
poisons, after blood transfusion, etc. 

Haemotopcwphyrin-principally after such 
drugs as quinine, trional, tetronal, 
sulphonal. 

Increased Uroerythrin-after severe exer· 
cise, in acute fevers, etc. (i.e. when 
urates are abundantly present and a red 
sediment is produced). 

DrugB and Food PigmentB--e.g. santonin, 
pyrazolone (e.g. pyramidon), senna, 
rhubarb, madder, logwood, etc. (in Borne 
cases the colour is intensificd if the 
urine is made alkaline). 

Methaemoglobin-blackwatel' fever, etc.; 
after various drugs, e.g. prontosil, 
chlorates, nitrites, acetanilide. 

Homogentisic Acid-the rare condition, 
alcaptonuria, a failure to oxidise tyro. 
sine normally. 

Dihydrozy.phenolB-after various aroma. 
tic drugs and poisons, e.g. carbolic 
acid, lysol. 

Melanin precurBorB--melano.sarcoma. 

Bile Pigments. 

Urobilin. 

Drug8--6.g. methylene blue. 

EuesB of Urinary Indican-cholera., 
typhus, gangrene, etc. 

Fat (chyluria). 

PUB. 
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The test is more delicate when applied to the ether 
extract prc;pared as described for the benzidine test. 

Benzidine Test.'-A saturated solution of benzidine 
in glacial acetic acid can replace guaiac, but is not 
very satisfactory in testing urine, though it is very 
delicate with aqueous solutions of haemoglobin. ·The 
following modification, however, is reliable. Boil a 
few c.c. of urine for half a minute, acidify with acetic 
acid, and extract with 5:""10 c.c. of ether. Evaporate 
the ether extract on a hot water-bath, and to the 
residue- add a few drops of water, a drop or two of 
benzidine solution, and a drop of hydrogen peroxide. 
Haemoglobin, or any of its iron-containing derivatives, 
will give a green or blue colour. 

As a control, the benzidine (or guaiac) solution 
should be tested with hydrogen peroxide alone. Some 
samples may give a blue colour and are then useless. 

Haematoporphyrin and Methaemoglobin are detected 
by means of the spectroscope (pp. 389, et seq.). 

Uroerythrin forms a pink deposit with urates, from 
which it is extracted by amyl alcohol. It gives a 
green colour with caustic soda or potash. 

Homogentisic Acid.-Urine containing this acid 
may be normal in colour when fresh, but darkens on 
exposure to air, especially rapidly when alkaline. It 
reduces Fehling'S solution (alkaline copper), but not 
Nylander's (alkaline bismuth). 

Melanin Precursors.-In this case also the freshly 
voided urine may be yellow, darkening on exposure 
to air. Addition of a few drops of ferric chloride 
gives a gray colour; more of the reagent produces a 
dark precipitate which dis!;lolves in excess. 

Indican.-To a few c.c. of urine add an equal volume 
of concentrated hydrochloric acid, 2-3 c.c. of chloro-
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form and a few droJ?s of freshly prepared calcium 
hypochlorite (bleaching powder) or 'potassium chlorate 
solution. Closing the mouth of the test-tube by the 
thumb, invert the tube ten or twelve times with
out shaking violently. Indican is indoxyl .potassium 
sulphate, and the indoxyl is oxidised by the bleaching 
powder to indigo blue (or sometimes indigo red), which 
dissolves in and colours the chloroform. If the colour 
is not a pure blue, the chloroform may be shaken with 
sodium thiosulphate, when interfering colours which 
are due to iodides (violet) or bromides (yellow-red) 
will be removed. 

Bile Pigments.-The many tests for bile pigments 
are based on the oxidation of bilirubjn to a series of 
coloured substances, green (biliverdin), blue (bili
cyanin), yellow (choletelin), etc. 

Trousseau's Test.-The urine is acidified with acetic 
acid, and a dilute alcoholic solution of iodine (the 
oxidising agent) is added so as to form a separate 
upper layer. The presence of bile pigment is indicated 
by the development within a minute or so of a green 
ring at the junction of the two layers. 

Huppert-CoZe Test.-Boil about 10 c.c. of the urine, 
add two drops of saturated magnesium sulphate 
solution, and then a 10 per c.ent. barium chloride 
solution, drop by drop (boiling after each addition) 
until no further precipitation occurs. The precipitate 
absorbs the bile pigments. Allow it to settle, pour 
off the supernatant fluid, and to the precipitate add 
3-5 c.c. of alcohol, two drops of concentrated sulphuric 
acid, and a single drop of a 5 per cent. solution of 
potassium chlorate. Boil for half a minute and allow 
the precipitate to settle. If the alcoholic liquid 
becomes coloured a greenish-blue bile pigment is 

s 
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present. If the test is negativc, add a second drop of 
potassium chlorate and repeat the boiling. Confirma
tion of the identity of the pigment may be obtained 
by adding an equal volume of water and 1-2 c.c. of 
chloroform. Bile pigment will be transferred, on 
shaking, to the chloroform layer which settles out at 
the bottom of the test-tube. Urobilin, if present, 
gives a reddish-brown colour. 

Foam Tcst.-The two tests just described are very 
delic&.te. Urines containing a relatively large amount 
of bile pigment form, on shaking, a yellow foam; 
the sediment (if any) is stained yellow; and paper 
through which the urine is filtered is similarly coloured. 

Urobilin.-The tests depend either on spectroscopic 
examination, or on the fact that solutions of urobilin 
appear yellow by transmitted light, but green by 
reflected light (i.e. have a green fluorescence). Other 
fluorescent substances (e.g. eosin) must be absent. 
To convert all urobilinogen (the form in which the 
pigment is mainly present in fresh urine) to urobilin, 
a mild oxidising agent is required. About 10 C.c. of 
the urine are acidified with acetic acid, and a few 
drops of iodine solution are added. To remove inter
fering pigments, an equal volume of a saturated 
alcoholic solution of zinc acetate is added, and the 
precipitate is removed by filtration. The filtrate is 
then examined for grcen fluorescence against a dark 
background. It may also be examined spectro
scopically-urobilin, in acid solution, gives a single 
absorption band in the green-blue region of the 
spectrum, from a little to the right of b to slightly 
bcyond F. 

Fat.-Thc extraction of the urine with ether causes 
complete or partial clarification, and the fat may be 
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identified as such by scparating and cvaporating the 
ether layer. 

Pus.-The microscope affords the best means of 
identifying pus (see p. 311). When present in rela
tively large amounts, pus gives a blue colour in the 
guaiac or benzidine test, provided the urine is not 
boiled. 

Specific Gravity 

The specific gravity of the urine varies, normally, 
from 1·010 to 1'025, for the twenty-four hour specimen, 
but in ~xceptional cases figures beyond this range 
may be given by urine from healthy persons. The 
specific gravity is low in diabetes insipidus, later 
stages of chronic. azotaemic Bright's disease, etc., 
and high in fevers, the nephrotic syndrome, profuse 
glycosuria, etc. An approximate estimate of the total 
dissolved solids may be obtained by multiplying the 
last two figures of the specific gravity by 2·83 (Haser's 
coefficient). Thus if the specific gravity is 1'015, the 
total solids dissolved in the urine amount to 15 X 2·33 
(==3'495) grams per litre. The figure obtained is only 
a rough approximation, and may be fallacious if the 
specific gravity is far removed from the normal rangc. 

Measurement of the specific gravity is made by 
means of a hydrometer. The instrument sold for the 
purpose and graduated to cover the expected range 
of specific gravity in urine is commonly termed a 
urinometer. It consists of a suitably weighted glass 
cylinder surmounted by a stem so graduated that 
,when the instrument is floating frcely the graduation 
~ark at the surface gives .the specific gravity of thc 
liquid. The urine is poured into a cylinder of adequate 
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size, and in sufficient amount (about 200 c.c.) to allow 
the urinometer to float freely. Foam, or even occa
sional bubbles, on the surface must be removed either 

with filter paper or by addition of a 
single drop of ether. The urinometer 
is then allowed to float freely-i.e. 
without contact with the walls of the 
cylinder. The reading is made by 
looking up obliquely through the 
urine and raising the eye until it is 
just level with the bottom of the 
curved surface of the urine. (Fig. 29.) 

The urinometer is usually calibrated 
for a temperature of 15° C. Small 
differences of temperature can be 
ignored for ordinary purposes, but 
with larger ones it is desirable to 
correct by adding ·0001 for each 
8° C. above 15° C., or subtracting a 

cL':=:====~~ similar amount for each 8° C. below 
Fig. 29. 15° C. Thus at a temperature of 

Urinometer. 21 ° C., and an observed value of 
1·018, the corrected specific gravity at 15° C. is 1·018, 
i.e. 1·020. 

Reaction 

Usually a twenty-four hour sample of urine is 
slightly acid (pH about 6), but so many factors, 
dietary and other, affect the urinary pH that a con
siderable difference must be expected and is, indeed, 
found. It is no uncommon thing to find urine from 
perfectly healthy persons with a pH as low as 5·5 or 
as high as 8·0; exceptional figures outside even this 
range have been reported. Since, however, the pH 
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of urine may be altered after collection by the action 
of organisms or by loss of CO 2' excessively low or 
high values for the pH must bc regarded with some 
suspicion unless it is shown that such factors have 
been non-operative. It follows that only fresh urine 
is useful for measurement of pH or oftitratable acidity. 

The reaction of urine is the result of equilibrium 
among a great many acidic and basic constituents 
both organic and inorganic, though of these the phos
phates (X2HPO 4 and XH 2PO 4) are from a quantitative 
standpoint the most important. The phosphates are, 
of course, buffer substances, since phosphoric acid is a 
weak acid. The monohydrogen phosphates are alkaline 
in solution, while the dihydrogen phosphates are acid, 
and although their concentration in blood is not very 
great, a considerable part of the effect of the kidneys 
in regulating tissue reaction consists in adjusting the 
absolute and relative amounts of these salts in its 
secretion. 

Individual urine samples from the same person 
vary considerably in reaction as in other properties. 
There is a tendency to a regular swing; a more acid 
urine bcing excreted early in the morning after a fast 
(acid tide) and a relatively less acid urine after a meal 
and especially after breakfast (alkaline tide). There: 
is no satisfactory explanation of this phenomenon, 
but the usual one, that it is due to the gastric secretion 
of hydrochloric acid, is certainly incorrect. Diet has 
a great effect, however, on the individual samples as 
well as on the mixed twenty-four hour sample. Cereals 
and meats contain an excess of acid radicles and tend 
to produce an acid urine; whereas fruits produce a 
tendency to an alkaline urine, since the acid radicles 
are largely organic and are burnt to CO 2 in the body. 
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Ordinarily; urine becomes more alkalil.le on stand
ing owing to the production of ammonia from urea 
by bacteria which gain access to it from the air 
(all.aline or ammoniacal fermentation). Such a fer
mentation may begin within the bladder if the urine 
is already infected; e.g. in cystitis, and is then of some 
diagnostic importance. Occasionally urine becomes 
somewhat more acid (and simultaneously darker in 
colour) when allowed to stand (acid fermentation), 
usually owing to the presence of fungi. Eventually, 
even here, ammoniacal fermentation occurs, and the 
acidity then decreases as usual. 

Urinary acidity is more often increased than de
creased in disease. In cardiac and renal conditions in 
particular there is a marked tendency to a 'lower 
average pH. 

Determination of Urinary pH.-For some purposes 
it is desirable to know the reaction of the urine with 
greater accuracy than is attained 'by the simple pro
cedure of finding whether the sample is acid, neutral, 
or alkaline to litmus paper. The exact measurement 
of pH is by no means easy and is unnecessary for 
clinical purposes, but measurement to within 0'1 or 
0'2, which is a relatively simple matter, is adequate 
for such purposes as control of mandelic acid therapy. 
The colour given by the urine on addition of an 
indicator is compared with that given by the same 
indicator added in the same amount to a series of 
solutions of known pH. Such a series of standard 
solutions, if kept in sealed tubes, will remain un
changed for several months, and can be obtained 
commercially from such firms as British Drug Houses. 
They are supplied with instructions as to the strength 
of the indicator solution and the amount to be used. 
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It is useless to give these instructions here therefore; 
especially as they vary somewhat with the source of 
the standard tubes. Very convenient (and more per
manent) glass standards can be obtained, the principle 
involved being exactly the same as when liquid 
standards are used. When the pH of urine is being 
determined a complication ill introduced by the fact 
that the urine is itself coloured. To overcome the 
difficulty a sample of urine without indicator is placed 
in front of the standard tube, and then, to equalise 
the depth of liquid which is being vjewed, a tube of 
plain water is placed in front of thc tube containing 
urine plus indicator. The examination is very con
vcniently made in a comparator, a box with six holes 
in the lid to accommodate six test-tubes, and with 
ground glass sides. The standard tubes are changed 
until the colour of the urine tube is identical with 
one or is midway between two. 

Protein and Protein Derivatives 

Albumin and Globulin.-Therc is no single test 
capable of detecting infallibly the presence of protein 
under all conditions. The proteins which at times 
appear in urine, however, are usually albumins and 
globulins, which are distinguished by being first 
altered (denatured) and then precipitated from solu
tion (coagulated) by heat. This coagulation is greatest 
from a weakly acid solution, and may not occur at all 
if the solution is markedly alkaline. With proper 
precautions this property of albumins and globulins 
forms the best single test for the presence of these 
substances in urine. Other tests, depending on the 
precipitation of prot~ins by various reagents, are 
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available, but are, on the whole, more subject to 
fallacy. 

The Heat-Coagulation Test.-Fill a test-tube about 
three-quarters full of urine (filtered if not already 
clear) and heat the upper part to boiling. Any tur
bidity is due to albumin or phosphates or both. Even 
if the urine remains clear, add a few drops of dilute 
acetic acid, avoiding excess of the acid, however, 
since excess of acid dissolves the coagulated albumin. 
If the turbidity is due to albumin (and globulin) alone, 
it will persist and may even increase; if phosphates 
are also present in the precipitate the turbidity will 
decrease, but will not disappear; if phosphates alone 
have been precipitated, then the urine will become 
quite clear. If acidification produces a precipitate, 
then the urine has been too alkaline to allow of co
agulation, and the precipitate indicates the presence 
of protein. The object of heating the upper part of 
the tube only is to aid in the detection of small traces 
of protein, since a faint cloud is readily seen by com
parison with the clcar, unboiled urine below. The 
examination is best made by holding the tube against 
a dark background. Certain substances simulate al
bumin and globulin in this test-protein from the 
genito-urinary tract; the excretion products of certain 
drugs such as cubebs and turpentine; albumoses, 
Bence-Jones protein; bile salts in excessive amounts, 
etc. Protein from the genito-urinary tract is pre
cipitated by acetic acid in the cold, without boiling, 
and so are bile salts. Turpentine, etc., produce 
resinous precipitates which, unlike albumin, are 
soluble in petrol-ether, alcohol, etc. Albumoses 
usually dissolve on boiling and reappear on cooling. 

The Sulphosalicylic (Salicyl-sulphonic) Acid Test.-
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To the urinc add an equal volu,me of a 5 per cent. 
solution of sulphosalicylic acid in 20 per cent. sodium 
sulphate. Albumin gives a .precipitate. The Bence
Jones protein also gives a precipitate, which, how
ever, disappears on further heating, while the albumin 
precipitate remains. Alternatively, a 20 per cent. 
aqueous solution of the reagent may be addcd, drop 
by drop, to the urine. 

The Nitric Acid Ring Test.-To about 5 C.c. of con
centratcd nitric acid in a test-tube add a fcw c.c. 
of urine, which has been diluted with two or three 
times its own volume of water, so that it forms a 
separate layer above the acid. Stratification of 
liquids is most easily accomplished by adding the 
lighter one from a pipette held so that the liquid 
flows slowly down the side of the test-tube. A white 
ring at the zone of contact indicates the presence of 
protein. The dilution of the urine will usually prevent 
precipitation of urates or of urea nitrate which might 
otherwise, in the case of concentrated urines, intcrfere 
with the test. Protein from the genito-urinary tract 
produces a ring, usually a little above the zone of 
contact of the two layers; Bence-Jones protein and 
albumoses give a ring at the zone of contact, but it 
disappears on heating; bile salts in high concentra
tion give a precipitate which slowly spreads through
out the upper layer; resinous acids, thymol, etc., 
give precipitates, but can bc removed from the urine 
by extraction with petrol-ether before the test is 
repeated. 

Distinction between Albumin and Globulin.-It is 
not, as a rule, worth while to distinguish between 
albumin and globulin. It is, however, possible to do 
so. When urine is mixed with an equal volume of 
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saturated ammonium sulphate, the globulin is precipi
tated (usually along with ammonium urate, etc.), and 
the albumin, which remains in solution, can then be 
precipitated by further addition of solid ammonium 
sulphate. 

Quantitative Estimation of Protein.-Although for 
accurate work much better methods are available, 

~
I~! a rough, and perhaps sufficiently close, 

approximation to the quantity of protein 
present can be obtained by use of the 

R-~o Esbach albuminometer. The graduated 
tube (Fig. 30) is filled to the mark "U" 
with the urine to be tested, reagent (10 g. 
of picric acid and 20 g. of citric acid in 
a litre of water) is added to the mark" R," 
the tube is stoppered, and, after mixing 

U-IO -=- 9 = 8 -7 -=- 6 -=- 5 
-=-4 

by inverting once or twice, it is allowed 
to stand undisturbed for twenty-four 
hours. The height of the precipitate in 
the tube is then read, and the reading, 
divided by ten, gives the grammes of 
protein in 100 c.c. of the urine. To 
obtain the relative amounts of albumin 
and globulin this procedure may be carried 
out with the untreated urine and also after 
the globulin has been precipitated with 

T!IGE8~~h ammonium sulphate and filtered off. In 
Albumino. the calculation, of course, ·it has to 

meter. be remembered that in determining the 
albumin alone the urine has been diluted to twice its 
original volume ~by the addition of saturated ammon
ium sulphate, and the result has therefore to be 
multiplied by two. The difference between the total 
protein and the albumin gives the globulin. 
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Bence-Jones Protein.-This substancc, which is 
probably a proteose, has been found in the urine 
from cases of multiple myeloma, occasionally in that 
from cases of malignant disease involving the bone 
marrow, and of leukaemia. Its occurrence is un
common, and since other proteoses (which are of 
relatively frequent occurrence) resemble it in many 
ways, its identification with certainty is difficult. 
Positive results with the usual tcsts indicate that it is 
probably present. 

Heat Coagulation Test.-(a) Thc urine must be 
faintly acid to litmus, acetic acid being added if 
necessary. It is then heated gently in a test-tube 
with a thermomcter in the liquid. Bence-Jones 
protein gives a precipitate which appears about 
40° C., is maximal about 60° C., and disappears as 
the temperature rises further. The disappearance 
may be incomplete, since albumin is often present as 
well. In that case the boiling urine is filtered rapidly 
to removc the albumin. Bence-Jones protein re
appears as thc filtrate cools. The precipitate floccu
lates and sticks to the sides of the test-tube. 

(b) Make 10 C.c. of the urine acid by adding 2 c.c. 
of 50 per cent. acetic acid. Filter off any precipitate 
(urates, resin acids, bile salts, etc.). To 5 C.c. of the 
filtrate add 3 C.c. of saturated sodium chloride. Bence
Jones protein gives a precipitate which disappears on 
warming (globulin in high concentrations also gives a 
precipitate which, however, persists when the urine is 
heated). Albumin (and globulin in lower concentra
tions) gives a precipitate only after heating .. 

Estimation of Urea in Urine.-Urea is, of course, the 
chief nitrogenous end-product of protein metabolism, 
and the amount of urea excreted thus depends on the 
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amount of protein metabolised and therefore on the 
protein content of the dict. Urea containing 1 g. of 
nitrogen is produced from rather more than 6 g. of 
protein. Hence with a daily protein intake of 80 g. 
(an average amount) the daily output of nitrogen in 
the form of urea (plus ammonia which may have 
escaped urea formation or may have been re-formed 
from urea) is about 13 g., which corresponds to about 
26 g. of urea. Taking thc average daily volume of 
urine as 1300 c.c., this gives the average concentration 
of urea plus ammonia nitrogen in the urine as 1 per 
cent. 

There are two methods of estimating urea, both of 
which include the ammonia. Ordinarily the two are 
not differentiated, since it is their sum which indicates 
the amount of protein metabolism. The ammonia 
can, however, readily be estimated separately and the 
urea found by difference. 

The Hypobromite Method.-Urea is decomposed by 
sodium hypobromite, with libcration of nitrogen and 
carbon dioxide : 

CO(NH2}2+3NaOBr=3NaBr+2H20+N 2+CO II 

if the reacting mixture. is kep:t alkaline, the CO II is 
absorbed and only the nitrogen appears as a gas. 

2NaOH+CO Il=Na IlCOa+H IlO. 

lIence 1 gram molecule (=22,400 c.c. at N.T.P.) of 
nitrogen are obtained from 1 gram molecule (=60 g.) 
of urea. Obviously, by measuring the gas evolved in 
such an experiment, the amount of urea present can 
readily be calculated. For clinical purposes, the small 
error involved in collecting the nitrogen at room 
temperature and pressure without correcting to N. T.P. 
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can be ignored, and the apparatus can be constructed 
with the gas-measuring part graduated in grams of 
urea instead of C.c. of nitrogen. The method, though 
sufficient for many purposes, is in any case inaccurate, 
since hypobromite reacts with 
ammonia, uric acid, creatin
ine, etc., in the same way as 
with urea, yielding nitrogen, 
and even with pure urea does 
not give a quantitative yield. 

The apparatus used is 
termed a Ureometer. One 
convenient type is shown in 
Fig. 31. The instrument is 
filled with the reagent, the 
tap communicating with the 
side-tube being kept closed. 
Care must be taken that all 
air is removed, especially 
from the small space below 
the side-tube tap. '-(he urine 
to be tested, which must be FIG. 31.-A Ureometer. 

clear, and protein-free, is introduced into the grad
uated side-tube from a pipette, and a measured 
volume (usually 1 e.c.) is admitted through the tap. 
Fifteen minutes are allowed for the reaction to pro
ceed, and the volume of nitrogen evolved is read in 
terms of grams of urea per volume of urine used. If 
1 C.c. of urine has been used, this figure multiplied 
by 100 gives the percentage of urea in the urine. 

The reagent should be freshly prepared by adding 
one volume of bromine to ten volumes of 40 per cent. 
sodium hydroxide. The mixture is immediately 
stoppered, thoroughly shaken, and aUowed to cool 
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before being used. About 30 c.c. of reagent are 
required for each estimation, the exact amount de
pending on the capacity of the particular ureometer 
tube used. 

The Urease 1JtIethod.-Urea, being the amide of car
bonic acid, can be hydrolysed to ammonium car
bonate. This hydrolysis is enormously accelerated by 
the specific enzyme urease, which is present in soya 
and Jack beans. Since the enzyme causes the hydroly
sis of urea only, all the ammonia present in urine 
submitted to its action will cQnsist of that formed 
from urea plus pre-existing ammonia. The total 
amount of ammonia can then be estimated in various 
ways. Usually the urine, after the enzy~e has acted, 
is made alkaline, and the ammonia, thereby set free, 
is drawn off by a current of air and absorbed by a 
known volume of standard sulphuric acid. Some of 
the acid is neutralised in combining with the ammonia 
to form ammonium sulphate, and the amount left over 
can be estimated by titration with sodium hydroxide. 

Suppose the original amount of acid was 10 C.c. 
N/70 H 2S04, and the amount of sodium hydroxide 
used in the titration was r:c c.c. N/70 NaOH. Since 
r:c c.c. N/70 NaOH neutralise r:c c.c. N/70 H 2S04, this 
amount of acid was left un-neutralised by the ammonia:' 
Hence the amount neutralised by ammonia was 
(10- r:c) c.c. N/70 H 2S0 4, 

From the equations: 

CO(NH 2) 2+2H 20 =(NH4) 2COS' 
(NH4)2COs+2KOH=K2COs+2H20+2NHs, 

2NHa+HzS04=(NH4)2S04 

it is evident that 1 g. mol. of H 2S0 4 neutralises the 
ammonia from 1 g. mol. (=60 g.) of urea which con-



APPENDIX I 287 

tains 28 g. of nitrogcn. Now 1 g. mol. of H 2SO 4 forms 
2000 C.c. of N solution, or 140,000 C.c. of N/70 HsS04 
solution. 

Therefore, 140,000 C.c. N/70 H 2S0 4 used up would 
indicate the presence of 60 g. of urea or 28 g. of urea 
nitrogen. 

Therefore (10-.21) c.c. N/TO H 2S0 4 used up indicate 
60{10-x} 28{10-x} 

the presence of g. of urea or g. 
140,000 140,000 

of urea nitrogen. 
If, in the analysis, v C.c. of urine were used, the 

f . 'd I 60(10-.21} X 100 . percentage 0 urea IS eVl ent y , t.e. 
140,000 xv 

3{10-X}. that of urea nitrogen is 28(10-x}X100_ 
70 xv' 140,000 ::c v 

(10 - x) 
50 xv 

Usually the result is expressed as urea nitrogen, 
and v is made 0·1 c.c. In that case the percentage of 

urea nitrogen is 10
5 

x. It is in order to simplify the 

final calculation in this way that N/70 acid and alkali 
are used. 

The apparatus required is shown in Fig. 32. Any 
number of estimations can be carried out simultan
eously by connecting the exit-tube of the tube" C " of 
the first set to the entrance-tube of the tube" B " of 
the second set, and so on. The tube " A " contains 
dilute sulphuric acid to remove any ammonia present 
in the air, and only one is required, however many 
sets are connected in the series. 

For suction a glass Qlter-pump attached to the 
ordinary watcr-tap suffices. 
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Dilute the urine accurately to ten times its own 
volume with distilled water, and measure exactly 
1·0 c.c. of this diluted mixture. Into" B," a large 
test-tube of about 1 in. diameter and 8 in. length, 
add about half a gramme of soya-bean meal and two 

-To 
Suc['Ol\ 

Pump 

c 

.D 

B A 

FIG. 32.-Apparntus for the estimation of urea 
or ammonia. in blood or urine. The tube 
II A " contains dilute sulphuric a.cid to absorb 
any traces of ammonia from the air; II B " 
contains the blood or urine and reagents, and 
" C" contains the standard sulphurio acid. 

or three drops of activator. The activator is a solution 
of 14 g. of sodium pyrophosphate (Na4P207'10H20) 
in enough 0·5 normal phosphoric acid to make 100 c.c. 
Instead of soya-bean meal, commercial preparations 
already containing the activator may be obtained. 
The tube is then incubated at 50° C. for fifteen minutes, 
most simply by immersion in a large beaker of water 
kept near that temperature. During this incubation 
the urea is hydrolysed. The apparatus is then con
nected, as shown in the diagram, with 10 C.c. of a 
Nj70 solution of sulphuric acid in the tube" C;" Into 
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tube" B " is then poured 5-10 C.c. of distilled water, 
a drop or two of caprylic alcohol, the function of which 
is merely to prevent frothing, and about 5 C.c. of 
approximately 20 per cent. sodium carbonate, to make 
the mixture alkaline and so allow the ammonia to be 
drawn off by th~ current of air. The addition of the 
alkali and the replacement of the stopper must be carried 
out rapidly to avoid loss of ammonia. The current of 
air is then started, slowly at first, and gradually 
increased until it is as rapid as is possible without 
dangerous splashing of the liquids. It is not possible 
to lay down any hard-and-fast rule for the time of 
aeration, which will depend, amongst other factors, 
on the efficiency of the pump and on the water
pressure, but in our own laboratory we find it 
necessary to aerate for an hour and a half in order 
to remove the ammonia completely. The ammonia 
is carried by the air current into the tube "C," 
where it is absorbed by the sulphuric acid, some of 
which is accordingly neutralised. The excess of acid 
present is determined by titration with N/70 sodium 
hydroxide, using methyl-red as indicator. Before 
titration (disconnect at "D") the tube "E" must 
be washed, both inside and outside, with distilled 
water. 

Estimation of Ammonia -in Urine.-The method is 
very similar to that employed for estimation of urea 
plus ammonia, the only difference being that the pre
liminary digestion with urease-the object of which 
is simply to convert the urea to an ammonium salt
is omitted. Usually about 2 C.c. of urine are required, 
though with very dilute urines 5 c.c., and with urine 
from a case of acidosis o:r;tly 1 C.c., should be used. 
The calculation, as before,- is simple, the number of 

T 
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milligrammes of ammonia nitrogen per 100 C.c. of 
urine being given by the formula: 

20X(10-x) 
v-o"'"';l:-. -o-=f--'u'-r-=-in-e-u-'s-e--:d' 

and the amount of ammonia itself being obtained by 

multiplying this figure by H· 
Sugar 

Normally, urine contains traces of carbohydrates 
(mainly glucose), but the tests ordinarily used are not 
sufficiently sensitive to detect such small amounts. 
The usual qualitative tests are really tests for reducing 
substances and are not specific for reducing sugars ; 
considerable quantities of non-carbohydrate reducing 
substances, however, are present in urine only very 
exceptionally. In practice, therefore, a clear-cut 
positive result with these tests properly performed 
indicates the presence of reducing sugar with reason
able certainty. Generally, any reducing sugar found 
in urine is glucose, but at times other sugars may be 
present-lactose, fructose, pentoses-and it may be 
necessary to use more specific tests to identify the 
sugar. 

Lactosuria may occur during pregnancy and lacta
tion; fructosuria in a normal person after ingestion 
of fructose (or cane sugar) in considerable amount, 
more easily in diabetes and perhaps in cases of liver 
disease; pentosuria is found very occasionally as a 
personal idiosyncrasy, but may occur after the inges
tion of large amounts of vegetables or fruits containing 
pentose derivatives (pentosans). 
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Detection of Sugar. 
Fehling's Test.-Fehling's s01ution is a mixture 

(freshly made when required) of equal parts of solu
tions A and B. A contains 69·3 g. of copper sulphate 
per litre; B contains 250 g. of potassium hydroxide 
and 346 g. of Rochelle salt per litre. It is essentially 
an alkaline solution of cupric hydroxide which is 
reduced by glucose, etc., to yellow-red insoluble 
cuprous oxide on heating. 

In separate test-tubes boil about 5 c.c. of urine and 
the reagent. The urine should be clear (filter if neces
sary) and not excessively acid, as the final mixture 
must be alkaline. As soon ps the fluids boil, mix them 
and do not heat further. In the presence of sugar a 
precipitate appears (at once or on standing for a 
minute or two) varying in colour from green to yellow, 
rcd or reddish-brown. No very definitc deduction as 
to the amount of sugar can be drawn from the colour. 
A clear greenish-blue 01' purple colour may be ignored; 
it is usually due to excessive amounts of urobilin or 
protein. A dirty green precipitate may be due to 
traces of sugar or to excessive amounts of interfering 
substances such as glycuronates, creatininc, urates, 
and added preservatives such as formalin and 
chloroform. If such a'precipitate appears, dilute the 
urine and repeat the test or use other tests. 

Benedict's Test.-Benedict's solution contains 17·3 g. 
of copper sulphate, 173 g. of sodium or potassium 
citrate, and 100 g. of anhydrous sodium carbonate per 
litre. To 5 c.c. of the reagent add not more than 
eight drops of urine and boil the mixture vigorously 
for two minutes. Allow it to cool spontaneously
i.e. without immersion in ~old water. A precipitate 
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-usually yellow, but sometimes greenish or red
appearing during the boiling denotes the presence of 
over 0·3 per cent. of sugar; one which appears during 
the subsequent cooling denotes the presence of 0'1 to 
0·3 per cent. of sugar. Benedict's test is much less 
sensitive than Fehling'S to creatinine, urates, formalin, 
and chloroform, but gives positive rcsults with ex
cessive amounts of glycuronates. 

Nylander's Test.-The reagent is prepared by 
saturating with bismuth oxynitrate a solution con
taining 4 per cent. Rochelle salt and 10 per cent. 
sodium hydroxide. The final solution is then filtered. 
The urine, freed from albumin by boiling and acidifica
tion with acetic acid, is mixed with one-tenth of its 
volume of the reagent, and boiled for five minutes 
(not longer). Sugar is indicated by the appearance of 
a dark coloration or precipitate of metallic bismuth. 
Creatinine and urates do not give a positive result, 
but glycuronates, chloroform, and formaldehyde do. 

Mucic Acid Test for Lactose and Galactose.
Evaporate in a porcelain dish a mixture of 100 C.c. of 
urine and 20 C.c. of concentrated nitric acid. When 
the volume of the mixture has been reduced to 20 c.c. 
(when it should still be quite clear), allow it to cool. 
Lactose or galactose will have yielded mucic acid 
through the oxidising action of the nitric acid, and this 
will form a white precipitate when the solution is 
allowed to cool and, possibly, to stand for some time. 

Seliwanoff's Test for Fructose.-To 5 C.c. of a solu
tion containing 0·05 g. of resorcinol dissolved in 
100 C.c. of dilute hydrochloric acid (30 C.c. of con
centrated acid diluted to 100 C.c. with water) add a 
few drops of urine, heat to boiling, and allow to boil 
for not more than thirty. seconds. If fructose is present, 
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a red colour followed, perhaps, by a red or reddish
brown precipitate will appear. The precipitate dis
solves in alcohol, giving a red solution. Prolonged 
boiling must be avoided, since glucose, if present in 
considerable amounts, reacts slowly with the reagent. 
Certain drugs, such as santonin and rhubarb, also 
give a positive reaction. 

Tests for Pentoses. 

(a) The Phloroglucinol Test (Tollens).-To a mix
ture of equal volumes of urine and concentrated 
hydrochloric acid (about 5 c.c. of each) add a little 
solid phloroglucinol and heat on a boiling water-bath. 
Pcntose, galactose, lactose, and glycuronic acid all 
give a red colour, followed by a dark precipitate if the 
substance is present in large quantity. Examine the 
red solution spectroscopically; in the presence of 
pentoses and glycuronic acid there will be an absorp
tion band midway between D and E. 

(b) The Orcin Test (Bial's Modification).-Bial's 
reagent consists of a 0·3 per cent. solution of orcin in 
concentrated hydrochloric acid, with addition of five 
drops per 100 c.c. of 10 per ccnt. ferric chloride. Heat 
about 5 c.c. of the reagent to boiling, and add a few 
drops (not more than I c.c.) of urinc without further 
heating. A green colour, appearing at oncc or de
veloping in a few seconds as the solution cools, indi
cates the presence of pentose. The coloured substance 
is soluble in amyl alcohol. Glycuronic acid does not 
interfere. 

Glycuronic Acid.-Urine normallv contains no free 
glycuronic acid, but a trace of " co~jugated glycuron
ates "-compounds of glycuronic acid with phenols, 
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alcohols, etc., produced in the liver for purposes of 
detoxication. The amount of glycuronate excreted is, 
normally, increased after ingestion of phenols, alcohols, 
etc., such as menthol, camphor, antipyrin, salicylic 
acid deri.vatives, chloral hydrate. 

The Naphthoresorcinol Test (Tollens).-To about 
5 C.c. of urine add about 1 C.c. of a 1 per cent. alcoholic 
solution of naphthoresorcinol (or an equivalent amount 
of the solid substances) and about 5 C.c. of concen
trated hydrochloric acid. Boil the mixture for one 
minute, allow it to stand for four minutes, and then 
cool rapidly in running water. Extract with about 
10 C.c. of ether (addition of a few drops of alcohol 
may help the separation into water and ether layers). 
If glycuronates are present in large amounts the ether 
layer will be coloured dark blue or violet; reddish
purple or faintly blue with smaller amounts. Exam
ined immediately by the spectroscope, a single absQrp
tion band near the D line will be scen. The amount 
of glycuronates normally present in urine is not 
detected; other substances (e.g. pentoses) produce 
pigments which, however, are insoluble in ether. 

Identification of Carbohydrates ·by Preparation of 
Osazones.-All reducing sugars react with phenyl 
hydrazine, giving crystalline osazones. The osazones 
of glucose and fructose are identical, but differ in 
crystalline shape, melting-point, and rotation from 
those of lactose, mallosi, pentoses, and glycuronates. 
Unfortunately, though easy enough to prepare from 
pure solutions, osazones frequently fail to crystallise 
readily from urine. This is especially true of con
centrated urines, which seem to prevent their proper 
precipitation. It is often advisable to dilute the urine 
with water, but even so, in our experience, a con-
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siderable amount of practice is necessary before satis
factory results are obtained. 

A suitable reagent is prepared by mixing equal 
weights of phenylhydrazine hydrochloride and an
hydrous sodium acetate. To enough of this mixture 
to fill a test-tube to a depth of about half an inch, 
add 5 C.c. of urine, shake, and heat on a boiling water
bath for forty-five minutes. Add sufficient boiling 
water to restore the volume to its original 5 C.c. (If 
the urine is known to be concentrated with respect 
to urea, dilute it with an equal volume of water before 
making the experiment.) Allow the test-tube to cool 
slowly, and when quite cold examine any crystals 
microscopically. If they are present in sufficient 
quantity, they may be filtered off and re-crystallised 
from 60 per cent. of alcohol. 

The osazones of glucose and fructose are identical, 
crystallising in sheaves of long, straight, thin, ycllow 
needles, or in " thorn apple" bundles, melting-point 
2050 C.; the osazone of maltose forms rosettes of 
thick stumpy yellow needles, melting-point 2070 C. ; 
that of lactose forms rosettes or clumps of hair-like, 
curved yellow needles, melting-point 2000 C.; that of 
arabinose (the commonest urinary pentose) forms 
long, straight, thin needles, melting at 1680 C. 

Quantitative Estimation of Glucose and Lactose.
Ordinarily the total sugar of the urine is estimated 
and assumed to be glucose. If the presence of lactose 
is known or suspected it is possible, by quantitative 
analysis, to show- whether it is alone or whether 
glucose is also present. Of the various methods 
available for estimating sugar in urine, that of Benedict 
is a good example of the titration method in which 
the object is to find what volume of urine contains a 
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definite amount of sugar, equivalent to a .mcasured 
volume of reagent. That of Cole (which we prefer for 
lactose estimation) depends on the idea that the 
greater the concentration of sugar, the more quickly 
will the reagent be reduced. 

Benedict's Method.--The reagent is prepared by 
dissolving 100 g. of anhydrous sodium carbonate, 
200 g. of sodium citrate, and 125 g. of potassium 
thiocyanate in about 800 C.c. of warm distilled water, 
filtering, adding slowly with constant stirring exactly 
18 g. of copper sulphate dissolved in 100 c.c. water, 
then adding 5 C.c. of 5 per cent. potassium ferro
cyanide solution, and finally (after cooling) making 
the volume up to 1000 c.c. with distilled water. This 
is, in efIect, an alkaline solution of cupric thiocyanate 
which is reduced by sugar to the white insoluble 
cuprous thiocyanate. 

Twenty-five c.c. of this reagent. which will be 
reduced by 50 mg. of glucose, are measured into a 
porcelain basin, 5-10 g. of anhydrous sodium carbon
ate (or twice as much of the crystalline salt) are added 
and a little powdered pumice or broken glass (to pre
vent bumping). The mixture is boiled, and /'ept 
bo~ling freely while the urine is run ·from a 50 c.c. 
burette. The urine is added fairly rapidly, but not 
so as to stop the mixture from boiling, until, with the 
formation of a chalky precipitate, the mixture has 
become perceptibly paler. Thcreafter it is added 
more cautiously until the last trace of blue has dis
appeared, a point which marks the end of the titration. 
It is advisable to allow an interval of 15-30 seconds 
between successive additions of urine, but the process 
should not be unduly prolonged. Water may be 
added if the mixture becomes very concentrated, 
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but the mixture must be allowed to boil again before 
the titration is continued. Usually the end point is 
a little difficult to see, as the colour of the urine causes 
the final mixture to be a dirty yellow. In order to 
improve the end point we have found it advantageous 
to decolorize the urine before using it in the titration 
by shaking 50 c.c. of it with about a teaspoonful of 
Merck's medicinal charcoal, and filtering. 

If the volume of urine used in the .titration has been 
rc c.c., then that is the volume which contains 50 mg. 

. . 50 x 100 mg. 
of glucose. Hence 100 c.c. ofurme contams ---__;;:.. 

/]) 

In other words, the urinecontains~percent. of glucose. 
/]) 

If the volume of urine used is very small, the titra
tion will not be accurate. It is then necessary to 
dilute the urine with distilled water to, say, ten times 
its original volume, and to repeat the titration with 
the diluted, shaken urine. In that case, assuming 
the urine to have been diluted tenfold, and the volume 
used in the titration to have been /]) c.c., the per-

f . h .. I· ·11 b 50 I eentage 0 sugar m t e orIgma urme WI e -. n 
/]) 

general, if thc urinc is diluted to a times its original 

1 h · . 5a vo ume, t e urme sugar percentage IS -. 
/]) 

Cole's It-fethod.-This is a rapid and convenient 
method which may be used for the differentiation of 
glucose and lactosc, About 10 c.c. of the urine are 
shaken with about 0·3 g._ (a small teaspoonful) of 
Merck's medicinal charcoal, and the mixture is filtered. 
This treatment removes the pigment and certain in
terfering substances, suqh as creatinine. Exactly 
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3 c.c. of the filtrate are added to 5 c.c. of the special 
reagent 1 in a boiling tube (one having a diameter of 
1 inch is best), and the mixture is heated with the 
flame so adjusted that the boiling-point is reached in 
thirty to forty seconds. This adjustment is readily 
found by one or two trials, and thereafter gives no 
trouble. A gas flame of about an inch in length is 
required. The beginning of boiling being taken as 
zero, the time required for the blue colour of the 
solution to disappear is noted. From the time, the 
first part of the curve reproduced in Fig. 33 gives 
the amount of glucose present in the 3 c.c. of urine. 
If the colour disappears too rapidly the process is 
repeated with less than 3 c.c. of urine filtrate, the 
volume, however, being made up to 3 c.c. with dis
tilled water. If, on the other hand, the colour persists 
at the end of three minutes' boiling, which would 
mean the presence of very little glucose, it is discharged 
by titration with hydroxylamine sulphate, and the 
second part of the curve then gives the amount of 
sugar corresponding to the volume of hydroxylamine 
solution used. The hydroxylamine solution is pre
pared by dissolving 0·5 g. hydroxylamine sulphate 
in 200 c.c. of 4 per cent. potassium thiocyanate. 

The application of this method to the estimation 
of lactose in urine with or without the simultaneous 
presence. of glucose depends on the facts that, under 
the conditions of the analysis, (a) 2x mg. of lactose 
are requir~d to decolorise the solution in the time 
taken by x mg. of glucose, and (b) after 'boiling with 

1 Oole's Reagent: (1) 100 g. KRCOa ; (2) 250 g. K.COa ; (3) 40 g. 
KCNS; (4) 24 g. CuSO,·5HsO. Dissolve separately and mix the 
solutions, adding (2) to (1), (3) tp this mixture, and adding (4) slowly. 
Make up the volume to 1000 c.q., allow to stand two or three days, 
and then filter if necessary. 
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hydrochloric acid lactose is split into glucose and 
galactose, which reduce the copper solution with equal 
velocity, so that after hydrolysis the 2x mg. of lactose 
behave as 2x mg. of glucose. Suppose, then, that a 
urine contains, in the 3 c.c. taken for analysis, x mg. 
of glucose and y mg. of lactose. The y mg. of lactose 

behave as ; mg. of glucose, so that the analysis gives 

the result as 3'~y. After hydrolysis, if the analysis 

be repeated, the result will be x+y, and the two 
equations can be solved: 

whence 

X+~=A} determined by the analysis, 
a:+y=B 

~=B-A, and x=2A-B. 
2 

To carry out the estimation the urine is treated 
with charcoal and put through the procedure already 
described. Meanwhile 20 c.c. of the urine are boiled 
for fifteen minutes with 2 c.c. of concentrated hydro
chloric acid, without any attempt to prevent evapora
tion. The solution is then cooled, an amount of sodium 
hydroxide equivalent to the hydrochloric acid (i.e. 
2 c.c. of 40 per cent.) is added, and the volume is made 
up to 20 c.c. Ten c.c. of this solution are used for the 
estimation of sugar exactly as in the case of the original 
urine. 

The [(etone (or acetone) Bodies 

The "ketone bodies" consist of aceto-acetic 
acid, p-hydroxy butyric acid, and acetone. The first 
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of these is an intermediate in the oxidation of fatty 
acids and of certain amino-acids; the second, which 
is not a ketone, is probably formed from aceto-acetic 
acid by reduction (and can be re-oxidise9. to it), and 
acetone is formed from aceto-acetic acid by de
carboxylation. 

Fatty acids "tCHs·CO·Chs·COOH·-C0sfCHa·CO·CHs 
Some amino acids f aceto-acetic acid \. acetone 

+2H -2H 
CH.CH(OH)CH. COOR 

,a-hydroxy butyric acid. 

Normally, 5-15 mg. of acetone and aeeto-acetic 
acid are excreted per day (of this about a quarter 
consists of acetone) and 20-30 mg. of hydroxy butyric 
acid. These amounts are vastly increased when car
bohydrate oxidation is impaired or deficient, and 
in the severe acidosis of diabetes amounts up to 70 
or more grams per day of the acetone bodies may be 
excreted, with ,8-hydroxy butyric acid forming 50-80 
per cent. of the total. 

Quantitative estimation of the acetone bodies, 
separately or together, is quite possible, but is not 
worth while for clinical purposes. Indications of the 
severity of the acidosis they produce are more easily 
and more reliably obtained by estimation of the 
blood CO 2 combining power. Qualitative tests are 
useful, however, since the presence of increased amounts 
of these substances in the urine indicates the existence 
or imminence of acidosis and, in any case, a derange
ment of carbohydrate. metabolism. The tests do not 
l'espond to the amounts' nOl'Ifially present. 

There is no simple test for ,8-hydroxy butyric acid, 
and aceto-acetic acid is so easily decomposed to 
acetone that it responds to 'the tests for acetone. 
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The Ferric Chloride' Test.-This test is given by 
aceto-acetic acid, hut not by acetone. It is less sensi
tive than the 'tests described later, and a positive 
result indicates the presence of at least 0 ·04 per cent. 
of aceto-acetic acid (i.e. 40 or 50 times the normal 
amount). 

To a few c.c. of urine add ferric chloride solution, 
drop by drop, until no more precipitate forms. A 
wine-red colour is produced if aceto-acetic acid is 
present, but it may be necessary to filter off the pre
cipitate (ferric ·phosphate, etc.) before the colour is 
clearly seen. Boil half of the solution for 2-3 minutes; 
if the colour is due to aceto-acetic acid there will be 
a perceptible fading. Many substances may give a 
similar colour, which is usually stable on boiling
acetates, formates, thiocyanates, phenacetin, anti
pyrin, etc.; salicylic acid, aspirin, phenol, and others 
give a violet colour, which may be reduced to a 
reddish-purple by the yellow colour of the urine 
itself. 

The Nitroprusside Test.-Both acetone and aceto
acetic acid give a red-purple colour with sodium nitro
prusside in alkaline solution, but the test detects 
much smaller amounts of aceto-acetic acid than of 
acetone. When the interpretation of the test is doubt
ful the urine may be distilled, and the test performed 
on the distillate which contains pre-formed acetone 
along with that produced by decomposition of the 
aceto-acetic acid, while interfering substances remain 
behind. The sodium nitroprusside solution must be 
freshly prepared, and must be used sparingly to avoid 
difficulties of interpretation due to its own colour. 
There are various ways of performing the test. 

(1) Saturate~,lO c.c. of urine with ammonium 
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sulphate, add a few drops of concentrated ammonia 
and two to three drops of sodium nitroprusside solu
tion. A ruby-red colour, which gradually deepens, is 
a positive result; a yellow or brown colour may be 
ignored. Substances containing the group -SH 
(hydrogen sulphide, cysteine, glutathione, etc.) give 
a similar colour. A deep colour appearing immedi
ately indicates the presence of about 0·2 per cent. of 
aceto-acetic acid, but a faint colour appears on stand
ing with as little as 0'005 per cent. of the acid. 

(2) To 2 or 3 C.c. of urine add a drop of nitro
prusside solution and make alkaline with sodium 
hydroxide. A red colour is given by aceto-acetic 
acid, acetone, creatinine in high concentration, melanin 
precursors, etc. That given by the ketone bodies and 
by creatinine fades rapidly to yellow. If glacial 
acetic acid is added while the colour is still red, the 
colour persists or deepens in the case of the ketone 
bodies, but disappears or is replaced by green in the 
case of the interfering substances. 

(3) Add a drop or two of sodium nitroprusside 
solution to the urine (preferably saturated with 
ammonium sulphate), mix, and superimpose a layer 
of concentrated (" 0'880") ammonia solution. A 
purple ring developing at the junction of the two 
layers and spreading downwards has the same signifi
cance as th~ first of these tests. 

Estimation of Chloride in Urine 

The following simple methed is sufficiently accurate 
for clinical work, and is more rapid than the more 
complicated procedure necessary for complete accu
racy. Pipette 5 C.c. of the urine into a porcelain 
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evaporating dish (or a beaker standing on a white 
paper), dilute with about 20 C.c. of distilled water, 
add exactly 10 C.c. of silver nitrate solution (29'06 g. 
of silver nitrate per litre, the solution to be made 
with distilled water), and then about 2 C.c. of the 
acidified indicator {100 g. of ferric ammonium sulphate 
dissolved in 100 C.c. of 25 per cent. nitric acid}. 
Standard ammonium thiocyanate solution is then run 
in from a burette until the first trace of yellow shows 
throughout. the mixture, which must be kept stirred 
during the titration. The ammonium thiocyanate 
used is equivalent to the excess of silver nitrate, so 
that if rn c.c. are required in the titration, the amount 
of silver nitrate used in precipitating the urinary 
chloride is 10-rn c.c. Since each cubic centimetre of 
the silver nitrate is equivalent to 0·01 g. of sodium 
chloride, and 5 C.c. of urine were used, the percentage 
of sodium chloride in the urine is equal to 

100 X 0'01 X (10-rn) 

5 

The thiocyanate solution is prepared by dissolving 
about 13 g. of the salt in 800 C.c. of distilled water, 
and using this solution to titrate 10 C.c. of the silver 
nitrate solution. From the result of this titration the 
thiocyanate solution can be diluted so that exactly 
10 C.c. of it are needed to give the yellow colour with 
10 c.c. of the silver nitrate and 2 c.c. of indicator. 
Thus if, in the trial titration, y c.c. are used, each 
y c.c. of the thiocyanate solution must be diluted to 
10 c.c.-i.e. to 500 c.c. of the solution it is necessary 

500X(10-y) 
to add c.c. of water. 

11 
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Determination oftke Diastatic Index 

Prepare a series of mixtures of urine and normal 
saline according to Table XIV, and to each add 
2 C.c. of 0·1 per cent. starch solution (Table X). 

Shake quickly and incubate in a water-bath at 370 C. 
for exactly thirty minutes. Immediately after removal 
from the water-bath fill each tube to within about an 
inch of the top with distilled water, to slow down the 
digestion of the starch, and add to each a drop or two 
of iodine solution (approximately decinormal iodine in 
potassium iodide). It will be found that somewhere 
in the series one tube shows a faint blue colour (the 
preceding ones showing a stronger colour as a rule), 

TABLE XIV 

PREPARATION OF TEST·TUlIES FOB ESTIMATION OF DIASTATIO 
INDEX IN URINE 

Teat-Tube Urine Saline Unit Value oj Tube 

c.c. c.c. 
1 1·0 0·0 2·0 
2 0·6 0·4 3·3 
3 0·4 0·6 5·0 
4 0·3 0·7 6·6 
5 0·2 0·8 10·0 
6 0·1 0·9 20·0 

To each tube add 2 C.c. of 0·1 per cent. starch solution. 

while the next -(and all subsequent ones) shows none 
at all. The diastatic .index of the urine lies between 
the values of these two tub~s. 

In testing for pancreatic function in cases of sus-
pected acute pancreatiti"s (see Chapter VIII) the 
technique is the same, except that, as the values to be 

v 
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expected are over 100, the urine should be diluted to 
.ten times its volume with normal saline. Test-tubes 
are set up as described, using this diluted urine, and 
the values of the tubes are then ten times those given 
in the above Table. 

Bile Acids 

The chief bile acids found in human urine are 
taurocholic and glycocholic acids. In acid urine they 
are almost insoluble, and therefore produce a turbidity; 
in neutral or alkaline urine they exist as salts which 
are soluble. Normally, the amounts present in urine 
are so small as to be undetectable by ordinary means; 
they are increased in certain types of jaundice, in 
cirrhosis of the liver, and (often) in pernicious anaemia. 

They may form a white ring in the nitric acid ring 
test for proteins. 

The most sensitive tests depend upon their power 
of lowering surface tension, but, since they share this 
property with other substances, these tests are not 
specific. There is actually no simple specific test for 
them. 

Hay's Test.-Sprinkle a little fmely divided sulphur 
(flowers of sulphur) on the surface of the cold urine 
contained in a glass cylinder. Use a pepper-box or 
similar sprinkler held an inch or two above the surface 
of the urine. Normally, the sulphur will float in
definitely. If bile salts are present it will sink im
mediately or within a few minutes, according to the 
amount of bile salt present. The test is said to detect 
as little as a milligram of bile acid in 100 c.c. of mine. 

Oliver's 7'est.-This test is less delicate than Hay's, 
but will dctcct about 5 mg. of bile acid per 100 c.c. of 
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urinc. To 5 C.c. of a filtered 1 per cent. solution of 
Witte's peptonc, or of a filtcred 2 pcr cent. solution of 
egg albumen weakly acidified with acetic acid, add 
the urine, drop by drop. In the presence of bile salts 
a white precipitate is formed-a loose compound of 
the bile acid with the .peptone or protein. 

Urinary Calculi 

Urinary calculi almost invariably contain uric acid 
(or urates), though usually only as a minor constituent. 
Those containing one main constituent are termed 
simple; those with two or more arc compound. Calculi 
usually consist of a nucleus surrounded by a series of 
concentric layers; the nucleus and the outer layers 
may be of different composition. Thus a fibrin 
nucleus (formed by coagulation of blood in the urinary 
tract) may be surrounded by layers of calcium and 
magnesium phosphates. 

Uric Acid Calculi.-Burn without flame when heated 
on porcelain or platinum foil. A small amount of 
ash usually remains. The murexide test for uric 
acid is strongly positive. Ammonia may be evolved 
on heating with sodium hydroxide (ammonium 
urate). 

Murexide Test.--Evaporate to dryness with a few 
drops of concentrated nitric acid, using a water-bath 
or a very low flame to ~void overheating. Uric acid 
gives a red or yellow residue which, after cooling 
(a) turns reddish-purple on a<;!dition of a drop or two 
of dilute ammonia solution, or (b) turns reddish-violet 
on addition of dilute 1{OH solution. These colours 
disappear on warming. 

Xanthine Calculi are very rare. They burn like 
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urate calculi. With the murexide test they give an 
orangc colour on addition of ammonia, and this 
becomes red on warming. 

Phosphate Calculi do not burn (though a small 
amount of uric acid may he present and will burn). 
They dissolve in hydrochloric acid without efferves
cence, and thc solution gives the tests for phosphoric 
acid (ammonium molybdate test) and for any metallic 
radicles present (calcium, magnesium, ammonium). 

Molybdate Test.-To about 1 C.c. of the solution 
add 1 C.c. of concentrated nitric acid and 2 C.c. of 
ammonium molybdate solution. Warm. A yellow 
precipitate is given by .phosphoric acid. 

Ammom:um.-Heat with sodium hydroxide solu
tion; ammonia is evolved. 

Calcium.-(a) Ammonium oxalate gives a white 
precipitate. (The solution must first be made nearly 
neutral by ammonia, and then made slightly acid 
with acetic acid.) The precipitate is insoluble in 
acetic acid, but soluble in hydrochloric acid. (b) 
Sulphuric acid gives a white precipitate of calcium 
sulphate. 

ltfagnesium.-After removal of calcium by addition 
of excess ammonium oxalate, filter, and to the filtrate 
add ammonium chloride, ammonium hydroxide, and 
sodium phosphate solutions. Magnesium gives a white 
crystalline precipitate of magnesium ammonium phos
phate. (Since phosphoric acid is already present, the 
precipitate usually appears before the addition of the 
sodium phosphate.) 

Calcium Oxalate Calculi are rare. They do not 
burn, and dissolve in hydrochloric acid. If they are 
warmed with dilute sulphuric acid they form oxalic 
acid (whic~ dissolves) and calcium sulphate (which is 
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only slightly soluble). The oxalic acid solution in 
sulphuric acid, heated to 60° C., rapidly decolorizes 
potassium permanganate solution. 

Cystine Calculi occur very rarely (cystinuria). They 
burn with a bluish flame and peculiar odour. They 
dissolve in hydrochloric acid or in sodium hydroxide. 
The solution in alkali, on boiling, decomposes with 
production of sodium sulphide, which, on addition of 
lead acetate, precipitates black lead sulphide. 

Urostealiths are extremely rare. They burn with a 
steady yellow flame. Being composed mainly of fat 
and fatty acids, they dissolve in alcohol, ether, chloro
form, etc. 

The Examination of the Urinary Deposit 

The urinary deposit may consist of cells, casts, 
crystals, or amorphous debris. In addition, micro
organisms, strands of fabric, hairs, mucous threads, 
spermatozoa, starch granules, and parasites may 
occasionally be found. If examination of the deposit 
is to be satisfactory it is of the utmost importance 
that it should be carried out as soon as possible after 
the urine has been passed. Cells and casts rapidly 
disintegrate in urine on standing and may quickly 
become unrecognisable. This is particularly apt to 
occur in alkaline urine, but even if the urine is acid 
when passed, it may become alkaline on standing 
owing to bacterial action. Again, the detection of 
crystals in the deposit, at no time a matter of 
very great diagnostic importance, becomes practically 
worthless when the specimen is not quite fresh, as 
their presence und,er such circumstances is usually 
due simply to the changing reaction of the urine whieh 
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takes place on standing. Lastly, red blood corpuscles 
become quickly haemolysed in urine unless it is a very 
concentrated specimen. Hence they may be inde
tectable when in small numbers, unless looked for 
immediately. Even in fresh specimens, if the urine 
is dilute and therefore hypotonic, the erythrocytes 
haemolysc so readily that they may not be discovered 
unless a special technique is adopted. This no doubt 
accounts for the fact that red cells are usually reported 
as being absent from the urine in cases of chronic 
azotaemic Bright's disease, as they lyse so quickly in 
the dilute urine which characterises the condition. 
In cases, therefore, in which the discovery of small 
numbers of erythrocytes in the urinary deposit is 
likely to be of diagnostic importance, it is wise to 
examine a fresh early morning specimen procured on 
waking, the patient having been warned to drink very 
little the previous day and to take no fluid at all from 
8 P.M. the previous evening. 

The urinary deposit may be allowed to settle out in 
a conical glass by force of gravity-a drop of it being 

. procured by a pipette and transferred to a slide for 
microscopic examination. It saves time, however, 
and it is preferable to centrifuge the urine for three or 
four minutes. The supernatant fluid is then poured 
off, and after the deposit has been mixed by shaking, 
a drop is put upon a slide and covered with a cover 
glass. Whatever chemical test is applied to the 
deposit, its microscopic examination should never be 
omitted. Deposits are so frequently of a mixed 
nature that a chemical test for one constituent will 
fail to reveal the presence of others, and is often in
conclusive even for the special constituent examined 
for, as for example, in the detection of blood or pus 
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when these are present in small quantities. It should 
be remembered also that significant quantities of red 
blood corpuscles or pus cells may be present in the 
urine without being in sufficient quantity to cause a 
positive reaction for albumen. 

Cells.-The cellular content of the urinary deposit 
may consist of red blood cells, leucocytes, or epithelial 
cells. The latter, which occur more frequently in the 
urine of women than of men, are of little significance 
and frequently come from the genital passages. 

The number of lcucocytes excreted in healthy urine 
varies, and their microscopical enumeration will, of 
course, depend on the amount of centrifugalisation 
employed. In a well-centrifuged specimen there should 
not be more than two to three leucocytes discovered 
per high-power field. Any considerable number of 
pus cells in a single microscopic field must be regarded 
as pathological. Such pus may arise from a urethritis, 
prostatitis, or cervicitis. If a male patient is sus
pected of the two former he should pass the urine 
for the examination into two glasses. The urine in 
the first glass will under such circumstances contain 
far more numerous pus cells than the urine in the 
second glass. When the pus arises from a pyelitis or 
cystitis it will be more uniformly distributed. Pus 
from the genital passages in the female may be ex
cluded from the urine by obtaining the specimen by 
catheter. Apart from these conditions the presence 
of pus in the urine in significant amounts indicates an 
infection of the bladder or kidney, and the infecting 
organism can usually be discovered. A pyuria with
out easily demonstrable organisms should lead one to 
suspect the possibility of a renal tuberculosis. It is 
usually fairly easy to distinguish pus cells from 
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erythrocytes, especially when the urine is concentrated. 
In such specimens the red cells are only about half 
the size of the leucocytes and are frequently crenated. 
In hypotonic urines the red cells may become bloated 
and swollen and not unlike pus cells. The 'latter have, 
however, a granular centre which can usually be 
distinguished from the clear smooth centre of the red 
cells. 

Just as occasionalleucocytes are found in health in 
the centifuged urinary deposit, so occasional erythro
cytes are also found, but n,ot more than one or two 
per high-power field. If each field of the microscope 
contains more than five red cells this must be regarded 
as pathological. It must be remembered, however, 
that the urine of female patients is frequently con
taminated by blood from the menstrual flow or from 
bleeding haemorrhoids. Small numbers of red cells 
may be found in the urine in chronic azotaemic 
Bright's disease, if the precautions referred to above 
are taken to prevent their haemolysis by a hypotonic 
urine. Large quantities are excreted in acute Bright's 
disease and may also be found in infections of the 
urinary tract, such as tuberculosis, pyelonephritis, 
cystitis, and prostatitis. Calculi and malignant dis
ease of the bladder and prostate are again frequent 
causes of haematuria. More rarely it is due to malig
nant disease of the kidney, to blood diseases, such as 
purpura, or to renal infarcts such as may occur during 
the course of bacterial endocarditis. Essential haema
turia may occasionally occur, but care should be taken 
to avoid making such a diagnosis till all other causes 
of haematuria have been excluded. 

Casts.-Casts in the urine are small cylindrical 
bodies derived from diseased renal tubules. Several 



APPENDIX I 313 

varieties a.re distinguished-hyaline, epithelial, gran
ular, blood, pus, fatty, and waxy. More than one of 
these types may be found in the same specimen, but 
one type usually predominates. They must not be 
confused with cylindroids, scratches on the slide, 
threads of mucus, or fibres of cotton or hair. The 
sides of a cast are parallel to one another, and the 
ends are rounded and do not taper to a pointed tail 
as do the ends of cylindroids. 1n hunting for casts a 
subdued light is necessary with the shutter of the 
microscope partially closed, and its focus should be 
continually adjusted. 

Hyaline casts are due to a coagulation of albumen 
inside a renal tubule. ·This is eventually cast off and 
appears in the urine as a mould of the particular part 
of the tubule in which the cast was formed. They 
appear as highly refractile cylindrical tubes, quite 
clear in the centre and with clear-cut edges. The 
discovery of a very occasional hyaline cast may be 
ignored, and after very severe exercise a temporary 
trace of albumen in the urine, associated with a few 
hyaline casts, is of no serious pathological importance. 
The constant presence of such casts in significant 
numbers is always indicative of kidney damage, and 
hyaline casts may be found in all forms of Bright's 
disease. 

Epithelial casts are due to the shedding of the tubal 
epithelium, the cells of which stick on to a hyaline 
cast, thereby fO.I:ming an aggregation of epithelial cells 
in a tube-like form. Their edges are thus not so clean 
cut as those of the hyaline type, and the outlines of the 
individual cells forming the cast as well as their nuclei 
can be distinguished. They are found mostly in acute 
and nephrotic Bright's disease and in the acute 
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or sub-acute exacerbations of the chronic azotaemic 
type. 

Granular casts are formed initially in the same way 
as epithelial casts. When epithelial casts are not shed 
quickly from the tube, however, the epithelial cells 
composing it undergo a degenerative change. Thus 
the individual outlines of the cells can no longer be 
made out and the cast has merely a coarsely granular 
appearance. 

On the whole, the predominance of granular and 
epithelial casts indicate a more active and diffuse 
inflammatory or degenerative process in the kidney 
than when hyaline casts alone are present. Very 
broad epithelial and granular casts are sometimes 
seen, which have been formed in the larger connecting 
tubules, and their discovery is of very bad prognostic 
significance. They are sometimes referred to as 
" renal failure casts " and are usually associated with 
a greatly raised blood urea and creatinine. 

Blood and pus casts are also due to the implantation 
of these cells on a hyaline cast. They appear as a 
conglomeration of blood or pus cells bound together 
in tubular form. Blood casts may occur whenever 
albuminuria and bleeding from the kidney are asso
ciated, and are therefore found in such conditions as 
acute Bright's disease and in severe congestive heart 
failure. A great predominance of pus casts is evidence 
of pyelonephritis. 

Sometimes epithelial or granular casts, if rctained 
for a very long time, in degenerating tubules, undergo 
fatty or waxy degeneration. The fatty cast appears 
coated with fat globules, while the waxy cast is highly 
refractile with characteristic indentations. Such casts 
are uncommon, but are sometimes found in patients 
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suffering from degenerative Bright's disease exhibiting 
the nephrotic syndrome. 

CryStals.--Amorphous or crystalline deposits of 
various kinds are usually precipitated in the urine 
after it has been left to stand for any length of time, 
especially when the urinary specimen is concentrated. 
They are seldom of any diagnostic or clinical im
portance, and there is no doubt that in the past too 
much stress has been laid upon their discovery and 
recognition. They consist usually of urates, phos
phates, or oxalates, and common cxamples of their 
crystalline forms are shown in Fig. 35. 

Urates are formed in acid urine, with the exception 
of ammonium urate, which occurs in alkaline urine. 
They may be amorphous or crystalline, and form a 
characteristic pink deposit in the urine, which goes 
into solution on heating. They are particularly 
abundant in. the highly concentrated urines obtained 
from febrile cases. Uric acid appears in the deposit 
as small reddish granules, which have been compared 
to particles of cayenne pepper. Though quite common 
in normal urine, uric acid crystals are particularly 
abundant in the urines of patients suffering from gout 
during the stage of remission or when under treatment 
with colchicum. They are also common in cases of 
leukaemia, acute yellow atrophy of the liver, and in 
persons consuming a diet particularly rich in nucleo
proteins. Uric acid crystals exist in a considerable 
variety of forms-mostly as squares or wedges-but 
are all characteristically yellowish-brown in colour. 
Ammonium biurate appears-as yellowish or brownish 
spheres, sometimes studded with spicules, so that they 
have the appearance down the microscope of small 
crab apples. 
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Phosphatic deposits are found in alkaline urine, with 
the exception of calcium hydrogen phosphate, which 
may occur when the urine is slightly acid. Phosphates 
are thus commonly found in urine which has been 
allowcd to stand for a considerable time and to under
go bacterial decomposition. They are also common 
in cases of urinary infection due to streptococci, 
staphylococci, and bacillus proteus, which all tend 
to render the urine alkaline. Phosphatcs arc often 
abundant in the urine of patients suffering from 
wasting diseases with much tissue .breakdown. They 
are thus common in cases of advanced active tuber
culosis. For some unexplained reason phosphaturia 
is common in neurasthenics. A phosphatic deposit 
may be amorphous or crystalline, and appears as a 
heavy white precipitate which may be mistaken for 
pus. Unlike mates, phosphates do not dissolve on 
heating, but are augmented by it. They dissolve on 
adding dilute acetic acid, which distinguishes a phos
phatic cloud obtained by heating urine from the 
cloud due to albumen. Crystals of ammonium 
magnesium phosphate (triple phosphate) are very 
common and appear as the well-kno'wn "coffin lid" 
or "knife-rest" crystals or more rarely in feathery 
forms. Calcium hydrogen phosphate (stellar phos
phates) appear as long crystals converging to a point 
in the centre. 

Oxalates never exist in an amorphous, but always 
in a crystalline form. They may be found in either 
acid, alkaline, or neutral urine. Their occurrence in 
large quantities in freshly passed urine may occasion
ally be of some diagnostic significance, since a simple 
oxaluria is sometimes associated with symptoms of 
lumbru.· pain, depression, and general ill-healt.h. Cal-
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cium oxalate crystals appear in "envelope" and 
" dumb-bell" forms. They do not dissolve on heating 
nor on addition of acetic acid, but are soluble in 
hydrochloric aGid. 

Occasionally deposits of calcium carbonate are found, 
distinguished by the fact that addition of acid to the 
urine causes t.hem to dissolve with the evolution of 
bubbles of carbon dioxide. The crystals of calcium 
carbonate have the appearance of small dumb-bells. 

Several types of rare crystals may sometimes occur 
in the urine, including cystin. Owing to a vcry rare 
hereditary inborn error of metabolism, some persons 
are unable to oxidise this cleavage product of protein 
digestion, and its crystals are excreted in large 
numbers in their urine as thin transparent hexagonal 
plates. 

Crystals of cholesterol are very rarely found in 
urinary sedi~ents. They form fiat, transparent, 
colourless plates, often with notched corners. They 
may sometimes be associated with degenerative renal 
disease, such as nephrosis. 

Leucine and tyrosine have been detected in urinary 
sediments or neutral or acid urine, separately or 
together. When they are present the urine is dark 
and shows a heavy deposit. Usually if one is present 
the other is present also. Their appearance indicates 
very excessive and rapid tissue breakdown, and the fact 
that they crystallise is due to their relative insolubility 
in water or dilute acid. (They dissolve in strongly 
acid or in alkaline solutions.) They have been found, 
therefore, in the urine fro!ll cases of acute yellow 
atrophy of the liver, cirrhosis of the liver, phosphorus 
poisoning, severe typhoid fever, smallpox, leukaemia, 
etc. Leucine is usually found in a spherical form 
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resembling a worm cast; tyrosine in sheaves of fine 
needles. 

Identification of Leucine and 'Tyrosine in Urinary 
Deposit.-Centrifuge off the deposit from the urine 
(acidified slightly and allowed to stand for some 
hours if necessary); wash with 30 per cent. acetic 
acid to remove phosphates (this will also remove 
leucine); wash again with acetone to remove colour
ing matter. Centrifuge after each washing and reject 
the supernatant fluid. Examine thc washed deposit 
microscopically, looking for the characteristic tyro
sine crystals, and noting their solubility in hydro
chloric acid (which differentiates thcm from uric 
acid). 

For leucine, examine the deposit without washing, 
and to any crystals suspected of being leucine add a 
drop of 30 per cent. acetic acid. Leucine dissolves 
rapidly; uric acid ( with whieh it may be confused) 
does not. 

The appearance of a number of urinary deposits is 
shown in Figs. 34 and 35. 

THE EXAMINATION OF GASTRIC 
CONTENTS 

In the analysis of test-meal samples, each sample 
is examined for the presence of starch, bile, blood 
(either fresh or in the "coffee ground" state), and 
excessive quantities of mucus. In addition, the 
titratable acidity, both "free" and "total" is 
determined by titration with standard sodium 
hydroxide solution. The fasting sample is submitted 
to the same examination, and is also examined for 
odour, the presence of charcoal (or other evidence of 
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FIG. 34. 

1. Granular debl'is with pos and epi-
thelial cells. x 90. 

2. Pus cells. x 90. 
3. Blood. x 90 . 
4. l~pithellal cells from bladder. X. 90. 

5. Granolar cast . x 75. 
6 . Ammonium Ufo,te (Thorn, apple 

crysto,ls) with amorphous phos· 
phate simulating cast. and cryst ft l 
of calcium oxalate . x ] 50. 
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FIG,35. 
L ' Uric acid. x 35. 
2. Stellar phosphate. x 35 , 
3a and 3b. Triple phosphate, various 

forms. x 35. 

4 . Cystine. x 35. 
5a. Calcium oxalate . x 70. 
5b. Cholesterol. x 35. 
6a. Tyrosine. x 35. 6b. Leucine. x 70. 
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stagnation) and pus. If the amount of " free" acid 
in the fasting juice is small (or if none appears to bc 
present), qualitative tests for Jree hydrochloric acid 
are applied, and lactic acid is sought. 

The test for starch, of course, is used only when a 
starch-containing meal has been given (and not, 
therefore, in the histamine test-meal). Since starch 
is little hydrolysed in the stomach, the disappearance 
of starch from the samples coincides approximately 
with the disappearance of the test-meal from the 
stomach; it thus gives an index of the rate of empty
ing of the stomach. 

The fasting juice and the last sample obtained 
(which should have emptied the stomach completely) 
are measured, since their volume provides evidence as 
to whether the stomach is emptying properly or not. 

Odour.-The foul, rancid odour of such organic 
acids as butyric is almost diagnostic of gastric car
cinoma. A sample of fasting juice with such an 
odour will probably be dark in colour owing to the 
presence of altered blood, and will probably contain 
little or no free acid. 

Starch.-To a drop or two of the unfiltered sample 
(or to the residue after the other tests have been 
made) add a drop of a dilute solution of iodine in 
potassium iodide. Tincture of iodine is less satis
factory, since the presence of at least a little potassium 
iodide is necessary. Starch gives an intense blue colour. 

Bile.-The yellow colour of bile is a good index of 
its presence when uncoloured test-meals have been 
given. Any of the tests for bile pigment previously 
described (p. 273) may be used as confirmatory evidence. 

Blood.-nIood is tested for by naked-eye and, in 
the casc of the fasting juice, by microscopic cxamina-
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tion. The appearance of blood in cases of gastric 
ulcer is vcry characteristic, and both in colour and 
texture closely resembles that of coffee grounds. 

1-
Traces of fresh blood may be due to trauma during 
the passage of the tube. 

In case of doubt-e.g. when the amount of blood is 
small-chemical tests may be used. Mere traces of 
blood, however, are of doubtful significance. We 
prefer the guaiac test, performed in the following way. 
As material it is convenient and economical to use 
the solid residue obtained in filtering the sample for 
lactic acid testing. Otherwise a small volume of the 
unfiltered sample may be used. To the material add 
a few drops of glacial acetic acid, boil for two minutes, 
shake and cool and add 2 or 3 C.c. of ether. Shake 
thoroughly and allow the two layers to separate; if 
separation is slow, add water without further shaking. 
Put about 0·5 C.c. of alcoholic solution of guaiacum 
and 2 C.c. of 3 per cent. (" 10 volume") hydrogen 
peroxide in each of two test-tubes. To one of these 
tubes add the clear ether extract, keeping the other 
as a "control," which should remain almost colour
less. A blue colour appearing in the tube containing 
the ether extract indicates the presence of blood. In
terfering substances, such as pus, oxidising enzymes, 
salts of iron and copper, are either destroyed by the 
boiling or are insoluble in the ether. 

Mucus.-There is no satisfactory method of deter
mining the amount of mucus present, and it becomes 
necessary, on the basis of experience, to judge this 
from the consistency and appearance of the specimen. 
Very litt.le is present normally, provided saliva has 
not been swallowed during the test-meal. 

Free Hydrochloric Acid (Qualitative).-Of the follow-
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ing usual tests only Gunzberg's can be regarded as 
specific. Even it is not really so, since it is given 
by mineral (i.e. inorganic) acids other than hydro
chloric. Except in those rare cases (which will be 
known beforehand) when such acids as sulphuric have 
been ingested, it does indicate the presence of hydro
chloric acid. The other tests, however, simply indicate 
the exist~nce of a hydrogen ion concentration so 
high as to be given only by a strong acid (such as 
hydrochloric) or by a weak (organic) acid such as 
lactic acid in exceptionally high concentration. 

(1) Congo Red.-Congo red, employed usuaIJy as a 
test-paper, turns blue in strongly acid solution (ap
proximately pH 4). Thymol blue, used as a solution 
of which a few drops are added to the test-sample, 
turns red in the presence of free hydrochloric acid . ' (approXimately at pH 2). 

(2) Topfer's Test.-Topfer's reagent, a 0·5 per cent. 
alcoholic solution of dimethylamino-azo-benzene, is 
another indicator which changes colour at a mod~ 
erately low pH (about 4). In strongly acid solution 
(below pH 4) it turns red; above pH 4 it is yellow. 

(3) Gunzberg's Test.-Two drops of Gunzberg's re
agent are added to five drops of the gastric contents 
(filtered through muslin) in a porcelain dish. The 
reagent should be freshly prepared every fortnight by 
dissolving 1 g. of vanillin and 2 g. of phloroglucinol 
in 30 c.c. of alcohol. Evaporate the mixture of re
agent and test-sample to dryness on a water-bath (or 
over a small flame, taking care to avoid over-heating 
with consequent charring). A red coloration appears 
if free hydrochloric acid is"present. If the amount of 
acid present is very small this may be confined to 
the edge of the residue. . 

x 
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Lactic Acid.-These tests need to be performed 
only if free hydrochloric acid is absent or present 
merely in traces. They should be made soon after 
the sampl~ has been withdrawn. In a fractional test
meal only the fasting sample need, in any case, be 
tested. 

(1) Uffelmann's Test.-About 5 c.c. of reagent 
(5 per cent. carbolic acid, 10 c.c.; distilled water, 
20 c.c.; 10 per cent. ferric chloride, 1 drop) are placed 
in a test-tube and a few drops of the filtered specimen 
are added to it. A change ~n colour of the solution 
from purple to yellow is taken to be a positive result. 
Such a positive reaction is, unfortunately, obtained 
with many other substances which may be found in 
the stomach besides lactic acid. A negative reaction 
is, therefore, informative, but a positive reaction is 
only slightly suggestive. The -reagent must be freshly 
prepared, and used during the few minutes it retains 
its purple colour. 

(2) Maclean's Test.-In its original form this test 
consists in placing half to three-quarters of an inch 
of carefully filtered gastric specimen in one tube, and 
an equal amount of tap water in another. To each 
two drops of 'a 5 per cent. solution of ferric chloride 
are added. The tube with the gastric contents then 
shows a definite reddish coloration. Each mixture is 
then treated with five or six drops of a freshly prepared 
saturated solution of mercuric chloride. If the colour 
in the tube of gastric contents disappears a negative 
reaction has been obtained; but if the reddish ap
pearance gives place to a distinct yellow colour the 
reaction is positive. Comparison with the control 
tube enables one to determine more easily the differ
ence between a positive and a negative reaction. 



APPENDIX I 323 

This test, although sufficiently delicate for all practical 
purposes, often gives reactions which are neither clear
cut negative nor clear-cut positive. The presence of 
bile in the gastric contents also obscures the result. 

Difficulty due to colour or opalescence in the test
sample may be overcome to some extent by extract
ing the lactic acid with ether before carrying out the 
test. For this the sample is' acidified with hydro
chloric acid, shaken with an equal volume of ether, 
and the ethereal layer is pipetted into another test
tube containing about 3 C.c. of dilute sodium carbon
ate, where, after thorough shaking and neutralising 
with dilute hydrochloric acid (avoid excess of acid), 
the test is performed as already described. This 
modification, although it makes the result of the test 
more definite in many cases, involves some loss of 
delicacy, since the extraction of lactic acid by ether 
and its re-extraction by water are never quite complete. 

Free and Total Acidity.-If the qualitative tests for 
hydrochloric acid are negative, the" free" acidity is, 
of course, nil. 

Free and total acidity are determined by titration 
with decinormal sodium hydroxide, using for the 
first an indicator whose colour change occurs at 
pH 2 to 4, and for the second one which changes 
about pH 8. Thus Tapfer's reagent is not very sharp, 
and a better indicator is thymol blue. This, indeed, 
serves both purposes, for it changes from red to 
yejlow~orange when the free acid is neutralised, later 
becomes pale yellow, and then turns to green and 
finally to blue when the total acid is neutralised. 

It is advisable to filtez: the sample through muslin 
before titration, or to clear it by forcing, down the 
test-tube containing it, a wad of cotton-wool wrapped 
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round a glass rod. No attempt, however, should be 
made to filter it through paper. For the titration 5 c.c. 
of gastric contents are pipetted into a small flask 
containing 5 to 10 C.c. of distilled water. A drop of 
Topfer's reagent (or thymol blue) is introduced, turn
ing the specimen red in the range of pH corresponding 
to the presence of free hydrochloric acid. Decinormal 
soda is then run in from a burette, the titration flask 
being shaken the while, until the red colour just changes 
to yellow, and the volume of soda used is not~d. A 
drop of phenol-phthalein is then added (if Topfer's 
reagent has been used), and more alkali is run in, 
until a faint pink colour (or blue in the case of thymol 
blue) is just perceptible throughout the liquid, when 
the volume of soda used is again noted. The volume 
of alkali given by the sum of the two readings repre
sents the total acid present, the volume given by the 
first reading indicating the free hydrochloric acid, 
and that of the second the combined hydrochloric 
acid along with any organic acids which may be 
present. 

The results of this titration are usually recorded in 
cubic centimetres of decinormal soda per 100 C.c. of 
stomach contents, and the figures are used to plot a 
graph against a time basis. On the other hand, they 
may be converted into the actual weight of hydro
chloric acid in grammes per 100 C.c. by multiplying 
them by 0'0365. 

The results with thymol blue tend to be slightly 
lower than those with Topfer's reagent and phenol
phthalein. 

Total and Mineral Chloride.-" Mineral" chloride is 
that existing as inorganic salts--e.g. sodium chloride. 
Total chloride is the sum of the mineral chloride, the 
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" combined acid" (i.e. the protein chlorides), and the 
free hydrochloric acid. 

Mineral Chloride.-Evaporate 5 c.c. of the filtered 
sample to dryness in a silica dish, and incinerate the 
residue. The free acid, and that combined with 
organic matter, is volatilised. Dissolve thc residue 
in 10 c.c. of dilute nitric acid (equal volumes of con
centrated acid and distilled water), a~d 10 c.c. of 

~ AgN03' and I c.c. of saturated ferric alum solution. 

Titrate with ~ KeNS, stirring vigorously until a red 

tinge, which persists for a minute, is produced. 
The thiocyanate titrates -the excess of silver nitrate, 

so that, if r.c c.c. were used in the titration, 5 c.c. of 
sample contained the equivalent of (10-r.c) c.c. of 

N chloride. Hence 100· c.c. contained 20{10-r.c) c.c. 
10 

of ~ chloride, or (expressed as sodium chloride), 

0·U7{10-r.c) grams, or (expressed as hydrochloric 
acid) 0·073(10-r.c) grams. 

Total Chloride.-The method is the same as for 
mineral chloride, except that the free and organically 
combined hydrochloric acid must be converted into 
sodium chloride before evaporation and incineration. 
It is thus convenient to use the sample which has 
been titrated with sodium hydroxide in the determina
tion of free and total acidity. 

Microscopic Examination.-=-Only the. fasting sample 
is worth examining. A drop of centrifuged deposit 
is examined for erythrocytes, leucocytes, epithelial 
cells, tumour cells, food residues (note that meat 
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fibres will invalidate delicate chemical tests for blood), 
and various organisms (yeasts, sarcinae, etc., when 
free Hel is absent or in negligible amounts). 

EXAMINATION OF BLOOD 

Enumeration of Red and White Cells 

For this purpose a haemocytometer is used. It 
consists essentially of two pipettes and a suitable 
counting chamber. 

Each pipette consists of a stem graduated in tenths 
with a bulb above in which a suitable dilution of the 
blood can be made, the bulb containing a small glass 
bead in order to facilitate mixing. Immediately 
above the bulb will be found a mark, "11" in the 
case of the white cell pipette, and " 101 " in the case 
of the red. Above this each pipette is tapered to 
connect with a length of rubber tubing which should 
be about 12 inches long and terminate in a glass 
mouthpiece. 

It is absolutely essential that all pipettes should 
be thoroughly clean and perfectly dry before use. 
They should be attached to a filter pump or rubber 
bulb and rinsed successively with distilled water, 
alcohol, and ether, and thereafter dried by drawing 
through them a current of air. When the pipette 
is clean and dry the glass bead will roll freely in 
the dilution bulb with no tendency to adhere to 
the glass. Dirty pipettes are best cleaned by 20 per 
cent. caustic soda, and a blocked stem can usually be 
cleared with a piece of thin steel wire. 

The counting chambcr should be of thc Burker 
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type, engraved with the Thoma" ruling." It consists 
of a th!ck glass slide on which is supported a special 
cover-glass (an ordinary cover-glass is unsatisfactory) 
over a raised platform whose surface is exactly one
tenth of a millimetre below the under surface of the 
cover-glas:;. The centre of this platform is ruled into 
a system of squares in which the counting of the 
blood cells is performed. Both the platform and the 
cover-glass should be cleaned with acetone and 
polished with a silk cloth before use so as to remove 
any trace of moisture or grease. 

Blood is obtained from the patient most conveni
ently from the thumb at the base of the nail, from the 
pulp of the finger, or from the lobe of the ear. The 
skin is lightly swabbed with ether and a puncture 
made either with a vaccinostyle or a straight triangular 
needle. The first drop of blood should be wiped 
away and thereafter the . pipettes filled, care being 
taken to avoid any pressure on the surrounding 
tissues. 

With the stem of the pipette held in a horizontal 
position, blood is drawn into the graduation stem to 
the mark 0·5 or slightly above it. The tip of the 
pipette is then removed from the patient's finger, 
any blood adhering to the outside of the stem being 
wiped away between the operator's fingers, and the 
column of blood adjusted exactly to the 0·5 mark by 
touching the point of the pipette gently against the 
operator's thumb nail. Should the column of blood 
have risen above the 0·6 graduation the pipette must 
be blown empty and dh.carded, since a too great dilu
tion error is subsequently introduced by reason of the 
cells adhering to the glass between the 0·5 and 0·6 
graduations. The tip of the pipette is finally intro-
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duced into the appropriate diluting fluid 1 and filled 
to the mark " 101" in the case of the red cells or 
" 11 " in the case of the white cells, the pipette being 
rotated vigorously throughout the dilution. The 
upper and lower ends of the pipette are now closed 
between the finger and thumb and the pipette vigor
ously shaken in order to secure thorough dilution of 
the blood in the mixing chamber. Since the column 
of diluting fluid in the stem of the pipette (measuring 
one unit) does not mix with the blood and is subse
quently discarded, a 1 in 200 dilution of blood is 
obtained in the red cell pipette (0·5 of blood in a 
total volume of 100, i.e. 107-1), and a 1 in 20 
dilution of blood in the case of the white cell pipette 
(0'5 of blood in 10, i.e. 11-1). For all ordinar.y 
purposes this dilution will be found satisfactory. In 
cases of severe .anaemia, however, it is sometimes 
advisable to obtain a 1 iIi 100 dilution of blood for 
the red cell count. This is obtained by drawing the 
blood up to the mark 1·0 and thereafter the diluting 
fluid to the mark" 101." Again, in cases of leukaemia 
it may be necessary to use a red cell pipette for count
ing the leucocytes, so that a 1 in 100 or even a 1 in 200 
dilution can be obt~ined. 

1 Diluting fluid for red cell count. [Hayom's Solution.] 
Mercuric chloride . 0·5 grm. 
Sodium chloride . 1·0 grm. 
Sodium sulphate . 5·0 grm. 
Distilled water . . . . 200·0 C.c. 

Filter from time to time to remove cells which have fallen from 
tip of pipettes. 

Diluting flUid, Jor white ceU count. 
Acetic acid (glacial) . . 2·0 c.c. 
Mercuric chloride . 0·1 grm. 
Distilled water . . . . to 100 c.c. 

The solution should be coloured with methyl violet. which stains 
the nuclei of the leucocytes and facilitates counting. The'acetic acid 
dissolves the envelopes of the red cells and causes the leucocytlls to . 
swell. The solution should be filtered each week. 
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It is desirable to proceed to the actual counting of 
the cells as soon as possible after the dilution has 
been made. If this is not convenient then the rubber 
tubing may be detached from the pipette, which is 
closed at both ends by a broad rubber band. The 
contents of the dilution chamber must then be thor
oughly remixed before the count is made, which in 
any case should be within a few hours of the blood 
having been withdrawn. 

The counting chamber is prepared for the diluted 
blood by placing the cover slip on its supports and 
pressing it firmly thereon so that a series of coloured 
concentric rings are seen (Newton's rings). The 
column of diluting fluid which still fills the stem of 
the pipette is then expelled (and discarded) and the 
tip of the pipette touched on the edge of the counting 
platform, which will be found to project beyond the 
margins of the cover slip. A quantity of diluted 
blood then runs into the counting chamber, and this 
quantity can with practice be adjusted so that it 
exactly fills the chamber, there being no tendency 
for it to overflow into the grooves. If overflowing 
occurs, then the cover-glass must be removed and the 
counting chamber cleaned, dried, and refilled. The 
count should be made after two or three minutes, 
duri~g which time the blood cells settle on to the 
ruled area. 

The counting chamQer is transferred to the stage 
of a microscope and adjusted so that the ruled area 
is in the centre of the field. The light is cut down 
and the ruled lines brought iIIto focus under the low
power objective, when it will be observed that the 
~ed area ~ust fits i~to. the field and t~at the blood 
ce~ are umformly dlstnbuted over the lllles. If they 

, . 
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are not, then the chamber must be dried and 
refilled. 

The ruled area is illustrated in Fig. 36. It consists 
of a single " large" square whose area is one square 

-II millimetre, and this is further 
-4 subdivided into four hundred 

" small" squares, each of which 
is 1/400 sq. mm. Through the 
centre of every fifth small 
square is drawn an extra line. 
Hence there appears to be a 
series of "medium squares," 

Fig. S6.-Centre Ruling each containing sixteen" small 
of Thoma. squares," and divided from its 

neighbours by a threefold line. Somewhere in the field 
there will be observed a block of nine "medium" 
squares completely bounded by triple ruling, and each 
consisting of sixteen "small" squares. It is this 
block which is required for the red-cell count. Bring 
the left "medium" square of the b~ock into the 
centre of the field, and, using the high-power objective, 
count all the red blood cells lying on the sixteen small 
squares within the triple lines. Repeat this pro
cedure successively with the top right, the bottom 
right, the bottom left, and the centre "medium" 
squares. It will be found that in some parts blood 
corpuscles are lying actually on the lines bordering 
the block. On the average, every boundary line will 
cut across the same number of cells. Hence it is 
customary, in each" medium" square, to count the 
cells lying across two of the sides and to omit those 
on the other two sides. The red cells lying on 80 
(i.e. 5 X 16) small squares have now been counted, 
and it is evident that these have settled from a column 
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of diluted blood 1/10 mm. in height. Let R be the 
total number of red blood cells counted, then Rj80= 
the number in one small square whose area is 1/400 
sq. mm. and which supports a column of diluted 
blood 1/10 mm. in height. 

Thus a volume __!_ X _!_ c.~m. diluted blood contains 
400 10 

R 
- cells. 
80 

200 volumes of diluted blood contains only 1 volume 
of blood. 

1 1 1 1 
Hence a volume 400 X 10 X 200 80,000 c.mm. blood 

contains R cells. 
80 

Hence 1 c.mm. blood 
. R 1 

contams 80 -;- 80,000 

R 
-- X 80,000 
-SO 

=10,000xR. 

Normally the red cells are between the limits of 
4,500,000 and 5,500,000 per c.mm., with an average 
of 4,800,000 in males. In females the figures are 
about 10 p~r cent. less. 

The enumeration of the white cells is performed in 
a similar way. Under the low-power objective count 
all the leucocytes in the whole square millimetre, 
i.e. in 1/10 c.mm. of diluted blood. Let this number 
be W. Then W X 10 X 20=the number of leucocytes 
per c.mm. of blood, since on, this occasion the dilution 
was 1 : 20. Three such counts should be made, with 
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different fillings of the chamber, and' the average 
accepted as the white count. Normally blood con
tains 5000 to 10,000 white cells per c.mm. 

The Neubauer RuIing.-The Neubauer ruling is 
shown in Fig. 37. The centre part is exactly the same 

as the Thoma ruling and is used 
for the red cell count in exactly 
the same way . 
. Altogether, however, there 
are nine "large" squares of 
1 sq. mm., and for the white 
cell count the cells are counted 
in any three of these large 

FIG. 37. squares, or, for still greater 
The Neubauer Ruling. accuracy, in the whole nine. 

Estimation of Haemoglobin. Sahli Method. 

In this method of estimation the oxyhaemoglobin 
is first converted into acid haematin by means of 
hydrochloric acid and the colour diluted until it 
matches a coloured glass standard. 

With the teated pipette provided, N /10 hydrochloric 
acid is placed in the comparator tube up to the mark 
15. To this is added 20 c.mm. of blood obtained 
from the patient by a special clean, dry, graduated 
capillary pipette. All blood must be wiped from 
the outside of the pipette, which is then emptied 
into the comparator tube and washed two or three 
times with the hydrochloric acid already present in 
the tube. The comparison, according to the instruc
tions supplied with the instrument, is to be made at 
the end of two minutes. To the comparator tube 
distilled water is added drop by drop until its colour 
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exactly matches the standard, thorough dilution 
being effected either by gently rolling the tube or by 
the glass mixing rod provided. It is usually advisable 
to take one reading when the colour is just too dark 
and a second when it is just too light, and take the 
average of these two as being the percentage of 
haemoglobin. 

"100 per cent." on the Sahli scale represents a 
concentration of 15·6 g. haemoglobin per 100 c.c. of 
blood. The normal range may be taken as 85 to 110 
for adult males and 80 to 100 for adult females. 

The Colour Index 

This is an expression of the amount of haemoglobin 
carried by each red blood corpuscle. It is given by 
the ratio:-

Rb. as percentage of the normal 
R.B.c. as percentage. of normal 

and the normal colour index ought thus to be unity. 
The enumerator of this ratio is read directly from the 
haemoglobinometer. The denominator can be obtained 
conveniently by multiplying the first two figures of 
the red cell count by 2 (i.e. 2,500,000 R.B.c.s per 
c.mm. is 50 per cent.) if the normal red blood count 
is taken as 5,000,000. 

Actually, since the normal haemoglobin is not 
100 per cent. on the SaJ;lli scale, but lower, and the 
average red cell count is not 5,"000,000, but lower, the 
average colour index in normal persons is not quite 
unity. It is usually about 0 ·95, and a colour index 
of 1·0 should be regarded as high. 
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Blood Films. The Differential Count. 
Although -the cover-slip method of producing blood 

films is probably the best, especially when an accurate 
differential count is required, an easier and more 
generally applicable method is as follows. Two 
thoroughly clean and dry glass slides are selected, on 
one of which the film is to be made, and the other, 
which must have an unchipped edge, to serve as the 
spreader. A small drop of blood obtained by finger 
prick is touched towards the end of one of the slides, 
which is placed quickly on some firm surface. The 
edge of the spreader held at an angle of about 45 0 to the 
first slide is then brought into contact with the ·blood, 
which is allowed a moment to spread across the edge. 
A short sharp movemen~ of the spreader then draws 
a film of blood across the slide, which should be dried 
immediately by waving it in the air. It can then be 
examined fresh at once or fixed and stained for morc 
detailed examination. 

Although apparently simple, the making of satis
factory blood films requires much practice, and it is 
no exaggeration to say that probably 50 per cent. of 
films sent -to laboratories for examination are un
satisfactory. It is essential that both slides be ab
solutely free from grease and dust. If a stock is 
not kept in alcohol, both slides should be washed 
thoroughly with "Monkey Brand" or similar soap 
and thereafter thoroughly cleaned with acetone and 
polished with a silk cloth. The surfaces of the film 
slide must not be touched with fingers nor allowed to 
come into contact with the patient's skin. By far the 
most common mistake, however, is to take too large 
a drop of blood, .the correct size of which can only be 
gauged with practice (but say about 1/16th inch in 
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diameter). If an accurate differential count is to be 
made it is essential that all four edges of the smear 
shall be examined and the drop of blood must accord
ingly be a small one. The size of the film having been 
adjusted, its thickness can be varied by altering the 
angle between the spreader and the slide. Spreaders 
made of celluloid and other materials are not re
commended. 

It is now necessary to fix and stain the film. For 
both purposes the most generally useful reagent will 
be found to be Leishman's stain. The film to be 
stained should be supported horizontally above the 
bench and the undiluted stain dropped on to it from 
a teated pipette. The blood smear is conveniently 
demarcated by a grease pencil, in which case 5 or 6 
drops of stain are usually sufficient to cover it com
pletely. The undiluted stain is allowed to act for 
one minute, during which time the alcohol fixes the 
film. Thereafter the stain is diluted by adding twice 
as many props of distilled water and allowing the 
diluted stain to act for at least 10 minutes. (The 
longer the diluted stain is allowed to act the better 
the final result, provided, of course, it is not allowed 
to become dry.) The stain is poured off and the 
specimen differentiated with distilled or tap water 
until pink. It should then be allowed to dry before 
mounting in Canada balsam. 

For the differential count the slide should be placed 
on a movable stage and focussed under the high-power 
objective. At least 300 white cells should be counted, 
and thcse must include :the cells at the edges of the 
smear as well as those centrally situated, the various 
types of cell being tabulated into their appropriate 
categories. 
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The Reticulocyte Count 
A reticulocyte is an immature crythrocyte, and in 

order to demonstrate its presence in the blood a 
special staining technique must be used, the cells 
being stained prior to fixation. 

On a clean glass slide a film of stain is made by 
stroking the slide with a glass rod dipped in a satur-

. ated alcoholic solution of eresyl blue. The slide should 
first ·be warmed over a small flame so that the alcohol 
evaporates readily, leaving a thin film of the stain on 
the slide. No special precautions need be taken to 
produce an even film. A small drop of blood (say 
1/16th inch diameter) is now received from the patient's 
finger (see p. 334) on to the centre of a clean, dry 
cover-slip (1 inch square, No. 1 thickness), and, to 
prevent rouleaux formation, this is immediately placed 
on the stained slide. The drop of blood spreads itself 
out as a thin film between the two. During this 
process some of the stain dissolves in the blood plasma 
and is taken up by the reticulocytes; the platelets 
and nuclei of leucocytes also take up the stain to 
some extent. Since such a preparation will not keep 
for more than a few hours, it should be examined as 
soon as possible. The counting of the cells is best 
performed under the oil immersion lense on a movable 
stage and by restricting the size of the microscope 
field by employing an Ehrlich eyepiece, or, more 
simply, by cutting a small aperture about ! cm. 
square in a disc of paper which can be introduced 
between the glasses of the ordinary eyepiece. The 
proportion of reticulocytes to mature red blood cells 
can then be ascertained by examining a number of 
successive fields and counting therein the numbers of 
each. At least 1000 red blood cells should be counted. 
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If the red cell count be also known, the absolute 
number of reticulocytes per c.mm. of blood can be 
calculated, although this is not usually necessary. 

Normal blood contains less than 1 per cent. of 
reticulocytes, and an increase above this proportion is 
indicative of increased activity of the bone marrow. 
During the liver treatment of pernicious anaemia, for 
example, up to 30 or 40 per cent. of reticulocytes can 
often be found. 

Blood Grouping 

Before blood transfusion can be undertaken with 
safety, it is essential to be certain that the donor's 
corpuscles are not agglutinated by the recipient's 
plasma. Tests for agglutination of the recipient's 
corpuscles by the donor's plasma are not usually 
made, since the subsequent dilution of the donor's 
plasma by that of the recipient obviates the possibility 
of a:gglutination occurring to any important extent. 

Direct Test.-Undoubtedly the most satisfactory 
test to perform, -and one which in any case should 
never be Qmitted, is the direct test in which the com
patibility of the donor's blood is examined by testing 
the donor's blood directly agaipst the recipient's. 

Withdraw from the recipient a few drops of finger
prick blood into a capillary tube and centrifuge to 
obtain the plasma therefrom, which can then be 
placed on the centre of a microscope slide. (If it be 
preferred, the blood may be obtained by venepuncture 
and allowed to clot.) Into a haemoglobinometer pipette 
withdraw about 20 c.mm. of finger-prick blood from 
the donor and dilute this with 1-2 c.c. of red cell 
diluting fluid (p. 328) in a. small test-tube. Add a 

"\!: 
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small drop of this dilute suspension of cells to the 
recipient's plasma on the slide and mix well by stirring. 
Place the slide, which should be rocked gently from 
time to time, on the microscope stage and observe 
through the lower power objective for fifteen minutes. 
Incompatibility of the blood is indicated by clumping 
of the cells within the first ten minutes. Agglutina
tion, if it be produced at all, is usually very marked 
and can be seen easily with the naked eye. Slight 
clumping of the cells visible only at the edges of the 
specimen is usually due to evaporation of the fluid 
and can be disregarded. 

Blood Grouping.-The blood group of the prospec
tive recipient can be determined in order that a suit
able donor may be employed. This, however, must 
be regarded as a convenience and not as a substitute 
for the direct test. 

For this purpose capillary tubes of Group II and 
Group III sera are required. These can be obtained 
commercially and mu~t be fresh. A drop of each 
serum is placed on a glass slide and a drop of the 
recipient's diluted blood (obtained exactly as de
scribed under the direct test for the donor) is thor
oughly mixed with each. Both specimens are exam
ined for agglutination. It is evident that four possi
bilities exist-no agglutination with either serum, 
agglutination with both sera, agglutination with 
Group III only, and agglutination with Group II only. 
The blood group of the recipient can be found, then, 
from the following scheme (Moss's classification) III 

which the plus sign indicates agglutination :-
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Cells I Cells II Cells III Cells IV 

Serum I 0 0 0 0 

SERUM II . + 0 + 0 
--------

SERUlI-I III + + 0 0 

SenIm IV . + + + 0 

Group J serum thus produces no agglutination of 
cells of any group and is hence called Universal 
Recipient. Group IV cells are, on the other hand, 
not agglutinated by the serum of any group, and 
Group IV is, therefore, Universal Donor. 

The blood groups of Moss's classification correspond 
to those of the International classification as follows :-

M088 I ntemational 

Group I AB 

" 
II A 

" 
III B 

" 
IV 0 

The Spectroscopic Examination of Blood 
For most purposes a simple direct-vision spectro

scope suffices, but the instrument should be suffi
ciently powerful to show at least the strongest of the 
Fraunhofer lines. The slit should be so adjusted that 
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these lines are seen when the spectrum is properly 
focussed by movement of the eyepiece. 

Fairly bright daylight (but not direct sunlight) 
forms' the best light source; artificial light can be 
used, but in this case the Fraunhofer lines are not 
present and a useful index of reference is therefore 
lost. The fluid to be examined is best contained in a 
vessel with parallel sides about half an inch apart, 
but an ordinary t inch test-tube is reasonably satis
factory. The container is held immediately in front 
of the spectroscope. 

The Fraunhofer lines are due to absorption of light 
by various elements in the sun's atmosphere. The 
most prominent are D (in the yellow, due to sodium) ; 
b (in the green, due to magnesium); and F (in the 
blue, due to hydrogen). C (in the red, due to hydro
gen) and E (in the green, due to iron and calcium) 
are less prominent, but should be visible. B (in the 
red, due to oxygen) and G (in the violet, due to iron 
and calcium) are shown by really good instruments. 

Absorption bands, appearing as more or less dark 
streaks vertically across the spectrum, are referred 
both to the colour of the light absorbed and to the 
nearest of the prominent Fraunhofer lines. Thus 
oxyhaemoglobin (see Fig. 38) shows two bands in the 
yellow-green area, one just to thc right of the D line, 
and the other just to the left of the Eline. 

In examining for certain derivatives of haemoglobin, 
the concentration of the substance is of importance, 
and the following instructions as to dilution should 
be observed. Fig. 38 shows the chief absorption 
bands of a number of important substances. 

Oxyhaemoglobin and Haemoglobin.-The character
istic bands lie between thc D and E lines, the one to 
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the left being narrow and fairly well defined, while 
the other is broader and more diffuse. With high 
concentrations of oxyhaemoglobin (e.g. a 1 : 50 dilu
tion of blood, or about 0·3 per cent. oxyhaemoglobin) 
the bands become fused into a single broad band. 
They are best seen at a dilution of about 1 : 100. If 
the blood is still further diluted the bands become 
narrower and fainter, but can still be seen at a dilution 
of 1: 500. On addition of a reducing agent (e.g. 
Stoke's reagent, a solution containing 2 per cent. 
ferrous sulphate and 3 per cent. tartaric acid) oxy
haemoglobin is reduced to haemoglobin, and the two 
absQrption bands are replaced by a single broad band, 
occupying a similar position in the spectrum, but touch
ing or slightly overlapping the D line. On shaking 
a solution of reduced haemoglobin with air, oxyhaemo
globin is formed again and the double band reappears. 

Carboxyhaemoglobin. - Carboxyhaemoglobin is a 
lighter red than oxyhaemoglobin, making blood con
taining it a cherry-red, and in very dilute solutions is 
a cherry-red or a bluish red, whereas oxyhaemoglobin 
has a yel10wish tinge. With the blood diluted about 
a hundredfold it shows two absorption bands very 
similar to thosc of oxyhaemoglobin, but slightly nearer 
the violet end of the spectrum. This slight shift to 
the right cannot be detected with certainty in the 
small hand spectroscope, especially as the usual 
sample contains oxyhaemoglobin as well. However, 
Stoke's reagent is without effect on carboxyhaemo
globin, so that on tre~tmer;t with this the two bands 
of carboxyhaemoglobin persist-usually superimposed 
on the broad haemoglobin band formed by reduction 
of the oxyhaemoglobin present. 

Carbon monoxide in blood is perhaps more easiiy 
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detected by the tannic acid test. Dilute about 2 c.c. 
of blood to four times its volume with water, add 
10-20 drops of 10 per cent. potassium ferricyanide 
solution (to oxidise the oxyhaemoglobin to methaemo
globin), and divide the mixture into two parts. Keep 
one in a stoppered test-tube, and shake the other 
vigorously for a few minutes, occasionally removing 
the stopper to allow fresh air to enter. This removes 
the carbon monoxide, replacing the carboxyhaemo
globin by oxyhaemoglobin, which is oxidised to 
methaemoglobin by the ferricyaniq.e still present. To 
both tubes add 5-10 drops of yellow ammonium 
sulphide (which reduces the methaemoglobin to 
haemoglobin) and 10 c.c. of a 10 per cent. solution of 
tannic acid. The blood which has been freed from 
carbon monoxide will give a dirty greenish-brown 
precipitate; the unshaken blood, which still contains 
carboxyhaemoglobin, will give a precipitate varying 
in colour from reddish-brown (if only a little carbon 
monoxide is present) to a definite red (if the blood 
contains much carbon monoxide). This test will 
detect carboxyhaemoglobin in the presence of even 
twenty times as much oxyhaemoglobin. 

Methaemoglobin.-Blood containing any consider
able amount of methaemoglobin is browner than 
normal blood. The absorption spectrum in nearly 
neutral solution has four bands, one in the red on the 
C line, two in the yellow-green, very like those of 
oxyhaemoglobin, and one in the green-blue between 
the band F lines. The most important of these is 
the one in the red, but it cannot usually be seen if 
the blood is diluted sufficiently for the others to be 
obvious. The blood is, therefore, diluted sufficiently 
for this part of the spectrum to be plainly visible, 
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though all the rest has disappeared (1 : 5 dilution is 
suitable). If methaemoglobin is present the band in 
the red will be seen, and will disappear on addition of 
yellow ammonium sulphide or Stoke's reagent (the 
pigment is reduced to haemoglobin). 

Sulphaemoglobin.-As in the case of methaemo-

'!. F 
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't-f----+-...... 

Methl1emoglobln 
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Fig. 38.-Absorption Spectra. 

globin, the important absorption band lies in the red 
(a little above the C line) and is best seen when the 
blood is not greatly diluted. On addition of ammo
nium sulphide or Stoke's reagent the band does not 
disappear. 

Estimation of Sugar in Blood 

Only one of the many available methods-that of 
Hagedorn and Jensen-is 'described here. Protein 
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and certain interfering substances are removed from 
the blood by precipitation with zinc hydroxide. The 
glucose is then allowed to react with an excess of 
.potassium ferricyanide (some of which is reduced to 
ferrocyanide). The excess of potassium ferricyanide 
then liberates iodine by oxidation of added potas
sium iodide, and the iodine is estimated by titration 
with sodium thiosulphate. Thus the excess of ferri
cyanide is estimated, and, by·difference, the amount 
required to react with the glucose present. In 
practice the calculation is abolished by the use of 
a table. 

Reagents.-Sodium hydroxide: 0·1 N prepared 
weekly by dilution of a sl;ock 2 N solution. 

Zinc sulphate: 0·45 per cent. solution, prepared. 
weekly by dilution of a stock 45 per cent. solution. 

Potassium ferricyanide: 1·65 g. of pure potassium 
ferricyanide and 10·6 g. of pure anhydrous sodium 
carbonate in 1 litre. This solution must be accurate. 
It must be kept in the dark (e.g. in a brown glass 
bottle) and should not be used for longer than a 
month. 

Potassium iodide: 5 per cent. solution, stored in a 
dark bottle. 

Sodium chloride-zinc sulphate: 10 g. of zinc sulphate 
and 50 g. sodium chloride in 200 c.c. 

Acetic acid: 8 per cent. solution by dilution of 
glacial acetic acid. 

Starch: (Indicator): add a thin cold-water starch 
paste to ten times its volume of boiling water, boil 
for one minute, and cool. 

Sodium thiosulphate: 0·005 N; prepared by dilu
tion from a stock approximately 0·1 N solution. For 
the latter, dissolve 26 g. of crystalline sodium thio-
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sulphate in water and dilute to 1000 c.c. Store in a 
dark bO.ttle, and use only after 2-3 days. The diluted 
solution must be standardised each day before use by 
titration against 0·005 N potassium iodate (which can 
be made accurately and keeps well). To 2'0 C.c. of 
the iodate solution add 2 C.c. of the potassium iodide 
solution, 3 C.c. of the 3 per cent. acetic acid, and a 
drop of starch solution. Titrate with the thiosulphate 
until the blue starch-iodine colour just disappears. 
If the volume used is II) c.c., the true normality of the 

thiosulphate is! X 0·005. 
II) 

Potassium iodate: 0·005 N, containing 0·1784 g. of 
neutra~ potassium iodate per litre. This solution 
must be made accurately. 

Procedure.-Measure 0·2 c.c. of blood into a test
tube containing 10 c.c. of 0'45 per cent. zinc sulphate 
solution and 2 c.c. of 0·1 N sodium hydroxide. The 
blood is washed out of the pipette by repeatedly 
sucking up the contents of the tube and allowing 
them to drain back. Place the tube in a boiling water
bath for three minutes, cool, and filter through a 
small filter paper. 

To exactly 2'0 c.c. of the ferricyanide solution add 
6·1 c.c. of the filtrate (which contains 0'1 C.c. of 
blood), using a large boiling tube, and heat in a boiling 
water-bath for fifteen minutes. Cool by immersing 
in cold water. Add 2 C.c. of the sodium chloride-zinc 
sulphate solution, 2 C.c. of the potassium iodide, 
5 C.c. of the acetic acid, and a ~op of starch solution. 
Titrate with the standardised thiosulphate until the 
blue colour just disappears, using a micro-burette 
(2 c.c.). 
. With each batch of estimations make a "blank" 
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analysis, using 6 C.c. of distilled water instead of the 
6·1 C.c. of blood filtrate. (This is to allow for im
purities in the reagents which use up a liitle of the 
ferricyanide. ) 

Calculation.-Calculatc the volume of exactly 
0'005 N thiosulphate equivalent to that actually 
used in the titrations. 

E.g., suppose, in standardising the thiosulphate, 
2'10 c.c. were used, so that the thiosulphate was 

_2_ X'0'005 N. 
2·10 

In the sugar estimation 0'75 c.c. wcre used, so 
that the equivalent amount of 0'005 N solution was 

0·75 X _2 _ c.c. (i.e. 0'714 c.c.). 
2·10 

In the "blank" 1'80 c.c. were used, so that 
the equivalent amount of 0'005 N solution was 

1'80x _2_ c.c. (i.e. 1·714 c.c.). 
2·10 

From Table XV notc the amounts of glucose corre
sponding to these two titration values. In the example 
chosen, the blood filtrate (containing the glucose of 
the blood and the glucose-simulating impurities of the 
reagents) required 0·714 c.c. of 0'005 N thiosulphate, 
which corresponds to 0'229 mg. glucose; the" blank" 
(containing only the impurities) required 1'714 c.c., 
which corresponds to 0·049 mg. Hence the blood fil
trate contained 0·229 - 0'049, or 0·180 mg. of glucose. 

But the 6'1 C.c. of blood filtrate used were equivalent 
to 0·1 c.c. of blood. 

Hence 100 c.c. of blood contained 180 mg. of 
glucose. 



APPENDIX I 347 

C) ~~~~~~~lI)~C)~~lI)~C~~~C)~ 

0 ~~~~~~~~~~~~~~~~~~$~ 6 coocccoccocccccococo 

~ 
~=~~~lI)=~C)~~lI)~O~~~~C~ 
~~~C)~lI)~~C)~~~~~C)~lI)~~O 

0 ~~~~~~~~~~~~~~C?C?C?C?C?C? 6 cooooooocooocoocooco 

~ 

~ 
~ 
f=:;l 
00. 
0 

~ 
~~~~~~~=O~~~Q~~lI)~=~lI) 
=~~C)~lI)~~O~~~~~Q~lI)~~O 

0 ~~~~~~~~~~~~~~oooooo 
6 66666666666666666666 

co £~~~~~~~~:~~S~~~~~~~ C? ~~~~~~~~~~~~~~ocoooo 
c 66666666666666666666 

to) 

§ 
~ 

c.!i ::s 

lI) ~,~g~~;~g~~~~~~~~~~~ 
0 ~~~~~~~~~~~~~~cco~oc 
6 66666666666666666666 

I";I;l ~ ~ 

~ 
~ Cl 

f=:;l 

~ 
~lI)~~~~~~=~C~~~=~~lI)~C 
~~~O~~~~O~~lI)~~=~~~~~ 0 ~~~~~~~~~~~~~~C?C?C?C?C?C? 6 ccccccocccoccccooooc 

00. 
P .. 
q 

~ 
~~lI)~~~lI)~~O~~=Q~~lI)~Q~ 
~~~O~~~~OQ~lI)~~C~=~~~ 0 ~~~~~~~~~~~~~~~C?C?C?C?C? 6 00000000000000000000 

00. 

i. 
lI) 
0 

~ ~g~~~~~~8;~~~~~:~~~~ 0 ~~~~~~~~~~~~~~~9C?9C?9 6 ccoocoocccooooccoooc 
C? 
c 
U 
cJ 

~ 
~ 1:'1 C) ~ ~ ~ Q 0 ~ ~ lI) ~ Q ~ ~ ~ ~ C ~ lI) 
~lI)~O~~~~~Q~lI)~~O~~lI)~~ C? ~~~~~~~~~~~~~~~9C?C?C?C? 

0 coccooccococcccccooo 

0 lI)lI)~CCC~~~lI)~Q~~~~O~~~ 
~lI)~~Q~lI)~~Q~lI)~~O~~lI)~~ 0 ~~~~~~~~~~~~~~~C?C?C?C?C? 6 coocooccocoooooooocc 

cJ I C~~~~lI)~~~C)O~~~~lI)~~~Q U 6666666666~~~~~~~~~~ 



348 CLINICAL CIIEMISTRY IN. PRACTICAL MEDICINE 

Estimation of Blood Urea 

The method is exactly the same. as that used for 
urine urea (see p. 286), except that 1'0 C.c. of un
diluted blood is used, and no correction for ammonia 
is required, since the amount ordinarily present in 
blood is negligible. 

Estimation oftke Total Non-Protein Nitrogen 
of Blood 

Proteins are removed from the blood by precipita
tion with sodium tungstate and sulphuric acid: 2 c.c. 
of blood are mixcd with about 8 C.c. of water in a 
20 c.c. measuring flask; after addition of 2 c.c. each 
of 10 per cent. sodium tungstate a,nd i N sulphuric 
acid, the volume is adjusted to 20 C.c. with water; 
the mixture is allowed to stand five minutes and then 
filtered. The filtrate is boiled with a mixture of 
phosphoric and sulphuric acids with a trace of copper 
sulphate, whereby the organic nitrogenous compounds 
are oxidised and the nitrogen is obtained in the form 
of ammonium sulphate. The mixture is made alkaline 
with sodium hydroxide, and the free ammonia is dis
tilled into 10 C.c. of N/70 sulphuric acid. The excess 
of this standard acid is determined by titration 
exactly as in the estimation of urea. 

Estimation of Uric A.cid in Blood 

Protein-free blood filtrate is used directly, or, 
preferably, the uric acid is first precipitated from it 
by silver lactate, and the silver urate is decomposed 
by a mixture of sodium chloride and hydrochloric 
acid. In either case the colour produced when the 
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uric acid reduces a solution of arseno-phosphotungstic 
acid is compared with the colour similarly produced 
by a known amount of uric acid. 

Estimation of Creatinine in Blood 

A portion of the protein-free blood filtrate is treated 
,~ith alkaline picrate solution, and the orange-yellow 
colour produced (sodium piJ!l'amate) is compared with 
that given by a standard solution of creatinine under 
similar circumstances. 

Estimation of Inorganic Phosphate 

Protein is precipitated from the blood by trichlor
acetic acid, and a portion of the filtrate is treated with 
ammonium molybdate. The phosphomolybdic acid 
so formed is reduced by hydroquinone in presence of 
sodium sUlphite to a blue soluble substance, and is 
estimated colorimetrically by comparison with the 
colour similarly produced by a standard solution of 
sodium phosphate. 

Estimation of Chloride 

The protein-free blood filtrate, prepared by means 
of sodium tungstate and sulphuric acid, is treated 
with an excess of silver nitrate in presence of nitric 
acid, and the excess of silver nitrate is determined by 
titration with ammonium thiocyanate. Alternatively, 
whole blood may be used, the proteins being destroyed, 
and silver chloride precipitated, by heating for some 
hours with concentrated nitric acid in presence of a 
known amount of silver nitrate, the excess of silver 
nitrate being determined as before. 
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Estimation of Cholesterol 

A measured volume of blood is absorbed by filter 
paper, dried in a steam-oven, and the paper is then 
thoroughly extracted with chloroform. The chloro
form extract contains the cholesterol, which gives a 
green colour with acetic anhydride in presence of 
sulphuric acid. It is estimated by comparing the 
colour with 'that given by a standard solution of 
cholesterol. 

Estimation of the Total Serum Calcium 

The method generally used for the determination of 
the total serum calcium (or, after filtration through 
collodion, of the diffusible calcium) is either that of 
Kramer ,and Tisdall, or a slight modification of it. 
Into a conical centrifuge tube are pipetted 2 c.c. of 
serum, 1 c.c. of saturated ammonium oxalate, and 
2 c.c. of distilled water. The mixture is allowed to 
stand overnight for precipitation of the calcium oxalate 
-the half-hour allowed in the original method is not 
enough to ensure complete precipitation. The tube 
is then centrifuged for four minutes and the super
natant fluid is poured off. The precipitate is broken 
up and washed with 4 c.c. of dilute ammonia (2 c.c. 
of 0·880 ammonia diluted to 100 c.c. with distilled 
water), the ammonia being used to wash down the 
sides of the tube. By means of the centrifuge the 
precipitate is again separated, and the washing is 
twice repeated. The precipitate is then dissolved 
in 2 c.c. of approximately normal sulphuric acid, 
heated for a few minutes on the boiling water-bath, 
and titrated with 0·01 N potassium permanganate 
(0·316 g. of KMnO, per litre), each cubic centimetre 
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of which is equivalent to 0·2 mg. of calcium. For this 
titration a. burette holding 2 c.c. and graduated in 
hundredths of a· cubic centimetre is needed. The 
permanganate solution does not keep well and must 
be standardised frequently by titration with a 0·01 
solution of sodium oxalate (0·67 g. per litre) acidified 
with sulphuric acid and heated on the water-bath. 

Bile Pigment in Blood 

The van den Bergh Reaction.-The blood should 
be drawn with precautions to prevent haemolysis 
from taking place, since free haemoglobin will mask 
the colour produced in the test. Thus no ether may 
be present in needle, syringe, or test-tube, which latter 
must be dry and chemically clean. Perfect cleanliness 
of all apparatus is particularly necessary for success 
in this test. The blood may be allowed to clot, and 
the serum separated, or plasma may be obtained 
by centrifuging oxalated blood. The test should be 
performed within two hours. 

For the direct qualitative test, measure 1 c.c. of 
the serum or plasma into each of two test-tubes. 
Only one of these is really necessary, but the other 
serves as a control, rendering it more easy to notice 
small colour differences. Dilute the control serum 
with 1 c.c. of water, and add the same volume of 
freshly prepared reagent to the other. The reagent 
is prepared by mixing 25 c.c. of stock solution A 
(sulphanilic acid 1 g., concentrated hydrochloric acid 
15 c.c., distilled water to 1000 c.c.) with 0·75 c.c. of 
stock solution B (0·5 per cent. sodium nitrite in water), 
both of which keep almost indefinitely. A positive 
reaction is shown in one of three ways :-
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Immediate Direct Reaction.-A bluish violet colour 
begins to appear at once, and is maximal within a 
minute. 

Delayed Direct Reaction.-After no apparent change 
for at least a minute, and often as much as fifteen or 
twenty minutes, a reddish colour begins to appear, 
gradually deepens, and becomes more violet. 

Biphasic Direct Reaction.-A reddish colour appears . 
immediately, and deepens to violet at a rate which 
may be rapid (prompt biphasic reaction) or 'slow 
(delayed biphasic reaction). 

The Indirect Reaction is used to confirm a delayed 
direct reaction, as a further more delicate test when 
the direct reaction is negative or so faint as to be 
doubtful, and for quantitative work. 

The reagent, 0-5 c.c., is added to 1 C.c. of serum 
or plasma, just as for the direct reaction, but after 
a minute 2·5 C.c. of 96 per cent. alcohol and 1 c.c. 
of saturated ammonium sulphate are added. The 
mixture is centrifuged and the clear supernatant 
fluid used for observing the colour or for quantitative 
estimation. In this procedure azo-bilirubin is formed 
by the interaction of bilirubin and diazo-benzene 
sulphonate, and is soluble in alcohol. Hence the 
precipitation of the proteins by alcohol does not cause 
loss of pigment. 

Quantitative Test.-The serum or plasma is treated 
as for the indirect reaction, and the coloured solution 
is composed in a colorimeter with an artificial standard. 
The standard solution, which keeps well if stored in 
the dark, consists of 2·161 g. of anhydrous cobaltous 
nitrate dissolved in 100 C.Co of water, and corresponds 
to one unit (0 0 5 mg. per 100 coco) of azo-bilirubin. 
Since the serum has again been diluted to five times 



APPENDIX I 353 

its original volume, the number of units ,per 100 c.c. 
of ser,um is given by multiplying by five the ratio of 
the two colours. 

Icteric Index.-An even simpler quantitative tech
nique, -yvhich is sufficiently accurate for clinical pur
poses, is that introduced by Meulengracht, who, 
assuming that the yellow colour of the serum is due 
entirely to bilirubin, compares the serum, suitably 
diluted (usually twenty times), with a standard solu
tion which keeps indefinitely in the dark and consists 
of 0·05 g. of potassium bichromate dissolved in water 
containing 2 drops of concentrated sulphuric acid and 
diluted with water to 500 c.c. The icteric index is the 
product of the dilution of the serum and the ratio 
between the colour of the diluted serum and the colour 
of the standard. If a colorimeter is used for the 
comparison, this is given by the formula :-

IcterI'c . d d'l t' reading of standard cup In ex= I u Ion X • 
. reading of cup containing 

serum 

If comparison is made by the method of test-tube 
dilution the formula is :-

volume in test-tube contain-

Icteric index = dilution X ing serum 
volume in test-tube con-' 

taining standard 

The icteric index divided by ten gives approximately 
the number of van den Bergh units. 

In this method, as in the 'briginal van den Bergh~ 
it is essential to avoid haemolysis, and it is advisable 
to use fasting blood, since the serum is often cloudy 
during the period of post-ingestive absorption. The 

z 
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Meulengracht method gives fallacious results in 
presence of a carotinaemia such as may be found in 
cases of diabetes, in starvation, and in individuals who 
have been taking a diet very rich in vegetables. Hence 
this method should be used, if there is any reason to 
suspect the presence of a carotinaemia, only after the 
van den Bergh reaction has shown the presence of a 
bilirubinaemia, and even then the figures should be 
accepted with caution. 

Fouchet's Test for Bile Pigment in Blood.-This 
simple test, though it does not differentiate the two 
types of bilirubin as does the van den Bergh test, is 
often useful, since it is not prevented by the presence 
of moderate haemolysis of the sample. It is performed 
by mixing, in a small porcelain dish, :3 drops of serum 
with an equal amount of the reagent (2 c.c. of 10 
per cent. Feel 3, 5 g. of trichloracetic acid, and 20 c.c. 
of water) and allowing the mixture to stand for a few 
minutes. The presence of more than about three 
van den Bergh units of bilirubin is indicated by the 
coagulum turning a greenish-blue colour, maximal in 
about twenty minutes. 

The Phenoltetrachlorphthalein Test 

After first drawing about 8 c.c. of blood from a 
superficial vein of the arm, 5 mg. of phenoltetrachlor
phthalein per kilogramme of body weight are injected 
into the same vein. For injection, the required amount 
of dye, which is obtained in ampoules containing 5 mg. 
per 0·1 c.c., is drawn into a sterile syringe and diluted 
to about 25 c.c. with sterile physiological saline. The 
time of completion of the injection is noted, and the 
vein wall is then washed free of dye by injecting a 
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further 20 C.c. of saline through the same needle. At 
the end. of fifteen minutes, counting from the com
pletion of the injection of the dye, 2 C.c. of blood are 
drawn from a vein of the other arm, and a second 
sample is obtained at the end of an hour. Later samples 
may be drawn if the second sample, on analysis, shows 
the presence of the dye. 

The specimens of blood are allowed to clot, their 
sera are pipetted off, and to each sample a drop of 
5 per cent. sodium hydroxide is added for each cubic 
centimetre of serum. For making the comparison a 
standard solution is prepared by dissolving 10 mg. of 
the dye in 100 C.c. of water. This arbitrary standard 
is chosen as having, on the basis of average blood
volume figures, the same concentration of dye as the 
serum would have if all the injected dye remained 

TABLE XVI 
STANDARDS FOR DETERMINATION OF PHENOLTETRACHLORPHTHALEIN 

IN SERUM 

Percentage of In· 
Volume of 100 Volume of Oontrol Volume oj jecred Dye remain· 

per cent. Standard Serum Water ing in Serum of 
8am8 Oolour 

coo. c.c. 
0·25 0·60 0·15 25 
0·20 0·60 0·20 20 
0·15 0·60 0·25 15 
0·10 0·60 0·30 10 

Volume of 10 per 
cent. Standard, 1 

0·40 0·60 0·00 4 
0·20 0·60 0·20 2 

1 Prepared by diluting 1 c.c. of 100 per cent. standard to 10 c.o. 
with distilled water. 

in it. It is therefore referred to as the 100 per cent. 
standard, and a serum showing one-fifth the depth of 

z· 



356 CLINICAL CHEMISTRY IN PRACTICAL MEDICINE 

colour of this standard indicates the'retention of one
fifth of the injected dye. The colour of the serum 
samples is compared with that of a series of standards 
prepared, as shown in Table XVI, from the 100 per 
cent. standard diluted with the serum obtained before 
the injection of the dye. The comparison is made by 
direct observation, using small test-tubes of uniform 
diameter. It is obvious, of course, that the comparison 
can be successful only if the serum samples are ~lear, 
and if haemolysis is avoided. 

THE TEST FOR OCCULT BLOOD IN 
FAECES 

To demonstrate occult blood in faeces, a technique 
may be employed similar to that described on p. 320 
for the detection of blood in the stomach contents, 
using a piece of stool about the size of a pea ground 
up in about 5 C.c. of distilled water. Otherwise, a 
few drops of a thin emulsion made in this way, and, 
as usual, thoroughly boiled to inactivate oxidising 
enzymes, may be added, after cooling, to a mixture 
of 2 _C.c. of a saturated solution of benzidine in glacial 
acetic acid and 3 C.c. of 3 per cent. hydrogen peroxide. 
In the presence of blood a blue colour develops in 
a minute or two. This test is exceedingly delicate. 

EXAMINATION OF THE CEREBRO-
. SPINAL FLUID 

Microscopic examination of the fluid or of a centri
fuged deposit from it is made by the usual methods. 

Total protein is most easily estimated by addition, 
to a measured volume of fluid, of trichloracetic acid 
and by comparison of the turbidity produced with that 
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of a series of standards. Such a series is obtainable 
commeroially. 

Sugar, urea, etc., may be determined by methods 
used for blood. 

Qualitative Test for Globulin.-To 1 C.c. of cerebro
spinal fluid add 1 C.c. of a saturated solution of 
ammonium sulphate and set aside for a few minutes. 
A turbidity or strong opalescence indicates the pres
ence of globulin in excessive amounts, with a total 
protein content of, usually, over 100 mg. per 100 c.c. 
of fluid. A normal fluid remains clear or, at most, 
shows a very slight opalescence. 

Qualitative Test for Sugar 

Fehling's Test. - Reduction of Fehling's solution 
affords a useful rough clinical test of the sugar content 
of the cerebro-spinal fluid. Boil 2 C.c. of the fluid with 
6 drops of li'ehling's solution. In health a heavy 
reddish precjpitate is formed and rapidly settles to 
the foot of the test-tube, leaving a clear, light-blue 
supernatant fluid. With a low sugar content there 
may be no precipitatc at all, since the protein prevents 
the very small amount of sugar present from reacting. 
This, however, occurs only when the sugar content is 
very greatly reduced, and with moderate reduction 
the mixture becomes opalescent, or shows a slight 
yellowish precipitate. 

Estimation of Chloride 

The method we advocate is vcry similar to that 
described for the estimation of chloride in urine, 
and the same reagents arc used (see p. 303). To 
0·5 C.c. of the ccrebro-spinal fluid add 1 C.c. of the 
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silver nitrate solution and 2 drops of the acidified 
indicator. Mix, and run in the ammonium thiocyanate 
solution from a micro-burette until the first trace of 
yellow persists throughout the mixture. A suitable 
burette may be extemporised without much loss of 
accuracy by simply using a 2 c.c. pipette graduated 
in hundredths or fiftieths of a cubic centimetre. The 
calculation, except for the alteration in the quantities 
involved, is that used for urine. 
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TABLE SHOWING NORMAL CHEMICAL COMPOSITION OF 
HUMAN URINE AND VARIATIONS IN DISEASE 

It must be noted that the analytical figures for normal urino may 
vary greatly since they depend so much on the diet. Thoso given aro 
for an average mixed diet, but figures beyond these ranges do not 
necessarily indicate disease. . 

Amount in Amount 
gm.in in gm. :pe" 
24 h"s. 100 c.c. 

Volume 1500c.c. - High in azotaemic Bright's 
disease. Lowinnephrotic 
syndrome, intestinal ob-
struction, fevers, etc. 

Specific gravity 1012-1020 - Low in azotaemic Bright's 
disease. High in neph-
rotic syndrome, intestinal 
obstruction, fevers, etc. 

[otalhlghm,,,,,,,,,. Con· 
centration low in azo-

Urea 25-35 1·6-2·5 taomic Bright's disease; 
Urea nitrogen 12-18 0·8-1·2 high in nephrotio syn-

drome, inteatina1 ob-
struction, fevers, etc. 

Ammonia 0·5-0·9 0·03-0·06 {High in uraemia, liver 
Ammonia nitrogen. 0·4-0·7 0·03-0·05 diseases, eclampsia and 

in acidosis generally. 

Chlorides (as NaCI) .15-20 1·0-1-5 Concentration low in azo-
taomic Bright's disease, 
but total normal. Con-
centration and total low 
in nephrotic syndrome, 
intestmalobstruction and 
pneumonia. 

Ammonia co- 2-5 Abnormalities as for 
officient ammonia. 
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TABLE SHOWING NORMAL CHEMICAL COMPOSITION OF 

HUMAN BLOOD AND VARIATIONS IN DISEASE 
It must be noted that the abnormalities shown as occurring in 

disease are not invariably present and that the list of diseasos is not 
exhaustive. 

Normal 
Ocmatituent Amoullt in VariatwM in Di86M6 

mg. 1JU 100 c.c. 

{High in azotaemic Bright's 
Non-protein nitrogen 25-35 disease, cardiac failure, in-
Uroo. nitrogen 12--18 testinal and prostatic ob-

struction_ Low in pregnancy. 
Uric acid 2-3·5 High in Bright's disease, ec-

lampsia, gout, leukaemia. 
Creatinine 1-3 High in very advanced azo-

taemic Bright's disease_ 
Inorganic phosphorus 3-4 High in a7.otaemic Bright's 

disease and renal rickets. 
J"ow in rickets. 

Cholesterol 140-180 High in nephrotic syndrome, 
gall-stones and diabetes. Low 
in pernicious anaemia. 

Glucose 80-00 High in diabetes, hyperthy-
roidism, excitement, etc. 

Acetone bodies (os 1·3--2·6 High in diabetes, starvation, 
acetone) severe vomiting, acute yellow 

atrophy. 
Chlorides (as NaCl) 450-500 Slightlv raised in .nephrotic 

syndrome. Low Ul severe 
vomiting. 

Calcium 9'5-10·5 Low in certain tetanies, alka-
losis, and acidosis. 

COa combining power 53-78 Low in acidosis. High in 
vols. % alkalosis. 

Bilirubin (van den 0·2-0',5 High in jaundice, haemolytic 
Bergh units) anaemias. Low in secondary 

anaemia. 
Diastase (index) 6-25 High in acute pancreatitis. 

Low in azotaemic Bright's 
disease. 

Plasma globulin 1'5-3'0 % I:.owin nephrotic syndrome,etc. .. albumen 3'5-6·5 % Increased in kala-azar, and 
myelomata. 

Fibrinogen 200-400 Low in severe liver disease. 
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- in urine, source, 125 
- - estimation 0 , 282 
- - tests for, 270 
Albnmln-globullnratio in plasma, 123ft_ 
- in urine, 106 _ 
AlbUininometer, Esbach's, 282 
Albuminuria, 101 ff_ 
- cause of lowored plasma protein, 125 
- duc to cold, 104 
--drugs,lu-l. 
- functional, 104 
- - in pregnancy, 239, 240 
- In amyloid disease of kidney, 141 
- In anaemla, 105 
- In cardiac diseases, 105 
- In fevers, 105 
- In muscular exercise, 104 
- In pre-eclampsia, 241 
-In pregnancy, 230 
- orthostatic, 10-1. 
- relation to oedema, 125 
Albumose, 280, 281 
Alcaptonuria, 271 
Alcohol, as preservatlvo for faeces, 20 
Allmli, admiulstratlon In acidosis, 69, 

72,74 
- excessive Intake, 74 = = :~~ ~rc:=ln25i51 
- reserve (see also Carbon dioxide 

combining power), 6! 
- - measurement of, 65, 66 
Alkalinity, definition of 52 
A1lmlosls (soo also Carbon dioxide 

combining power) . 
- carbon dioxide combining power In 

68 
- causes of 74 

_ - cause of ietany~ 74, 257, 258 
- co-existent wltn ketosis. 76 
- definition of, 6~ 
- dehydration In, 65, 76 
- gaseous, 68, 75 
- In anacsthesIa, 75 
- in carbon monoxide poisOning, 76 

361 
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Alkal08I&-COnt;nued 
-In gastrlo or duodenal ulcer, 74 
- In mountaIn sickness, 76 
- in vomiting, 76 
- aerum calclum In, 249, 251 
- treatment, 76 
- urine chloride In, 138 
Alveolar air, 65 
Amino-acids In blood, III 
- in asthma, 112 
- in Jiver disease, 211 
- In urticaria, ll2 
Ammonia in mine
- estimation, 289 
-In Bright's dIsease, 71, 137 
- in pre-eclampsia, 242 
- nonnaJ, 359 
- produced by bacteria, 9, 278 
- produced by kidney, 63, 64 
Ammonia coefficient, 137 
-In Bright's disease, 137 
- In liver dlseaaes, 210 
- In vomiting of pregnancy, 245 
- normaJ, 359 
Ammonium saJts, role in neutrality 

regulation, 63, 64 
- tests for, 308 
Amphoteric substances, 52, 61 
Amylase (see Diastase) 
Amyloid disease of kidney, 141, 142 
Anaemia-
- albuminuria In, 105 
- Van den :Bergh reaction In, 201 
- microcytic, achlorhydria In, 170 
- pernicious (see also Pernicious 

anaemia) 
- - achlorhydria in, 169, 177 
- - blood sedimentation rate, 267, 268 
- - excretion of bile acids, 306 
- - excretion of bile pigment, 205 
- - latent jaundice in, 203 
- - plasma proteins In, 124 
- - test meal ftndlngs, 175 
- - Van den Bergh reaction, 201 
- !!plenlc 201 
Anaesthesia, acidosis In, 70 
- alkalosis In 76 
Anti-coagulants, 12 
Arabinose osazone, 295 
ArachnoidLadheslons of, 222 
Arsenic pOJBOning, albuminuria In, 104 
- blood mea in, 114 
- jaundice In, 202 
Arteria-sclerotic kldneY:l109 
- urea clearance test, 47 
Arthritis, achlorhydria in, 170 
- serum calcium tn, 250 
Ascheiro-Zondek test for pregnancy, 

246 
Aspirin In liver function tests, 212 
Asthma, achlorhydria In, 170 
- blood amino-acids In, 112 

BASAL conditions of metaboUsm, 31 
BasaJ metabolic rate-
- - closed method, 35 If. 
- - dcllnition of, 32 
- - effect of age and sex, 32 

B8.I!Il.I. metabolic rate--eontintutl 
- - effect of body temperature, 34 
- - etfect of Iodine therapy, 46 
- - in acromegaly, 44 
- - In benign goitre, 45 
- -In exophthalmic goitre, 44, 45, 47 
- - In hypopitultrism, 44 
- - in hYPothyroidism, 44. 47 
- - in obesity 44 
- - In toxic adenoma, 46 
- -In various diseases, 44 
- - nonnal values, 33. 43 
- - open method, 36, 37, 40 
- - preparation of patient, 34 
- - Reed'. formula, 48 
Bence-Jones protein, 283 
Bendict's method for urine sugar, 296 
- test for sugar. 291 
Benzidine te.t for blood, 272, 356 
Benzoic acid, 211 
Bile, function In fat absorption, 187 
- In gastric contents, 157, 163, 166, 

167,319 
BUe acids, 205 
-in urine, 206 
- - tests for, 306 
Bile pigment (see also Bilirubin) 
- In blood} estimation, 352. 353 
- - Fouenet's test, 354 
- - Icteric Index, 353 
- - Van den Bergh test, 351 
- in faeces, 204, 205 
-in mine, 271 = ~~t~i~~3 204 
Bile saJts (see ilUe acids) 
Bilirubin (see also Bile pigments) 
- in blood, eclampsia, 243 
- - jaundice, 204 ff. 
~ - normal, 360 
_; in urine, eclampsia, 243 
- - baemolytic Jaundice, 201 
- - obstructive jaundice, 200 
- metabolism of, 204 
- source of, 196 
- two form. of, 196, 197 
Blackwater fever, 271 
Bleeding, control of post-operative, 252 
Blood, amounts for analyses, 10, 11 
- anti-eoagulante for, 12 
- benzidine test for, 272, 356 
- bile pigment in (see BUe pigment) 
- (and pus) caste in urine, 314 
- coagulatIOn, 248, 252 
- colour index, 333 
- differential count, 334 
- direct test of compatibility, 337 
- erythrocyte count} 326 If. 
- estimation of calCIum, 350 
- - chloride, 349 
- - cholesterol, 350 
- - creatinine, 349 
- - haemoglobin, 332 
- - inorganic phosphate, 349 
- - non-protein nitrogen, 348 
- - sugar, 343 
--urea 348 
- - uric acid, 348 
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Blood-continued 
- films, preparation 334 
- groups, ClBJsificatlons, 338, 339 
- - metnod, 837 
- guaiac test for, 271, 320 
- haemoglobin content, 333 
- in cerebro·spinal fluid, 224. 
- In faeces, 181, 356 
-in gastric contents, 157,164,166,173 
- - tests for, 319 
- in urine, 103 
- - tests for, 270 
- leucocyte count, 331 
- methods of collectlon~ 16, 327 
- normal composition, :s60 
- occult, in faeces, 181, 356 
-pRof,56 
- preservation of samples, 14 
- reaction of, 49, 66 
- red cell count, 326 
- reticulocyte count, 336 
- spectroscopic exanllnation, 331l 
Blood, amino·acids (see Amino·acids) 
- calcium (see Calcium) 
- carbon dioxide combininl! power 

(oee Carbon dioxide) 
- - content, 66 
- chloride (see also Ohlorlde) 
- -In acute Bright's disease, 123 
- -In eclampsia, 115 
- -In nephrotic syndrome, 115, 121 
- - in vomiting, 115, 244 
- cholesterol (see CholeBtarol) 
- creatinine {see also Creatinine) _ -ill BSSociation with granular casts, 

- - effect of diet on, 111l 
- -in Bright's disease, 111,117, 119 
- - relation to blood urea, 118 
- non-}!rotein nitrogen (see also 

N.P.N.), 111, 112, 122 
- - in acute yellow atrophy, 246 
- -in BriA:ht's disease, 112, 122 
- - in nephrotic syndrome, 127 
- - in pregnancy, 239, 24.0 
- - in renal rickets, 121 
- phosphorus (see also Phosphorus) 
- - norm .. l total, 247 
- sedimentation rate, 263 ff. 
- sugar (seo also Glucose, Sugar) 
- - diurnal variation in diabetes, 87 
- - - effect of insulin, 88 
- - effect of excitement, 85 
- - in diabetic coma, 07 
- - normal fasting level, 82 
- sugar curve-
- - in diabetes, 84. 
- - in liver diseases, 90 
- - In pltultary dysfunction, 89 
- -In pregnancy, 238 
- - In renal glycosuria 93 
- - in thyroid dysfunction, 89 
- - .. lag" type, 90 
- - normal, 82 
Blood ureu8ee Urea) 
~d;111 

- - In gout, 119 
- - in loukacmia, 120 

Blood volume in nophrotic syndrome, 
126 

Body surface, 81 
Bone, caloifloation of, 248 
- -in rickets, 252 
- - In osteitis deformans, 255 
- - In osteitis fibrosa, 255 
- - In osteomalacia, 254 
Bright's disease (see also Nephritis, 

Nephrotic syndrome) 
- - acidosis In, 70, 137 
--acute 107 
- - - blood chloride in, 123 
- - - blood urea in

k
113, 148 

- - - plasma prote sin, 124 
- - - renal function tests in, 136 
- - chronic azotaemic, 107, 108 
- - - blood cholesterol in, 123 
- - - blood creatlnlno In, 117, 119 
- - - blood phosphate in.l. 121 
- - - blood urea in, 113 II. 
- - - blood urio acid in, 120, 122 
- - - congo·red test in, 142 
- - - in pregnancy 240 
- - - plasma proteins in, 124 
- - - renal function testa (see Renal 

function tests), 110 If., 148 
- - - sorum calcium In, 254 
- - - urea concentrating power, 143 
- - classification 107 
- - hydraemic (see Nephrotic syn 

drome), 108, 109 
- - urea clearance in, 147 
- - urea volume and sp. gr. in, 129 
- - urinary casts in, 813 
Bromsulphaiein, 213 
Broncho·pneumonia, 73 
Bufferl( 67 
- of b~ood, 69 61 
Burns haemoglobin in urine, 271 
ButyrIc acid, In gastric contents, 173 

OALCIUM, absorption of, 260 
- and musclo lrritabllity, 249 
- and neutrality regulation, 249 
- baIl>nce In osteitis deformans, 256 
- - - fibrosa 251 266 
- - osteomalacia, 2M, 256 
- carbonate in urine, 317 
-in blood, 247 
- in blood coagulation, 248 
- in plasma, 247 
- in sorum and citrated plasma, 13 
- - estimation of, 350 
- - ionic and diffusible, 247 
- in tetany, 257 
- Ions and cardiac contraction, 249 
- metabolism in pregnancy, 251 
- of serum (see Serum calcium) 
- oxalate calculi, 308 
- tests for, .a08 
Calorific value of oxygen, 29 
Oantharides, albuminuria due to, 104 
Carbohydrate, energy value of, 29 
- Identification by osazones, 294 
- respiratory quotient 28 
- tolerance test (see also Blood sugar 

curve),81 
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Carbolio aold, exoretion produots, 271 
Carbon dioxide, combining power 01 

blood, normal, 66, 67, 360 
- - in acidosis, 67 
- - in acute yellow atrophy, 246 
- - in alkalosis, 68, Ulf. 
- - in anaesthesia, 70, 75 
- - In broncho·pneumonla, 72 
- - in cerebral hnemorrhage, 71 
- - in diabetes, 60, 07 
- - in diarrhoea, 73, 76 
- -in eclampsia, 242, 243 
- - in hypoglycacmia, 70 
- - in nephritis, 70 If. 
- - in nephrotic syndrome, 72 
- - in starvation, 70 
- - in uraemia, 71 
- - In vomiting, 76, 76 
- -In vomiting of prognancy, 241, 

2~5 
Carbon monoxide poIsonlng, CO. com· 

bining power In 75 
Carboxyhacmoglol,ln, tests for, 341, 3~2 
Careinoma, blood scdimonta~ion rate 

In 266 
Cardiac failure, albuminuria In, 105 
- blood urea lD, 114 
- plasma proteins in, 124 
- urinary pH in, 278 
Casts in urine, 312 
Catarrhnl Jauri.dice (sec Jaundice) 
Cells In cerebro'spinal fluid, 228 
-urine, 311 
Cerebral absccss, cerebro·splnal fluid In, 

230, 231, 235 
- arterio·sclerosis, cerebro·splnal fluid 

in, 228 
- haemorrhage, cerebro·splnal ftuld, 

pressure in, 222 
- - cerebro·spinal ftuid, ftnding. in, 

235 
- - CO. combining power in, 71 
- tumour, cerebro·spinal ftuld in, 235 
- - cells in, 227 
- - fluid, pressure in, 222 
Cerebro·spmalfluld, 217 If. 
- - appearance 01, 218, 223 
- - cells In, 218, 224, 227 
- - chlorides in, 219, 230 
- - coagulation of, 226 
- - estimation of chlorides in, 357 
- - - globulin in, 357 
- - - sugar in, 357 
- - - total protein in, 357 
- - ftbrinogen Inl. 218, 22:;, 226 
- - glucose in, 2z9 
- - Lange's colloidal gold test, 232 
- - organisms Inol 224 
- - pressure of, z211f. 
- - protein Inol 218, 225, 228 
- - sugar In, z19, 229 • 
- - urea in, 220, 231 
- - Van den Dorgh reaction in, 203, 

224 
-. - withdrawal of, 21 
- - xanthochromia In, 225 
Cervicitis, 103 
- pyuria In, 311 

Chloratcs, methacmOlllobinuria, 271 
Chlorides, estimation of, in blood 

3~0 
- - cerebro'spinal fluid, 357 
- - gastric contents, 32,1, 
- - urino, 303 
- in blood, normal, 360 
- -in vomiting, 257 
- in cerebro'spinallluld, 219, 230 
- - gastric contents, 177 
- - nrlne, normal, 359 
-loss In vomiting of pregnancy, 24,1, 
Chloroform, as a urine preservative 

911 
- poisoning, Jaundice in, 202 
Cholecystitis, achlorhydrl3 in, 170 
Cholera, Indican excretion in, 271 
Cholesterol in blood, 360 
- - cstlmatlon of, 350 
- - In nephrotiC syndrome, 123 
- - In pre-cclampsia, 242 
- in urinary deposit, 317 
Chronic azota.cmlc Bright·. diseaso (8ee 

Bright's disease), 108 
- interstitial nephritis (see Bright's 

disease) 
- uraemia (see Uraemia), 109 If. 
Chyluria, 271 
Cirrhosis of liver, excretion of bile acids 

in, 306 
Cistern puncture, 26 
Cltrates as anti·coagulants, 12 
- in control of bleeding, 252 
Coeliac disease, faeces fat in, 101 
Cole'8 method for urine sugar estima-

tion, 296 
Colitis, achlorhydria in, 170 
- faeces fat in, 191 
Colour index of blood, 333 
Cuma, diabetic, blood urea In, 115 
- - CO. cOlllDining power in, 69 
- ~tel!lic, cerebro-spinal fluid oren in, 

- - CO, combining power in, 71 
Congo roa, 172 
- test for free HCI. 321 
-- of renal function, 141 
Creatinine, concentration of, by kidney, 

120 
Creatinine In blood (sce Dlood creati-

nine) 
Crystalline deposits In urine, 315 
CY:g39iS, blood sedimentation mte In, 

Cyclical vomiting, CO. combining 
power in, 76 

Cystine calCUli, 309 
Cystinuria, 317 
Cystitis, 103 
- pus in urine, 311 

DEHYDRATION, 115 
- in acidosis and alkalosis, 65 
- In alkalosis, 75 
- ill diabetic coma, 97 
- in dlarrhoc.'1, 73 
-In vomiting of pregnancy, 2~3 
- plasma protein In, 12,1, 
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Detoxication, function of lil'er, 211 
Diabetes, acidosis In, 68, 69 
- blood sugar, diurnal variations, 87 
- - effect of insulin on, 88 
- - effect of zinc·protamine insull-

nate, 88 
- blood sugar curve, 84ff. 
- blood and urine tests during treat-

ment,94 
- C.S.F. glucose, 229 
- diagnosis of, 78 
- - effect of infection on, 05, 100 
- - effect of insulin on, 88 
- - effect of montal disturbance on, 

100 
- - cffcct of zlllc-protamine insulinate 

on,88 
- glycosuria in, 100 
- in pregnancy, 238 
- ketone bOdies, amount excreted, 

301 
-1!Levulose tolemnce test in, 207, 208 
- serum calcium in, 250, 251 
- tests in prognosis, 99 
Diabetic coma

l 
97 ff. 

- blood urea n, 115 
- CO, combining pOwor In, 69 
Diarrhoea, CO, combining power In, 73 
- faeces fat in, 101 
- meningism In, 230 
- plasma protein In, 124 
Diastase, 183, 360 
- in acute and chronic pancreatitis, 

184,186 
- in faeces, 186 
- in renal function test, 138 
- in urlno, cstlmlltlon of, 305 
Dlastatlc Index, 306 
Diet, effect on urinary reaction, 277 
Dihydrox)-phenols In urine, 271 
~iss"':~I~~~dc:~e[~.~ . 
- - C.S.F., Langels gold test in, 233 
- - C.S.F., protein In, 229 
Duodcnallrrltstlon, 193 
- occlusion, tetany In, 257 
- ulcer, 163 If. 
- - faecal blood, 181 
- - serum calcium, 251 

ECLAMPSIA, 242 
- acidosis in, 242 
- bilirubinaemia in, 243 
- blood chloride in, 116 
- blood urea In, 115 
- lh'er insufficiency In, 243 
- serum calcium In, 251 
Ectopic gestation, blood sedimentation, 

266 
Elfuslons, haemorrhagle, Van den 

Bergh test, 198, 203 
Ehrlich's reagent, 197 
Encephalitis, 222, 227, 230, 234 
Endocarditis, 312 
Energy value of foodstuffs, 39 
Enterokinase, 184 
Epilepsy, serum calcium in, 250 
Epithelial casts, 313 

~rn~fJ~~l~ount in blood, 326 
- nonna! blood content, 331 
Esbach's albuminometer, 282 
Esscntiallmcmaturia, 312 
Ewald's test mcal, 179 
Exercise, albuminuria in, '104 
- urinary casts in, 313 
- uroerythrin excretion in 271 
Exophthalmic goitre, B.M.lt, In, 45, 49 
- - blood sugar curve in, 00 

FA.ECES, bile pigment in, 204 
- bile salts In, 206 
- blood in, 181, 356 
- collection for analysis, 20 
- diastase In, 186 
- rat normal, 187 
- - In various conditions, 187 ff. 
- fatt)' acids In, 188 
- meat flbres in, 102 
- microscopic examination of, 186 
- prcservation of, for analysis, 20 
- trypsin in, 186 
Fasting juice--
- in duodenal ulcer, 164 
- in gastric carcinoma, 173 
- in gastric ulcer, 164 
-In hyperchlorhydria] 162 
- In normal persons, 156 
- In pernicious anaemia, 175 
- withdrawal of, 152 
Fat, digestion and absorption of, 187 
- energy value of, 20 
-in faeccs, 187 fl. 
- in urine, 274 
- rcsplratory quotient} 28 
Fatty CRSts in urlno, 314 
Fehling's test for sugar, 291 
- In cerebro·splnal IIUld, 357 
Ferric chloride test for ketonc bodies 

302 
Fevers, achlorhydria In, 169 
- albuminuria In, 105 
- n.lI.R. in, 34, 44 
- blood sedimentation rate in, 266 
- - urea In, 115 
~ jaundice in, 201 
- serum calcium In, 250 
- ureoerythrin excretion in, 271 • 
Fibrinogen In blood plasmaL 124, 125, 360 
- in cerebro·spinal fluid, :<:18, 225 fl. 
Fluoride, as blood preservative, 15 
Foam test for bile pigments, 274 
Foramen magnum, blockage of, 222 
Formalin, use as.;preservative, 0, 15, 21 
Fouchet's test for bile pigment, 354 
Fractional test meal, 150 If, 
Fraunhofer lines, 340 
Froin's syndrome, 225 
F~rl'se (ace also Laevulose) in urine, 

- Sellwanoff's test for, 292 
Functional albuminuria, 104 

GA.UOTOSE tolerance test, 206, 209 
- in urine, 292 
Gangrene, urinary indican in, 271 
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Gaseous acidosis, 73 
Gastrectomy, teSt meal results, 166 
Gastrlo carcinoma, 169 If., 319 
- ulcer, 164, 181, 261 
Gastrio contents, analysis of, 318 If. 
- acidity (free and total), 154 If. 
- blood in, 167, 164 
- cause of achlorhydria In, 171 
- chloridcs (mineral, total) In, 177 
- examination of, 150, 16-1 
- fasting (see Fasting Julce) 
- lactic acid In, 155, 172 
- leucocytes In, 157 
- microscopic examination of, 325 
- mucus In, 157, 158 
- odour of, 157, 173 
- organio acids in, 165 
-pusln, 157 
- volume (norma~ fasting), 156 
- wlthdrawu.1 of, 162 
Gastritis, 168, 169, 177 
Gastro·enterl~ls, 76 
Gutro·enterostomy, 166 
General paralysis of the Insane, 227, 

236 
Globulin, distinction from albumin, 281 
- in cerebro·splnal lIuId, 218, 228, 232 
- - test for, 357 
-In blood (see Plasma proteins) 
- - normal, 860 
Glucose (see also Sugar, ]Ilood sugar) 
-In blood, 82 ft., 360 
- - estimation, 343 
- In cerebro·splnallluId, normal, 219 
- - pathological, 229 
- - test for, 357 
- In urine, estimation of, 295 
- - tests for, 291 
- osazone, 204 
- renal thrcshold for, 83, 86, 93, 96 
Glutaminic acid, 212 
Glycine, 205, 212 
Glycosuria,781f. 
- functional, 79 
- In diabetes, 100 
-In pituitary dysfunction, 81, 89 
-In pregnancy, 237 
- In thyroid dysfunction, 81, 811 
-renal,93 
- - In l?rognancy, 238 
Glycuroruc acid, 211, 212, 2Q3 
- - test for, 204 
Goitre (soo ]Ienign, Exophthalmic 

goltrs),45 
Gout, 119, 315 
GranUlar casts In urine, 313 
Grave.' disease (soo Exophthalmic 

goitre Hyperthyroidism) 
Guulac test for blood 270, 320 
Gunzberg's test for hydrochloric acid, 

165, 172, 321 

HABJUromlN 203, 224, 226 
Haematoporp1wrln in urine, 271 
- - test for 272 
Ro.ematuria, ~12, 270 
Baemocytometer, 326 

Haemoglobin, detection by spectro. 
scopo 840 

- function in neutru.1ity regulation, 
58,00,'61 

-In blood, estimation, 332 
- - normal, 332 
- in urine, 270 
- - tests for, 270 
~fOlYSIS, prevention of, in samples, 

Haemolytic jaundice (see Jaundice) 
HaemophUia, 262 
Haemorrhage, 203 
- cerebral (see Cerebral haomorrhage) 
- plasma proteIns, 124 . 
Haemorrhagic effusions, Van den Bergh 

test In, 108, 203 
Hagedorn·Jenson, method of sugar 

estimation 343 
Haldane, method for alkaU resorve, 65 
- - gas anulysIs, 33 
- gas mask, 37 
Hay's test for bile acids, 306 
Headache, after lumbar puncture, 25 
Heat test for proteins, 280 
Herpes zoster, 267 
Hippuric acid 212 
Histamine test meal, 178 
Histidine test for pregnancy, 2~6 
Homogentisic acid, 271b272 
Hupvert-Cole test for b lrubln, 273 
Hyaline casts, 313 
Hydraemia nephritis (see N ophrotlo 

syndrome) 
- - B.III.R. In, U 
Hydroblllrubin, 20~ 
HydrobUlrublnogen, 20.1. 
Hydrocephalus, 26, 222 
Hydrochloric acid, as urine preserva. 

tive, 10 
- In gastric contents, 164 te. 
- - estimation of, 323 
- - tssts for, 320 
Hydrogen lon, 50 
- - concentration, measure of acidity, 

54 
- - In water, 63, 64 
--pH,66 
Hydrometsr, 275 
8-Hydroxybutyric acid, 62, 68, 301 
Hypercalcaemia 259 
Hyperchlorhydria, 161 If. 
Hyperemesis gravidarum (Bee also 

Vomiting of pregnancy), 76 
Hyperglycaemia, 84 ff. 
HyperpltuItrlsm, B.M.R. in, 44 
- - blood sugar curve In, 89 
- - glycosuria In, 81 89 
Hyperpnoea, alkalosis In, 73 If. 
- tetany In, 257 
Hyperthyroidism, B.lI!.R. In, 44 te. 
- - blood sugar curve In, 89 
- - glycosuria In 81, 89 
Hypobromlte~ In estimation of urea, 284 
HypochlorhyariaL 153. 168 If. 
HypoglycBcmla, 'to, 97, 98 
Hypopltuitrlsm, B.M.R. in, 44 
- - blood sugar curve In, 89 
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Hypethyroidism, DoM.n.in, 44, 47 
- blood sugar curve in, 89 
Hysteria, alkalosis in, 75 
ICTIBIO index, 199 
- - estimation of, 353 
- - in acute yellow atrophy, 245 
- - jaundice, 200, 201 
Icterus gravis, 245 
Indican, urinary, 211, 271 
- - testa for, 272 
Indole, 212 
Indoxyl-sulphurlc aoid (see Indican) 
Infcctive jaundice (see Jaundice) 
Inflammation, ncuta, blood sedimenta-

tion In, 265 
Influenza, achlorhydria in, 169 
InorganiC phosphate (see Phosphate) 
Insulin, 88, 97 
Intestinal, pH in rickets, 253 
- obstruction, alkaloals In, 75 
- - blood urea In 115 
- - cerebro-sphi8I fluid, chloride in, 

230 
- - urine chloride in, 138 
intestine, excretion of fat by, 187 
Iodine therapy in toxic goitre, 45 
- test for starch, 166 
Ionisation, 50 
Ions, definition, 49 
- tiansferonce from plasma to cells, 61 
JAUNDICE, 196 If. 
- catarrhal, 202 
- caused by drug3, 202 
- causes of, 197 
- cerebro-spinal fluid in, 225 
- excretion of bile acids In, 206, 806 
- - bile pigment 10, 204 
- - phenoltetraohlorphthaleln in, 214 
- faeces fat in, 189 
- haemolytic, 198, 201, 204, 252 
- infective, 108, 201, 205 
-latent, 202 
- Obstructive

l
197 If., 205 

- spirocbaeta , 202 
- toxic, 198, 201, 202 
Jejunal occlualon, 257 
- ulcer,168 
KAu-U.AR 124 
Ketone bOdies, 69 
- - in blood, 360 
- - in urine, 300 
-'- - testa for, 302 
Ketonuria, 68 If., 79 
- in pregnancy, 245 
KetosiS, 69 If. 73 
-In acute yellow atrophy, 246 
- in alkalosis, 76 
- in starvation, 70 
- In vomiting (pernicious) of preg-

nancy,244 
- s.rum calcium in, 251 
Kidney! adaptability of, 127 If., 
- amy oid disease Of

b 
141, 142 

- arterlo·sclerotlc, 1 9, 147 
- concentrating power of, 120 
- - In Bright's disease, 143 

Kldney-eOlltitlueG 
- double polycystic, 114 
-l~nction in neutrality reguiation, 63 

- function tests, 110 If. 
- - In pregnancy, 240 
-low reserve, In pregnancy, 239 , 
-l~.rndary contracted, 100, 121, 124, 

Kllplfer cella, 196 

LACTATlON-
- glycosuria in, 81, 238 
- lactosuria in, 81 238 
lactic acid In gastric contents, 155, 157 
- -In gastriC carcinoma, 172 
- - tests for, 322 
Lactose In urine 290 
- - dilferentiaiton from glucose, 80 
- - estimation of, 209 
- - mucic acid I test for, 292 - -=- osazones 0 , 295 
lactosuria, 80 
-In prellJl8.ncy, 238 
Laevulose tolerance test, 207 
.. Lag" type of blood sugar curve, 90 
Landry's paralysis, cerebro-splnal fluid 

In, 235 
Lange's colloidal gold test, 232 
Lead, estimation of,ln urine, 8 
- poisoning, 261 
- - blood urea In, 114 
LeuclneJ .excretlon of, In acuts yellow 

atropny of liver, 2111 246 
- urinary deposit of ~17 
Leucocyte count In biood, 331 
Leucocytes In gastric contents, 157, 173 
- - urine, 103, 311 
Leukaemia

l 
bloOd urlo acid In, 120 , 

- D.M.R. n, 44 
- uric acid crystals In urine In, 315 
Lipase, function In fat digestion, 184, 

187 
-In tests of pancreatic function, 187 
Lipoid phosphorus, 248 
Liver, acute yellow atrophy ot, 245, 

246 -
- - excretion of leucine and tyrosine 

In, 211 
- damage in eclampsia, 243 
- ;_ failure to excrete glycuronates 

In, 212 
- - indican in 212 
- deficiency, blood sugar curve, 90 
- disease, ammonia coelftclent In, 210 
- - blood amino-acids In, 211 
- - - urea, 211 , 
- - fructosuria In, 206 
- - laevuloso tolerance test In. 207 If. 
- 213 Vr~enoltetro.bromphthaleln test .In, 

- - phenoltetrachlorphthaleln test in, 
213 If., 354 

- - Van den Dergh test in, 201 
- functions of, 195 
Locomotor ataxia, Lange's colloidal 

gold test in, 236 
Logwood, colour of urine with, 271 
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Lumbar puncture, technlquo of, 21 
Lymphocytes in cerebro-splnal Ouid 

(seo Cells) 

MACLEAN'S test for lactic acid, 322 
Madder 271 
Magnesium tests for, 808 
Malignant disease (see also Carcinoma, 

Gastric carcinoma, etc_> 
- - blood sedimentation rate, 268 
- - of kidney, 312 
1I1altase, 184 
1Iiaitose osazone, 295 
1I10lanosarcoma, 271 
Melanuria, 271, 272 
Menilllleal haemorrhage, 235 
- irritation 222 
Meningism, 230, 231 
Jlenlllllitis 222 If_ 
- benign iymphocytic, 227 
- meningococcal, 228, 229, 231, 234 
- pneumococcal, 229, 23~ 
- pyogenic, 224 
- streptococcal, 220, 234 
- suppurativo, 226 
- syphilitic, 224 
- tuberculous, 26, 226, 229, 234 
Menlngo-myelitis, syphUltlc, 236 
Jfercury poisoning, 104, 114 
lIIetabolism, 27 
- basal (see also Dasal metaboIlsm), 

31 If. 
lIIethaemogIobln In urine, 271 
- spectroscopic detection, 342 
Methyleno blue, 271 
Jlelllelll!l'Reht's icteriC Index, 199, 353 
Microcytic anaemia, 170 
Moss' blood grouping system, 338 
1II0untain sickness, 75 
Mucic acid test for lactose, 202 
Mucus In gastric contents, 157, 158, 

173,177,320 
Murexide test for uric acid, 307 
1Ilu8cle, Irritablllty and calcium, 249 
1I1useular activity, I\Cldosls in, 62 
Jlyeloma, 124 
Myxoedcma, B.lII.R. in, 44, 47 
- blood sugar curve In, 00 

NAPnmoRESORCINOL test, 294 
Nephritis (see also Bril!ht's disease, 

Ncphrotlc syndromo) 
- carbon dioxide combining power in, 

70,71,72 
- cerebro-spinallluid, chloride, 230 
--urea, 231 
- classlOcatlon, 107 
- semm calcium In, 251 
- urine albumin-globulin ratio, lOG 
Nephrotic srndrome, 107, 108, 121 
- acidosis m, 137 
- albuminuria in, 108, 125 
- blood carbon dioxide combining 

power In, 72 
- blood chloride In, 115, 121 
- blood choleBterolln, 123 
- blood urea In, 115, 116 
- blood volume In, 126 

Nephrotic syndromll--i:ontinuea 
- cholesterol in urine, 317 
- congo-red test, 142 
- oedema in, 108, 125 If. 
- plasma proteins In, 124 ft. 
- renal function tests, 127, 147, 149 
- secondary contracted kIdney, 100 

116 
- urea clearance, 147 
- urine chloride, 138 
- \ulne volume and specillc gravity, 

120 
N eurasthcnia, achlorhydria in, 170 
- phosphate deposit In urine, 300 
Neuritis, achlorhydria In, 170 
Neurological conditions, basal meta-

bolic rate, 4~ 
Neurosyphilis, Lango's colloidal gold 

test, 236 
Neutrality, definition, 62 
- regulation, mechanism of, 58 fr. 
- - effect of kidney, 63, 04 
- - senlm calcium and, 249 
Ninhydrin test for pregnancy 2010 
Nitric acid test for protein, 281 
Nitrites, cause of methasmogloblnurla, 

271 
Nitrogen, non-protein of blood, 111 
Nltropmsslde teat for ketone bodlos, 302 
Non-protein nitrogen of blood, III 
- estimation, 348 
- nonna) "alue 360 
Nylander's test for sugar, 292 

OBESITY, basal metabolic rate In, 44 
Obstructive jaundice (see J"aundiec) 
Occult blood in faeces, 181, 350 
O~~~r of gastric contents, 167, 173, 

Oedema, causes of, 121, 125 fr. 
- famine, plasma proteins In, 124 
- In amyloid disease of kidnor, 141 
- In nephrotic syndrome, 125 IT_ 
Oedema tluld, protein content of, 126 
Oliver'S test for bile acids, 306 
Oncotie pressure, 125 
Oreln test for pentoses 293 
Orthostatic albumlnur'la, 104 
Osazonos, 80, 294 
Osmotic pressure, 125 
Osteitis deformans, 255, 256 
Osteitis ObroM, focal, 256, 250 
- - generalised, 255, 256 
Osteomalacia, 251, 255, 256 
Osteoporosis, 254 
Oxa)ato calculi, 308 
Oxalatos, as anti-coagulants, 12 
- depOSIt in urine, 316 
Oxygen, calorific value of, 20 
Oxyhaemoglobln, absorption spectrum, 

341 

PAGET'S disease, 44, 255, 256 
Pancreatic disease, dlutase excretion 

In, 184, 186 
- - faeces fat In, 188 II. 
- - trypsin, 192 II. 
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P~~reo.titis, acute, diaststic index, 

- chronic, dio.ststlc index, 186 
Parathormone, 258 If. 
Parathyroid, functions of, 259 
- overactivlty of, 255 
Parathyroidectomy, tetany, 259 
Pentose in urine, 200 
- osazone, 295 
.- tests for, In urine, 293 
Peritoneal lIuid, Van den Bcrgh test 

in, 203 
Pernicious anaemia-
- - excretion of bile acids In, 30G 
- - plasma proteins in, 124 
- - test menl results In, 169, 176 If. 
- - Van den Bergh rco.ction in, 203 
pH,65 
- of blood, 66, 64 
- of urin~, 62, 276 If. 
- - determilllltion of, 278 
Pheno1·phthaleln, 324 
Phenol-sulphone-phthaleln, 139, 147 
Phenoltetmbrompl1thaleln, 213 
Phenoltetrachlorphthalein, 213, 354 
Phloroglucinol test for pentoses, 293 
Phosphatase, function In bone forma-

tlon, 248 
- of plasma, 254 If. 
Phosphate, inorganic In blood
- estimation of, 11, 15, 349 
- In Bright's disease, 121 
- In Jaundice 202 
- In osteitis deformans, 256 
- In osteitis IIbrosa, 255, 256 
- In osteomalacia; 254, 256 
- In renal rickets, 253, 2M, 256 
- In rickets, 253, 256 
- normal 248, 360 
- role in bone formatl!)n 248 
- role in neutrality reguh\tion, 59, 61 
Phosphatic calculi, 308 
- deposits in urine, 316 
Phosphooreatinc, 250 
Phospholiplns In blood, 248, 250 
Phosphoric esters 248, 250 
Phosphorus, funelions of, 250 
- partition in blood, 248 
- total in blood, 247 
Pituitary (see also Hyper· and IIypo-

~i~uitri.lll, Acromegaly, etc.), 230, 

Plasma, calcium content of, 247 
- proteins, 123 If. 
Pleural elfnslon, Van den Bergh test in, 

203 
Pneumonia, acidosis In, 72 
- C.S.F. chlorido in, 230 
- jaundico In, 201 
- meningism In, 230 
- urine chloride in 138 
POliomyelitis, O.S.]I. In, 228, 234 
Polycythaemia, blood sedimentation 

mte,268 
Polyncuritis, C.S.F. In, 227, 228, 235 
Potassium oxalate, 12 
Pott's disea.se, 225 
l're-eclampsia, 242 

Pregnancy, albuminuria In, 239, 240, 
242 

- blood sedimentation rate in, 263, 266 
- blood sugar curve in, 238 
- blood urea in, 240 
- Bright's dlsca.se in, 240, 241 
- dentallllfections In, 251 
- diabetes In, 238 
- eclampsia In, 242 
- glycosuria In, 80, 237 
- !actosurl .. in, 80, 238 
- low reserve kidney In, 239 
- osteomalacia In, 254 
- pernicious vomiting in, 243 
- - and tetany in! 257 
- renal glycosuria mol 238 
- serum calcium in, lI:43, 261 
- termination of, 241 
- tests for, 246 
- yellow atrophy of liver in, 245 
Preservation for analysis, blood, 14 
- faeces, 20 . 
-urine, 7 
Prontosll, 271 
Prostatic obstruction, 114 
Prostatitis, 311 312 
Protamine Insliilnate, 88 
Protein, as bulfer substance in blood, 

60,61 
- Bence·Jones, In urine, 280 If., 283 
- in blood plasm .. , 123 If., 360 
- in cerebro-spinailiuld, estimation of, 

356 
- - normal, 218 
- - pathological, 228 
- in oedema fluid, 126 
- in urine (see also Albumin, Albu-

minuria, etc.), 102 
- - estimation of, 282 
- - from extra-renal sources, 280, 281 
- - tests for, 279 
- metabolic products of, 111 
- res,Plmtory quotient of, 20 
Ptyalm, 183 
Puerperium, blood sedimentation rate, 

266 
- Bright's disease, 2J1 
- diabetes, 239 
Purpura, 312 
Pus, cast. in urine, 314 
- in gastne contents, 157 
- In urine, 103, 311 
-,- - tests for, 275 
Pyelitis, 311 
Pyelonephritis, 312, 314 
Pyloric obstruction, alklllosis duo to, 

257 
- spa.sm, 162, 164 
- stenosis, 74, 75, 150, 164, 165, 173 
l'yramidon, 271 

QUECKliiNSTliiD phenomenon, 223 
Quinine, 271 

RElIiD'S forrnul .. , 48 
Regurgitation, dUodenal, 157, 161, 162, 

177 
llebfuss test meal, 150 
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ReDlIl dJabetes (glycosuria), 93, 238 
- disease, urine pH In, 278 
- dwarfism, 121 253 
- functioD tests, bascd OD adaptllblllty, 

129 If. 
-- coDgo·red, 141 
- - diastase excretion 138 
- - pheDol.sulpboDe-phthalcID, 139, 

147 
- - relative sonsitivlty of, 148 
- - respODBO In Dephrotlc syndrome, 

127, 136, 149 
- - urea clearaDce, 144 
- - urea concentratioD, 132 
- - urea range, 134 
- - uroselectaD, 140 
- - water concentration, 131 
- Infarcts, 312 
- rickets, 121, 253 
- threshold for IIlucose, Dormal, 83 
- - Ju dJabetes, 86, 96 
- - In renal glyCOSuria, 93 
- tuberculosis, 311 
RespIrntory quotient, 28 
Retloulocyte count 336, 337 
ltheumatlc fever, blood sedimentation 

rate, 266 
Rheumatism, acute, blood sedimenta

tion rate, 267 
Rheumatoid arthritis, achlorhydria ID, 

170 
Rhubarb, 271 
Rlckets1 252, 253, 258 
- renal, 121, 253 
Ryle's tube, 151 

SABLI haemogloblnometer, 382 
Sallue, ID treatmeDt of alkalosis, 76 
Salpingitis, blood sedJmentatlon rate, 

266 
S.oJvarsa.n, jaundJce, 201, 203 
SaDtoniD 271 
Sarcinae in pstrio contents, 320 
Scurvy, 271 
Secondary contraoted kidney, 109, 124, 

136 
Seliwanoif's test for laevulose, 292 
Senna, 271 
SepsiS, Van den Bergh reaction, 202 
Senun oalclum-
- estimation of, 350 
-In acidosis and alkalosis, 249, 251, 

257 
- in arthritis, 250 
-In Bright's disease, 251, 254 
- in diabetes, 250 
- In epilepsy, 250 
- In fevers, 250 
- In gastric and duodenal ulcer, 251 
- in haemophilia, 252 
- in byperpnoea, 257 
- In ketosis, 251 
- In nephritis, 251 
- In osteitis deformans, 265, 266 
- in osteltll fibrosa, 255, 250 
- In osteomalacia, 254, 256 
- In pregnancy, 251 
- In renul rickets, 253, 25~ 

Serum caJcium-conUnued 
- In rickets, 252, 253 
- In skin dJseases, 250 
- In sprue, 250 
-In syphDls, 250 
-ID tetany, 267 If. 
- 2~::on to parathyroids, 249, 255, 

Serum proteins, 124 
Bex, effect on B.lII.R., 92 
Skin disease .. serum calcium In, 251:1 
Sodium bicarbonate, 57 69, 61 
Sodium chloride, lOBS In aoldolls Bnd 

alkalosis, 65, 138 
- citrate, as antl-coagulantl 12 
- oxalate, as antl'C08gulan~, 12, 13 
- tetra-Iodo-phenolphthaleln, 213 
Spasmophilia 253 
Speoific gravity of urlno, 129 If., 137, 

275,276 
Speotl'oscope, use of, 330 If. 
Spinal carles, 222 
- tumour, 228 
SpleniC anaemia 201 
Sprue, achlorhyarla In, 170 
- faccel fat In, 192 
- osteoporosis In, 25! 
- serum calcium In 250 
Starch In gastric contents. 156,150,163 
- test for, 319 
Starvation, ketosis In, 70 
Steapsin (see Lipase) 
Steatorrhoaa, congenital, 254 
Stellar phosphate 316 
Stenosis, pylOric (see Pyloric atenosls) 
Stoke's reagent, 341 
Stomach, atony of, 156 
- contsnts (see Gastric conteDts) 
Subacute combined degeneration, 189 
- parenchymatous nephritis (see 

Nephrotlo syndrome) 
Su~~chnOld spaces, obliteration of, 

Sugar (see Glucose, etc.) 
- estlJiiatlon In blood, 343 
- -In C.S.F., 357 
- - In urine, 295 

=~~f:J!..~ C2~t' 357 
Sulphaemoglobln, 343 
Sulphonal, 271 
Sulphosallcyllc acid, test for protein, 280 
Sulphuric acid 211 
Surface area 01 body, 31, 40 
Surgical shock, alkalosis In, 75 
SweatlDII, blood urea In, 115 
SYPhlll~ C.S.F. In, 227 - J~~ Ice In arscnlc treatment of, 

= ~~'~~~~ II~~ test In, 233 
Syphilitic arachnoiditis, 225 
- meningo-myeUtIs, 236 

TADES,227,236 
Tannlo acid test for carbol[yha.~mo

globln,342 
Taurine, 205 
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Teat meal, composition of, 1Ii3 
-Ewald,179 
- examination of samplea~ 154, 318 
- fractional, normal reswts, 155 ft. 
- - abnormal results, 161ft. 
- histamine, 178 
- preparation of patients for, 150 
Tetanla parathyreopriva, 259 
Tetany, 74, 249, 253, 254, 267ft. 
Tetronal, 271 
Threshold, renal (see Renal threshold) 
Thymol as urine preservative, 10 
Thymol blue 323 
Tissue breakdown, excessive, 211 
Tollen's test for glycuronic acid, 294 
- - for pentosea, 293 
Toluene, o.s urine preserva.tive, II 
Topfer's reagent, 154, 172, 321, 323 
To:::mia, blood sedimentation rate, 

Toxic adenoma, 46 
. - jaundice (see Jaundice) 
Trlonal, 271 
Triple phosphate, 316 
Trousseau's test for bile pigments, 273 
Trypsin, 184, 186, 192 
Tryptophane 211 
Tubercle bacillus, in C.S.F., 227 
Tu~eJculosis, 169, 191, 267, 311, 312, 

Tu~3"6culous meningitis, 226, 227, 220, 

Tumours, blood sedimentation rate, 266 
- cerebral, 222, 221 
- of brain, 228 
- of cord, 222~ 225 
- menIngeal lI23 
- spinal, 22~ 235 
Typhoid, meningism in, 230 
Typhus, 202, 271 
Tyrosine1 211,245,271 
- tests lOr, 318 

UFFIILllANN'S teat for lactic acid, 322 
Ulcer-
- duodenal, 74, 163 fl., 181, 251 
- gastric, 74, 164, 181, 251 
- jejunal, 168 
Uraemia! acute, 107 
- chrome, 109 
- - acidosis in 71 
- - blood creattninc In, 119 
- - blood urea in, 113, 117 
- - C.S.F chlorides In, 230 
- - - glucose in, 229 
- - convulsions In, 72 
- - tetany In, 257 
- - urea clearance In, 147 
- - urinary dcposlts in, 315 
- - urine ammonia in, 137 
- - urine urea In, 137 
Urea, clearance test, 144, 147 
- concentration by kidney, 120 
- - In Drlght's disease, 143 
- concentration test, 132 
- - in pre·eclampsia, 242 
- dally output, 284 
- estlination 01,283 

Urea in blood, 111 
- - effect of diet on, 115 
- - eatinmtlon of, 348 
- -In acute yellowatrcphy,"246 
- - in Addison's disease, 115 
- -in Dright's disease, 113 If., 241 
--in cardiac diseases, 114 
- - In dlabetle coma, 116 
- -In double polycystic kidney, 114 
- - in eclampsia, 115, 241 
- - In fevers, 115 
- -In hlghlritestlnal obstruction, 115 
- - In liver diseases, 211 
- - in nephrotic syndrome, 115 
- - In poisonIng by metals, 114 
- - In pregnancy, 2~O 
--In prostatic obstructi?n, 111 
- - in secondary contracWQ kidney 

127 
- - in sweating, 115 
- -In vomiting, 115 
- - norma.I, 111, 360 
- - relation to creatinine, 118 
- - - to C.S.F. 1ll'Ca, 220, 231 
- - - to granular casts, 314 
Urea in cerebra-spinal fluid, normal, 

220 ' 
- - pathological, 231 
Urea in urine, normal, 359 
Urea, nitrogen content of, 113 
- ronge test, 134 
Ureameter, 285 
urease11n estimation of urea, 286 
Urethr tis, 103, 311 
Uric acid, calculi, 307 
- concentration by kidney, 128 
- in blood (see Dlood uric acid) 
- murexide test for, 307 
- urinary deposits, 315 
Urinary calculi, 307 
Urinary infection, 312 316 
Urine, acetone bodies i'n, 68, 60, 301 
- acid and alkaline tides, 277 
- ~Ibnmln in, 101ft. 
- - source of, 125 
- ammonia In (see Ammonia) 
- Dence-Jones protein In, 280 If. 
- bile acids In (seo Dile acids) 
- bile. pigment in (sec Dile pigmcnt) 
- blood in, 103 
- cells in, 311 
- chloride in, 138 
- collection of, for analyals, 7 
-colour 269 
- deposit In, 103, 309 
- - casts, 312 
- - crystalline, 315 
Urine, diastase In, 138, 18!, 186 
Urine, estimation of ammonia In, 289 
- - chloride, 303 
- .:... diastase, 305 
- - glucose, 295 
- - lactose~ 299 
--pH,27!1 
- - protein 282 
- - speciflc'gravity, 275 
- - total solids, 276 
--urea, 283 
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Urine, fermentation of, 278 
- fructose in, 290 
- glucose in, 78 If., 237 
- haemoglobin in, 270, 271 
-lactose In, SO, 238, 290 
- lead in, 8, 262 

'iT" leucine and tyrosine in; 211, 24G 
- leucocytes In, 103 
- normal composition of, 359 
- pentosea in, 290 
- pH of, 62, 64 276 
- preparation oi osazoncs from, SO, 294 
- preservation for analysis, II 
-1\ro~\" oo"~,,t 'il.M ~~"''iI., 12.'1> 
-pusin,103 
- quantity for analysis, 8 
- reaction of, 02, M, 276 
- specific gravity, 275 
- - after urosclectan, 140 
- - iu Bright's disease, 129, 137 
- - In nephrotic syndrome, 129 
- tyrosine in, 211, 246 
- tests for acetono bodies, 302 
- - albumin, 279 
- - Dence-Jones protein, 283 
- - bUe acids, 300 
- - bile pigments, 273 
- - blood In, 270 
- - fructose In .. 292 
- - galactose :::92 
- - glucose, 201 
- - glycuronic aCid, 293 
- - lactose, 292 
- -1\6ntosei, ?oIlS 
- - pigments (soo Individual sub-

stances), 270 If. 
- urea In, normal, 369 
- - Drlght·s disease, 137 
- urobilin in, 201, 204, 205, 271 
- urobilinogen inj 204~ 205, 271 
- VOlume, norma, 20\1 359 
- - in acidosis and alkiiosls, 65 
- - in amyloid dlse(\se, 141 
- - in Bright's disease, 129 
- - In nephrotic syndrome, 129 

Urinometer, 275 
Uroerythrin, 271, 272 
Uroselcotan, 140 
Urostsnllths, 300 
Urticaria, 112, 170 

VANDBN BBRGH tcst(lIIlGal60 Ja.undlco), 
19611. 

- - collection of blood for, 14 
- - In blood, acute yellow atrophy, 

245 
- - in blood, jaundice, 198 If. 
- - In C.S.F., 224 
- - 'm JlI\\'no~ogic .. ~ I\uioia, 'lin 
- - quantitative method, 100, 352 
- - technique, 351 . 
Van Slyke, method of deterllllnIng 

alkali reserve, 66 
V cntriculnr puncture, 26 
Vitamin D 252 253,258 If. 
Vomiting, bloo;! chloride In, 115 
- - CO, combining power in, 75 
- - urea In, 115 
- cyClicalj 76 
- ketosis n, 76 
- mcningism In, 230 
- pernicious, of pregnancy, 76, 243 If. 
- plasma proteins In, 124 
- post-operative, 70 
- serum calcium in, 257 
- tetany in, 257 • 
Von Rcckllnghausen's disease, 255, 2;)6 

WATER concentration test, 131 
- dissociation of, 54, 
- loss in acidosIS and alkalosis, 65 

XANTHINE calculi, 807 
Xanthochromia, 225 

YEASTS in gastric contents, 326 

ZINO protamine insullnate, 88 
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