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Tlie object in writing this Thesis is threefold:-

Eirstly to estimate the average amount of urine

passed in 24 hours "by children of average

health of the ages of six months up to twelve

years inclusive.

Secondly. The estimation of the total urea usually

passed in the urine of children when in health.

Thirdly. The quantitative estimation of the

Purin-bodies in the urine of children of the

ages mentioned.

The results obtained are recorded in a table

and are in relation to age and to body weight. A

full and complete record of the diet has been kept

during each experiment. The great bulk of the cases

were taken from healthy workhouse children belonging

to the Parish of Lambeth, S.E. , but a few cases

were taken from The Royal Hospital for Children and

Women, Waterloo Road, S.E., (only those beyond sus¬

picion of disease being selected) and three of the

children were obtained from private sources. The

mode of procedure adopted in order to obtain the

samples and to arrive at the estimation of the total

urine passed by the child in twenty-four hours was

as follows:-

The child was required to empty its bladder
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at a given time - say 12.0 noon. This sample was

not savedjhut all the urine passed up to and in¬
cluding that passed at the same hour next day was

kept - well mixed and a sample taken of the mixed

urine. The urine total was measured and recorded

in cubic centimetres. Each child was also care¬

fully weighed at the time of the experiment.

Urea is the chief nitrogen containing constituent

of the urine and its amount was ascertained "by

means of Gerrard's ureometer, all urine containing albumen

being rejected except one sample which contained

a very slight trace; this was boiled and care¬

fully filtered before being tested.

The Purine bodies although containing a com¬

paratively small quantity of nitrogen are of great

interest from the point of view of Proteid Meta¬

bolism and the estimation of Uric Acid, and I am

not aware that they have been estimated systematic¬

ally and in this manner before.

The Purine Bodies used to be called Xanthine

bases or nuclein bases because they are derived

from ITuclein, or Alloxuric bases because they con¬

tain in combination two radicles one of Alloxan

and the other of urea. Latterly they have been

shewn to be derivatives of a substance called

Purine by E. Fischer.
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They consist of the following amongst others

(Purine Ch H„ BP ).544

Monoxy purine or Hypoxanthine Cc H. B 0
044

Dioxypurine or Xanthine C,- H B 05 4 4 2

Amino-purine or Adenine C,. H, H B H5 4 4

Amino-Oxypurine or Guianine C H B 0 B H
5 4 4

Trioxy-purine or Uric Acid G H B 0
5443

Theobromine (Dimethyl Xanthine)Caffein Theine

(Trimethyl Xanthine); substances which are present
(in ^fldalititi&Jvaiying from 1 to 3 per cent.) in
cocoa, coffee and tea respectively^ are also Purine
derivatives. Purine itself (Cc H B ) has not

544
as yet been discovered in the body.

The quantity of Purine bodies found in

the urine bears a direct relation to the amount

of the Purine contained in the food eaten and is

also affected by the extent of the nuclein

cleavage in the metabolic processes of the body.

The former group have been named exogenous the

latter endogenous purine. The Purine bodies may

be fully precipitated by Bitrate of Silver in

Ammoniacal solutions, or by cuprous oxide in the

presence of Sodium bisulphite.

They exist in all forms of meat extracts

and in flesh meats of all kinds.
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alker Hall

The potato and other vegetables such as

the beetroot contain them. Oats also contain

them.

The specifications of uric acid and the

other Purin bodies upon the various tissues of

the body are of great interest and importance.

(1) In relation to the question of diet in children

during the early years of life;

(2) in regard to the cessation of the processes of

growth, the maintenance of Adult life and the

gradual decline of bodily activities.
* «

The estimation of Purin substances in food have

been made by several observers - Kossel - Burian

und Schur Offer und Rosengipfist and more recently

by Dr. Walker Hall of Manchester who arrives at the

following conclusions:'*'
(1) As the methods available for the estimation

of purin-bodies in animal organs were unsatis¬

factory, both as to technique and results, modi¬
fications were introduced and a reliable process

worked out.

(2) In food-stuffs, the purin-bodies occur in
two forms "free" and "bound". Both the. glandular

and muscular tissues contain approximately equal
amounts of "free - purins", but the glandular
tissues yield very large and the muscles only

very small quantities of "bouna-purins"

(nucleins).
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(3) The estimations of the Purin bodies con¬

tained in meats show that considerable quantities-

are present, but that little difference exists be¬

tween the amounts contained in white and dark

meat s.

Certain vegetable foods have been found to

contain Purin bodies. Amongst these are peas,

beans, oatmeal, asparagus and onions. This fur¬

nishes a reason for the high uric acid excretion -

which follows their ingestion.

(5) Prom several varieties of beer ana porter

purin bodies have been isolated, and their per¬

centage amounts estimated. Their presence may ac¬

count for the harmful influence of these bever¬

ages in gout, and for some of the pathological

changes which occur in Chronic Alcoholism.

(6) Experiments upon the action of the purin

bodies upon carbohydrate metabolism show that

caffeine induces an increased elimination of

CO . Uric acid and Hypoxanthin are inert in this
2

respect.

(7) The continued daily injection of Hypoxanthin

into rabbits hinders their growth, causes de¬

generative changes in the liver and kidneys,

alters the cellular relations and contents of

the blood and marrow and produces slight changes
♦

in the Intt/wia of the smaller blood-vessels.



(8) Feeding experiments with fish, fowl, beef

haricot "beans and beer, under appropriate con¬

ditions, shew that the urinary purin is increased

in all these cases; that this increase corresponds

with 50 to 60 per cent.of the Purin bodies ingested

with the food; that the purin is principally

in the form of Uric Acid, and that the increase of

Urinary Purines reflects the metabolic activity

of the individual in regard to "nucleins".

(9) The forces may contain unabsorbed nucleins

as well as certain purin substances from the di¬

gestive forces and cell-nuclei, and estimations

of these bodies should be included in all meta¬

bolic experiments.

(10) When the free purins are ingested they are

rapidly oxidised and decomposed. About 50-60

per cent, of hypoxanthin leaves the body as urinary

purin (principally uric acid) within 4-6 hours

and the same percentage of uric acid appears in the

urine after 8-10 hours. The bound purins however

tahe 1-2 days before they are fully excreted.

(11) The remaining 50 per cent, of the food-

purin is excreted as Urea or as bodies inter¬

mediate between uric acid and urea.

(12) By the quantitative estimations of purine

bodies in food stuffs an exact forecast of the

exogenous urinary purin is possible, and its

amount can be limited when necessary by prescribing

6.



a certain diet. Prom the total urinary purin
*

the exogenous portion can "be deducted and the

endogenous amount obtained.

(13) The eudogenous purin is partly derived

from Leucocytes, but mostly from the cell changes which

result from the maintenance of bodily functions^

as its amount is proportional to the weight of the

individual; in other words it bears a direct

relation to the metabolic activity necessary for

systemic purposes. Hence as the cell-nucleus is

the dominating factor in metabolism the cleavage

of cell-nucleins may incite the decomposition of

proteid matter. It is possible that the endo¬

genous urinary purin represents about one half

of the total endogenous purin produced, and that

the latter quantity indicates the extent of meta¬

bolic processes more completely than any other

factors at present available.

(14) The general conclusions of the investiga¬

tion point to the need for determinations of the

endogenous p'urins in many diseases, either by the

use of purin free food stuffs or by the aid of

tables giving the percentage of purin in food

stuffs and the necessary calculations therefrom.

Por this the Purinometer is proposed.

(15) The action of the purin bodies upon the

alimentary system as demonstrated by Pawlow and

later by Potapow-Procaitis, strongly contra -



indicates the employment of meat extracts or
ft

soups in hyper-chloridao. Dr. Walker Hall also

shews that the "blood pressure is not altered by

purin "bodies either immediately or remotely.

Although Uric Acid may "be considered more as one

of the normal excretions than an extensive factor

in the causation of disease, there are many con¬

ditions in which a knowledge of a patient's nuclein

metabolism is of value. A period of diminished

uric acid excretion precedes acute attacks of

gout and if such alterations could "be rapidly and

easily observed, preventive measures might palliate
if not avert the attack/'

Several methods have been devised for the

estimation of uric acid which need not be described

here thereof Ritter, Hopkins, Ludwig-
Salkonski

, A.Jolles, Wbfter, Lewandotfsky, Polin
\ / !

and Shaffer, and;that of Walker Hall(which is the
one the writer has used and is as follows:

^ In -the experiments recorded in this thesis
only albumen free urine was used, but for other

experiments if any albumen should be presdnt it is

necessary to precipitate and remove if by filtration



Two solutions are used:-

No. I Solution consists of

* Ludwig's Magnesium Mixture

Ammonia solution 20^
Tale

No.II Solution consists of

Silver Nitrate 1 grm.

Ammonia Strong 100 c.c.

Tal£ 5 grm.

Distilled Water 100 c.c.

To SO c.c. of the urine 20 c.c

are added. An immediate precipitate of the phos¬

phates falls and the clear fluid remains.

To 80 c.c. of the clear fluid 18 c.c. of solu¬

tion No. II is added. The resultant precipitate

is a mixture of Silver Chloride and Silver Purin.

The former body is dissolved by the excess of

ammonia. The filtrate is shaken until all white

flakes disappear and the finely granular yellow-

white precipitate remains suspended. If the Silver

Chloride is not entirely dissolved strong ammonia

is added drop by drop and the solution well shaken

until no AgCl remains. These two processes which

have first been described are best carried out

by means of the "Purinometer".

100 c.c. x

Mag.Chlor.
100 c.c. Crystal
. . 110 grms.10 grm. Ammon.

Chloride
110 »

Ammonia
250 »

Water
1 litre.

of No. I solution
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It consists of three parts

(1) A closed graduated tube.

(2) A stop-cock with, above of the same

diameter as the upper tube.

(3) A small glass reservoir of known cubical

capacity.

The graduated tube is capable of being shut

off from the broader part by the glass stop-cock.

The upper part of the cylinder has a moveable

glass stopper.

90 c.c. of urine are taken from the mixed urine

of the twenty-four hours and pouredinto the

graduated cylinder taking care to have the stop-

cock turned off.

Solution I. is added and the

resulting precipitant of Phosphates

is allowed to fall into the lower

part of the tube by turning on the stop¬

cock. The time for the fluid to become

quite clear varies, but is never less

than five minutes and seldom over half

an hour, the powdered tal& greatly helps

the precipitate to settle.

When the phosphates have in this

manner fallen to the lower end of the

tube the stop-cock is turned off again

and No. II. solution is added up to 100

10.
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The Purinometer should, "be inclined vigorously

"backwards and forwards for about a minute in

order to dissolve the Silver Chloride and to

reduce the flakes to a finely divided precipitate.

Place the apparatus in a cupboard away from the

light and then read off the number of c.c.

occupied by the precipitate twenty-four hours

later. Dr. Walker Hall recommends waiting as

long as this and the writer has followed these

instructions, but considers that this time is

unnecessarily long.

Ho tea or coffee were allowed during the

experiment.

The following results were obtained by

the methods which have just been indicated.
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This table,gives a summary of the results of

these investigations.

It has "been shown that in order to obtain re¬

liable information regarding the amount of urine,

urea, or purin bodies it is not sufficient to take

one 24 hours' sample, at least _3 must be taken from

each case. The variation is often considerable

from day to day and the urea which on one day shows

a high percentage on the following day (and perhaps

because of this) may have dropped to a correspond¬

ingly low ratio.

This remark also applies to the amount of uailex;

which in many cases varies very considerably on dif¬

ferent days, and the same applies to the purin esti¬

mation. In all sixty-three samples have been taken

from healthy children so that the results have some

claim to be regarded as fairly representing the nor¬

mal urinary prrrrntigr^mrrrirnitii-iTrrfi , etc. of healthy

English children.

GEKERAL COITCLUSIOITS: The amount of urine of

course increases with the growth and development of

the body, but the amount of urine passed per kilo of

body weight (although presenting some variation in

12.



different individuals due either to their consti¬

tution or their habits will be found not to increase.

The amount of urea passed per kilograr/i of body

weight would appear to be increased about the second

year, but after this it remains fairly constant up

to the age of twelve years and the increase at the

second year is probably only due to the greater

quantity and variety of the food ingested.

The results of the investigations of the excre¬

tion of urinary Purins show that the amount excreted

per kilo of body weight bears no relation whatever

to the age or sex of the individual. And this is

of great interest when it is coupled with the fact

that there are comparatively great variations point¬

ing as it does to idiosyncrasies in this respect, and

it may be of value as indicating hereditary and con¬

stitutional tendencies. i*t 1ilu. iuiliu idu*l.

The method adopted in this series of experiments

has been as nearly as possible physiological. The

children were fed on an ordinary and suitable dietary,

were healthily employed and having regular exercise.

The writer considers that the results obtained from

specialised dietaries are apt to be misleading on ac¬

count of the production of aphysiological conditions.

13.
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It is interesting to note that these conclusions

in respect to the total quantity of urine and urea

contained in it are in^agreement with the results ob¬
tained "by Dr.Churchill, Professor of Pediatrics in

the Chicago Polyclinic (Archives of Pediatrics '98,

vol.vi. p.646), (See table opposite).

Dr.Churchill mentions the fact that American

children excrete a smaller amount of urine than

those of Germany and Austria and some other countries.

The observations of the writer show that the same re¬

mark applies to English children (or more correctly

London children).

Vierodts^' tables on this subject show an enor-

mous difference in this respect but as his percentages Vc^tndJo
were based on a very small number of cases they can¬

not be regarded as final.

01 PlyjSitrLo-Gms
dju>

•A!..' iUr3

'*77-

14.



VIE R 0 D T S1 TABLE .

Age
Ec. of
cases.

Average
weight in
kilograms

Total urine
in 24 hours.

No. of C.C.
for each
kilo of bod;
weight.

3-5 boys 4 13.82 743 53.03

48.003-5 girl 3 4 14.73 708

6 boys 1 15.5 1209 78.00

7 boys 1 22.42 1055 47.06

11 boys 1 24.0 1815 75.64

13 boys 1 32.69 758 23.12

Adults 63 1700 to
1800

28

As tending to confirm this it is evident that

even in Adults the amount of urine passed in Germany

and Austria is greater than in England and America.

Salkowsky gives 1500 c.c. to 1700 c.c. as the

average in Germany.

Jaksch gives it as 1500 to 2000 c.c. in Austria.:o

Landois and Stg_}?ling record the English average as

1000 to 1500 c.c. Gautier gives that of Erance as

1250 to 1300 c.c. and Simon that of Americans as

1000 c.c. to 1300 c.c.

15.



\y\ GA-^T huui
ItfcnU. BciXifJ

Herz(after noting results from 60 children of *
"both sexes from the ages of 3 to 14 years^found that

from 500 to 1400 c.c. was the average daily amount

and Camerer found from 619 to 1034 c.c. in individu¬

als of from 2-11 years old. Parrot,Cruse,Camerer,
Mart in,Ruge and others state that from 200 to 500

gLU4Jv**MJL
grammes are the average teeiasir quantity of Urine

/>
-6

passed "by a child from 1 month to 2 years old. Dohrn

and Martin,Ruge state the new-horn infant passes in

relation to every kilogram of "body weight four times

as much urine as the adult.

Holt hy combining the results of the investi¬

gations of Schabanowa,Cruse Camerer Martin,Ruge
It,,.,, UloXrO^M.2cLLAK o / // n

aw Berti, Schiff and R'erter gives the following:-

Age.

T 0 T A L

Grammes.

URINE

Ounces.

Hirst 24 hours 0 to 60 0 to 2

Second " " 10 to 90 0 to : 2

3-6 days 90 to 250 3 to 8

7 days to 2 months 150 to 400 5 to 13

2 to 6 months 210 to 500 7 to 16

6 months to 2 years 250 to 600 8 to 20

2-5 years 500 to 800 16 to 26

5-8 years 600 to 1200 20 to 40

8-14 years 1000 to 1500 32 to 48.



In regard to the excretion of Urea.

Dohrn found 36 Milligrams of Urea in the bladder

of a child who just born and Martin and Ruge deter¬

mine the following quantities during the first 10

days of life 0.07683, 0.2504, 0.1358, 0.1817,

0.2667, 0.2267, 0.2284, 0.16240, and 0.1505.

Although the amount of Urea is very plentiful

up to the end of first month (0.80 grms.. per kilo

of child) according to Parrot and amounting during
'

the third week to 1 gramme and 1.89 grammes Dr.

\pernandez Pigueira of Rio ae Janeiro says we may con¬

clude that the amount is 1.7^ and therefore less

than in adults.
/2j6. fat

■A'Holt (1903) gives the following:-

1st days .076 to .114 Grammes.

2-7 " .140 to 660 "

1-2 months . 90 to 1.40 "

3-5 years 13.09 to 14.01 "

5-13 years 16 to 21.03 "

2V

This estimate gives a considerably lower amount
in the case of children of 3 - 5 years than the

writer has found to be the case and also a slight¬

ly lower estimate in children of from 5-13 years

17.



of age.

Churchill found that not only were the average

percentages higher than the average given for adults

"but individual cases show a remarkably high percen¬

tage of elimination of Urea, no less than 8 children

having over 3 per cent, the highest being 3.7 per cent,

and this observation exactly agrees with the results

obtained in the present investigations.

Pferdy and Poster also state that the excretion

of Urea in children is relatively higher than in

adults. The low percentage of early infancy is of

course due to the quiescent state of the child but

Martin Ruge reportywide variations in single

specimens duringjthe first 10 days of life varying
from ,6 per cent, to 1.9 per cent. Schiff also gives

wide variations .28 tol.7 per cent, during the first

14 days.

Vierodts' observations give from 1.1 to 2 per

cent, for older children from 3 to 12 years old

but this result is based on only 7 cases.

•X-

^ Yd gel pointed out in 1863 that although the ab- "J-
solute quantity of Urea passed by both women and
children is less than by men yet the relative quan¬

tity passed by children in relation to the body weight

18.



of the adult .is greater . According to Uhle's

observations (1859) children pass for each Kilo of

their "body weight as follows:

r

cjlsY
UREA

Erom 3 to 6 years about 1.0 grammes.

8 to 11 » " 0.8 "

13 to 16 " " 0.4 to 0.6 grammes.

7 ^J

This result as regards the ages 8 to 11 years

is in accordance with that of the writer of this

paper.

Vogel says the quantity naturally varies in

different persons qnd in the same person at different

times according to the bodily constitution and the

nature of the diet and the activity of the nutritive

functions of the individual,

Moreover these numbers do not include the

maximium and minimum quantities of Urea which occur

in certain cases in perfectly healthy persons.

Uaubauer in 1863 proved that the Urine of a
C(y\

healthy man fed on a mixed diet contained 2.5 to 3.2

per cent of Urea and that the amount varied directly

as weight of body and quantity of food ingested but

numerous other investigations give 30 to 40 grammes

-.37 to 0.60 grammes per kilo of body weight.
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Lehmann■ 58 grammes of urea in twenty-four

hours under a purely animal diet and this dwindled

to .15 grammes on a non-nitrogenous diet. The urea

does not wholly disappear even when no food is

taken.

It is beyond ths scope of this paper to dis¬

cuss the origin of the urea and the causes of its

variation, though it may be mentioned that Pranque

of lOunA as far back as 1855 established that

it was affected by the amount of nitrogenous food
ingested, and Vogel stated t&fe&t in 1863 ^the amount of

urea was an approximate measure of the degree of

metamorphosis of Proteid Compounds going on in the

body; both these views are probably correct.

PURIU BODIES: The conclusions arrived at by

the writer as to the amount of the Purin bodies ex¬

creted have been briefly referred to in an earlier

part of this paper. The results recorded show that

although there is much variation per kilo of body

weight, yet this variation bears no relation to the

age of the child. Uric acid is included in the

Purin series, and Holt says }in the last (1903) edi-
tion of his work,, that few observations have been

made on the elimination of uric acid, but all au¬

thorities agree that it is much higher in the newly

20.



"born than at any subsequent period of life.

^Hric Acid U Urea
Mart in -4s- Ruge give in newly born 1 ; 14

Hefter gives under 1 year 1 3 60

from 2-5 years 1 ; 50-70

from 2-15 years 1 : 45-60

CONCLUDING REMARKS.

The writer in presenting the result of his in¬

vestigations feels bound to allude to the fact that^
since Medicine is not an exact science, it is impor¬

tant for Physicians in this country to have data to

refer to which have been obtained in this country,

for however much we may owe to foreigners and to

their statistics it is impossible-as the accompany¬

ing tables show-for them to be accepted as indica¬

tive without modification of the normal condition

of things that obtains in the people of our own

country who are not only of another race but general'

ly speaking live under other conditions.

It is interesting to find that the results of

the present enquiry must nearly agree with those

obtained from American children by Dr.Churchill.
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The remarks of Dr .Eigue£Jtti cannot be passed

by when he says that the diseases of the urinary sys¬

tem and of other organic local affections demand a prac-
jtical knowledge of clinical urology, and this chapter

of Infantile Semeioti^s is as important as it is

generally neglected either because it is believed

erroneously that disturbances of the urinary func¬

tions are infrequent in the child or because of

the usual difficulty in collecting the urine for

examination.

W (V (J/
Dr.Gilchrist, Dr.Harper, Edward G.Clayton and

others have recently pointed out that the urine of

tuberculous patients shows unusually low proportions

obt t-c /f?$ 2.

of phosphates and of urea. cH)r.Harper strongly advo-

7

[V C\£U~.c±4-
cates the use of urea to supply the deficiency, but / s

the writer cannot say that he has ever seen any im- \9 JX /
- / /(5 jt_

provement from its use clinically. The diminution -7 / /j-g.
-

of nitrogen in the urine may be taken as a proof

that there is an interference with proteid metabolism

but it seems to be $ crude therapeutic^ that would

supply it in the form in which it is excreted, and

what may be a valuable hint from nature becomes of
no value practically if it is to be interpreted

after this fashion.

The writer feels confident that the estimation

of the Urea and Purin bodies as well as of the other



constituents of the urine will he of service in the

determination and treatment of certain diseases and

is hopeful thatihis towards the subject may be
/\

of use in the evolution and advancement of our

knowledge of these early chemical changes that take

place in the human organism in the course of dis¬

ease, antecedent as they are to those gross lesions

with which the Pathologist becomes so familiar,

and which after all are oftentimes only monuments

of the present deficient state of knowledge of the

slow and subtle processes whereby those organic

i afuiriMm have been produced.
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