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EXPERIMENTAL AND CLINICAL

STUDIES IN THE PHYSIOLOGY AND PATHOLOGY. OF

CARBOHYDRATE AND PROTEIN - METABOLISM,

INTRODUCTION. -

Views held regarding deneral metabolism have underf
gone ¢dreat chandes during the last ten years. [Gspecially is
this the case with redard to protein metabolism.- The
large qumber of theories regardiqg protein metabolism bears
witness to the defective knowledge which has existed in
connection therewith. Several factors have helped to bring
about a radical change in our conceptions of the subject.

: Amqng the most important is the ¢reatly improved technique
of our present day methods, and especially does this apply
to the examination of the urine. This factor has helped us
greatly in gdetting information fedarding the eioretion of
the varibous nitrogdenous bodies in the urine,-apd has indioatf
ed to us that if we wish to ;tudy the protein metabolism and
its expression in the nitrogen excretion, we have o make a
' more thorough study of the various nitrogenous substances in
irthéjﬁpiﬁe{ and to watch their percentace reiationship to one
aqqthef as well as any changes in their absolute amounts.

| This method has been applied to normal inéividuals, and,
combined with more complete and detailed analyses of the dieti

has given us many valuable data and has shed new light on




various obscure problems. But, in relationship to patholog-
ical eonditions,-this factgr has not reoeived geqeral recog;
nitiqn and even less application. This probably is partly
due to the fact that the methods in some cases are too
glaborate and that they put too dreat a demand upon valuable
time; but some recently described methods seeking to obviate
these difficulties will be described in the sequel (v. Analy
ical methods).

Some other factors that have taken a prominent part
in advancing our knowledde of the protein metabolism are the
following. -

a) Research upon enzymes has thrown some light upon
a lardge number of prOcesses;-amoqgst others, upon the split-
ting up of the proteins in the intestine, into amino acids,-
aqd later the deaminisation of the last named into‘ammonia
and the non-nitrogenous residue.

b) There have bsen researches upon the relation of
digestion to metabolism; and the constitution of the protein
has been worked out by Fischer, Xossel, Hofmeister, Abder—.
halden .and others.
¢) The importance of the enerdy regquirements of the

has been specially emphasised by Rubner =t al.

The three main thesories regarding protein metabolism
are those of Voit, Pfliiger and Folin.

Voit held that there are two forms of protein, the
one form being present uin the cells as the fixed or tissue
(organeiweiss) protein, in contradistinction to the other for

dissolved in the nutrient fluids circulating around the cell

body




The circulating protein{-to which is added that comipg frqm
the iptestiqe, is more easily split uﬁ than the tissue.prof
tein: He found that the proteiq decompos ltioq was not pro-
portional to the total proteiq weight of the body{ but to
that of the intaken food. Further he showed that a starving
dog? pyeviously well fled with latge quantities of'proteiq,
has a higher nitrogen ocutput during the first days of star-
?ation, as compared to the nitroden output whemn the animal
had baep previously fed with a proteinepoor diet and then
staryed.

Pfluger, on the other hand, held that the increased

protein metabolism after a laede meal of proteins is due to

for the circulating fluid is left unchanged.in protein con-
centration owing %0 the cells instantaneOusly.absorbing the
proteins from it. He therefore heid that the proteinlpf the
food has first to be taksn up by the celis and formﬁﬁa inte-
gral part of the protoplasm itself before it could be cataf
bolised. Pfluger based his views upon the experiments of
Schondorff. Blood from a starving dog was circulated through
‘the limb of a well fed do#; the urea content of the perfused
blood was found to be increased; also, blood of a well fed
deg;gﬁd of a starved dod was perfused through the limb of a
Stéffgﬁ@dg,-hut no inerease in urea was noted in either casel,

When;>hQWevep;.it is considered that the total quantity of

25mgm. for 4yhrs. whilst the dog was metabolising 35¢ms. of
| nitrosen per day) these esxveriments, as pbinted out by Folin,

are not sufficient to found a theéry upon.

the cells being saturated (SZttigung mit Eiweiss) with protefing

urea obtained was very smzll(in the one experiment it was onlly



Folin put forward the theory of an exogenous and '
endogenous form dfjmatabolisma-as g result of the analysis
dflthirty uriqes of normal subjects, who received twp ﬁarkedb
ly different diets; one a proteiq—rich,-agd.the other a pro-
fein—poor diet. These diets were creatinin— and purinffréef_
He ﬁound that the constitution of the urine was not sueh é
constant one as physiologists had been led to believe:fPOm
Voit’s experiments. He states '’ That quantitative changes
in the daily protein catabolism are accompanied by pronouﬁoeﬂ
chandes in the distribution of the urinary nitrogen and sul-
phur,-and that the variations occur according to laws that
can be formulated with a fair dedree of precision’.

In Table-1, we see the nitrogen_and sulphut excretion
in the urine of a man who has been on the two different dietls
.?efepred to. The second diet contained only about lgm. of
nitrogen as compared to the 19dms. of the first. FBach of
those diets is sufficient in caloric value for the require-
ments o0f a man of about 70 kilos. =

It is evident on looking at Table-1 that the effect
of thsse two diets on the partition- nitrogens*and sulphur
sxcretion is not the same ineach case. The quantities of

: 3 and sulphur x -
certain of the nitrogenousgconstituents in the urine are al-

1* 'ﬁﬁgrfirst diet (protein-rich) consisted of milk(500gmsy)
qre@ﬁ&&OOgms;), esgs (450dms.), Borlick$-malted milk(200gxsi),
sﬁgan(zogms.), sodium chloride(8¢ms.) and water to make ug o-
to 2litres§ also 900cc. of water to drink.: The second con-
gasted of pure starch in the form of pure arvowroot (400gmd, )
and cream (300ce.) : S

¥
F i.e. nitrogden as variously distributed in the usine .-




TABLE I (normal man)

July 13 July 20
Volume of urine 1170cc. 385cc.
Total nitrogen 16-8gm. u.moma.
Urea-nitrogen 14°70gm. = 87:5% 2.20gm. = 61-7%
Ammonia-nitrogen 0.-49gm. = 3°-0% 0+42gm. = 11.3%
Uric acid-nitrogen 0.18gm. = 1:1% 0-09gm. = 2.5%
Creatinin-nitrogen 0:58gm. = 3+6% 0-80gm. = 17-2%
Undetermined nitrogen 0.85gm. = 4.9% 0.27gm. = 7-3%
Total SOz 3-64gm. 0-76gm.
Inorganic S0z 3.27gm. = 90-0% 0:46gm. = 60°-5%
Ethereal S03 0-19gm. =  5:2% 0°10gm. = 13+2%
Neutral S0z 0-18gm. = 4-8% 0-20gm. = 26:3%

Diet on July 1% a protein rich &Hoﬁ.ﬁuwmmam protein, about 148gms fat and

Diet on July 20 a protein poor diet.

225 gm Carbohydrate .
_ i




tered and those of others gre unaltered in conseguence of .
changed diet.

The absolute amount of creatinin is unaltered (it is

always unaffected by the quantity of nitroden given.in the diet,-

I

provided that it is creatin-free). _This quantity of creatiq
in is constant for easch person though it variés iq differeqt
individwals. The uric acid is greatly reduced, but when
compared to the diminution of the total nitrodgen it is fougd
not to be reduced in the same proportiog:' the percentage of!
uric acid-nitrogen is increased on ths nitrogeq-poor diet.

As regards ammonia nitroden there is usually a dim-
inution with a reduction of the total nitroden, but not al-
ways. Not only does the urea-nitroden fall with the total
nitrodgen, but the percentage it contributes to the total
qitrogen also falls, as is seen in Table-I.

When we look at the sulphates we find that here the

various forms of sulphates which together form the tokal

sulphatesexcretion, do not behave aliks under those two dietfs.

The inmorganie sulphates (which form the bulk of the total
sulphates) ars most definitely affected by variatioqsiin the
protein metabolism, so that there is an absolute dimjnution
a8 well as a percentade reduction on the nitroden-poor diet.
Baumann showed that part of the total sulvhates =known as
etﬁgggal sulphates— are derived from aromatic products form-

ed in the intestineg by the action of bacteria on the protei]

L

of the food. These ethereal subphates, as is seen is Table-{I
are increasad in their percentade relationship to the total

sulphates—- when a diet poor in protein is gdiven.  Another




moiety of the sulphur exoretioﬁ.f{heutrél éﬁléhuyfi'behaves,-
on the other hand,-mpré like the creatinin and bears no re-

,tlation to tha'total'amauntlof'sukphur excreted,

From the preceding it will be seen that the excretiof

(ol urea, inordanic sulphates and to a less extent ammonia,
1Tre defini&ély altered in their absolute and relgtive amouqt
by variations in the amount of protein intake;' On the other
hand, creatinin aqd neutral sulphatesareuqaffecied by var-
iations in the nitrogen inta&e (provided the diet is oreakin
—free).' As regards uric acid, the amount excreted is not
constant wheq the nitrogen intake is.altered, yet it does
pot.show.the definiee changes which chafaoterise urea or
eveq ammonia.

Reasoning from thsse obssrvations, Folin propounded

| the theory that catabolism must be of at least:two kinds, the

twobeiqgesseqtially quite differept. ’}One kind is extreme
lY-variable in gquantity, the other ‘tends to rémain oonstant.'
The one yields chiefly . urea and inordanic sulphates,*no
creatinin and probably no neutral sulphur.: The other, the
constant catabolism, is lardely represented by creatinin ana
 neutral sulphur, and to a less extent,-hy uric acid and

-

sthereal sulphates’ . Further he says, '’I would therefore

- | call the protein metabolism which tends to be constant,

| Vtiéggg,metgbcliSm or endogenous wetabolism, and the other,
the variable protein metabolism, I would call the exodenous
or intermediate metabolism .

Polin does not exclude urea or inordanic sulphates

from the endodenous mstabolism; they are, however, at once



éffectéd by any alteration in the nitroden intake;‘ Creatini
is of great interest in throwipg light ﬁpon any chaqges in

endogenéus métabolism, of which it is the clearest represen-
tative. A study of its excretion in pathological conditions
is of great valus in showing which part of the metabolism is
|affected and to what e?tegt. It may also help to throw some
more light upon the intermediate products of the metabolism.

In the muscles of the body creatin has.been foung.to
be present (Eiebig et al.); as it can easily be coqverted in
crsatinin by hydrolysis with acids, many observers have look-
ed upon creatin as a precursor of creatiqiq. It has beeq
generally held and taught by variots-iﬂvestigators that
creatinuria never occurs under physiologdical conditions. It
is said to be alpathological_oonstituent of the urine, only
aﬁpearing in the urine in caées of musculér atrohpies;  and
also in cancer of the liver.

The appearance therefore of creatin in a number of
physiological conditions to be presently described is of
considerable interest, as it may help to elucidate some of
the problems concerning endodenous metabolism.

I therefore wish to present the results of observa-
1£;§i9ps extending over the last four years and carried out in
this University, upon the creatin excretion under various
physiologioal and pathological conditions, as well as the
complete partition nitroden akalyses of the urines under
those conditions.

I propose to consider thelsubjest thus inkroduced

under the following headings:=




Creatinuri
1§ur1§ |} In various physiological conditions.

;2) In various: pathological conditionsf‘
3) Under ﬁarious.éxperimental conditions.

4) Some problems in connection ﬁith'the senesis of
acidosis.- : s :

bolism:: and remarks.oﬁ'the relation of that metabol
ism to protein metabolism as evideqoed in particui
lar by creatinuria.

'6) A description of the methods used in the researches

with especial reference to their clinical applicati

to carry out the work in his laboratory.” 1 also thank Him
and Dr. Cramer for the help and advice which they gave me
during the course of these researches. My thanks are also

due to thosz Physicians and Surgeons of the Royal Infirmary

walusble much valuable clinical material.
The expenses of the various: researches were defrayed
by grants’ from the Crichton Research Scholarship, the Moray

Fund and the Carnegie Trust.

5) The effects of thyroid feeding on carbohydrate meta:

-

I here wish to thank Professor Schafer for permissio

of Edinburdh by whose courtesy I was enabled to utilise wmuecht
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SECTION-I

EXPERIMENTAL RESEARCHES

ON THE EXCRETION OF CREATININ AND CREATIN IN CERTAIN

PHYSIOLOGICAL CONDITIONS.:




SECTION-I.-

EXPERIMINTAL RESEARCHES ON:THE EXCRETION OF

CREATININ AND CREATIN IN CERTAIN PHYSIOLOGICAL CONDITIONS,

In the introduction I have already pointed out how
important it is to know the end products-of'the protein
metabolism, so that we may get a clearer aonception.of the
changes the proteins undergo in their passade through the
.| body. The end products which promise to give the most in-
teresting and definite resulgs are those belonding to the
endogenous metabolism, such as creatinin or the neutral
sulophates.

There, is also, however, a substance found in the
muscles and very closely allied to creatinin, into which it

is easily converted; this is creatin. It is denerally sup-

normal individuals, but only in certain pathological condi-
tionsm such as muscular atrophy (Shaffer), or in disease of
the liver (Méllﬁnby) and some other conditions.
| I have however found creatin in the urine of normal
éiﬁdividuals,-at certain age periods and under certain phy-.
siological conditions.

In thé'following rasearchQSﬁl shall present my ob-
servations on the urines of ohiidren of both sexes and of

various ades as well as those of adults.

posed,- that this substanog is not excreted in the urine of i




‘2. Creatinuria in Children.

In investigating the problem of creatinuris, one
has also to study the sxcretion of creatinin, owing to its
close relationship to creatin. The following researches
will deal with both thdse substances in detail,:

The first to axamine the urine of infants for the
presence of creatinin were:Hoffmann and also Pouchet, who
failed to find any creatinin present. Grocco(1886) found
a few crystals microscopically of creatinin zinc chloride
in some cases. On the other hand Rietschel also using the
creatinin zinc chloride method found no creatinin in the
urine of normal infants, but a small amount was found to be

excreted where a febrile condition was present. Those ob-

servers used methods which were unreliable and their results

: ) are
strictly speaklngriof no valus.

Closson in 1906 using Folin’s method, found creatinfin

in the urine of suckling kittens. His figures also show
that creatin was excreted, but he makes no referencs of thig
in his papee.

Amberg and Morrill, from their results, concluded

that the creatinin in the urime of the newly born was present

in too small amounts to allow of a conclusion being made
regarding its definite presence. They therefore recommended
conéentratiﬁg the urine. Acting on this sugdgestion Funaro
concentrated the urine and was able definitely to establish

the presence of creatinin in the urine of infants. Amberg




and Morrill found creatini present in ﬁhe_uriﬁe,éfﬁéne_of

the babies (aged |3days).

Hoogenhuyze and Verploegh also found creatinin in the

urine of infants, this was more distinet with Jaffe’s reac-

tion than with Weyl’s test. The quantities found were:—

0-91mg. (32days old) s
0-4lmg. (2months old) peclmenslof
|7 mg, (2months old) [0cec.

From the foredoing literature it is evident that, ugizg

using Folinis method fo the estimation of creatinin, it is
found to be present in the urine of infants and also creatiy
may be present.

As regdards the presence of creatinin in the urime of
children, Closson found it present in a boy of 6yrs. and algo
in one of 4.

Two years ago I examined the urines of a number of
hbspifal gases iTabié II) ana also a few normal cases, and
from the results I dot, I concluded at the time, that nor-

mally, children do not exorete creatin, but dé so very read

¥

ily when ill. In Table II we see that out of the % children,
two did not excrete creatin.. The amounts of creatin excre-
ted are variable; the lardest amount being got with a girl
(12yrs. old) suffering from orthostatic albuminuria.: Here
0pc—third of the total creatinin (iee. creatinintcreatin)
is excreted as creatin. Another point of interest is the
high percentage the urea-nitrogen forms of the total nitro-
~gen.. All those children were on a creatin-free diet and

therefore would not be getting protein-rich diets, yet the




Total

TABLE-II.:

Total Brea-N pssouwwa Uric ac.-N Qwomdwnwulz Creatin-N Note
Urine Nitrogen
|
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percéntdgelpf urea-nitroden ié fairly high; whilst the
éreafinin—nitrogcn.when compared to the total nitroéen ex~
credion is rather low.

Amberg and Morrill,in the analysis of the urine of

an infant. (13days old), dot the following figdures:-

Total hitrogen S e
Urea-nitroden : 91%
Ammoniz-nitrogen 4+1%
Creatinin-itpogen 2+7%

Bere also the urea-nitrogen forms a high percentade
of the total nitrogen, whilst the creatinin-nitrogen is
somewhat low. They conclude that this is because of the
rich protein diet of the infant, which would cause a high
urea-nitrogen percentage, and a low one for creatinin.' This
is however not so, for as Rubner out from the analyses of
Hoffmann amd of Camersr and Soldner, the protein content of]
the milk is low, in fact unusually poor in proteins (I:03%
protein in the milk as compared to the old figure of 37%).
Phis would mean that the calorie values of the protein of tha
mblk is about 7:8 to 8:9 caloriss, or 50% legs calories than
formerly estimated. Further Caﬁerer and Soldner and Munck
show that in spite of the small nitrogen content of the
mother’s milk, a larde amount of this nitroden however does|

hot_belong to protein.,

From this it will be evident that Amberg and Morrilll’s

explanation'is not a correct one,
The results obtained in Table II are somewhat in-

definite in regard to the creatin excretion, and as I got




no creatinuria in two normal boys of 8 and |4 years of ade,

I decided to extend my observations on normal ohildfen, try:
ing to det where possible, a number of children out of one
family, for there the conditions would be more comparable,
and any variation due to any external cause wouldlbe common
to each;

Nhilst engaged on this piece of research a number of
papers appeared on the subjeot,-hut-instead of throwing ‘
light upon i%; they have only confused it still more, by
the small number of cases examined and by their not keeping
the children on a creatin-free diet. ‘

Schwarz examined one normal boy, aged Syrs.,and

found no creatin in the urine;  whilst in a number of rickety

children, creatinuria was always present.” He concludes frop

his observations that normally, children do not excrete,
creatin, but that creatinuria is always present in rickets.

Rose who examined the urine of 19 boys and 20 girls)
randging between Ié and 2| years of age;, found creatin in
the urine of all the children except two.' His results are
however of no value as he does not know what £odd they were
getting.

MacCrudden examined the urine of a number of cases
of infantilism and found creatin present in esach case. From
his results he‘concludas that the metabolism of creatin and
ereatinin are independent of each other.

Holf eriticises the results of Rose owing to the
quality of the food not being known, and supports Schwarz

but brings forward no new evidence regarding the subject.




In a recent communication, , Folin and Denis confirm

the occurrence of creatin in the urine 6f children. Some

of cases were not on a creatin-free diet however. They con-

sider the presence of{a creatinuria in childréen as remarkabll
because as they say, .{’it oniy occurs in children and does
not correspond to what'is found in dblder pgoplei: In the lat
ter it only occurs when creatin is taken in the food or when
there is an unusual disintesration of'tissué metabolism;’.
This view cénnot be held any longer as I will show later,
for adults §9 excrete creatin under definite physiological
conditions.

The results which I got in the following research
were dot from children, all of whom were apparently healthy
at the time of examination, in only one case (G.M.) was the
child not well and a few days later developed influenza. His
urine was however examined at a later date. All those chil-
dren were put on a creatin-free dist one or two days Before

the urine was collected(24hrs. specimens). The urine was at

once examined and not allowed to stand for any length of time

before being analysed. In Tables- I1I-Ty-V, I have given the
distribution . '
completejof the urinary nitroden, and the percentage contri—

buted by each constituent to the total nitrogen.. The members

of.a family are all grouped.todether. 1In Table sgikl have
taken all the girls and all the boys, and have arranged theJ
according to their ades, starting with the youngest and go-
ing up.. In th®setablesI give the figures for the total

creatinin-nitrogen and creatin-nitroden as well as the per-

.centage they form of the total nitrogen.




TABLE~ IIT

Urine Urea  Ammonia UOric ac.- Creatinin Creatin Cin=N oommm Subject . Ade mmuﬂé Weight
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I

Creatinin-Nitrogen Coefficient.




TABLE IV
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. 87 | 4°3 188 | ‘87 3 :
450 4+5]1 “ 3+79 | . -403 + 126 | +030 5+0 156 411 .o .. e .
_ 84 8's 2B R 86
_ :
510 BeBB o= | +386 +201 | =041 5-6 - = N.Mk. 12 Girl 36
_ _ 4°4 P ‘12
470 4+58 _ o | P « 180 tr. 5-3 m - - .e e .- .A_o.
_ _ _ 4% | _
1000 | 6-70 | - 516" 224 | -042 62 268 716 et | oo . .o
| s frpi w-“w.m *s : !
600 | 5-54 | 4-08 | -436 -208 | -010 5:6| 214 470 Cadil Tt s S
" 7| 79 3°8 ‘18
_ _
500 8+34 - | <434 +246 _ -+ 0 542 - = H.Mk. 13+| Boy 47
| -fcw an_ |
925 6-14 | 4-68 «43 | +268 _ 0 59 230 =544 e e .o .e
| T8 80 4°3 _ |
300 300 | 252 - 163 025 013 = 3 3 H.A.- 2 | Boy -
83 5% 4 ‘86 ‘43
310 2+64 - « 120 029 +009 ol - - BoPe 3 Boy -
4*5 10 ‘34
580 .| '5-48 - * - +057 +022 - - -~ = - - =
1°0 ‘4 !
365 2+32 - , - +024 -0098 - - - - ol - X
| 10 | *4 |




TABLE- V.

Total Urea-N Ammonia Upie owomﬁwnun Creatin Acidity NHa+ Subjeet Age Sex
- e ac=N —N N # AA—N
gms.,” mam.,&_ gm. ; ma.m 7 na.& oo ma.. M |
11-97 |10°24 | 48 | -113 | -g378 3%1: 10-64 | AMs. 'l 15 | " Boy
_ I 8s _ < I o.w._ el 1 PRTEL 37 {
_ 8-S1. <31 _ -103 _ <178 ’ 247 - 38 M, Msi- Boy
a7 | 3°8 1°3 22 t , :
6x3bu L | iisl b +074 + 163 s T
88 | 20 1*0 2°p
- [EE s - - 157 r o A Ms. Boy
2°9
4+55 SOAR TN i +225 i T
79 8°0 i 3%9
5-18 =205 | sgoa || 112 lel | ~3i G. Mss- Boy
85 CEE ol 120 | 18 |
5+25 +256 1| - _ + 124 e 7
84 4°* | _ 2°0
3+68 | <196 . - ! « 101 2 Tl
80 | 43 _ 2%o
687 *455 5 - 268 364 56 J.MeD. Boy -
86 56 2% 3583 o
9+67 *533 - 174 <374 520 61 ;
82 4°5 14 . w-_.m | .
5+03 « 240 <136 - |36 189 - 30 N.MeD, Boy
87 4% 2%3 2°3
_ 819 308 <118 -89 342 <45
_ g0 3°2 (<! 204 _ :

¥ Some of the urine was lost. NHa+AA-N= Ammonia + Amido‘acid-Nitrogen.




When we look at Tables- III-V we find, as in the

hospital cases, the percentage of nitrogen excreted as urea

tends to be high; more especially is this the case with the

girls. The ammonia nitrogen in some of the cases is also
somewhat high. The low ammonia Bxcre£ions were gof in.cases
with a tendencg to be stout. 1In some,.the péroentage of
uric acid nitroden tends to be high as compared to adults.
This may be due to a rapid nucleo-protsid metabolism. On
looking back at Table-II, it will be éévn that the uric aéid
excretion of the hospital cases is a soméwhat low one.

As redards the excretion of creatinin and creatin I
shall first deal with creatin.. When TablesIII-V ére.éxaminei

it is seen’that some children excrete creatin and others do

—

pot. In the case of the children P.,neither the boy(aged 12

nor a girl (!lyrs) had any creatinuria, whilst the youngest

cr

girl(aged 6)had, With the fourhbrothers (M)only the youndes
aged byrs. excreted creatin., In the family (Mk) consisting
of three girls and one boy, all the girls excreted creatin.:

Only in the case of the eldest ¢girl (N.aded |2yrs.) was therpe

only a trace on one occasion. The girl N. had her urine tesft-

ed on four differeht occasions, with an interval of about ong
“|week between the two first and the two'last specimens, and
Iaﬁaut three weeks sevaratind the second from the third. The
amount of creatin esxcreted varied somewhat. The exzcretion
of creatin was very like that in the case of menstruation

-(as.Iiéhéll show later), The dirl had not started to mens-—

truate, - but it is quite likely that she was nearing puberty,

being a Semitic (in whom Duberty-very often develops earlier

than in the Anglo-Saxon races). There may be another explan-




TABLE- VI (GIRLS)
Case Age Creatinin-N Greatin—N *Cin—NCofft.*;; ?
VIS, om,; | em. 5 | e
B e 0008 0004 5
2. w48 0-069 0-005 3.8
; 0-085 0-009
3 cRBi ) 0 0-082 0-003 4-|.
0:082 0-012
0+079 0-004
4.1 D.Mk. 7+ 0158 00686 62
1 0-126 0-030 5.0
St B e 10, 0- 147 0020 4.7
' 0-162 0-015 52
Ao RPY - 0-075 o) 3.5
0-123 )
9 N.Mk. | 12 0201 0-01 | 56
' 0180 JEP,: SR 1
- j 0-224 0+042 g9 '
! i .. 6.208 - 0-010 | 5-6

% Amount estimated in the specimen (not for 24hrs.)

the total nitroden in sp. was °4bdm.
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ation for this.  As I shall show later creatinuria is always
present where there is a disturbance of the.barbohydraté
metabolism. Now it has been shown by v.Nqorden and pthers
|that the Jews as a race are more afflicted with diabetes,-
than any otﬁer race, If that be so, then might not the creat
inuria in this casé at this ade be due to a latent tendency -
towards a disturbance quthe carbohydrate metabolism?

In the case of the brother and sister (G.)the girl(5)
had a creatinuria, whilst the boy (aded |2yrsl) has not.'THe
query in the creatin.column of the boy means that there was 3§

trace, but the amount was so much within the limits of error

the two brothers (MacD.) aged 7 and |6 no creatinuria was
present in either,

When we examine those Tables( III-V ) the first im-
pression received is that children may or may not excrete
creatin. But on closer examination it is found that boys
after a certain age stop excreting creatin whereas girls con+t
tinue to do so for a londer time. To make this perfectly evit
dent, I have taken the creatinin and creatin figﬁres of the
boys and girls separately and arranged them'chronoligically

in Taples— VI and VII.

oﬁ‘the boys it ‘is at once seen that the creatinuria of the
iatter ceases apparently at about the ade of 5 or 6, whereas
with the girls the creatinuria continues till about or even
aftef 10 years. The case N.Mk.is probably exceptional and
the creatinuria here present 'is possibly due to puberty, even

3 - \-_
though thers were no external sidns, such as, menstruationi’

that it could not be looked upon as positive., .In the case of

When the figures for the dirls are compared with thoge



‘At whatever ade the creatipuria ceases in girls it certain-—
ly is at a later date than in the case of boys. That it does
cease in girls is shown by the case R.P.(agedl0 yrs.) here
the urine was examined on two different occasions but ‘each
time no creatin was found.

Does the creatinuria in childfen show any graduali:u
diminution as ade advances? H®hen we look at the absolute
figures for the creatin in the 'tebles there ‘is no evidence to
show that there is any gradual transition from the state of
creatinuria to one without and the disappearance of the
creatinuria seems to be gquite an abrupt one. The exact time
when it takes vplace vrobably depends upon the condition of
the individual; with healthy children it probably disappears
more readily than in those who are ailing, yet the three
‘Jewish dirls were all strong and healthy. A factor which
prébably influences this creatinuria is the action of certaip
internal secretions :(e.g. thyroid), but this aspect still re-
quires to be worked out.

If we wxamine the figures for the creatinint creatin
nitrogen (known as the total creatinin)nitrogen) and see
what percentagezof the total is constituted by the creatin,
we find that in the younger children the vercentage of
21hotal creatinin’’ excreted as creatin is higsher than in the
older children with creatinuria

When Table VIIIis examined we find that at the age of
two, the percentage of total creatinin excreted as creatin
is 34%, whilst at 5 years of ade (the last boy with creatin-—

uria) the percentade ‘is only 6.




TABLE VIII(Boys)

percentage of ‘total creatinin

LRl e oresnimta T et

2 66% 34%

3 7% 23%
2% 28%
73% 27%

55 ' 82% 18%
82% : 18%
83% | 7%
94% 56%

7 | 100% 0

Nhen we look at the figures presented by the girls,

we find very much the same thing.

TABLE TIX (Girls)

age ( percentage of total creatinin
yrs. | as  Creatinin ' Creatin.. |
2 65% 35%
5 / 93% 7%
S 90% | 0%
6 91% - = 8%
84% 6%
7 2% 28%
: 8% 19%
10 38% | 2%
30% : 10%
I 100% 0
12 96% 4%
12 ; 99% 1%
85% 15%
25% 5%

If we put out of count the three sisters (Jews, 7,40

centage of the total creatinin excreted as creatin as in the

and 12), we find that there is the same diminution in the per




case of the boys. The figures at thebage-of-z being 35% and

at 6 between 15 and 16.. There is a certain variation, but

broadly speaking, the figures are similar iq‘both cases. AS

already indicated this may quite well be a racial character-
istié. In the case of %he eldest of the three girls,lthe

‘ variations in the percentadge show a kind of periodicity,

similar to what one gets after puberty due to menstruation.-

If we now look at the creatinin excretion in the
children, we find that there is a draduval increase 'in the
absolute amount of the creatinin as the children get older.
This 'is to be expected as they gain in weight agd their
muscles become more de#elopad. The increase 'in the creatinipn
excretion, is out of proportion to the gain in body weight,
so that the amount of creat;nin nitrogennip milligrams per
kilo of body weisht (or the creatinin-nitrogen coefficient)
is greater in children of |2yrs. of age than in those only
byears old.

The oreatinin—nitrogeg cosfficient for adults accor-
ding to Shaffer is 8:1 and upwards} the same fidure as I got
for normal adults in Table X[ . According to Folin the .
chief factor determining the amount of c¢reatinin-eliminated,|
appears to be the weight of the person. The amount of fat
must however be noted., The fatter the person the less creat
fiqiq will he or she excrete per kilo of body weight. He con~
cludes that the amount of creatinin excreted primarily de-
pends upon the amount of antive protoplasm. Shaffer also
emphasises the importance of the varying varying dedrees of

muscular development and more mépﬁﬁﬁally the muscular tonus




as affecting the creatinin elimination. ‘This is also indir-
ectly in accordance with the view expressed by Pekelharing

and Hoogenhuyze regdarding the effect of muscle tonus on the

who hold that the creatinin excretion is proportional to the
body weight only and not to the active mass of protoplasmic
‘tissue."

‘' When we compare the creatinin coefficient of the
the latter it #s a dood deal below this figure. - In fact at

is just half that of an adult. &t the age of |2years the
ratio of the creatinin nitrogden to one kilo of body weight
has risen to about 6. The increase in the creatinin eq&f—
'fiGiéﬂt is more marked in young than in older childream.
In some young rabbits (2months old) examined I no-

ticed the increase of the creatinin coefficient even vwithin

more rapid than in the case withhhRuman beinds. .

creatin excretion. Another view is held by Benedict and Myeprs

adult,- namely 8+1 to that of the child, it is found that in |

the age of 5 or 6 years, the creatinin cosfficient of a:chilp

three weeks. 1In those animals the increase of weight is alsp

Neight Creatinin-N Creatin=N CineN Cofft.:
I. 607¢ms. +0047¢gm. 00 14gm.- 7.7
II 710 +0047 +0003 6-6
(111 679 -0043 -0003 6-3
I 845gnms. *Q079¢m." +0014gm. 9-3
IT 890 0072 +0006 8:0
III 855 0087 +001 8 7-8

creatinin coefficients for infants (7-14days). Their fig-

Amberg and Morrill in their paper also got very low
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ures are of interest as they show a rapid increase in the
creatinin per kilo of body weight at that early period.:

Their figures are.-

Age Cin-:-Cofft.x
I 7days 5-4
25 19 ' 67
3 LR 7+78
4, V3 9.7
55) k4 . _ -,91‘.'9

Theit figures for the creatinin coefficient compated

to Folin’s (20-24) or Shaffer's (18-30) for adults, are

found to bes from one-third to one~fifth of that of the adultf

From the preceﬁinq it will be evident that the amoun
of creatinin per kilo of body weight is very low in the in-
fant and it quickly increases in early childhood, - and more

gradually in later childhood.

4in
I conclude that my figures for the creatin-coeffi-

cient support Shaffer’s view of the importance of the muscu—

lar development and the muscular tonus as adfecting creatin—
iq excretion.- 1

Folin in his paper (1905) showed that the excretion
of'creatinig per diem for each individual was constant,pro-
'_vided his diet was creatin-free.- The food could contain
large or small quantities-of proteinland yet no alteration
in the amount of creatinin excreted would take place.. This
also applies to children,- for if the three casss N.Mk, and
G.M. and E.G. are referred to, one sees a constancy of the
creatinin even although the sSpecimens were not got closely.

following each other, but were collected at different time

% CinsCofft.=Creatinin coefficient, i.e. milligrams of creaf-

inin pér kilo of body weight.
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intervals.-

In the case of N.Mk, the figures are,=

Date Cin-N

26 0+20gm.
10-6 0-19gm.
|+7 0-228m.
8+7 0+21gm,

The figures show that the cpeatiqiq exeretiqg is con+
stant from day to d#y;' 0f course 1 do.qot wish to overlook
the poi@t that there is a dradual, but a compatatively slow
increase of the creatinin excretion as the child grows old-
er,- but the increase at this age is not perceptible from day
to day, hardly month by month{iquéed.

In the case of the boy G.M.{aged 5) and the boy E.G.

Kaged 10) the figures are.-

Date Cin=N
Q.M. 152 0« [lgm.
; 127 0+12sm."
13+7 0+ 10gm."
E.G. 7+ 10 0+13gm.-

14-10 0-13gm.
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b..  CREATIN INGESTED BY CHILDREN

From the foregoing observatioqs it is evident
that normal children do excrete creatin, It is there..
fore also of interest to examine their behavioua towards
ereatin given with the food - in particular whether they
are able to metabolise it or excrete it unchagged.

A number of observers have carried out experi-.
ments on the subjsct of the indestion and excretiog'of
creatin or creatinin by the adult. In 1868 Meissner
published results, in which he showed that creatiqin and
also creatin whep ingested or subcutaneously injected,
were both totally (or nearly so) recovered in the urine,
and in the form of creatinin. C. Vait also in 1869
feeding a dog with 8-6gm. of creatin with the food, re-
covered 4-2¢m. of creatinin and 3-2¢m. of creatin in the
urine. Mallet in 1900 concluded from his experiments
that. the human body possessed a practically unlimited
capacity for manufacturing and eliminating creatinin from

creatin absorbed from the digestive tract.

More recent results have differed from the fore-

going, Mendel stated that the amount of creatinin ex-.
cretion bears a possible relatioqship to the quaqtity of
protein metabolised. He makes his comparisons. from
different cases, and so the variations which he got ég his

tables may be @ue to individual differences in weight,-

sex,- age etc.
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Achaelis carried out experiments on men and
dogs?-giving large quantitiQS'of'creatinin with the foqd
and from his results he concluded that a large quantity.
of-the ingested creatinin was destroyed. V.'Klercher
failed to find any indication that oreatin given with the
food is coqverted into creatinin before being eliminated.

He took large quantities of meat and found no
apparent increase in the creatinin excretion.- He holds
that the urinary creatinin is.of'endoqenouS'origin;-aS'qo
creatinin was present in the food: but a change from
creatin to creatinin did not take placs. A connection
between the urinary creatinin anfi the creatin of the muscle
is not probable; more likely it is formed in the genersal
pootein metabolism.

Folin in 1905 stated that creatin may be one of
the nitrogenouS'substanceg which serve to maintain the
nitrogen-equilibrium in the living body and whieh do not.
easily take part in the urea forming processesi: he also
suddested that it poobably belondgs to the endogenous
metabqlism, and is analogous to uric acid, which he fouqd
WQSTlikewise unaffected by a protein rich: diet . a conclu-.
sion ‘in which'he agrees with Burian and Schur, as well as
with Siven.

Folin (1906) as a result of various lines of
inquiry,AconcludeS'that_creatin in oontradistinctiom to
creatinin is a food and not a waste product.- He adds
that the results of feeding emperiments with creatin%

depend largely upon the character of the food.  With a
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TABLE- X {Creatin Insestion)

Urine Total Urea Ammoniz  Creatinin Creatin Uric Acidity Ammonia + (Subject Age Weight
WE N =N N N ac.~N mswmm B0e! vrs kilos
CC.’~ gms,’ gms, m<- mee Mms. gm.. | 2 5
% g % g % g % g | ce sm
650- | 7+94 | 6-91l 309 - 178 004 2483134 -381 MoMs. 8 v
: 87 mom_ 7 ft =5 fagred
710 7-20| 635, | -152 | -163 +00 -074 139 | -2l5
_ 272 1°0|
740 5+30 - - « 147 .O»Nm ¢ .- 139 -
| 2°7 *79
620 | 6+10 | 5-18 -215 112 *025. ) | oges Ll i -306 G.Ms, 5 2
85 | 3°s 1*8
330-| 3=-35 - .- -063 «047 - 108 -
1*8 "4
740 | 6-22 9+25 - 256 - 124 +028 *— - -
84 4% 2°0 ‘4
500 | 3-50 3+58 - 196 - [0l «021 - - -
80 4°3 2'2 S
645 | 3456 | - - | 075 -0 +040 90 = R.P. H 35
24 10
540 | 4+12 | 3-37 253 | «l23 0 -076 192 -330 |
” ww. 6" 1 3D %8
690 | 3-42 251 | =247 » |26 032 +065 138 - 305
“ qwf 7ito 3%7 *9 1*9
470 451 | 377 -271 -079 -004 -047 158 -306 B.P.: | 6 g
_ 83 6°0 Eeird ‘09 %0
510 2+39 [-81 +206 -Q75 -060 -045 5 +248 .
_ 78 me_ a2 2°s 1°8
* Got 50cc.creatin soln.,comtaining -098gmCreatin-Nitroden and +007gm Creatinin—N
¥x Got 50cc,creatin soln.,containing +103gm.Creatin-N and J%007gm.Creatinin—Nitrogen.




TABLE- XI (Ceeatin insestion)

Urine Total Urea Ammoniz Creatinin Creatin Acidity  Ammonia +° mmwwmoﬁ Hoe Weisht Cin—N
_ =N N —N -N -N i j i
: ; B amino ac.-N vrs. _kilos . Goffi.
oy il =] il . _ ] . - SMe.
ce gms gms % mﬁ % 7 gm 2 gm ce ue_
1300 | 10-20 | _ (R o 317 | +606 R.. 28,y ol ag
i 2 5%2 h d ; .
[l ! !
1200 947 | - ERedicer salll =570 0 360 | -687
Ea il 6°0 | h
1408 | 10-35 | - $608. +592 0 - = |
HER 57 _
1400 | 10+15 | - “@2d "N 2B52 el 902 |
6°6 i 54 _
1480 3-27 | 183 245 | +485 0 228 .344 R. 25 865 742
il 56 WS 14
1408™ | 3-14 | 139 ¥e30) 2 _ -498 0 |68 =400
1470 3-37 | 1-87 *263 | -524 0 21 -428 !
55 7°8 ; 15 |
| o5 6°5 14 : 3 |
1280 | 13-30 | 11-44 574 | 620 0 568 -674 B. 36 | 76 8+
| . . h..m
111 & 2
970 _ 1207 |10~ 14. <458 ; 510 0 = =
| e 3°8 5°0 7

*¥ 50cc.Creatin soln. given =0+128gm.Creatin—Nitrogen and -002¢m.Creatinin-Nitrogen.

%% 40cc.Creatin Soln.given =0-079gm.Creatin-Nitrogen and #00|gm.Creatinin-Nitrogen.

%%% 50cc.Creatin Soln.given =0:098gm.Creatin-Nitrogen and +002¢m.Creatinin-Nitrogen.




rich carbohydrate aqd fat diet, - poor in peoteins;- a large
amount of the ingested oreatip was retained iq the body
than when a protein-rich*diet.waS'taken,-an& so the re-:
tention of the creatin when fed together with a gitrogep;;
poor diéet, clearly indicates that creatin is not a waste
product.

Klercker in 1907, as a result of experiments
carried out with meat extract and pure creatin coqfirms
his' earlier as well as Folin-s views, that iihgested
creatin and creatinin are partially excreted by the kid-.
neys as;such,-wtthout.aqy change.- The qnly'differenqe
between the creatin of meat extract and pure creatin;-
is- that when indested none of the latter is recpvered
in the urine. This he was able to prove is due to pro-
teig pure diet.- Wolf and Shaffer have confirmed these
results by injecting creatin, and finding the excretion
of creatinin wholly unaffected.

Weber tried feeding experiments with meat
extract.. He found that the increase of creatinin in the
urine exceeded the amount given in the food, and that some
of  the creatin had been converted into creatinin.:
Hoogenhuyze and Verploegh (1908) recovered some of the
ingested creatin as creatinin in the urins. Lefmanq also
made experiments on dogs with meat extract.- When he gave
a dog small amounts, the creatin and creatinin excretion
‘was increased.

He agrees with Weﬁer that the quantities of

creatin and creatinin in meat extract are very variasble.
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Hg was: not able to determine any cgnversiqp qf'creatin
to creatinig,vaS'the amount excreted co:r@éponded with that
ingested.- He alsq shows that the-creatiqiq excretion .is
cpgtrolled by factqrs:other than those of urie acid aqd
urea..

Twort aqd Mel}anby in a recent communioation
' deseribe-a bacilluslin the human faeces: which has the power
of destroying creatin;  a number of other micro-ordanisms
are described whigh have a similar power. Such being the
case,  they hold that the regults of eeftaiq creatiq feeding
experiments cannot be properly valued without takiqg this.
factor into account.. Mellanby in a previous paper (1907)
had suggested the possibility of Folinss results beiqg due
'tq the action qf“iqhestinal bacteria.,- It seemed probable
that,-when the diet contained but little nitrogen{-the
intestinal flora lived at the expense of the &reatiq-
Qitrogen: and that on the other hand when plepty nitrogen
waS'preseqt iq the diet, the creatin was untouchgd by the
bacteria because more assimilable snbstaqoes were present;

None of the previous investigators have, to my

knowledge, tried creatin feeding experiments on children. 1

thgrefqre carried out some observations on the subjeot(
using compafitively small quaqtities-of creatin.' 1 eon.:
sidered that, if the children excreted oreatin,-theq'the
additiom qf'smalL quantitieS'would lead tg.aq excretion %
qf'perhaPS'a}l the ingested creatin.- I therefore did

not use large quantities, but large enough to exclude any

_experimental error.” For the experiments I chose two
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sisters: (P) and two brothers;(Ml:' the older of each sex
was not exereting creatid; The childrep'were put on a
creatiqafree-diet dufiqg,-as:well as a few previQQS'tq{-
the_experiment. I.dissqlved abont 0*3 to 0:35¢m." of
creatin in 50cc, distilled watery and this quantity was.
given to each ohild;-the first thing in the morqing'in“the
case of the boys (uriqe was collected from |Qam. to |0am.)
whilst the girls got theirs the last thing at night (the
urine in this case was collected from the firdt passed
in: the morning to the last in the evening).' The diet the
children got was not a particularly proteid_rich diet,-
aqd consisted qf'pqrridge,-milk,-one or two eggS} bread
and'butter, potatoes and vegetableS'and some milk puddiqgs.
The results as given in Table A show that
creatln when ﬁlven to children whether already excretlng
creatln or not leads to an 1ncreased creatinuria (if
creatin was already being excreted), or to a crfeatinuria
where none existed previously). The amount so excreted
when there was no previous creatinuria or the increased
amount of ereatin where there was already a creatinuria{
leads to no other conclusion than that the experimental
S qreatinuria originated in both cases from the ingested
creatin,  The two girls both got I@Bgm.'creatiq.(as
nitrogen)i:: in the solution there was also «007gm.-
oreatinin (as.qitrogen);' 0f the two girls the yoquer
(6 yrs.) excrsied Béugms. of ereatin {es nitroden) were
than she did on the previous day. ‘This when calculated

would mean an excretion as creatin of 4% of the ingdested
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creatin. ‘In the case of the older girl (l!) the same
amount of creatin led to an exerstion of 32mgms. of
ereatin nitrogen, which would mean that 31% of the in.
gaéted'craatin was exerated as such.

The bogs got a solution containing 0:098gnm.
_ereatin nitrogen,fin which there was also a little
creatinin prssent (rspresenting about +007¢m. nitroden)

The older boy did not previously excrete
ereatin, but when cresatin was given him, about 43% of it
was exereted in the uriaz as crsatin. In the case of
his younger brother (aged 5), (the evening portion was
lost and so 1 did not get the whole 24 hours specinmen,
but from what there is,) thers is also an increased
excretion of creatin nitrogen. 1f we go byltha
crsatinin only half of the available amount is preéent;
if this also applisd to the creatin then the amount of
ingested creatin-nitroden would probably work out at about
70% (estimating it in absolute figurses at &Ymgms. creatin-
nitroden).

‘This is certainly purely an assumptionm, but
‘neverthsless, the case shows that a large amount of the
ingested creatin was hsre also excrated.

Was say .of the ingested crsatin exereted as
creatinin and was tnere a risg-in the oreatiniq excretiony
If we look at Table X and examine the creabinim figures,
thefe'i;nneue of the cases any apparent increase in the
amount of cresatinin excreted, so that in the case of the

children certainly, although ingested ereatin is in part
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excreted again as creatin there is no evidence of any
of this ingested créatin being converted into creatinin
and excreted as such.

From an examination of Table XII we find, that
the younger the child fed with creatin, the more does

it excrete that creatin unchanged.

TABLE XII

Sex Age Percentage of ingested creatin ex-
creted as creatin.

Boy . 5 yrs. (70%)

Girl 6 yrs, 56%
Boy 8 yrs. 43%
Girl | 11 yrs. 31%

L

I have already shown that in thg more recent
literature it has been pointed out that creatin when
given to adults is not excreted as such in the urine,
nor is there any evidence of it having been converted
}nto any particular constituent of ihe urine, for
Folin failed to find any increase in any of the nitro-
genous bodies after creatin had been given. As the
evidence of some of the observers is rather conflicting
I decided to carry out control experiments on adults.

I gave similar quantities of creatin dissolved in 50cc.
of water to two male adults, both being on a creatin-

free diet and neither of them excreting creatin previaue
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to the experiment. The results I have collected to-
gether in Table XI.

The figures show that no creatin was ex-
creted even after creatin was given with the food.

The diet in neither'casé was a carbo-hydrate-poor diet,
indeed the case B. had a diet which inclined somewhat
to a protein-rich diet, and yet not a trace of creatin
was excreted. Was any of the ingested creatin ex-
creted as creatinin® If we look at case B. the answer
is decidedly negative. In case K. there is a slight
suggestion that a portion of the creatin may have been
converted into creatinin and caused the slight rise
noted on that day, but the quantity is so slight no
definite conclusion is permissible.

On Table XT I give the figures of an experi-
ment carried out on K. some time ago; on this occasion
the diet was very poor in protein but contained plenty
carbohydrates and fats. I gave 79mgm. of creatin
nitrbgen. Here again there was no creatin excreted,

but as the rise in creatinin was so slight on the day

on which creatin was given, and as it continued to rise|

for three days after (a total of.1llgm. as against the
possible 79mgm. of cfeatinin from creatin) one must

come to the conclusion that the rise of creatinin here
shown is probably not due to any ingested creatin but

is rather a result of the diet fed to the subject.

That the conversion of creatin into creatinin|

ie possible, however, is perhaps illustrated by another
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case, the results of which are also given on the same
Table ( XT ) as the last case.

The diet in this case (M) was a protein-rich
one (including 4 or 5 eggs a day). The amount of
creatin nitrogen given was .103gm. % .007gm. creatin-
in nitrogen. (Total nitrogen = -110gm.) There is no
creatin éxcreted,'but there is a large increase in the
creatinin, an increase which (.121gm. c¢reatinin ni-
trogen) more than covers the amount which was available
for that purpose by the ingested creatin. This is
rather striking and I intend to repeat experiments
using larger doses and in altered conditions. the
explanation I would advance in this case, is, that it
may be due to an intestinal condition. This patient
had been troubled with spasm of the intestines last
summer: and this was only removed after prolonged
treatment with colon lavage.

This case is however interesting in the light
of Twort and Mellanby's experiments, and may be an
example, where owiﬁg to the large protein diet and to
the presence probably of organiems, the creatin is con-
verted into creatinin and excreted as such. Why no
retention of creatin took place is due to the latter
not baiﬁg a food substance and so excreted in toto from
the body. This latter conclusion, if correct, would
point to the creatin having been converted into
creatinin in the intestine before entering the body
proper, for if the creatin had entered the tissues as

creatin, even though there was plenty of protein presert
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part of it would have been retained in the body and onl#
part - of it would have been excreted and then probably
not as creatinin.

This experiment may therefore be of some
interest in so far as by means of this method we may be
able to throw some light upon the manner in which cer-
tain intestinal conditions may affect the creatin ab-
sorption; conversely, the examination of the urine for
creatin and creatinin may become of diagnostic signifi-

cence in these cases.

My results would therefore support the view
that creatin when given in the fo;d does not usually
lead to an increased creatinin excretion, not even in

those cases where creatin is already excreted normally

(as occurs in children); but under certain abnormal
conditions probably of an intestinal nature, creatin
may be converted into creatinin, absorbed as such,and
not being of any dietetic use to the organism, simply

excreted.
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PART II

THE PRESENCE OF CREATIN IN THE URINE

OF ADULTS UNDER PHYSIOLOGICAL CONDITIONS

a. THE URINE OF NORMAL WOMEN DURING THE SEXUAL CYCLE

A few years ago whilst examining a number of
urines of female patients in the Royal Infirmary,
Edinburgh, I found that they always contained creatin,
even although they were getting a creatin-free diet.

I tried to find an explanation for it, but could not.
X the;pfﬁre décided to examine the urine of normal
females, also on a creatin-free diet. The first speci-
mens I examined containe& no creatin, but in the next
specimen I found creatin presgent. From this it seem-
ed that women may or may not have a creatinuria. But
what brought it about? As the last specimen was got
about a week after menstruation, I decided to investi-
gate the subject from the point of view whether men-
struation had any relationship to the creatinuria.. or
not .

The following analyses were carried out én
the urines of two normal womén, which were examined

about once a week or a fortnight for a continued periog

of /_
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TABLE-XITI.

Date Urine Total Urea Ammonia  Uriciaecid Creatinin Creatin Acidity in|Percentage Noted.
- <N =N N -1 -N 00.4% NaOH | of unde-
; termined | :
CCa gms,” =) gm, gm,’ gm, - g, -N
_m.é_ S o e 123 +330 0 159 44 Case-F.M., ummarried.-
87 34 4 38 £l A
13-4 1800 | 7-213 | 8-01 -214 +102 +297 0 144 8-6 Eerrs.
_ g2 2%9 [*4 &ty Wt.=59+7kilos
26+1.| 1500 | 8-98 7+56 631 »135 +363 015 363 3+5 Menses on 21sti=2853.
_ 84 6°9 1°5 4°0 17l Januarys:
271 1200 | 7-78 6+38 <711 + 104 +356 <018 348 129
2 73 9°1 1 %3 4°5 "24
22 1500 | 827 B6+254 +595 <079 +328 016 540 |70
79 7°0 09 =g *g
32 1500 | 8+94 - *570 +104 <291 016 210 -
6°3 1*1 a3 18
10+2 1600 | 7-30 559 - 366 -092 +280 014 136 13-3
78 i 5%0 =2 38 19
|6+2 1500 | 7-56 5+26 *453 .- +34 | 022 180 20+0 Constipated latelys:
70 5°*g 45 *og headachesi
24+2 1700 | 6485 5+40 ~447 071 + 296 015 170 92 Slight menses on mmnnf
79 6°5 1°0 4°3 ‘5 February
93 1300 | 8+70 6+62 «440 . - =349 016 237 14-6 Menses on 5th.
78 5°1 4°0 ) .
8+4 1500 | 8-44 — +507 ~ +349 0 247 -
6°0 4%
31-5 1500 | 8-+80 507 <462 - 378 tra 258 13-2 | Menses on 1s8t3<81d.June.
74 6°9 5°4 :
8+6 1400 | 4-86 - +320 .- ~332 Q17 190 -
8"5 6°8 35
96 1400 | 8+35 - <455 - +403 012 230 -
§%4 4°8 1




-
of time (several months). The subjects of the ex-

periment were always on a creatin-free diet for two
days previous, the diet consisting of porridge and
milk, bread and butter, vegetables, eggs, milk puddings
tea, coffee or cocoa, but was not restricted in quan-
tity. This diet wags also given on the day of collec-
tion. All the analyses were carried out at once on
receipt of the twenty-four hours specimen.

In each of the TablesXIIleV , the results
are given both as absolute amounts and relatively as
to the proportion of the total nitrogen execreted in
the form of the several substances. The absolute
amounts  are expressed in terms of the absolute amounts
of nitrogen . .eXcreted in the form of those substances.

In Tables XIII-XV ,. it is seen that the
urine of women differs from that of men qualitatively.
This qualitative difference consists in the frequent
presence of creatin in the urine of women.

It is alwayd present after menstruation.

It may be absent-or present only in traces, two or
three weeks after that period, but sometimes persists
right through the menstrual period, especially when
the menses are irregular. This is seen in Table XIII
(case F.M.) during the period Jan. 23rd to Feb.24th.

The ammonia excretion shows similar, althougd]

not necessarily corresponding, variations. This is
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TABLE- XIV.-

Date Total Total = Urea Ammonia  Uric acid Creatinin Creatin mowmwww+wmmwnmu&mmn : zowmma@
. urine  -N -N - - -§ -N in coc.qf of unde-
g R _ — NaOH m Termined—N
CC.a’ mam.< mm..—mo mﬂ._c ﬁ m..r.D! ma- mao | Al .
| _ “ i ; 7 Case~E.unmarried.
18+1 1800 | 14-82 | |1-7] +697 IGRR 427 <042 ° 488 - | 2.2 _ La;,|;.m mﬂwwwmen._
qu_ 4°7 | “.__ 2%8 ‘28 VMenses Oﬁ,»mlnhwp;mwn.
22+4.| 1075 | 89| Q.Q%mq .wmﬁw.m .me_o_ __ NN#wm.u _ =006 ..ou_. 2520 6-0 Emumm...m..».uumﬂﬁwmu
23+1 1320 950 786 -398 *106 +278 Q18 290 14-2
FFEL 4°1 et 2°9 o e :
30+1 1350 172 9+42 <672 < 127 +335 +009 ° 370 105
80 5% 1°0 2°s ‘os j
5=2 1500 8+20 5+82 <478 108 =270 9 A 210 2825 .
_ 85 5°3 353 8‘o *13 A e
6+-2 | 3000 12-78 8+92 | =570 . - +336 trace = | 300 23+0 S _
70 | 4°4 26 % g : i i
26-2 | (1000) | ( 6-44) - | (-386) - | (=188) " (+007) " | (100) - | | Mepses 18th-20th.Feb.
_ M - 5°9 2°9 | . wuoe.ooBmenm.mwmn!u
123 | 1700 13-04 | 10-353 <693 - <401 0161 314 13-0 S
78 5°3 3%0 [
|74 1300 8+62 | 6-82 =530 - -363 sG] 292 (06
| 79 6°1 4°2 "3
5% 55 | 5-03 -319 = -302 0 : . R e
295 1000 m 55 - it e 232 | 14-0 Menses m.ﬂmmﬁm previot
5.6 | 1800 R -352 ~ i ez 0 258 =
i 51 5" 4 i
126 | 1500 9-78 | 8+17 ~436 ~ -382 . -008 _ 384 8-0
} i 83 44 w 9 o8 i ; i
25-6 | 1700 8-43 | 6-48 484 - <401 =g 171 265 12-7 ‘Menses 16-20th.. Juns.
77 5%7 4°7 2 : Eib
(96 (500) (3-41) % Ae*mmw. =) (+154) (-008) (118) s . |Speen. passed during |
48 45 19 | menstruation,sanguin-
| | eousi : |
| | i e




most epparent in the Case F.M., where the tqtai
nitrogen excretion remained throughout on a fairly
constant level, and where therefore, both the absolute
and the relative values for the ammonia excretion,
which are to a great extent dependent upon the amount
of total nitrogen metabolised, are directly comparable
with each_other. In this case the ammonia-nitrogen
rises from 0.2 and 0.3gm.(=2-9 per cent. and 3.4 per
cent.) excreted in the first intermenstrual period
(Jan.12th-18th) to 0.6 and 0.7gm. (=6-9 per cent. and
9+1 per cent respectively) immediately after menstrua-
tion (Jan. 26th-27th), and falls again to 0-36gm.

(B per cent.) on Feb.l0th. The subsequent rise is
less pronounced and menses are irregular.

In Case E. (Table XIV. ) the menses were ir-
regular and the nitrogen ex-cretion varied a good deal,
so that it is not possible to draw definite conclusions
from this case. Even in this case however was the
ammonia execretion variable. According to Folin in
a normal male the proportion of total nitrogen excret--
ed as ammonia falls with an increase in the amount of
total nitrogen excreted, other conditions remaining
the same, in the above case there is a rise. On Jan.
30th, for instance, 5.7 per cent. of 11-7gms. of total
nitrogen are excreted as ammonia, while a week pre-
viously, on Jan. 22nd, with a lower total nitrogen

excretion of 8.9gms. only 3-6 per cent. were excreted

as /
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as ammonia nitrogen.

In Table XV’ I have gifen the analyses also
of another normsal case (H.M., a multipara). The
ammonia nitrogen per centage was as high as 7.9 per
cent. immediately after menstruation on May lst., with
a total nitrogen excretion of 12:3gms. Twelve days
later the percentage of ammonia nitrogen had fallen
to 6.2 per cent., the total nitrogen excretion being
12 .2gms .

The rise in the ammonia excretion is accom-
panied by a rise in the excretion of undetermined
nitrogen and a fall in the urea excretion.

As already shown on pp.Z2l- Folin and others
have found that the daily excretion of creatinin for
an individual is constantj; this also applies to female
subjects. The case E. on Table XIV shows fluctua-
tions, however, which I cannot explain. Also in Cage
F.M. (Table XIll ) there is a distinct subnormal creat:
inin excretion on two successive dayd (Feb:9th-10th).
In interpreting these results it must be borne in mind
that in the case of these women my observations were
made at intervals during a prolonged period extending
over half a year, and not during a short period of
successive days, as is usually the case. That this
explanation is correct, is borne out by the result of
analyses carried@ out én case E. between the 11lth and

19th of July, when a series of observatlons were made

for /  (Table XV.)

o
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TABLE- XV.

Date Total Total ‘Urea Ammonia  Uric acid Creatinin Creatin  Beidity wu Notes.:
Obime. =N - -N —N ~N —N ﬂmoo.zmom :
- . % A _ LAl _
ct. | Emss oms.,” Sm.” Sm. _ Sm.. gm.. A i
! _ : . i Lahk
1437 | 1450 9-98 | 793 -406 iy | +432 . e R | Case-E.(contin.) Wt.=67kilos.:
79 4°3 | 4°3 St
127 1275 | 9-07 677 <364 - h +458 0 316
_ : 75 4°0 5%o | ;
14-7 | 1300 | 9-43 777 517 - - _ <454 tracec: 374
h | v a2 54 4%8 . ;
15-7 | 1250 | 8-68 | 6:72 -532 - <409 0 s s
_ ‘ 77 6" 1 A7 i
. 82 5'2 5°4
|77 1480 | 8+46 6-19 +438 «110 <438 <009 325
“ 73 5*2 120 5t : ‘e ;
18-7 | 1360| 8-83 | 8-96 S R T 414 s ot
! 78 44 11 4°6
197 | 1050| 7-64 | 6-04 411 ot -379 019 | 226
79 Lo 4°9 So4Tng
257 925| 9-14 8-03 477 - -368 <017 308 3
“ 88 5°2 g A0 ‘18 s
26-7 1650:| 10-07 6+92 611 - -454 012 442
68 8° I 4°5 i oA
|+5 1700 | 12-28 9-18 +979 + 145 +644 <014 552 Case-H.M. Married zoawwmmmwmipch
25t e bt | 5°2 015 h 535 Miscarriage 2months ago, e
12+5 1800 | 12-19 9-19 +635 * 148 «651 015 | 335 i 5 Ule
75 5°2 S i “io | fbwmﬂ&muwwm-mnwﬁhw.
i . Henses 28th.April.
| Wt.= 87kilos. |
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for several sﬁdééﬁéi#éf&iys; here ﬁhe creatinin, apart
from slight variations, is fairly censtant. That
variatigns also occur in males when observations are
carried out over a long period of a year or two, I shall
be aﬁle to show later on.’

Benedict and Myers have shown that the creatinin
nitrogen coefficient (i,e. the number of millidgrams of
creatinin nitrogen per kilo of body weight) in women is
lower than in men. In the lattér it randes between 7 and
115 yhereas in my cases it randes betwsen 3°1| and 7-4.

My results, therefore, confirm the observations of Bensdict

and Myers. I have tabulated my results in Table - XVI.

L4BLE XVI.
Case [ Creatinin~N ; CreatinineCosfficient
________________________________ e e s

1 04330 5.5

0-29| 4.6
2 0:427 60

0243 3+5
3 0-644 74
4 0-19 4+0
5 D=0 Y3 : 3.3
6 0+164 3|

The following figures are from a bitch during the
oestrous and anoestrous periods, The dog was fed on
bread and milk for several days before the urine was

examined for creatinin and creatin. Since in these
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preliminary observations I wished to determine quakitatively
the presence or absence of creatin, the total volume of
urine wax not collected, and the figures given below re-
present the amount of creatinin or creatin expressed as
nitrogen excreted in a sample of 20 c.c. of urine. To each
of the spedimeps collected, chloroform and thymol were added

as a preservative. The analysis was, however, performed

immediately.
T4BLE XVII
____________ e A e e S e e
Date Creatinin-N Creatin-N Period
mgms . mgms .,

i B T B 2:502 -319 Oestrous
22:5: 11| 2+502 5] | dao.
2388l 2+708 +383 do.
24:5:'1 | 1+919 | =959 _ do.
2625511 . | +883 +482 f do.
24,5 S | FEEIR 4+66 -0 | Anoestrous
18:6: 11 . | 4-225 0 ; do.
19:6: 1 516 0 ' do.

I also append (TableXTIT ) some observations on the
same dog in which the total volume of urine was collected.
This table, therefore, gives the total quantities excreted
per diem expressed in terms of nitrogen; it also dives
the percentage of this nitrogen to the total nitrogen.

The weight of the dog was 77 kilos.
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TABLE XVIII

Date | Total nitrogen | Creatinin-N | Creatin=N Period
----------- [ e e e e ] S 5 e = e
20:6:11 4388 08| (igE%J 2T Anoestrous

7:%: 11 3-920 080 (2-0%) | -018 (-4% )| Oestrous

gslsl 3+848 <065 (1 +7%) ~009 (+24%)| do.:

] e A e e o S o e

According to Marshall, small dogs may have a recurrence
of hzat after four months. In the above case,.howcver,
the bitch was on heat in.May and agaiv in July. This may
be due to the dog, which had been kept in the kaboratory
for over a year, having been prefented from breeding, in
which case, according to Heape, the pericds tend to become

irregular,

39



b  THE

URINE OF WOMEN

IN CASES

OF NORMAT, PREGNANCY

o ——

In the following five cases of normal pregnancy only

qualitative examin

a creatin and crea

————— . -

————

ations were made.
tinin—free dist.

TABLE XIX

- ——— .

——— " — " - -]

The patients were on

——— -

Crzatin
(as Creatinin)

In the following seven cases an attempt was made to

estimate the total amount of creatin excreted per diem.,

Some difficulty was experienced in detting the total

volume of the urine carefully cdéllected, so that the

following figures only give fairly approximate data.
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TABLE XX
________ R S e e B e ot e e e e i, Lo L et e e
|
Case Urine : Cregtinin—N Crzatin—-N
C.C, gm, gm,
6 | 192 43053 +024
1420 -364 042
7 8079 | -337 073
992 | -302 <047
| 1363 -322 021
g 965 254 025
| 1363 | -348 | -047
9 965 - 197 015
10 1533 - 174 022
N 2044 | -355 022
2050 +293 039
12 1760 +456 +043
1910 | -442 -023
_____________ JES TN e S B e N e CR T

A1l these cases were expected to be delivered within
oné month from the date of examination.. They were all
healthy yound women between |8 and 30 years. Theirl
-weights were not obtained.

In the next case (Table XXI ) a complete analysis of
the different nitrogenous substances in the urine was
carried ouf. The case wzs that of a yound woman of about
: 20 years of age.

No complaint of any sort. Delivery normal,  The

observations were made three weeks ante-partum.
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s e TABLE XXI

- Case wwj. Age 18 §ears, Weight about 38 to 45 Kilos

gl e m we sl oas R R e e e D
s .mmw1 Totgl | .. (o | Urie  [Cres- Lyt
m swwww_w i mhmw | cmww wmm_ it Oﬁmmwwﬁ | waomaw Diet
m , , B
% ) % % y ~ N&OH.
e oot s O R R L i i er Gy e i
e C.T. | BNS: O sms, sm. sm. . _ |
16:12: 10 2526 | 7-709 | ~452 0+701 A +254 | =054 334 Creatin-
_ | 58 739 | +5 3+3 69 - free
17:12:10 2500 | 9725 | +545 7080 | @B% - P27 sB84c | 38y do.’
. . i | B 728 | . 1+5 245 B Lo
18::12:110 | 2600 | 8+226 | -364 | 6-260 | -068  |*212 | 086 | 318 do.:
i I _ 44 _Qm.__h ol 255 -4 _ _
19::18:10 | 3182 | 8+731 | -461 | 6571 | Ly Ty 318 Fish
L i G2 o Hnede o 4+3 b . _
0:'12::10 |~ 3068 | 7.903 | <429 : -219 | +051 | 337 | Creatin-
e 54 L | 2 eS| free
22:'12: 10 3324 | 7725 | -485 | 6032 | =077  |-208 W | 0.
_ o . . & i BeD 78,08 | | 2+6 L d |
23:°12:10 3200 | 7+461 | +493 5.379 | *028  -233 | 028 | 329 do.
. {628 120 *3 3| £=39 o



If this Table (XXI ) is compared with the table giving

the*compositidn of the urine of normal women (Eable{iﬁf},
the following differences will be found.. Creatin is alwayg
present in amounts @hich are higher than the maximal
amguntS'observed in the urine of normal women. The urea
excretion, if compared with that of normal women, is on
the whole diminished, and is distinctly less than that of
men.,” - The undetermined nitroden is correspondingly in-
cre@sed, and reaches figﬁres above those observed by Ewing
and Wolf in qormal pregnancy.’ The greater part of the
undeternined nitroden may be amido-acid nitrogen,-which
according to v. Leersum may amount to |10 per cent. of

the total nitrogen in pregnant women living on the‘ordinary
hospital diet. . _The acidity is also high.

The ammonia-excretion is fairly constant and not
higher than the average ammonia-excretion observed in
normal women on a similar excretion of total nitrogen.

My values for the ammonia excreted in the urine of two
normal pregnancies (sases 3 and |4) range from 4+4 per
:zoent.‘to 6+9 per cent. of the total nitroggﬁ, the averade
‘-beihg 599 per cent, This does not include the figures
obtained for two days on a fish diet in Case.IQQ on which
days the percentages of ammonia excreted were U329 per
'csﬁt.'and 9+8 per cent. The mmounts found are slightly
higher than thé figures found by Folin in men. If one

. sekects from his tables those figures which refer to an
excretion of from 7 to 8 ¢gms. of total nitrogen, one finds

on an average about 4+8 per cent. of the total nitrogen
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excreted’ in the f§rm of‘ammoniﬁ,-while 79 per cent. are
excreted bound up in urea.’ The values for the ammonia
excretion found by me in normal pregnanciss agreé with

the observations of Ewing and Wolf on four cases of normal
pregnancy, their ammonia values randing from 2+8 per cent.
of the total nitroden to 8:6 per cent., their averade figure
for ammonia being about 5+] per cent.. In eight cases of

| eclampsia these observers found the aﬁmonia excrétion raised
to very much higher figures (from 5+3 per cent. to |8 per
cent. of the total nitrogen, or an average of 946 per centy)
On the other hand, some of the figures obtained by Hoogenhuyj

and Doeschate in their recent investigations are considerabl]

lower than those obtained by Ewing and Wolf or by myself.
Some of the values for the ammonia excretion obtained by
Hoogenhuyze and Doeschate are even lower than those observed
in male subjects on a similar-nitrogen excretion. . Their

averagde ammonia-excretion for four cases of normal prednancy

from |+3 per cent. to 9:8 per cent., and it is to be noted
that these extreme variations occur in fhe same case, and
wiﬁh a similar total nitroden excretion, namely, 22+8 gms.
and 24+9 gms.'réspectively.' In some of the cases of
eclampsia which they examined the ammonia excretion does
not even exceed the lower figures found by them in cases
of normal pregnancy, the average ammonia excretion for
seven cases of eglampsia being 5:6 per cent, of the total
nitrogen (ranging from 2+2 per cent. to I5+| per cent.).

It is possible that the diet or the water may be responsible

is 3+8 per cent. of the total nitrogden. Their figures randg
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for the low figures found by the Dutch observers.

In this connection it is interesting to note that
recently one ocbeerver (Taylor), using the same

method (Folin's method), but working in two different
localities (California and Philadelphisa) , has ob-
tained entirely different results, which he is incline
to ascribe to the factors mentioned sbove. These
factors would not, however, account for the extreme
varistions observed in some of the cases of normal
pregnancy (Table XY ) recorded by the Dutch observers
and to which I have referred sbove. It must slso

be borne in mind that Hoogenhuyze and Doeschate
carried out their estimations on eclamptic urines
after removal of the protein by boiling. It appears
possible thst some of the ammenia may have been lost
on boiling the urine, unless special precautions wezre
taken. In some smmonia estimations which I carried
ocut on albuminous urine before and after removsl of
the protein, I have 2lways obtained leower values

after the urine had been freed from protein Dby

boiling.
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TABLE  XXII.-

( Cases 14)
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Orin -, NHa. U fric | Crea- tini Tot
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In determining the influence which normal
pregnancy has on the distribution of the urinary
nitrogen, eseveral factors must be taken into account.
Individual veriations sand externsl experimental
variations play a great part snd may saccount foa scme
of the contradictory results mentioned sbove.
Further, the conditions obtsining in pregnancy must
be compared, not with observations on normal men as
has hitherto been done, but with observations on
normal non-pregnsnt women. This is 2all the more
necessary since the variastions in metsbolism due to
the factor of sex are, se I have shown sbove, in the
same direction as those observed in pregnancy.

All these fallacies can be excluded by taking
observations on the same woman both before deliver&
and at various dates for a prolonged period afterﬁard
I have had sn opportunity of doing so in one case
(Case 14) . The diétary conditions both in.this cage
and in the previous case were the same as those
observed for normal non-pregnent women. This case
shows (Table XXIl.) , ae the previous case did, a
constant crestin excretion, which before delivery
exceeded in smount that of normsl non-pregnant women
and also that of the same woman several weeks after
delivery. The ammonia excretion ante-partum ise
distinctly incressed, the urea excretion diminished.
The values for the undetermined nitrogen do not go

beyond the normsl limit.
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Post-partum the ammonia excretion falls and the
ures excretion rises. The high ammonia excretion and
acidity a month and three months after delivery is
perhsps due to a pathologicsl condition, since the
patient was troubled with a persistent irregular
dischsrge . Tt unforfunately, not possible to obtain

a complete twenty-four hours' specimen during the

ed with discharge, so that the figures given for that
period have only a relative value. Nevertheless the
percentsge figures show sufficiently clearly that even
g week after delivery, when the ammonias excretion had
fallen to the normsal level, there is a fairly high
créatin excretion. This so-called post-partum
creatinuria was first pointed out by Shaffer, who did

not, however, recognise the fact that it was only an

exaggeration of a process taking place throughou£ the
whole of pregnancy. He attributed it to the involu-
tion of the uterus. Similarly Murlin, experimenting
on a dog, found that creatin sappeared in the urine two
days before parturition (he exsmined the urine during
the first and last weeks of pregnancy as well as one
week post-pertum, the dog being on a creatin-free diet)
snd that the creatinuria reached its maximum on the
fifth day after parturition. ' He regarded this latter
point as probaebly marking the maximuﬁ of the inveolution

process.

first week after delivery, because the urine was admixd
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results obtained ars;-.

.In another case which.I examined, a primipara
aged 2, estimations of the total creatin nitrogen and
creatinin nitrodgen four and six days after delivery were

carried out, the patient being on a crsatin-free diet. The

Vol. of urine | Creatinin N.  Creatin N:
4 days after 1562 <795 + 242
6 days after 0680 296 +098
S Lol S e S I 3

In a papgr;which.has”racenfly,appeared.MelIaqby.
gives"an@ther.explaqaﬁion.of;postspartum.creatipuriaf .He
.pqiqts;out.that;the.postrpartum"creatinuvia‘in_womeg{,siaqu_
.iq.relatioqship.to.lactatioq,_and if any disturbancs of

 lactation. takes place, such. as abscess formatien, and.conse-.

guently qon_production of milk, then no crsatinuria oceurs.:
He gave soms lactose to one of ths cases, but dot no diminn-.
‘tion in the creatinuria, he tharefore concludes. that this
creatinuria.is not. due to a disturbance of the carbohydrate
metabolism;- this.I hold is not corrsct, for if gluooss be
given to.a diabetic, the creatinuria would qot.be reduced
owing to the sugar not beipg available for the prganism.
Similarly in ths case of'Lactatioq, the giaiqg of the compa-.
ratively swall amounts. of laotoée,(as.pvactised by Mellanby)
will not prevent the protein catabolism in the mammary. ¢land

which brings.about a.f0rmation of the lactose of the milk.

It is doubtful whether even very large amounts of lactose
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would prevent .1t.-

From the preoediqg researches it_will be gvident
that creatin is normally excfeted.by tha'female{ vizg'after
menstruation, in pregnancy and post-partum.” Why this.is: so
isrf difficult to explaiq as. yet, but most.probably'it IS
related to the aotion.(one Dr more interqal secretiops){
Nhethsr the thyroid gland is partly respoqsibleﬂis_difficult

*

to say; it certainly has been very often noticed to become

larger and more swollen during menstruation : in cases of

exophthalmic goitre.- The liver function is also supposed bjy

some ‘to be altsrsd during pregnancy. (Bartels), and .if so
this would perhaps.explain the creatinuria present .in that
qondition;
I think however. the problem is. a little more compl

cated than'thisk-andit will require.further.iﬁvestigation 2
before any more definite conclusion can be arrived att

I shall conecldde this chapter by.giving the re-

of the urine

sults of the analysisaof a normal woman after climacteric,
also the figures of the urines of two men above 50.; It
will bs seen that thers is no creatinuria ptésent,' Another

point of note is that the ‘creatinuria coefficient is. low,-

espscially in the old man of 70. (Table XXIII).

¥ Recently is has been shown by Engelhorn-that the thyroid
undergoes hypertrophy in menstruatiod and preé¢nant womeni
He holds that normally the ovary influénces theé function’of
the thyroid but the presence of a corpus luteum inhibits
the action of the ovary and so hypertrophy of the thyroid

tekes place. ,Schilddriise u.weibliche Geschlechtsorgane.”
Inang, Diss. Erlangen, 1312:

[y

]
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SECTION II.-

THE APPRARANCE OF CREATIN IN THE URINE

in

PATHOLOGICAL CONDITIONS.




THE APPEARANCE OF CREATIN

IN THE URINE IN PATHOLOGICAL CONDITIONS

Since Folin (1901-1905) noted the creatinin
excretion in man remained constant without regard to
the quantity or quality of the food (provided it was
craatiﬁ free), and that creatin was absent from normal
urine, a number of investigators have confirmed his
observations, and have also endeavoursed to find out how
the creatin and creatinin excretion would be altered,
if at all, under various pathological conditions.

I shall only mention those workers who
carried out the research with the new method and shall
not refer to the older results, as they are only of
historical interest.

Hoogenhuyze and Verploegh (’08) examined
urines of different kiﬁds of patients, and‘got the
following results. = In Fevers, and in cases of patho-
logical exaltation, the'output of creatinin was in-
creased. It was diminishgd where the vitality is
lbwered ©.g£. marasmus, whether due to disease or old
age, and in such cases creatin may be found in the
urine. They qonclude that creatinin is formed from
creatin in the body, espec;ally in the liver.

Benedict and Myers (D#) published results

o
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of examination of twenty-five urines of insane women,
and found that the form of insanity had no marked in-
fluence on thé creatinin elimination. In another
paper of the same issue they publish work on urines,
in various pathological conditions, in which creatin
was also found in the urine.

If the hypothesis of Folin is corrent, that
the creatinin excretion is dependent on the metabolism
it may be expected that an alteration in the meta-
bolism will cause a change in the excretion of the
creatinin. An increase where the metabolism is in-
creased and a diminution where there is lessened pro-
teid catabolism. Various papers have been published
concerning the creatinin elimination in fevers in
which there is generally an increase in the metabolism
The most important are those of Leathes ('06) Hoogen;
huyze and Verploegh (08), Schottin ((08)', shaffer §08)
and ' Mink':(1862)., . Generally speaking a rise of body
temperature is associated with an increasé in the
creaﬁinin output.’ After prolonged fever when the
organism has reached a state of inanition, a fall in
the creatinin content of the urine was noticed some-
times. Also an appearance of creatin in the urine.
Leathes from the figures of the febrile cases he
~examined, found that althoﬁgh in each case there was
increased tissue metabolism, the proportion of the
nitrogen leaving the body in the form of creatinin was

low. /
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CN
low. His average TN % being about 2.0. He injected

into himself anti-typhoid vaccine. With a rise of
temperature, he got an increase of about 20% in the
output of creatinin, but an increase in the total
nitrogen of about 50%, 80 that relatively there was a
diminution rather than an increase in the creatinin.
Hoogenhuyze, who had a rise of temperature for several
days (Influenza), noted an increase in the creatinin
of about 50%, without any corresponding rise in the
total nitrogen. :

In 1908 shaffer (363) published his papers
dealing with creatinin and creatin excretion in health
and disease. He states that a creatinin coeffieient
below 7 is normal only in elderly, inactive, poorly
developed or excessively fat subjects. He also em-
phasises that a low creatinin excretion is found in a
large number of diseased conditions - in Chronic
Nephritis, flat foot (very inactive), Diabetes, and
Lymphatic Leukaemia. Whem the excretion‘is abnormall)
low,it 1s not peculiar to any one disease. Creatin
he shows to be an abnormal product of endogenous
metabolism, and not normally found in urine unless it
has been taken in the food. It may be ezcreted by
subjects of acute feversg, in the acute staga of
exophthalmis goitfe, and also in other conditions,
where there is a rapid loss of-musclé protein; also
in women during the post-partum resolution of the

uterus. /

51.-



~uterus; He.conoludes that the source of endogenous
creatin is probably the creatin of the muscle tissue,
and its appearance in the urine most likely indicates
an absorption of the muscle proteid.

As regards creatinin, this he does not regard
as an index of the total endogenous proteid metabolism
for in cases of exophthalmic goitre in which this
metabolism.is probably greatly increased, very low
creatinin excretion may be obtained. The creatinin
which is slightly increased in acute fevers, is not in
these cases regulated by the muscular efficiency of
the patient. The creatinin excretion appears to be
the result of a normal metabolism, of which the greate
part, if not all, takes place in the musoles. The
muscular efficiency of the person seems to depend upon
the inténsity of this process. In another paper
which he published dealing with a patient with a per-
manent biliary fistula, he also noticed a low creatinin
excretion.

Spriggs (07-8) examined a number; of conditions
in which the muscular system was either directly or
1ndifectly affected. He found that the creatinin ex-
cretion is lowereﬁ where the bulk of the muscle tissue
is diminished, e.g. in the primary myopathies. The
same 1s seen where the muscular activity and the mus-
cular tone are'depresséd by an affection of the muscle
or motor apparatus, e.g. Myasthenia gravis and amyo-

tonia /
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amyotonia congenita. But in cases where the muscular
tone is lowered by an interference with the sensory
path, e.g. locomotor ataxia, it is unaffected. In
cases of abnormal muscular activity e.g. in tetanus
and spasticity, he was unable to note mors than a
slight increase in its excretion. His conclusions
are that "creatinin is probably connected with the
"nutritional metabolism of the muscle fibre and is
"not a substance formed in the act of contraction."
Mellanby performed some incubation experi-
ments on chicks. He studied the growth, the develop-
ment of the liver and the increase of creatin, in
their relationship to one another and was able to show
that these three developed synchronously up to near
hatching, when an increase in the creatin formation
was observed corresponding with the growth of the
liver. The muscular growth on the other hand had
almost ceased. This Mellanby held suggests that the
liver plays a very important part in the formation of
creatinin, and consequently he examined a number of
patients with didease of the liver. He found that
the excretion of creatinin in disease of the liver 1is
low. Patients suffering from cancer of the liver
excrete a large amount of creatin, whereas in cirr-
hosis and engorged livers there is no, or practically
no, creatin in the urine. Mellanby states that the
diminished creatinin excretion is more likely to be

due /
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due to depressed liver activity than to any circula-
tory disturbance . This small amount of creatinin in
liver disease would give additional support to the
suggestion that the liver is responsible for the, for-
mation of creatinin. As regards the presence of
creatin in the urine, he concludes that in carcinoma
of the liver with accompanying loss of body weight

it is probable that the creatin set free by the
breaking down of the muscle cells is exereted without
being changed to creatinin.

Hoogenhuyze and Verploegh (@8 ) noted a low
excretion of creatinin in some cases of liver disease
while in others the excretion was normal. In certain
cases it was even excessive. They also found creatin
in the urine in cases of carcinoma of liver where the
disease had destroyed the greater part of the orgsn.
But in patientes with liver disease, where the function
of the organ was depressed, creatin was only present
in the urine in small quantities, or not aﬁ all.

The same is true with carcincma of any other part of
the body, when the liver is unaffected. These in-
vestigators add that the presence of creatin might be
explained by the metabolic processes being reduced to
a minimum in all the organs, and the liver consequent-
ly rendered unable to convert the creatin into creatin
in. But they favour the idea according to which

the muecle disintegration is increased and an increas-

ed /
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iﬁcreased amount of creatin set free, which owing to
the liver being functionless as such (because of the
cancer) passes on and is excreted with the urine.
This would alsoc explain the diminution of the
creatinin, for in the above disintegration, the
‘creatinin formation in the various tissues will be
diminished if not stopped, and so the amount excreted
from this source will be small. Underhill and
Kleiner ((I908) as well as Richarde and Wallace (I908)
got similar results with cases of liver disease which
they examined.

Leffmaﬁn (*08) induced o;ganic disease of the
liver in a dog by giving.it amylalcohol as well as
phosphorous, in order to etudy the proper relationship
of creatin and creatinin to the liver function. His
conclusions are:-

(1) The creatin and creatinin excretion in a well
nourished animal is fairly constant. When creatin
or creatinin are given with the food in such an
animal, they are again completely excretea.

(2) Creatin given per os or injected is never
changed to creatinin. In hunger this creatin is,
however, practically all retained.

(3) When the liver is damaged, and there is increas-
ed proteid breakdown, there is a larger amount of
excreted creatinin, followed by a diminution. With

the diminished creat;nin excretion an increased output
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of creatin is got. From this he concludes that the
liver is probably the seat of formation of creatinin.
Lef ‘mann forme the following hypothesis from this:-
When the muscle requires a supply of creatin, a fer-
ment comes into action, which converts the necessary
amount of creatinin into creatin. This he holds is
proven by the feeding experiments with meat extract,
in which case because of the large amount of proteid
present, the creatin is mostly excreted and not re-
tained. Whereas when pure creatin is ingested, there
being no abundance of proteid with it, such creatin
is/retained in the body.

He also poisoned the kidneys of dogs with
potassium chromate. The output of creatinin was con-
tinuallj lowered with the progress of the lesions,
but, in proportion with the fall in the creatinin, the
output of creatin rose so that ultimately the ratio

creatinin
of creatin = 1-2. A still greater increase in
creatin output was obgerved after intravascular in-
jection of creatin or after a beef diet.

The author concluded that creatinin and
creatin formation have to be regarded as two phases
in the metabolism of one substance.

Cathcart (*®¥) puts forward another theory
according to which the liver is the organ most deeply

concerned in one stage at least of ihe carbohydrate

metabolism. /
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metabolism. If the glycogen storing capacity of the
liver were interfered with there would no longer be a
proper supply of sugar available, with the result that
faulty and incomplete synthesis-would take placg.

As regards blood diseases apart from
Myelogenous and lymphatic leukaemia, Hofmann studied
Chlorosis (6®); and Ste jskal and Erben cases of
Pernicious iharmia (*00) . They found a low creatinin
excretion in thesge conditions. |

Levene and Kristeller(ﬂ?OéD examined a
number of pathologicel conditions, classifying them
under three headings:-

(1) Those which are associated with a cellular acti-
vity of a wvery high intensity, e.g. convulseions, :
maniacal conditions, fever, etc.

(2) In which the cellular activity is depressed, e.g.
paralysis, fasting, etc.

(3) Conditione in which a defigiency in the function
of an individual organ is marked e.g. 1iv§r and kidney
diseases. .

From their results-they hold that there are
various factors which regulate the output of creatinin,
such as the formation of the substance, and its oxi-
dation. Any disturbance cof either of these two
factors may lead to an abnormal creatinin output.

The second factor may only be partially deficient,
so that ingested creatin fails to be further oxidised.

Levene /

57



Case

SpecC.

TABLE- XXIV

(Cases: of Progressive Muscular Atrophy)

not show.:

Total Nitroden

BfBSEmSE'

|3.92 _,.,.

G280 " o

-199,,

Phe averade creatinin coefficient for case,was

is rather low when compared with that

Creatinin-N

+.0+260¢m,
b s ST (2'9)

(2°3)
(2:9)

399, ,

Urine Creatinin 'agrsgéé%inin Diet. Age
F70500. | . 0+321gmi 42 {05ba50m. - JEIFID, 45yrs
705 Bidwiv Qs 12}, -
1378 , ~m1025;,| 0:162,, B
B | -
| 1136ce. 0:752¢m. | 0-:008gm. Shaie 60yrg.
1420??“‘ 0-568,,‘l 0-027, =
gbzce. | = 2329m, be 1200 A 3BUrs J
825, , ) 0-713,, | 0-145, - '
852, 1-069,, | 0-430, -
428, 0-54%,, | 0-013,, =
852, , 1-077, 0-133, ;- e
8.

4+8, whic

of the normal adult at_

this age, namely-é-lor above.'Espe@ially is the low oreatini:
goeffiéient striking in thiS'case,-as the patient previous

td the attack, was a man of Breat muscular develoémeﬁti'

I'ne creatinin-nitrogen when compared to the total nitroden,

shows a constancy in the percentade, which the creatin does

- Creatin—ﬂ

0-053gm.
> brsd)

'O’5ffﬁ 
| abigen )
'005 Iy
{07




ILeveqe and Kristeller also hqld tha? qpeapin and
Qreafiqiq are different phases Qf one substaqce{ for they.
observed that a diminution in the creatinin excretion was
accompagied by a rise in creatin. They also found that a
high ppoteid diet (creatin free) caused in some patients
an increased excretion of both creatin and creatinin. They
explain the normal creatin excretion during conditions: of
high muscular activity by assuming that the  tissues have
greater power in oxidising the creatin, even though it is
proﬁuced in 2 larder amount. than under normal conditions.

I. have also examined the urines of a number of
patients suffering from prodressive muscular atrophy.- The
results obtained have been collected in Table XXIV. : There
| is nothing of speeial note in those cases, except that the
ereatin excretion is“rathér variable, aqd the creatiqin
ggefficiegt is rather low, being on the average about 4-8.
The creatin excretion in the first cass for the firét speci-~
men was rather high, and is due to the patient not yet
having been put on a creatin_free diet, and is of interedt
in so far as it indicates that the pgtient was retaining
very dittle of the ingested creatin, if any.

From the foregoing survey of: the literature 0q=the
subject of creatinuria in pathological conditions, aﬁd in-
what manner the creatinin excretion is affected if at all
by those conditiOHS} it s evi&ent that there are three
different views redarding the-faOQQPS'ﬂhish'may affect the
creatiniq'metabolism and bring about a creatinuria;

The view chisfly held in Americe is that creatin is: formed
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from the breaking down of muscle, and that the creatinin
excretion in the urine is an expression of the state of the
muscles, This theory would account for the presence of
creatin in the urine of patients suffering from progressive
muscular atrophy.- It also tends to look upon the creatin
aqd creatinin having each its distinct origin.'

Then there is the theory put forward py Mellanby,
qamely, that the liver is the ssat of formation for the
creatinin. It is then carried by the circulation to the
muscles where it is converted into creatin.- In the de-.

veloping muscle the creatinin is chandged to creatin and

stored, while after the muscle has reached a saturation poin

ereatinin is continuously execrsted. He supports his view
by.tbe fact that in liver disease the creatin excretion is
lowered, whilst in cancer of the liver creatin is excreted,
due to muscular break down, and so the creatin suffers no
change to creatinin.

The third view put forward is that of Cathcart,
who holds that  the carbohydrates play an importapt part in
the production of creatinuria.- Cathcart and also Benedict
agd Diefeqdorf'have shown that when a person fasts, creatin
Iappears in the urine, the amount increasing as the'fést’
proceeds, was well as a dgradual diminution in the creatinin
excretion. As has already been shown, the iqgestiou of-
creatin in adults may lead to a partial excretion of the
indested creatin, if the diet be proteid-rich, whereas on
a carbohydrate-rich diet aad poor in proteids, none of the

ingested cfeatin is excreted,but retained in the body.-

o+
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Luthje had shown that the decomposition products of the
proteins: which are formed as a result of digestion, cannot
be made use of, unless car?qhydrates be present. Cathoart
therefore concluded that in starvation there must be an
absence of some substance which dgivem in the ordinary diet,
would prevént the breaking down of the tissue proteins, and
so also prevent the occurrence of the creatinuria.

In later exveriments, he found, that if a fasting
person be diven a sufficiency of fat (to meet the calorie
requirements of the Eody), he was not able to reduce the
creatinuria definitely, neither was he able to do .so when
only proteids were diven indtead of fats, but if only
oarbohydrates were given, a very definite reduction,iq'the
creatinuria resulted.

Cathcart therefqre concludes that the carbohy-.
drates are necessary for the assimilation of the proteins
and if absent the protein decomposition products, produced
by the breaking down of the tissues, are prevénted from
being resynthetised,and so creatin is set: free.-

If the coqolusion arrived at by Cathcart is
correct, theq thers ought to be a creatinuria in all those
conditiOQS'in which there is a disturbance of the carbohy-
drate metabolism, such that the carbohydrates;  although
giyen in the diet, are not availaﬁle for tﬁe-tissues.' 4
disease in which such a condition iﬁbresent{ is Dizbetes
Mellitus. I therefore decided to investigate this disesase

for the presence of creatin and any other changes present.

in the urine due to alterations in the endogenous metabolism.-
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5+0

49

Diet :

Creatin—-free
;.{?_1
S o RS

T wg
' 2

- Meat

Creatin-free

r

Hish
Creatin—-free

Hal f-meat
s r’r-

_Fullvmeat

. |

Py
'y

)

’ )

b A |

Creatin—free

2
G
. Fast
Creatin-free
!.’
S

Creatin—free

00D RO e )

@ Ot

WP

Meat

Creatin-free

Creatin—-free4

Weicht

.04+6

“Sex

Woman:

Noman

Woman

Man

Noman

Man

Man

Man

o gk L R i - E £
R R LD TR
. | Rl e S 'p--u.,i.“" * ¥ :
.1 - .._ o Ll-.'.’:‘;i [ |;|.T T _..3.-..11. 5
- . r'Ir.- L - i ' "
a o L i -

Age'.l

41 |

38

20

45

47

25

Cin.=Cofft. = Creatinin Coefficient or the number
' of milligrams of creatinin per
kilo of body weight.



Ig all the cases that I examined, the patient was-
put on a creatin;free diet{ that is to say, the patient
got no meat, fish or broth, but dot plenty porridge an&
milk, bread and butter, vegetables and potatoes. This: is
certaiqu not a strict“diabétio ﬂieﬁi-but whether a strict
gog;carbqhydrate diet is generally adbisable, is very
_doubtful,vif'reoent researches. are of any value. - I shall
deal with the point later.

In Tableq XXV the amounts of creatinin and
creatin excretsd, per diem, by each patient are diven.
The creatin is stated as creatinin, for it is estimated
as such.- The creatinin coefficient, or the number of"
milligrams of creatinin nitroden per kilp of  body weight,-
is also stated.

These cases varied in severity, but_none of thenm

was of the simple type (alimentary glycosuria). Two

cases terminated fatally, The dicvturbing influences: which

'

some of the acetone bodies have on the estimation of
creatinin, are dealt with under the analytiéal methods,
and I thers: present the results of my researches on this
subject,;

Aé will be seen from the Table: XXV .- the
period during which a creatin-free diet.was Siven was not
1quthy, and it might be urded that creatig;had—be@ahﬁe--
+ained-had been rstained in the body from the previous
meat diet;, and was only slowly being excreted.- This is
not so, for when a diabetic had meat added to the diet,
a marked increase iq the creatin excretion as well as an

r

i
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TABLE— XXVI

Date  Urine Creatinin owmmﬁwm. Cin.~ Sugar zm&omh
: (as Cin.)_Cofft.:
CC.’ gm,- gm.: o
Gase 9 Feb. 5| 2387 | - 977 294 | 4-0 Creatin-free dist.

e e 1374 | 667 | 5-6 |

7| 2271 1418 -585 5.2 ey

ok Bl male | awise | wsid faee 144

. 9| 2230 14374 |  +375 56 ~

o 10| 2729 | 1-67a | 300 |68 | 102

,, 11| 2955 1300 -360 52, | | 68
Mar. 2| .2102 - +944 <273 3+8 -

i R (4090 | 7 tame 4-2 15 Fust ol o
o 8| 1637 |- 143 +287 46 I8 to 8am. of 6th March.

ity Bl 14800 -703 -095 2-8 0 .

2 ) 209 -68| -118 247 trace

B 1192 I~ 149 <083l | 48 i i
g 994 -936 -058 3-8 )

N.B.=Only 2 trace of aceton present ih the above speedmens.-

m
L%

in-Cofft. = Creatinin Coefficient.




increase in the creatinin excretion was at once noted show-.|

ing that there could not be a great retention,: if there.

was any at all .- This view is also negatived by the case

(Nos@2) in Tabie‘?for the patient was kept on creatin-free

diet for five weeks, and at no time was creatin absent from

the urine.-

Nhen the TabieS;XXV—KXVIare examined, we-find that

creatin is excreted in every case of diabetes, not in small,

nesligible guantities, but in some cased in very larde

i ¥

which Mellanby got in the cases of carcinoma of the liver.

l The creatinin excretion is not so constant as 1n

| normal cases:: this is best seen in case 9 (Table XXVI )
in which the observations wers carried out over a prolonged
period.- B8lso the amount of creatinin excreted per diem is

q

less than with normal persons, as is best seen when we look

at the creatinin coefficient. The creatinin coefficient.

of the cases here examined dives an averagﬁ_of'about«7;:_

| ths higher figures are probabln due to some creatin still

being execretéd fronm the previous meat day, the higher re-.

sults being got on the first creatin-free day. The
I_oreatinin'coefficient“for normal'individuals;eiS'B*l;and

over. Case 9 is a good.deal belbwwthis,f Some of the

| older -observers (Maly, Senator and others) who used the

| 0ld Newbaur method for the estimation of creatinin,-state

| that in diabetes the excretion of creatinin is increased.-

r

These results are obviously due to the large amount of  meat

o

given in the diabetic diet, the creatin contents of which

amounts,  in fact, very nearly as hish as the creatin fidures|

B2



was not taken into acqouht.' Senator qbserved a decrease
of the urinary creatinin in a few cases, although a meat
diet was dgiven.- This he ascribed to a fallacy in the

method of estimating creatinin (Neubanymethod).- Several

authors (Hofmann, Winogradoff, Stopczanski and Gathdens)

state that creatinin is decreased in the urine of diabetics;|

but none of them give figures, as the presence of sugar iq
the urine seems to interfere with the proper depositiog'of
creatinin as ths zinc chloride salt. By none of these
observers nor by any other has the presence of creatin
been determined in diabetic urine. The creatig'figures
of case 9 in Table XXVI are of interest when bompared
with the figured'given-for the dugar. Here there is a
relationship between the amount of creatin excreted and
that of  the sugar. As the sugar g}adually diminishes from
l44gms, - to. a trace, so the creatin also diminishes? falling
from 0-585¢m." to 0:058gm.- The' fall of the one is not
directly parallel to the other, still it is appareqt that
ﬁiéh'a definite fall of the one there._is also a fall of
,thelother. This relationship is'also Seen'in the more
exteqded analysis of the case in Téble XXVILe Here there
is a fall in the amount of sugar [8th. ogwards from |o4gms.
~to below 30gms. the creatin alsc falls from 0:647gm." to
below 0:2008m. Later when this recurs the cfeatin does
not respond; . this: may be due to the presence of the meat

on the Ist of May.

This case of diabetes: is of further interest
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when'it.is.coqsidered that the subject was not put. on a
rigid diabetic diet during the whole time she-waS'ip'the
hospital. Duriqg the fipst part of her stay ig the
Infirmary she was on a creatin-free diet, consisting mainly
of porridge and milk, toast and butter, potatoes and

Vegetables.” WNhen a sugar excretion is examined during

this period it is seen that it falls only slowly to a trace.f

This fall in the sugdar excretion is accmmpanied by a diminud

tion in the amount of creatin excreted in the urine;:

a result of which is interesting as it shows that every
case of diabetes need not be put on a carbohydrate-poor
diet, and given a protein_ri0h diet.-

The Latter.diet was -first introduced by Dr.

.Rolla,-iq {780, who tried it on a man of 36 years of age
with good results. Since then the protein-rich diet has
been very carefully worked out by Prout (1825), Bouchardat

(1835),  Seegen, - Pavy and others.- So that now it is, as

one might say, anrofficial” method.- Various other methods

of treatment have been suggested during the past century,-
but. none of them has been in vogdue to any great extent.:
in 1903 v.'Noorden'in;roduced his- porridge
treatment. It was primarily intended for those diabetics
with dyspeptic sympsoms who therefore could not digest
large amounts of protein.: But when it was applied it was
found that the porridde diet led to a reduction in the

output of sugar per diem.. The yalue of this form of

treatment was at once questioned, and several clinicians-

were able to show bad results from it, but in spite of this,
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the NOW NUMEerous: papers on this subject go to show that with
this method very good results-caq be got ig a large qumber
of diabetics; Lampe)-Lﬁthjé,AMinkowski,-Magnus;Levy and
others report good results and give particularS'aé'to how
the diet should be given. Some keep gtrictly to the
directionS'giveq'by v. Noorden; others iptroduoe modifica-.
tiogs.‘ Some hold that the porridge diet should only be
used in cases of medium severity, others only in fhe severe
forms, especially when coma is impending or has set in;-
in- the latter case this diet sometimes acts like a charm.-
Most of them think it unnecessary for the mild forms, in
fact some think it makes these cases worse.  Others
ddubt that and recommend this diet with vegetable days
interpolated on the more striet diet. In a number of the
cases oedema set in, commencing at the eye-lids but was
readily removed when theocin was dgiven to the-patiegt.
U.'Noordep holds that this oedema is due to a toxic sub-.
stance in the oats.- This view is ppobably nét correct,
for it has been shown by Blum that & pronounced water re-.
tention is dot when Wheaten flour is used instead of oats.
It therefore seems as if in disbetes the prganism retains
water; just as, in ths case of underfed infants, when
starches are added to the milk they improve in weight owing
to a water retention (the increass of weight is too rapid
to be explained in any other.way)z

How does the porridde treatment effect an
improvementy:

Of the various theories put forward,- the theory of

.



Klotz most . commends itself; Naunyn and his pupil Lipetz
hold that the action of porridde is not. due to an elective
tolerance of the carbohydrates present in the oats;- but to
the formation of fermentative products of the oats in the

intestine.- Klotz (1912) says that the carbohydrate in oats

is  relatively specific but not absolutely.- It is relatively

| specific in that it is more easily broken down than that got:
in the various other cereals.” This he has shown to be the
| case by experiments on phlerhizinized dogs. Accobding to
| Rosenheim, Phlorhizinized doss fed with dextrose, do not
get fatty liver; on the other hand, gluconic acid, glycos-.
amin and saccharic acid when dgiven to such animals do not.
prevent. fatty degeneration of the liver. Klotz used the
starch of oats or of barley for such animals, and fouqd that.
} it did not prevent the fatty dedeneration of the liver,:
; whilst the flour of wheat or rice or the starch of potatoes.
caused dlycoden to be deposited in the liver and did not.
. lead to the same dedree of fatty liver.

Naunyn, as already mentioned, in criticising the
porridde treatment stated that its beneficial action was
| due: to the products of the ferméntation that took place in
the inkestine.-

His pupil Lipetz found that in the cases of
diabetes fthich were successfully treated by the porridge
diet the bacterial content of the faeces was increased,
whersaéf'in the unsuccessful cases there were very few
bacteria present. Klotz, (as the result of a number of

researches) holds that a successful result in a diasbetic,
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. put. on" the porridse treatmeqt, can only be got if an
appropriate intestinal flora is present, or if not present
in sufficient amount, if it can be augmented and improved
by the repeated use of the porridge treatment. just as in
an adult dod, thsugh there is no fermenf,in the intestine
t0 convert lactose into dextrose, if milk be given'to the
dog for a prolonded period, a ferment is ¢radually develop-.
ed which carried out this action (Luthje). Klotz
therefore ascribes the want of success in the unsuccessful
cases to the absence of an appropriate intestiﬁal flora and
to the seeming inability some patients have of being able
to form one when the above diet is used.- This inability
may be due to the improper application of the treatment
or it may be aq'iqhafent.;ﬁéficienoy in the patient.
_AS‘loqg as there are larde numbers of proteolytic
bacteria in the intestine,-so long will the above treatment
be unsuccessful; therefore those bacteris must be removed;-
this can be done by means of a fast preceding “the porridge
diet.- The preparatory treatment with vedetables is pro-.
bébly even better, in so far as they have a double fuqction
first in removing the proteolytic bacteria, and secondly,
in bringing about an increase of the fermenting adents.
It.will also be apparent, that if the above view is corregt
the presence of meat in the porridge diet will favour the
presence of the proteolytic bacteria and so hinder the
fermenting adents from developing and carrying bdut their
fenction.

Although Klemperer staies, that one is not
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TABLE.  XXVII Aoosﬁwuww

Date Total Total Creatinin Creatin Creatinin Sagar Diét -
Urine -N Coefficient
ce.- mam.._ map.w ma?.& gms., -
Apr.24 1932 | 13-60 +209 +228 N, | 20 \ Creatin-free
2°4 *61
.+ 20| 1932 - [ +948 - 192 3-8 93 S hi
.. 26| 2046 | 13-38 -845 <120 3-4 59 Porriddge and buttermilk diet.-
2°2 *5.1 o
27| 28411224 913 - 237 39 21 1h sy ’r ry
258 *8
O T Ll A i S e | ~036 114 4+ I3 Fast (lasting 30hours).
3°4 *38
vs 29 | 1363 | 10«15 862, . =292 Ll 3+5 4+5 Milk
... 30 | 1765 | 13-50 .mmﬁ;_, -256 4-1 12 Milk
‘6
May | | 1590 | 20-80 1341 -331 57 22+ 1| Moo
2:%2 *57
it 1705 2189 |-381 <345 5 5. 3 :
2 706 | 21 i w»o.mq 57 5+l Milk and porridge.
oo 3| 2484 | 30-38 Leosdi -556 64 4344 Milk and porridge.
Iwm ~1 .
qun =
Patient’s weight on “7th.April Sliut B8=Biilos.
Y i .\\. 91.N@.ﬁ~m..v1. . . mq_l% ‘_‘.
rr e >y SR oMay 2 89814,
re Py 2 %ﬂwuo r . ®“4_ wu.




TABLE- XXVII

Date Urine Total (Creatinin Creatin Creatinin Sugar Diet.
=N Coefficient !
i CC.’ gms “ ms'.a ma..& gmS. "
_ , :
Apr. 5 | 2273 |-736 <482 7-2 98+4 Creatin—free
10| 2427 -895 +432 346 = | X p
P 0
1| 2273 - - 145
- : { o I o b |
12 | 2386 | 19-03 =123 517 436 |38 i G
. 2 ‘86
oo 18| 2386 | 22+12 _rowm_.m 458 4-5 133 Boiled, extracted meat
‘68
o' 14 | 1 284|- | 2388 1307 * 765 5+3 139 o o= i
: ¥ 2°0 1"
.. 45| 2841 | 2409 |-343 -827 55 126 BroLk
2°0 gl
.. 18| 2784 | 21405 | 149 777 47 121 Bphad i e
_ £"o A A
s e 02687 | 18482 | -030 +573 4 | 132 e o
19 Qe
g8 | - 272% | 21276 |+162 -647 47 158 o I
; -3 T i
oo 19| 2614 | 35-49 2+ 640 775 10-8 28 Fast ( 36hours)
207 ‘79 :
v 20 1509 9-364 +808 35| 33 2+ Cream, | *5pints
3 1°3 :
el 624 | 12+96 +836 +204 3-4 I Cream,butter, cheese, buttermilk.
293 ‘ss s :
ie B2 738 11-88 +790 - 174 3. 3l Cream,butter, cheese,buttermilk and
2°4 “53 :
et 4 N -3 - (S 1 1 1 =970 <183 3+9 105 Creatin—free
2°4 ‘45




limited to the use of porridge and wheat,-but may try any
cersal, yet,it,ié'uqdoubted that_the porridde treatment
iS'superiof‘to them all,

Other cures for diabeteSihave beenrecommended,~
such as theﬁilk treatment recommended by_Dngin in 1863
and again brought forward by Oettinger as well as by
WinternitZ'and Strasser towards the end of the niqeties;'
For this treatment milk only should be given. ttossdne

dicated in yound persons.and in patients with nephritis.

Sour milk is recommended by some as the lactose of the milk

. is supposed to. be split up: in this case, but according to

certain authorities, only 10-15% of the milk sugar is splif

up Wwhen the milk becomes<souf;

Potato'_treatment,in diabetes'was first recom-.
megdedby Mosseig'|902.‘

As  already stated the patient, case 9¢ although
on' carbohydrate diet, showed a gradual dimiﬁution of:
sugar. The effect of a fast,(Jch April) is. also well
seen in this case, as a result of which the sugar.fallS'

P

from 1o8gm. per diem to 23dms, and the following day to

s

|

h

Z-Igms;'whilst the patient,was on-a fat diet,(CPeam),' _
'quridge and butter milk also-had 2 good .effect in reducin
the sugar output.:- The creatin.did not however remain low
in the last twoexpefiments_but.went,up.agaig."

. This patisnt since shE'has'leﬁt.hospital takes
larde quantities of cream dnd butter; she says she feels
better with this diet. She has had n0irelapse.to'her

more serious condition since.

®
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SECTION III

CREATINURIA UNDER VARIOUS EXPERIMENTAL CONDITIONS

In sectionse I and II, I‘have dealt with the |
|

presence oOf creatinuria in physiological and patholo-

gical conditions. 1In this section T shall deal with

creatinurias induced by experimental methods. !

I shall first treat with experiments, in whieh

the drug, phlorhizin, was used, as the condition there-
| .

by induced is similar in some respects to diabetes |
mellitus. In the second part of this section I shall

present a large series of experiments in which I |

studied the effect of thjroid feeding on the metabolism.

T

§ I. Phlorhizin Experiments '

In the previous section, it has been shown

that creatin 1s excreted in the urine_of diabetics.

It was therefore important to see whether in eiperimen-
tal diabetes there is also a creaiinuria. > The form:
of experimental diabetes I chose was the diabetic .
Glycosuria induced by the injection of phlorhizin; |

his form of experimental diabetes was first discovered

by v. Mering, who described the course of the diabetes
in a series of papers, (1886-9). In this form of

diabetes the glycogem in the 1iver-disappeare (after

repeated injections), the sugar content of the blood

is not above normal (Pavy. Coolen and Kolisch) and 
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TABLE-- XXVIII

Dog Urine| T,N. |Ammonia-N.| Creat

CC. [ 2MSe | Bl i | ot

L, 880:-3+78 O*lg S0 Q-069 | +8 ; 0O : Bread and milk

450 | 2+89| 0-10 3.6 | 0°051 .7 | +007 .» |Sug.=30gms.

11810 | 5211| 0+22 4.3| 0-089 1.7 | -014 .27 |Sug.=47gms.

700 | 8-47 | 0'54 6 2 Q+147 | o 7 5 [ MoE TWO dﬂys Specﬁ,-'
350 | 4-38| 0-30 g.o| 0080 j.a | O o
250 | 4-47] 0-1352.9 | 0:078 1.7 | O [Wt.= llkilos.

2 . 300 | 2-43| 0°16%6.4| 0+085 3.5 | 0 |Bread and milkl.

°610 | 4-45) 0:24 5.4 | 0-088 ;.9 | *008 . 7 (Sug.present.

550 | 4+18| 0429 g.0| 0°083 ;.o | *0J6 .20 |Sud.present.

Nt.= 9+5kilos.

3 .2800].9-66| 069 7.¢| - | - Porridge and

: | . | 1 . k &
ioe 9.2l 0lie - koot | B (par@lépecimenx

e 2l30_l3-12| 0:46¢3.5 | 0293 1.9 | *O01T 42 |Sug.= |07¢ms.

%1725| 9-99| 0-8656.6| 0-187 ;.5 | 020 .2 |Sug.= 0dons.

| 1930 ~9+88; 0-89}9.0 0196 1.0 | <006 .08 [Sug.=trace,

o0 s e o | 0+033 g rart specimén.

Nt.= 20+4kilos
.~ - Kk-dome:-of the urine lost. . G = - R

 Igm.of pHlorhizin injecteds;i: lgm.at |0am, and lgm.at
lpm. of phlorhizin injected.
o Same as preceding (; and 2¢).
3 4¢ms.o0f phlorhizin injected at |2noon, and 2¢ms.at

S5pm. of the same day, the third injection(z~)was made
the next day at |0am.(also 2dms.)

;
] L . gy Mo 1 — 9
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ligature : of the ureters or ablation of the kidneys,
causes no rise ih the sugar content of the blood. From
these results it was held that the drug in some way
acted upon the kidney cellé. v. Mering supposed that
the kidney by means 6f the phloriizin was made more
permeable to sugar. Whilst Minkowski held that the

phlorhizin was broken up in the kidney into dextrose and

phloretin and that the latter again got into the circu-
lation and combined with the sugar of the blood. Sugar
thus excreted according to this theory would simply be
the blood sugar. From work done by Pavy, Brodie and
others it is now held that the phlorhizin in the kidney
acts upon some substance in the blood and forms sugar
from it. The substance which is so acted upon is the
serum proteid.

The following experiments were carried out on
two dogs. The dogs were first put on a creatin-free
diet, consisting of bread and milk. Therz was no creatin
in the urine when the injections wesre made. Each solution
injected contained |-2gms.. of phlorhizin (with a sufficiency
of sod. bicarbonate to dissolve the phlorhizin},

finen TableXWNl is examined we find that creatin
was excreted in each case:, on the day on which phlorhizin
was injected and sudar appeared in thghrine. An iqcrease
or diminution in the sugar was accompanied by an increase
or a decrease in the creatﬁania. The creatinin excretion
also seems' to be increased slightly; it is rather difficult

to decide from the reéhlts.gpt from those three dogs. There
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There is also as a result of the injection a distinct increag
in the total nitroden excreted, as well as a relative increag
in the ammqnia excration.. The increase of these two seems. tq
extend over several days after the injections; especially is.
this the case with the ammonia, ahd as a result the.percentag
ramount of ammonia nitrogen of the total nitrogen is increased
a few days after thé last injection.. Acetone and diacetic ag

were also excreted, not in larde amounts.- The excretion of

these acetone bodies occurs denerally the day after the injeg

tion, and from this point of view it corresponds with' the in-
cregsed ammonia excretion. These results show that the incrg
of'ammonja ;S'in part due to the presence of the organic acid
(oxybutyric and diacetié) which it has to neutralise.. This
Taﬁle ¢EKVWﬂ is also interesting as it points out that thks
creatinuria seems. to precede the excretion of the acetone ©
bodies ahd the increase in the ammonia output. ZThis. would
explain why creatin is generally excreted in persons who are
prone to get acidosis, without the latter condition being
present.” For instance, children are very lisble to det an
acetonuria, so are women during prednancy, e.g. in the cases
6f‘toxaemia as has been pointed out by Ewing and Wolf;-ﬂillie
and others.

From the above we can conclude that creatinuria very
often occurs as a result of a disturbance of the carbohydrate
metabolism.- It is denerally accompanied by an ipcreasé.in
the ammonia excretion;-and may be or may not be succeéded by

an acetonuria, according to the severity of the condition.
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TABLE. XXIX

Urine Total Nitrogen Creatinin—N Creatin=N Dog
O = Emss sgm il s gRi o
300 | 2+80 ~044 0 Bitch N,-
e e | o -
325 el +038 1] LeD02
| S 1556 =08
280 246 ' + 037 017
| : S L e "7
270 325 -0566 012
o i '3
| ' _
620 B ERh +069 014 Biteh F.
_ g " 45 |
350 3:00. 073 018
- 2° 4 i
710 276 - 08B0 014 l
_ - 2t i3
820 518 o073 a3
S e "9
590 3~67 |1+ 060 +036
1 ° 7 ‘9

Diet-= Both dods were on a creatinsfree diet congisting
= - of bread and milki{
e :

* Besides above diet dot 4¢dms.-  dessicated thyroid::

(.in two parts one at llam, and the other at 5Spm.)

l ¥ Besides bread and milk got 4 lobes cf*sheepié thyroidg::




-

§ 2. gxbERTVENTS WITH THYROTD GLAND

. As; a result of-expeniments carried out in the
Physiological Labqtatory of'thiS‘University,~it Was;foqnd,a.R
that{ when dogs, whose normal assimilation:limit for glucose
has: been detarmiqed,-had fresh,thyrqid glagd fed to them,-
the limit for the assimiltlatioq for glucose was markedly.
1oweted:' That exophihalmis'goitrs,.iS'soﬁetimes_associated

with  ¢lycosuria has. been shown :in cases rescorded by Dumont-

pel;ierf Bruntoh, Nilks; O-Neill and others.  But. the re-.
latiop of the thyroid gland to normal metabolism has, ﬁo.far_
as. 1. know, been hitherto little siudiedg

It was. therefore of intersst to-study_the effect

of feeding dogs. with. thyroid, * on the nitrogen distribu-

tion in the urine. To do this the dogs were put on a

creatin-free diet over an extended period, and the 24 hrs.
speoimens of urine analysed. In TableXXIX 1 give the rs-
sults. obtained from two bitchss.

The urins of one dog was.examined just before
'Fhe oestrous. period, and .in her case ﬁreatin was.coqskantly_
'ﬁouqdf The.analyses carried out in thoize two cases. ddve
‘the tq@a} q;trogeq of the urine{ as. well as the creatinin-and

creatin-nitrogen. ‘In the caszs of the dog N., the adminis-.

#*|. Communigation to the Physiological Society by. Robertson
: and Cramer, June 1911. :
2. Communication to the Pﬁysiologioal Society. by Krause
E and Cramer, Proceeds, Journal of Physiology, Vol ,XLIV
1912. ‘
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Creatinin

TABLE XXX

Urine Total Ammonis Creatin Acidity Ammonia+ ZO&mmq
- -N ~N - amino ac.,’
7 X _ i = *
CC.’ mamm ma". msu‘ gm. X man.
650 | 5-24 +563 +090 trace 161 | +564 | Male dog J.. Porridge,bread and milk,
ko o7 i Bend i 13 i
770 | . 5-26 474 095 trage 187 | 478 Got 5 lobes. of thyroid.:
Q' 1°8
530 | 4-80 +395 -068 -025 108 403
HECS w.m _ah.. _-m = i :
14802 333 -281 .18 0 119 m 343 Male dog N(2). Porridde,bread and milk.
ey s | : ; ;8
1000 | 3-36 246 « 115 0 R E S )
T 34 | g o
1200 | 3-86 -300 118 0 1 G Bot«l.lobetofrthyraid.
T 30 . P 0 Pl A S K B
1200 | 6-11 -388 <118 011 183 462 Got 4 lobes of thyroid.
e 6°8 '8 Y48
340 | 258 « |77 -038 -0 39 -22 Bitch. (D) Potatoes and milk.
6°8 s ; ) !
350 | 24869 164 <038 0 77 - 18
6°0 1*4 1 # A
460 | 3+14 -193 <040 0 82 ~28 Got |+5 ¢gm.Dessicated thyroid.
6°1 1*2 7 gl
330 | 2-97 - 136 <040 0 60 477 ;
e~z i'3
240 | 2-72 - 199 -044 0 45 <20
g 5 i*e




administratioq of the fresh thyrqid glaqd caused the appear-|
ance 6f creatin.iq the urine. This_oreatipunia was_sﬁill
present ‘in the urine of the next two days.  The amount of
total nitrogen does not show any. marked immediate chande,
but there is a fisa in the third day after adminiszratiog
of the thyroid. In ths case 6f the dod F. the amount of
qreatiq excreted .is’ increased as. the result of the adminis-.
tration of thyroid gland. The total nitroden is. also de-.
finitely,inoreased:

Table XXX gives_analvsas_of'ur;ne of three
other dogs which wers. given thyroid.- These dods: were

also on a cereatin=frse diet.,- The examinatiién included

estimations of total ammonia, creatinin and ereatin nitrogen:-

also the acidity and the ammonia .+ dﬁigo_acid nitrogen.
One of the dogs (D) did not excrete creatin as a
:asult of-thyrqid admigistratioq, this-being pnﬁsably.due to
the small amount_given, for in the case of the dog Ng;:one
lobe of fresh thyroid also had no sffect. . F ¥ . JInzboth
those cases however there was a slight increase in the total
nitrogen as well as in the ammonia nitrogen.  When however
the dog N.” was fed with a larger-amount of tﬁyroid,-he exX-.
creted creatin. Ths rise in total nitrogen and ammonia-.

nitrogen is also a marked one. In the dog J. c#eatin is

also excreted in a largs amount as. a. result of giving thyroid.

The acidity as well as the ammonia .+ amino acid nitroden i
is: also increased.-
After these preliminary observations, I extended

the analyses. of the differant constituents of the urine.

e



‘TABLE XXXI

Date Urine | Total | Urea Ammonia |Creatinin| Creatin Acidity maawuwm Uric acd Total | Ca Mg Total
lrsla N ~ -N -~ amino acd" Jz tP20s S03-
-5 i iy . .I.Ha. E y :
eeL .| oms.- sm.- m, - om., eoer|  gmL |
Ap.-cc. mamw gms.., BBy g % o : g !
%
8 '1020| 682 | 4-42¢ +317 <139 0 163 PSR TS, (R S i 0 3 i
_ . 83 5°8 | . : : .
9 805 5204 442y 317. - 139 0 90 | 414 | -002 872 |72 3 g
83 5%3 2%g 4 e o ¥
l0 745 | 3.88 | 2-96 -327 =120, 0 89 | 336 | -002 -glg |+021| -035 I
86 - Yl - o 3o . . J,
1. 10256 | €02 | B5-13.; <367 |« -d4{. -022 158 447 | -03 358 |+032| -08l B
_ 85 60 m.w il ; . i)
Dec.- .
TEx _
19 510-| 4-33 - *311 +082 0 : o p— o— - - .2 -
. 7°1 1 %9 : i g A : . ’
20 800 | 4-75 | 3:88 -426 -089 0 125 | -427 | -028 N 2025 | - 512
| 8l 8°9 1°3 i
21 800 | 4-87 | 3489 +440 -074 tr. 125 | -476 | -028 b i F o R 501 |
. 80 9°0 15 . — ] S—— . — . —
22 800 | 5-70 | 4s73 430 | -093 029 138 | +433. |-.028 - -020-| - e
: 8% 745 16 *50 ; ;
23  #. 500 | 395 - +358 - +082 <0059 98 358 = ety ! 3 i
= 8°9 2°0 e D A = . ; ! a

¥ Male dog was fed with potatoes,bread, and butter thrice daily. On 10th, Ap.. sot 810bos thoroids.
mwu p. g ¥

%% Male dog(J)was fed with porridge, bread and milk,  twige d8ily.’ On the 204th. dot R
8 dessicated wwwmoum nwwowmw cf frezh Wwwnnvsﬂ g g




In Table XXXIQ?B giveq the ;esults qf thyroid feeding on
the two dQQS'J:'and‘Nf' They comprise estimatioqs-qf'the
?arious gitrogenous-aubstances and alsg of‘vgrigus.ipo?gaqic'
coqstituentsi-such aS'caloium,‘phdsphqric'acid,'maggesiqm{
ehlorides aqd tqta} su}phatesf'

When Table XXXIis examined it is seen that the
inqre&se in- the tqtal nitrqgen excretionf-aS'a result of
thyroid feeding,viS'alwost wholly aooqqnted fqr'by.the in-
c?eased urea excretion,- The iqcrease in the ammqnia ex—
cretion is not so marked as that of the ureét' The uric acid

excretion in dogs is very low, as in those animals the uric

aqid is oxidised a stade further and is excreted as allantoiy:

The increase of the creatinin excretion is not very pro-
nougcedt- In both cases creatin appeared iq-the uriqe after
the-administratiOq of the thyroids.. The acidity is also
increased.

The iqqrgaqic'qonstituents were also iqoreased in
amount after the animal was fed with thyroid{

Against the foregoing it might be oontended that
the creatin that appears in the urine as a result of thyroid
feeding, is simply the ereatin present in the thyroid in-

gested. I therefore made an estimation of the amount of

creatin present in a gland and found that even a kilo would ¢

only eontain -IO-Smgm, creatin nitrogeq ¢ the amount in a
lobe is therefore-negligible{

I a1so carried out similar experimeqts:on thy:oid
feeding on the human subject. In'Tables XXXIIﬁXXXIV are .

the results: of the urine analyses from various such
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TABLE MMNHH.AWM@ﬁmH.erV

Date Urine Total Urea Ammonia Creatinin Creatin Acidity wsswsmm Total Notes.
-N -N -N -N -N amino ac.. ~-N
. : _ . ST
(e 7% ms. ms." gm.- gm.," gm. - ec.: e m.
- : % E - % - % i ¢ m,m ". i i *m Expt. |
| | SRk
26+10| 1300 | 14-20 | 11-38 | -604 -606 035 . | 369 -851 | 1-638 Diet*Pprridge, toast, fatj
80 42 4% 2 *a4 “ butter, ve d#wcwmmu
_ bread, mmv es and
| _ 80z.meza
2710 1600 {5-01 |2-24 +582 +623 +034 288 “ 762 |-401
m 82 mtm A.._ "o
28-10| 1225 | 14-68 | 11-87 | <812 +567 047 | 417 -824 | 3507 L Hinee o Anyuote
79 4* 38 ‘32 gdiven.
_ Expt.2
211 | 1500 | 12-26 | 9:47 | -805 -547 -0 366 -783 2+ 9FOMIIRSRES o s oy above e
43 ta e the meat which was
wo*_ _%mv.o _Now_ [024 +592 «543 Q 278 hmmﬁ 3000 left out. |
Ra 4%8 4°4 m |
441 1900 | 1277 | 10-04 - 766 <562 <021 403 +979 4100 8 lobes of thyroid
78 8°0 4°4 ‘18 X ;
given.
| v
_
|
|
_




TABLE XXXIII (Bxpt.- 3)

Date| Urine Total “ Urea | Ammonia Uric mououmwﬁwm. Creatin boHQWﬁw.bBSwswm Total moﬁmw Calcium Mg.| Chlorides
| > e | R . o smincany iy e
ums4% Oou. man-m mamu mEn' mEn. | mau. mEu. Oou. | .MEJ, mBmW. man‘ mEW mBu. mBmu=
24 1100 | 10-08 | 7-82 | 579 | - .485 0 255 | -707 2042 | = R 1045
“ 78 m.q L.om - . 1 1
25 (1000 | 11-27 | gs78.|  -787 <132 | +509 0 392 918 2.90 | 2-11'| +086 |-148| 10-80
. _ 78 68 B 4°s5 . . _
26 {1100 | 11-65 | 898 =720 <120 | -486. | O 374 -843 2-99 | 2022 | 1069 - |-148 | 10-40
” 77 6" B Y . : ;
27 1600 | 1372 10-86 =815 =213 2538 =010 aZQ | =008 ﬁh@w. 259 =107 * 160 1176
_ 79 5°9 (e S g feponni - : ik
28 |1500 | 1575 | 12-21. w998 - | -217 | -573 13}, |. 660 | 1-243 4+57 | 2+62| *128  |-1541 11-78
77 8°3 1*3| 3% | NE il Sl
29 1250 | 15-20 | 11-74 1-078 216 | -534 - 150 670 | 1:330 4-87 | 253 | <182 |-182| [11+75
. m 78 7°0 1°4 ass:l auilites _ _ Pl

Diet- VWas the same each dey eand consisted of porridge, milk, toast, butter,-
: egds, potatoes, vegetables, apples and jam.:

o
On the mmdw.hmumo.ow.mq&wv”dmmwmmm the diet got Thyroids, 8lobes at 8.80am.:
o - SRR 4 at 1.0pm.° and 3 gt 6pm.

The figures for the N ¥ § ratio from the 25th.  onwards are -

s w1, el ot
o 00D w
a- " B8 w8

ES forfec [w]iaN
e et s




.-axperimeﬁﬁé-défried out on myself,' The diet in the first
expe:imeht ( TableXXXII). included 60z3 of meat alopg with
potatqes, vedetables, bread and butter, edgs,porridde and
milk.. In the second pagt the meat was excluded so that the
diet was ereatinjfreei' This latter diet was also used for
the experiment in Table XXXIIIt‘In-the 1asp_experimentf

( BableXXX|ll } a carbohydrate- and fat-rich-diet was used,
which was very poor in vrotein. After I had been on a
particular diet ( constant in daily quantity ) for some time
in each expsriment, I took two or more lobes of the fresh
sheépé thyroid gland.: In the experiments on Table XXX1TI,
fairly constant quantities of water were taken per diem in
order to see how the quantity of urine would be affected by
the inge;tion of thyroid élapd.'h

On examining Tables ®i-iiit is seen that'a creatin-

a

uria is induced in experiments |,2 and 3 but not in 4. This
may be related to the chande to the carbohydrate and fat dief.

The amounts of creatin excreted in experiments | amd 2 are ngt

very great, because of the comparatively small amounts of

. thyroid-ingested, for ‘in-éxperiment 3 in which® the diet is

practically the same as in experiment 2, but included a larger

dose of thyroid (l0 lobes), the creatinuria reaches a very
~high' figure.- The creatinin excretion.in this experiment is
also increased in amount.

In Tables XXXII:XXXIIEJt is seen that the ingestion
of thyroid causes an increased excretion of the total nitro-

gen. According to Scholz and also Richter this can be avoidd

r

|
|
|

|
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TABLE XXXIV/ (Expt &w

(Inorganic ooumawﬁcmsﬁmv
Date Total _Sulphates . | N # S Calcium Magnesium owwouwmmma Diet.
. P20s Total |Inorg'.| ratio |
mB.... gm, mB. | mu._n. msd _ mBm.ﬂ. _
¢ y | Potatoes, cheese (Cream)
apples and butter.
12+2 1-920 1-230 | 1+01 | 24:::9% 037 | -139. | 14-40 EE Mo
132 2+210 1-098 CoIE I SR +047 « 156 16+30
. L AL Cheese discontinued,-
142 | 2+200 1+250 _._%om 34 = | +059 * 150 18-00 -
152+ ;.mme =320 _.,qm_ 38 e01 +040 «297 1485
16+2 | 2+190 1+270 _._%o_ 39 il +043 *237 =
|72 2+100 1+ {70 _.omom 379 <039 +350 1400 Also a solni containing
: 79mgdm, Creatin-Nitrogen.
182 2+056 =135 _.omm“ a8yl +033 « 269 |4-70 £
192 | 2+ 100 =127 _.omq% 32+ -043 +386 |4+80 ?
202 M. 2+ 248 | <220 28 1o e _, 035 264 16+-03 3855620 wnl
N_.N_ —2+340 I_l.bum\w‘w A s <063 <377 20+80 Diet & Thyroids. 8 at 1pm
e 1 at10pm,
22:3|  2-530 14107 | 0-998| 25+l [ = - 19+ 10
23+2 2+180 1-102 | 0-925| 25 : | 064 +400 =
24+2 - |+350 1-208| 28 @ | <061 = o
@ : . By thyroid is meant 2 ,
Iobe of a mwoo@“m ewwwowm




TABLE XXXIV (Expt.4)

Date Urine Total Urea  Ammonia Uric acid Creatinin Creatin Acidity Ammonia + ﬁwwwrﬂ_, pzowww”_
-N - =N =N =N =N amino acid ot S :
e ce.’ * gms . gmsa. gm, | gm, - gm.” gm.” CC." “ mm.. i : mmm_ .w
: ST R AR S % =% - % | - . 53
12+2 | 1200 | 4-60 | 2-82 296 | -138. -455 0 163 .423 g
6l 6" 4| 3'0 10°0 _ ;
13-2 | 1700 | 4-28 | 2-74 -352 132 492 0 211 -485 o
‘ o4 8°2 3*0 11°5 .
14-2 | 2000 | 3-70 | 2-11 291 | 137 -473 0 170 ‘452 =
: 5% 79 5 12°0 . VR
152 | 1400 | 345 | 1-94 +219 144 -470 0 224 -353 - 3
et _ B 8’3 4% iarate ~ e
18+2 | 1460 | 3-27 | l-84 - 245 “127 285 0 228 .244 66+5 :
k| g 7°8 3°9 14°0 | :
17-2 | 1400 | 3-14 | 139 +250 “15] +498 0 168 -400 66-3 (Croatin)
hsrspr | _ 44 8°0 4°8 15°0 :
18+2 1470 | 3-37 1+87 +263 160 +524 0 211 +428 = :
__ . _ 55 78 4°7 15%0 )
192 | 1760 345 2+03 +226 + 159 *515 0 218 +375 66+0 78
Wi o i 4°6 140
20-2 | 1870 | 3-37 | 2-02 -268 - 175 +520 0 230 42| &
__ _ 59 8'0 5°2 15°0 _ i &
21+2 | 1760 7 4-54 2:46 =394 <175 +536 0 373 =611 = (Thyroids) :
: E7% 55 8*e 3*s FiGato | T
22+2 | 1950 | 4-37 | 2-38 <404 | «170 «507 0 320 “579 850 E
54 922! 3'o 170 M
23-2 | 1200 | 4-37 | 2-39 +369 | -166 -500 0 | 302 571 : -
55 8'4 a°s 11°0 . m
242 | 1300 | 4-73 | 2+67 -386 | -182 +480 0 = il i -
56 8% 3°s 10%0 t R = w




ed by supplying an inereased number of‘oalorieS'iq the food.
I incline to the view that if sufficient thyroid be givenf
there will always be a loss of total nitrogeq;-the amount of
nitrogen lost may vary, but this I hold ié'not due to the
quantity of  the food, but to its quality as regards:carbohyf
drates and protein. I

Sch5qd0rff states that, where there is a negative
nitrogen balance after the administration of thyroid,- the
loss in nitrogen is primarily due to an excretion of nitroj
genous extractivest' LA Tables-XXXII:IV are examined, it is
at once evident that the increased excretion in the total
nitrogen is in great vart due to the increased excrétion of
urea,- as a result of which the p8rcentage contributed by the
urea to the total nitroden remains the same. If the phosi
phorﬁs and sulphur outout be also examined, it will be seen
that the excretion of those substances is also increased;-
thisii?ggfe doubt that the increased loss of nitroden is due

to a breaking down of protein » which may be furkher demon;g

trated as follows: the ratio of the nitrogen to the sulphur

in muscle is 14 to |; now if the nitroden :: sulphur ratio in

Table XXKXI1I be examined it will be seen that whereas the ratio

is' I@ :: | and above before the administration of the thyroidj-

now after the ingestion of thyroid the ratio falls to 16:6 :;
this can only have occurred as a result of an increased de-
composition of protein.

Experiment 4 is. of dreat interest, as demonstratin

A=Y

the contrary effect of a diet rich in carbohydrate (and of-l%
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nitrogen content-about 30 to 3~5gms.‘)f on the composition of

urine.” In this experiment the nitroden :° sulphur ratio is

very high,- as the protein metabolism is reduced to a minimum.

This N :: S ratio fluctuates between 31 : | and 38 :: |, but
on thyroid beind administered, the resulting protein breakj
down, causes a fall in this ratio to about 25 :: | and this
persists for three days, when it again beqiqs.to rise,  as. thg
thyroid loses its effectg

The other nitrogenous substances which participate in
the increase of the total nitroden, besides urea, are ammonig
amino acids, creatinin and uric acidf' The excretion of calj
cium, magnesium ané chlorides after thyroid feeding is like-
wise increased. -

Bxperiment 4 apart from the feeding with thyroid is
also interesting as showing to what dedree the nitroden ex-—
cretion can be reduc&d -in hesalth. Clinically it is held that
an excretion of 25 gms. oi urea is only. found in pathologicy
conditions; here however is.a normél pe;son, on a diet with g
caloric value (more than 3000 calories) above what was real-
;y necessary;vand yet for a period of about a week the amount
of‘uréa.excreted was below 4gms. per diem-even as low as 2-8¢
on the l?tht Febf( i.e. |+37gms. of urea nitroqan)f' The pery
centade of total nitroden formed by the urea is also of in-
terest.” On an ofdinary diet containing 10 to I5gms. of nitrg
gen, the percentage oftthe total nitrogen represented by the
urea will be betweeq 80 and 85, In experiment 4 , in which

the total excretion is reduced to about 3f4 gms., the per-

1
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centage of the total Qitrogeq excreted as ureafnitrogeq Variés
between 45-55. :

Aqother fact to which attention may. be drawn is that
on the carbohydrate diet diven in experiment 4 -, there is
aq'iqcrease in the excretioq of uric. acid.- Whether thiS'inT
crease is due to a specific action of the potatoes present
in the diet, or simply due to the diet being proteinjpoor and
cafbohydvatejrioh, further experiments will have to decide.-
In this connection,.the observations of Hindhede are of'inj
terest, for he found that when a verson dets a latde amount
of potatoes in the diet, the urine excreted has a very high
dissolving power for uric acid, and this was not the case
when meat or bread was given instead of potatoes.: Ope must nol
forget of course that potatoes contain much water and the
large amount of water excreted may be partly the cause of
Hindhede’s results.

In experiment 4 , electrocardiograms, pulse-rata,
and blood pressure feadinzs were taken by DrsffRitchie and
Croom. The electrocardiograms showed no abnormality of the
_heart’s action beyond the tachycardia, as a result of thyroig
administration.- The pulse-rate (when lying) rose from 64
beats per minute to 80. The bloodjpressure rose from 15 and
iZOmm.'of'mercury to 130mm. on the first day after thyroid
feeding,- to 140mm. on the second day after.l?his result diff

ers from that obtazined in experiments upon-animalsJ The
subjective symotoms were, a voor appetite, a feeling of clos?f

ness and discomfort and also headache. I felt rather thirsty,-
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TABLE XXXV

mxﬁmw.mamumu_mo&ww | Urea | Ammonia | Creatinin Creatin Acidity. Notes
| 7 = =l =N =N -N (Male dog J. on
gms.” | gms, g, gm.- g, Bread and milk diet)
L[ 365 A 4:90- | 4-32 29 . <081 trace 138
[ s 6°0 1°6
280 | 3+60 299 +21 {094 <022 134 Fast-Water+Thyroids:
| 82 5°9 2°6 ‘6
425 | 5-28 | 4-38 =27 <085 <08 | 7
i 83 5° 1 1B *9
2 312 | 4-16 3+54 *28 +066 0 91
> : / 85 6°8 i
411 | 465 3+90 +34 <072 0 |11
84 72 1*B
620 281 2°29 +23 +085 0 84 mmmdwonww.amwmwﬂ
81 8°2 3%0 R T
350 | 3-88 337 <13 -062 0 43
. 2 L ET 88 3°4 ‘8
3% 383 | 402 | 3-23 | 27 - 056 v 8l
; 80 | 6°8 ("4
590 | 2o97 | "2z | 22 -068° 0 12 Fast-Only Water
79 g*1 2%4 S T
870 | 4-54 3+59 35 *088- <02 |79 Water + Thyroidsi-
_ 79 7°6 1*5 ‘a 3
500 | 516 | - 4-41| - 28 +020- <02 106
85 54 17 *3 eiet oY s T R s =Ly
4.t 400 | 3-47 2+92 17 <081 0 - .
"} Six o ol L
718 | 3+25 = .47 075 0 = Fast-Hater only
7a (2 4" 8 i - T e
550 | 2+90 9.9 .28 . 1086 -0 £ mmw_.wl.@mwmﬂ. only
78 9°5 3°6 ‘ SRR
350 | 4-10 363 23 -076 0 =
_ 88 5°7 1°8 .




and exposure to the sun or té a fire caused discomfort.

In experiments 3 and 4%, in which a constant quantity
of water was taken per diem, it will be seen tﬁat there is-
an-increase in the volume of urine excreted per diem as a r:
result of- thyroid feeding. |

In order to demonstrate the effect of thyroid feéding
on the.endogenous metabolism, I carried out a number of ex—
periments on a do¢, which was starved for one or two days;-
whilst fasting tthyroid-wasigiven.=i The resultsrare tabulated

in Table XXXVT

It will be seen that the effect of thyroid on the
total nitrogen is to increase it, the increase being in the
main due to the urea.” When the dog was allowed to fast, only
getting water, the total nitrogen fell, and generally_there
was no excretion of creatin (the fasting was not long enbugh'

to brindg about a creatinuria): if however thyroid was diven

as well as the water,'then the fall in the total nitrogen
excretion was not so marked, and creatin waS'e;creted on each
occasion. The effect on the creatinin excretion is not def-
inite enough to allow of any conclusions being formulated.-

To summarisegsit has been shown in this section that

[

the injection of phlorhizin or the administration of thyroid,
bring about a creatinuria. Those conditions are also assooj.
iatdd with a disturbance of carbohydrate metabolismf; It will
have been noticed that the administration of  thyroid brought
about an incfeasedcéalcium exoretion,” An increaséd excretion
of caleium is also noted in Diabetes*; the excretion of cal-

% Increase of about Zor 3 times.:
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TABLE XXXVI

Date Urine Total Calcium Sugar Notes.
OOUY l..‘z 7
gm. gm.’ gm.
1812 490 8-87 i 7 Bitch D. Bread and milk(constant, q
3 : */) - quantity)
20+ 1z 440 6-30 *029 0 Acetone and diacetic acid not pres ent.
- * ! P,
Z21-12 605 e-73 -021 36 Acetone and discetis acid present.
: 5 = N3 Male dog J. - Meatl Bread
I e 1890 036 0 b ﬁmwmmwwmﬁ mmmwﬁwﬂwv
19+ 12 815 196 tost 0 Acetone and diacetic acid not pre sent.
*k : .
20+1% 1020 1294 031 42 Acetone and diacetic acid(doubtful)
443 - .
21+12 1050 1077 -029 80 Acetone and diascetic acid present,

% 5 5 3 gms.

* K

*%% — 2 gms..

- 1+5¢gm.

of phlorhizin

b

were injeched.

rr »r

3 [

Aﬂﬁwova




TABLE  XXXVII
mmvﬂL. cwwumwa0¢mw | Ammoniz Creatinin Creatin | Acidity.|Ammonia + Notes.
| ec, | =N : —=N - ~N amino ac.-
| A T gm. oms Bo R0
._ |
N 650 3+2| =163 047 «003" . 7 . : : i
: L T i A 0 178 Dog N.{(female) Bd.and milk
. - 145 =037 . | 5 ; 2 ol gt
e et s 902 35 153 Got enterior pity.
| 400 | B39 | <477 -044 - 0 43 171 |
= g AL S K 5°3 . ol 13 ALEEs LS S e TR s ol -
2o 300 2+74 +26 .o%m : <001 64 - 138 Dog D.(female): Bd.and milk .
f 0°*5 . - ’ ,,. i
290 2462 ._wm .opw 2 -002°° 6l 12| Got post.pituitary
‘2 2 % T
425 | 3-38 | +200 . -054 i 76 218
i 2o g 5°9 1°6 i) 8 Hh
gl anon L Enenal e by e g 56 | - -196 ibiden Bd.and milk,
620 444147 + 196 <054 + 0 o7 +237 : 4 B
4°6 | *3 ooﬁ ooawvaan upa_d
8600 3+20 +201 +054 0 67 * 225 :
4. 425 | 4-76 | -867 -078 0 124 | 1357 ~ Dog d-(wale).Bd.” and milk:
_ | 757 18 : : _ i
| 850 | 4-22 | -225 -068 tr. 88 -210 % e
| 2 2n g r ot post.pituitary
| 4785 | 4-59 | -268 -076 KON -104 - 266
.. 5°8 1*6




' : = ek hat
cium herexmaycbe twice or even thriceafound normally.  As.

it seems to be increased in conditions associated with a diSﬁ
turbance if carbohydrate metabolism, it became of interest
to see whether it was also increased by the injection of

phlorhizin.- The experiment was carried on two dogs, but from

the results obtained (Table XXXVI) there seems to be no incredse

in the calcium excretion.-

-g number of'feediqg experiments with pituitary body
(analogous to those with thyroid described in this 'section)
have been carried out. In these, dogs had added to their
diet the dessicated gland (total,.or anterior or posterior
lobe) aqd the urine examined to determine any change in
nitrogegous metabolism. In Tabléxxxvnare seen the results

of these investigations ; in no case did creatinuria

definitely occur ;:nor indeed did any variations of signifie-

ance take place at all.

7. i



SECTION IV.-

SOME  PROBLEMS

IN CONNECTION WITH THE GENESIS OF
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SECTION Iv.:

SOME PROBLEMS IN CONNECTION WITH

THE GENESIS OF ACIDOSIS.

In the experiments detailed in the previous sections,

it was shown that creatinuria denerally occurred in condition

under which the subject is prone to an acidosis, eg. diabeteg

phlorhizin diabetes, infancy and early childhood, pregnancy.-

In-the experiments carried out with thyroid feeding, I was
noﬁ able to induce an acidosis,probably owing to the period
of administration being only one day.

It was therefore of interest to see what changes- [
oceur in the urinary nitroden distribution as a result of a
physiological acidosis. Such a physiolodical acidosis. can
quite easily be induced by eliminating the oarﬁohydrates fron
the diet{

The experiment which I carried out on myself was" as
follows; weighed quantities of cream cheese;-butter,-002’é
gelatige and eight eggs formed the basis of the diet (which |
iS'protainj and fatjrioh,-but.contains very little carbof
hydrate); on the first day besides the above diet,'-l also
took potatoes (to supply the carbodrates); on the second &nd
third days of the experiment the potatoes were left out of
the.dietaryf- The diet which was takeq on those three days

was creatin— and purin-free.

s
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TABLE XXXVIII

Date Urine Total Urea Ammonia Uric acid Creatinin Creatin pmwnwﬂm Ammonia * Total Calcium Weight
~N N =N ~N N -N amino ac.. SOs- T in
h e ] IZ. 3
(c7 U8 oms.- gms.’ gm,- me: gm. - gm, " ce.: S s i ! ST~
’ 4 2 ' g gm. 4 R Al g a Ce gm. gm. gm. WHFOm
mw._mm 1550 13+33 10892 *729 374 <587 =017 372 +937 2+415 164 -
82 6°0 1°3 4°4 ‘10 ‘
Note— no acetone or diacetic acid present.: WS ratio = 18+1 ¢
24+12 1250 1449 |2+55 +950 + 180 +436 -038 577 [ =123 2+583 + 165 66+5
| 86 6°5 1°0 3°2 19
| ZOﬁoJ acetone present, diacetic acid moﬁd&mﬁw. N:S ratio = 17-8
mm.ﬁm“ 1450 |7-66 15-28 | »348 112 «516 +093 ©84 | -@94 2-761 +137
7 86 7%6 0°*e 2°9 *s2 .

|

.Y

water and potatoes.:

Note— acetone present, also diacetic acidi N:S8 ratio

Diet oA the 24th. and 25th.Dec.’ same as the foredoing except for the poiatoes.




The ;esu;tS'of‘the aqalysés-of the various nitrqgenouS'and
'ofhér.cdnstituents of the uriqe are giveq iq Table XXXVIII
The first,poipt Qf special interest noticed on exam-
ining this table, is that although the nitrogen intake is
the same in amougt for each of the three days, yét;-as-soqn
as the carbohydrates, in the form of potatoes, are eliminated
from the diet, the total nitroden excretion rises, not so
very much on the first day of the carbohydrateffree diet, but

very markedly on the second day of that diet. WNhich are the

nitrogenous substances in the urine which participate in thig

increase? If TableXXXVlllbe examined it will be seen that both
the absolute amount and the percentage amount (of the total‘
nit;ogen) of the urea nitrogen have increased, Whereas on
the first day of the experiment the percentage of total
nitrogen contributed by the urea 13'821 on the second and
‘third dayS'of'fhé experiment, it rises to 86:: showing theref
fore an absolute as well as aurelative increase in the urea
nitrogen.” The same applies to the ammonia, Creatin,-which
was present in slight amount on the first day of the exper-
iment, increases on the second and still more.-on the fhird

day, dwing to the increased'endogsnous metabolismf'

The other niftrogenous: substances of the urine, namely,-

uric acid, creatinin and aminofacids;-all show a diminution
as a resolt of the privation of carbohydrates. It will be
remembered that in TableXX(V]Il the uric acid showed an increasd
in amount as a result of a diet mainly.eonsisting of'carboj

hydrates;- here -on~the other hand, the giving of a protein
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and fat diet results_in a deorease:

A piece of'evidenoe which shows. that 'in this.experi%
ment there was- an increased prqtein catabolism:-ié.the nitro-
gen :' sulphur ratio. This ratio on the first day. of the ex—
periment was I8¢, whilst ﬁq the seeoqd day ‘it ‘fell ti 17-8
and on the third day te 15:6, a dradual approximatiqn to the

ratio which Cathcart got ‘in a fasting subject; namely 15.

In this fasting man, he also got a diminution of the uric

acid, cereatinin and calcinm, just as is seen in Table XXXVIIT

‘In fact the results of my experiment resemb}e very closely
those of Cathcart’s in his observations on the fasting-indivf
idual:tvizE;-on the secoqd and third days of the fast, there
was a tempqrary rise.in the total.qitrogen,-mainly represegte
by an iﬁcrease'in the urea and ammonia,-aqd'a diminutioniin'

the other nitrogenous substances of the urine, except. creatiy

which gradually increases.' The preliminary fall, on the'firTi

day of'starvatiog -iq the total nitrogen ,-accordiqg to
Prausnitz is due to the organism using its store.of'carboj
hydrate-(glycogen}f' As the amount of carbohydrate which.caq
be stored is strictly limited, it is-soonlﬁsed up, The
amount pf-rise in the total nitrogen on the second and third
days depends upon the amount of protein taken immediately
previous to the fagt; if a.larde protein intake has preceded
fast, then the rise on the second and third days.will be a
high one,* and vice versa. The ‘above experiment is therefore
of interest in that although the subject was getting a suf-

ficiency of proteins and fats; yet after the carbohydrates

|
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TABLE XXXIX

mw004m HC1 =
wOOO.m HC1

I
S
oo
o,
=

No aceton€and no diacetic acid fomn d

in the above specimens: of urine.-
Creatin~fres« déet throughout

S i N R iR e |

Ueine Total Urea Ammonia  Uric acid Creatinin Creatin Acidity Ammonia+ Notes
-N -N -N =N -N -N . amino ac.-
’ R L A
[T gms.- | gms.” | gm. gm.- gm. | gm. oC. gir.. X
- = g | i o e 2 2 : C.7.D,
1450 | 1489 | - -506 2 459 - | +006 - o P
_ 474 s 4°0 ‘06
1275 | 14+96 | 9-84 -548 - +182 +450 -008 - 223 718
| 4 2L Ui i jas About 7ec.¥HCL taken.-
2000 | 1260 | 9-6%,, | 694, | 149 1 | 450 013 345 .868 by o 4
, . A il fey sl
3200 | 1308 | 10+4l,q | <€97_. | 139 | | -440 023 | 288 S Izec.faC1
Rih 3’3 17
! About 30ce ., - ;
3000 | 13+44 | 10:79,, | 972 . | -148 - | 448 019 | 528 | |-134 TR T & :
% as ‘10 e e ;
: i #wo portions of NaHCOstake
2000 I41-032 9-06 +220 | <54 41| : . _ 3 .
R 2°8 R ey & a'a X L8 448 3gms.atllam.” and Sgms.ati4 .
1500 | 1348 | 10-04,, | 75 | - . s 315 | +918 | ° New experiment..
|
2000 | 14-22| 10-66,, | -980 | “ 14| -407 0 480 | 1-211 -
| el i A | 25¢c.” ¥ HCL taken.-
L2000 | 15-12°| 1433, _._m:q.m% 158 [ | 423 0 dogi it {iamn cc. T aken.
ﬁ : 207 _ _ N S e
2200 | 14-78 | 10-67__ | 1-403 . - 139 +428 0 495 | 1-578 i o u
7 72 9 mi 09 2°83 B00B. L 20 :
2000 | 14-33 | 10-44__ | 1-157 [ | <148 | -422 0 440 | |-414 SIASTRD: TR
| i | e e _ { - L P SO
2000 | 18:05 | - _.mmwm;mm 0 1406 0 | 500 1-589 R
_ B M) 2 2eb T i 9= _ A i
0-3
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were removed from the diet,  the ordanism was behaving just a

‘a fasting subject on the second and thigd days of a fast;-

In the above experiment, traces of acetoné appeared
in the urine on the first protein day, whilst diacetic acid
and Bfoxybutyric acids were also excreted on the secoqd pro-
tein day{

Benedict and Higgins have recently shown that the
respiratory gquotient dgot with ; carbohydrate-free diet is as
low as the ordinary. quotients got in diabetes, if not lowevf
and thal the respiratory quotient could be elevated persis=
tently_ﬁy increaséng by—ineressins the quantity of* carbohy-
drates in thes dietg

The above results are of interest when compared. to;
ithe results got with diabetic patients, . Clinical experieuce

.With diabetic patients suggdests that an acidosis of moderate

severity when produced by the sudden withdrawal of carbohy-

drates, is more danderous than a more severe acidosis pro-

The result therefore of a sudden withdrawal of carbohydrates

from the diet of a diabetic: patient, when téken'into.hospitai

otfier hand, it has been found that severe forms. of diabetes
when put upon a oarbohydratej poor diet for a prolonged per-
iod, may. have a very larde dedree of acidosis and yet show
no tendency towards the onset of coma. -

Therefore from the foregoing it is evident that the

restricting of the diet as redards carbohydrates,: in diabetit

showing that there is an increased catabglism of the proteins.

duced by a gradual elimination of oarbohydrateé.from the diet}-

may very readily bring about an acute attack of coma.” On the

B
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‘ must be undertaken with caution and witﬁ a thorough under-
standing of the phyéiplogy.and pathq@ogy.of‘metabolism,-comf
bined with a careful study of each individual case. o
.schematic treatment should be employed but rather each case
treafed upon its own merits.

The qext series of experiments. carried out,  consisted
in the taking of acid, in addition to the diet, to determine
the effect on the metabolism.-

In two'experiments (Bables XXXIX ) the diet was
a mixed one,- but creatinjfree, in ihe third it was. a proiein-—
poor ,:-but a carbohydrateﬁ and #atfrich diet also.creatinf
free. To these dietS'were_then.added definite quantities of
standard hydrochloric acid,- as described in the ﬁablesf' :

Wheq Tables. XXXIZ-XL are examined it is seen
that there is a rise in the total nitroden on the acid days;-

this increase of the total nitrogen was due to an increase in

the urea—and ammonia-nitrogen.- The other nitrogdenous: con-

stituents were unaffected by. the ingestion of acid.- In

TableXXXI1Xthere is a slight excretion of creatin at the bedip-

firs
ning of thessxperiment;- the excretion of that substance is
|

increased as a result of the administration of the hydro-

chloric agid ;- it disappears,however,on the addition to the

diet of sodium bicarbonate,- in place of the acidf' The rise qFf

of the urea and ammonia induced by the acid, is chanded to
a fall as a result of giving sodium bicarbonate on the 29-1.-
The results of Tables  XXXIX are interesting

when compared to Table XL in that the increase of the urea
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TABLE XL

Upine Total Urea-N Ammonia Uric acid Creatinin Creatin Acidity Ammonis+ Notes:
: lm ...z nz |_z ._.”z amino. ac. ; 3
! . J 4 L e
.. ... q .. ” .. m ._. “ - -.:
00, mam, gms . i | mB{ % B. % 7 mB, % % OO, gm :
|
2000 | 12+09 | - i i il = reBa LI e 360 1-050 Diet-Porridge, toast and eggs.
2000 | 9-13 | - v "*520 = [ lxaS s 0 220 *686 Diet— Tapioca, potatoes
5000|8209 . +285 <095 -432 | 0 142 -404 butter and apples.-
et w 4°8 1°5 6°9 =Y
1500 5467 - | +294 - +395 " 0 187 +409 A4
= 5%0 : 6°2 22
1700 | 4+89 | 2:70 | -246 | -105 . 374 0 102 412 i
587 | 69 2ES 8" 1y
1500 4+11 N.m_mm _ .Nqu.m .omom.w 392 . 0 | 142 | <230 . ol ﬂﬁqum.pWHHOWW
He -_N | ow e | e . ..” _“ i = ]
2000 5+09 | 3 _mm mmm.a _omm.o wqmq.w Q0 | 200 & 476 % o
2300 4-89 | 287 [ =41l <092 | -390 | 0 207 |  +603 ®X AL
59 9°1 18 870 _ A _
2200 | 486 | 3.04 | -466 082 | 371 _ . 0 R47 | <897 Www b
_ 62 8°s 1°6 7°8 ”
2000 392 | 237 | +266 +102 +369 0 125 +462 :
60 | 26 9°1 '

* besides the diet got 15cc.HBl at noon and 15ce.HCl (dormal) at 5.80p

* % ’ R I s R s e ol e 3 29ec. HOL ( Falis) Pw.mﬂﬂf

v

s ¥ LA 1y ') mmoo..ur Yy INE vy oboo.HOL { i V at 5230p

mmoo.mmoH (or modmal) is equal to 0.35gm, zmmlz.




and ammonia is not so. marked in the experiment with a carbo-
hydbaﬁéﬁricg diet as. with a protein and carbohydrate diet

after the administration of acid, - even although the amount of
acid giveq iq the former exceeded per diem thét given on the

protein and carbohydrate diet.-
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SECTION V.-

THE EFFECT OF

THYROID FEEDING ON CARBOHYDRATE METABOLISM,-

As has been pointed out in Section III,- thyroid adﬁ '
ministration to a normal dod,- causes a lowering of the limit
of assimilation for carbohydrates.” Apart from this.experifl
mental evidence and clinical observations on diseased con-
ditions of the thyroid,- in certain of which there has.heen'
an associsted glycosuria,- there is no definite knowledde of
the influence of the thyroid on carbohydrate'metabolismg

In order to elucidate this subject I have carried outf
a number of experiments on rats and cats;—in these I.examf
‘ined the slycogen content of the liver, and the sugar-content
of the blood after the administration of thyroid gland by
mouthf' The experiments were carriéd out in the following o

manner;- the animals were put on the 6rdinary.diet, and then

one or more thyroid lobes: were given,  This was again repeat+

ed the next day. The animals were then fed the following day,-

the food taken away after they had eaten as much as: they
cared for,- and the animal then killed three or more hours.
after this.” %The liver was at.once re;oved,-weighed and treaf
as: desoribed in the analytical methods.

The sugar content of the blood was only carried out

in the case of cats,- from whom the blood was first removed,

ed
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Rat

TABLE XLI

Nﬁldht‘ Nelﬁ%t thal | HourS'killed Notes.
rat | 1ver. Glycogen | after meal.-

1.1 182 7*D 128 25 Control rat:
{20 soa| 8B 125 5.0 -

B A ad Shat> 029 7+0 ¢

*41* 143 7-0 - 300 3+0 =

5-] 130 | -5+ 192 | 545 -

G4 | 30 445 084 =D e

|71; | 30 é-O D 340 . S

laf- |64 SEE O 30 - =Hhyroid rat.s

2.1 160 SR 0 5.0 TR

lOtj 193 | 6;6 25, : 7:+0 T.R.

1.1 200 148 046 9-0 Control-ratf'

2 | 35 6+3 363 4°0 vontrol rat.

3.1 122 53 . 292 25 |Pituitary(ant.)rat]

e ie BT o - 048 720 Control rat.

15, | 00 35 041 70 Fﬁtuitary(antf)rat '
B 171 | e 191 30 [Control rat.

l7fﬁ |47 26 140 3-0 Corpus luteum rati'
B 65 1:9 -018- 740 Control rat.

h91, | 22 4-0 023 JEL Y Corpeus luteum.




befqre removal of the liysr:F

In Table XLI the glycogen content of the liver is
given for various coqtrol rats, killed at different periods
after the. last mealf‘ It will be seen that there is. a gradﬁ

ual diminution of the glycogen in the liver, the longer the

animal is allowed to live after the meal before being killed.

When the rats. had been fed with thyroid,- there was=za total
absence of dlycogen from the liver even if the animal was

killed three hours after the last meal,  whilst with the con-

trol rats there always was a larde amount of glycoden present

This experiment has. been repeated since with the same resulty

On Teble XLI ® will be seen the results. of experiment
on rats, previously treated with corpus Luteum, or with ant-
erior lobe of the pituitary body;- in neither case is there
any. disappearance of glycogen from the liver, as a result of
the ingestion of hbese subétaneeég

In Table ZXLII will be found estimations of the glvf
cogen content of the liver of cats,- |)normal énd 2),af?er
treatment with thyroidf' It will be seen that here also the
amount of glycoden present in the liver of the cat after tﬁa
administration of thyroid was so small as. to be inestiméblef

In one case(l!) there is still some glycogen present in the

liver:' the cat in this case was killed |2 hours after the 1lgst

meal;- also in the case of the cat 6-{killed |8 hours after t}
last meal), there was a trace of glycoden present,’

On this Table are given the figures for the sugar con-
‘¥ These blood examinations were in the main carried out

by MriHBorne, whose assistence I. wish to acknowledge.

S

e
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TABLE XLIL

Cats.. Pereentage of Percentage of Notes, : : Weight of Percentage of
T.TJDL n:mm«. - | ,m,._.m‘wglwb%m..ﬁ_ | 7 o e .m.dwm.momm:-
I . +]54 +235% C.C.killed 3hrs.after last meal | = =

o +235 ~357 TSR e 82

i +258 " w408 T.€;

mc - W, b .&h_m | _H__.O- ’y Y ey 22 > mﬂ

T - +490

|
9. | - 423 J BleE S T T e 0
10. 5 -367 bR T £ S gl 3. 88
g | - -358 T.C. ,, [lghrs. i 104 0-37
F2 = -332 e T ol b Lyl 72 . 2+96

Thyroid cat.
Control zat.

R
=2
n
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&
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: tent'df:the-blood plasma (a few estimations of the blood su=
_gaf were also carried‘outjf' Those figures show that the

sugar content of the blood plasma is:higher in cats aftér:
thyroid feedins than in the controls untreated with thyroid.

ity The urine was also tested in some of thode cases,- but
no sugar was found to be present.” The results: of those ex-
periments. are therefore rather striking in that they show a
hypergl}caemia of the blocod, - and yet no sugar excreted in the|:
urine. A similar condition has been noted in diabetiQS'(?alta)_
in whom the urihary,sugar has disappeared, - yet on examination)-
the sudgar content of the blood is found to. be still very. high
and remains’ so for aaléeng period. The explaqation'giﬁen is
that "apparegtly after long continued hyperglycaemia,- the

kidneys lose their high degree of sensitiveness to a slight

increass in the sugar content of the blood;*_(Liefman),-and
so. do not react when even large quantities are present.-
The above researches are being further extended and
give promise of a number of interestinﬁ'resultsfr But even
the few results so far obtained show that the thyroid has a

very profound effect on ¢aebohydrate metabolismf

It has been shown that the feeding of thyroid leads
to certain alterations in the urine indicative Qf-ohanges in
protein'mstaholism;- summarised these are: an increase of the
urea,- ammonia and creatinin:' a decrease of uric acid: and
the appearance of creatin, a constituent forwerly absent.-

qu in starvation or in carbohydrate hquer'as-was

mentioned in the section updn acidosis, there securs an in- -

-




crease of urea agd of‘ammoqia excretion:® a fall of creatinin
and uric acid (eventually ap_iqcrease qf uric acid}_aqd{
again,-the appearance qf creatigf' Creatinuria. occurs: in ex-
perimental acidosiS{

1 have showq that creatinuria occurs in diabetesi a
disorder of carbohydrate metabolism in particular, also in
experimentally induced glycosuria (with Phlorhizin).-

Further, in feeding thyroid there also oocuracarbohyf
drate chandes:: glycoden is mobilised from the liver: and an

incrsase of the sudar content of the blood - comparable to

the anomalous fact that one may have considerable hypergly-

caemia even when the glycosuria has disappeared by treatment]

A consideraticn of these facts may give some informa-

tion on & question little discussed in the literature namely,

what #elations if any do these two types of metabolism (car-

bohydrate and protein) bear one to another ? It is obvious tx

that some relation does exist and a probable hypothesis to

explain it is the following one -a modification of Cathcart’ $::

under normal conditions the tissues must find a certain

amount of carbohydrate to carry on the life processes: now

if  the carbohydrate fed as such be insufficient, what happen
is that the required amount is split off the prbtein moleculI
the nitrogenous residue is,as it were ’''unfixed,, and is ex—
creted Tpartly as creatin,  Such a state of affairs exists
in diabetes when for some reason the carbohydrate is not
available; the protein must therefore be used and this dif

vergence from ordinary metabolism is expressed partly by

88.-
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creatinuria.-
Again, thyroid is: known to stimulate metabolism -

witness the increased nitrogen excretion etc.: - the mode of

its action may be that it lessenz the stability of the mi%:,

trogen—carbohydrate (i.e.protein) molecule - certainly it
causes a mobilisation of g¢arbohydrates £fom liver to blood:
again a nitrogenous tesidue is released, aqd concurreqtly
creatin appears in the urine.” This view was tested in the
experiment above described in which abundant carbohydratey
was supplied while thyroid was being indested:  the disrupj
tion of the carbohydrate moiety from the ppotein'molecule

was then unnecessary seeing so much carbohydrate was already

available:: and accordingly creatinuria did not occur.-
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SUMMARY, -

x

lf . Creatin occurs in the urine of infants and
children:: it persists later in the female than
in the male.

2. The creatinin coefficient is much lower in
children than in adults.-

3, Creatin ingested by children is partly excre—
ted as such: in the case of the adult none of
the ingested creatin appears as such.

Taking these results as indicative of protein metabolism
I conclude that the child exhibits differences in that mgta%
bolism from the adult.

4.- Creatin is excreted by normal women after
menstruation; in pregnancy and post partum::

but not after the climacteric,

hizin glycosuria, after thyroid feeding, and
in acidosis experimentally iqduoedf

6. The feeding of thyroid is associated with
changes in the amount of glycogen in the liver

and sugar of the blood.

The cause of creatinuria in these eonditions is® shown to |

be a disturbance of carbohydrate metabolism.

7. The interference with the estimation of crea-

¥ s

5. Creatinuria occurs in diabetes mellitus, phloj
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tinin in urine (aqd SO of'creatiq) by certain
acetone bodies (viz., acetone, diacetic acid,
diacetic ather) is described (Analytical me—
thods) .-

8. The use of chloroform—thymol as a preservativg
of urine may be followed by misleading results
in the estimation of urie acid.

9. The dietetics of diabeted is considered in thg
light of experimental and cliqical work.-

The practical significance of these observations is apparent

Creatin is thus found to be an indicator of protein
metabolism: it is further observed to underso variations in
accordance with changes in darbohydrate metabolism:: one must
therefore conclude that these two species of metabolism meet
here at least on common ground and that they should be less
regarded as each sui generis and more studied from the point
of view of their dependence, :zas:I haye attempted in this

contribution to the subject.
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