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The endoorineﬁ in genoral for-a considerable period

. have baen known to exert a humoral action on the body,

controlling 1ts functions to a large extent These actions =

have beoen closely investigated and L alear carrelatian be~
tween the duotlena glanda has been shown. The inter-

relation and dependency or the one upon. the other; oithar _'

by inhibvition or by stimulation. contributes tatafds the

finer oontrol of the phyalology of tha body. The atudias

recorded here are compriaed mainly of the dependeney of one

' gland'upon another, the relatzon the normal gland nes to
| protein metaboliam. and the alteraticn in this protein
metabolism brought about by alteraticn 1n the nermal

~ function of one or other of the ductless glanda. ‘These

features are damonatrated by obaerving changes in the

elimination of oreatinine in urine, for thia urinary

oreatinine is rESarded a8 an index of endogenous protein

metabolism, and the amount excreted is remarkably con= o

- stant from day to Gay.




CREATINE AND CREATIRINE METABOLISM,

: Urine'hés,aa'its maaﬁ‘importan$ nitrogencues c¢onstituent
urea, The éierﬁtian'of ures 19..hoaner;»extremely.varidble,
and even if exogenous urea is controlled, endogenous ures
is etill subject to marked variations, Therefore, if an
index of the endogenous protein metabolism of the body is
 required, ureafmdat’be neglected and with it the total
nitrogenous protein output. A more aceurate measure weula
be to obtain a substance which is subjeot to the least. paaaible
variations, BSuch a auhstance ia urinary creatinine, which

fulfils certain:leassin the 5ody. Its significance is dis-

~ oussed below, Many investigations have shown the elear
‘metaboiic rélatioh exiéting betweeniﬁreatine_and oréatininé ..
' an& it is, therefare advisable to diacusé the eignificance
of both.an this 1n*roductzan, eapecially as areatine is

‘known to exist as auch and in different combinations,_whereas
creatinine and 1ta atte and origin are still the subject of -

~much eontrotersy,

7. 1832 Ghevreul (Franch Academy of Scienees) poatulates
>the prasance of B new organic Bubstance in meat which he
caned ‘!creatxne" from -KFea.s KFGM’OS meaning meat. '
Fifteen years 1ater Leibig established the empirical
'farmula 04 H 02 N3 Hzo and found that on heat ing with
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m;neral aoida.a derivatiye-whiéh he called ¢reatinine,

- with the formula G4’H;’{l' '011'33 was formed. In 1844, Heing

and Pettenkofor had shown the presence of a hitherto

unknown nitrcgeneuswconétituent of normal urine.

- This Leibig 1ater praved to be identiaal wifh hie

creatinine, These were the earlient workers to estab-

1ish the ekistence of creatininn in urine.

DISTRIBUTION OF CREATIN® Amz cmwmzw |
| Hunter (28), Myers (82), Rose (33 & 35) and Kayaer
(34) reviewed the metaholism of crentine angd’ creatintne.
and it is on their admi:able reviews and other current

literatura that this 1ntroduction i2 based.,

Normal Diatgibugig _
ug clet Oreatine i¢ found mainly a8 a constant.

cqmponent °f.th¢ ﬂkeletal muscles of mammals, birds,
reptiles, amphibia, and fish, and of';:ei‘tgiinvorganismé:":

of & lower oxder. It is npt; héﬁgvér; foundain'efaba? V_ |
where it is’iargaiy replaqed‘by arginine, Red musele 9#
contains_leaa thaﬁ‘pa1e. and Seecol, ;inégar‘and:nyers _ -'*g
have Bhown'ths Iett_ventricle’tp cpﬁtgin ﬁbre'than’the |
righx.. e - : o

Generally the concéhtrutibﬁ'in cardiac musecle,

'however, is considerably ieda than in striaiéd'muadle'of
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of the same apccies; There is no convincing evidence

as to ita 2solation fram smooth musole. but uhxa daas
seem prabable. creatine haa aiec heen 1solated in tha
brain, kidneya and testes of Vertebrates. Greatiuine,
however, has not been 80 definiteiy 1aa1ated, tha diffi-'
culty being that the creaﬁane pweaent ia very easilr

ﬁehydrated and areatinine farmed.

Blood: ?hé-eccﬁrranee of both substancef in blood
has been established but thére is considerable centro?érgy
a8 t0 the amounts a6’ the métheds used are open to several
diserepanciss, . . o o

‘The ekisting values in himan blood accepted by many
workers are! -Creatine 4 mg/100 ml;.’greatintné*s;aél.a mg/
100 ml,, but according to Bohn And Hahn the true creatine
1s‘d¢5a0.9 mg/ 100 -ml,, Bs they'atnte'ghat“ehremogenie
substaiioas are present and these 1nterfére-withuthe_é9tia

-matienﬁ.- Gagbler i definite that creatinine does not
.‘exist in the blood butfis derived from a precursor

6th§r than areatﬁné;,ahd'this yieida ¢reatinine 4in

\Aisoiét&nn axyerimentﬁi'rﬂut_ﬁaol points out that ox and

horse vorpuscle adsord creét@ﬁine‘ana thie i affected .

Ey.ths'maditien of neide and éikalis. pnd is diminished

'aebbrding to the degree be acidity}ar alkalinity.

“\'
R
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Linnawéh anman.'iohnaton and Eendér all. Bhow

| ereatine in blcad or serum, while Ferroumnzzi states

that practieally all the ahramogen;c substance in blood
in a Jaffe reaetion xa ereatinzae and it is snggesteﬁ
that the Somogi methad for bléod-creatinine io probably'
traar than the Falin-wn by Ferro-&uzzi saladtno and
ﬂantannnra.

Titone. Hhsi—Parashiv. Giminofﬂeranger et; al.

1 'ﬁorked on alteratiﬁns in crgatiné_iﬁ blood, Intestinal

obstruction (Rigo and Frey) increaces creatine -m'moo‘a‘

_while high ‘sodium chloride diet and poor nitrogen diet

and inau&in anﬂ adrenalin exceua sive a lowered bleod

ereatine. Linneﬂeh ahowﬂ that 1nterference with th@ -

~ Folin method of ahrnmogenic aubatancea whieh are preaent '

= in urine does not ogecur in eatimaticna in blood. A

In nephriiia hewever. the apparent creatimine gone

tent of . the bioed may rise eonaiderably and is more read~

‘nily~estimate&,- The rise depends on. the extent af the .
Vrenal.leéiéﬁ, ‘3taeey finds that following the administra—
’_leion of erenting the e;eatiﬂe content risea and the
"6rgania phospinte of the plasm& fallx this relatienahip

is net ﬁuantitatiwa.»L_

In aantraat to their wide diatribution in vertabratwsf

@reatine and creatrﬁine apparantny are not eomponents of

':~1nvertebrata tissues.
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- Factors influe’ci

oHu

ne: In urine both ocour under certain circum~

,fafances. Greatine’is not found in the normal-mammaiiah
- adult male urine on a oraatine—free diet, but it does
. oecur physiologiaally in urine of ehildren. pregnant

'women and. intermittantly. in the urine of non»pregnant

adultf@m&lea.
| creatinine occurs regularly in mammals and in a

considerable quantity - A sueh it is important and ite

" fquantity aleariy indicates a waste praduct - Ite place

'ia taken,by Qreatine in birds and reptiles,

c atinelnistribution. f

Age. cxogennua feeding, fasting and diaeaae.

The adult level is only reached some time after birth. »
?Chanutin. experimenting on rats. round thia to be betwaen-_

L _the zsom and 40th aay.

Invaa Hunter desaribed crentine a8 probably an

iiessential tiesue canstiﬁuent with & special functian.f"-'.g
| kite rnte of production being resuzated by internal de~
:. mand, Arginine. cyetzne. hiatidine, purine and pnrine .
':iderivativea. choline ‘and oxidation prcducta were 5uggesteﬂ-

_as.precuraorei ,Numerounvtheoriee axist_as.to the a:ig;n.f

 of creatine even now. It is not even decided if it is
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an Aneboiic ﬁﬁaduct. the formation of whioh is &étérmined,_
by the requirnmenta of the. organism. or a,catabolic aubm
stanae, the produetion ot vhien is &etermined oy the intake

of ong oY more exqgenaun precvraors.

pinet,
Takahaahi Knman. Shapiré and ZUarenatein ehnw that the
aaminiatratian of arginine by injection or parental admin-
istration ied to an zncwease in urinary reatininea TheA
adminietration of carnatine urY‘wmminoulﬁn hydroxybutyrie
aeid also laed to an inareaaa. as ahqw Takahaahi and Kumen,
~ who auggeét a mechanism baéed.an;methylaticn or demethylation
and subsequent combination with guanidine, Hyde and Rose,
Gyant, 'Ghristman and Lewis deny this, éut'the data of both
do not include the pouysibility that areatine and creatinine
nay be manufaotureﬂ through arginine as an intermediary.‘
vxnasmucn ae this oan be synthesised in the rat, and_the Pros
duction of total créétinina in the rat’is not dependent oﬁ
the consumption of preformed aiginine in the food (Scuzlvana
Rose). | | o -
| 53, Meyer and Roae:' Arginiﬁe intake'eoulé'onxy:
acoount for 2/5 of total ereatine and'areatinine“fbrﬁed |
, and Hangn 1u 193“ statea thaﬁ arginine 15 enly Tartly eon—.v .
verted to reatine in the ‘stomach mucoaa‘

- R, B that Broude shows argtnzne te take tha plaae of
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ereatine in musele of crab Astacua quviatalis o
In 1936 Bodansky otated that guanidoacetic aG&d
can form areatine but glyaane eannat.; The same year
Bearﬁ and Boggeas adminzstered lo& mgm. of ereatine.
glyaoamine, histidine. glycxne, alanine, serine ang -
valine;if injected intraperitaneally all produced an
inerease in muscular ereatine from 6 tu 30£ A larger

dose of arginine produced a greater response,_but &

‘  ¢ma11er responge followad with a 1arger dose ot giyaine.

Abderhalden and suadze, ehremetaka “ aﬁministratian'
- of nunleosides. purinea or urie aaid 1nareaaes the daily
vf output of total oreatinine, Thia is denied by 8ahumon

‘but Abderhalden and Buadze aho: where hie diecrepancies

are prohabie.

_ G;xcing.

Zwarenstein, Ghristman and Iosier observed no

kinfluence on féading glyaine to nermal men on the
'_ hourly ocutput of grefcrmeﬁ arentxnine - But. many workera
on patisnte suffering from varioua types of myapatuy

' 8how 2 re¢ati¢n betweeu glyeine administarad and the

_ ar@atine and areatinine outnut. o

In aertein ﬂondmtAons in whigh there is mar&eﬂ

. -



atrophy of the muscular system creatinine output is
generally lowered and creatine appears in the urine in
excessive quantities, Therg is alps a aiminished toler-
~ance for ingested creatine; (Mader, Selter and Echellanu
berg; Su111Van and Hesw; Magee; ley and Titeea)
Bilhorat et al._state that glycine aaminiatered to these
| patients indudea a gfeater output of creatiné.» Thﬁs FoO~
 su1tB in & lowered ereatinine exeretian. This 1nareasea
exeretion attains a maximun after two weeks despite con~
tinued glyeine feedlng. B & then begzna to fall and with
this the ¢reatinine excret ion inoreasea. -
| Hayris and_Brand;fail tn‘confirm this, Mader, Selﬁéf'
and Sehellenbergvalso notad the creatihoganié action of
glycine but stated that thefe ﬁas_ne alteratian'in the
¢reatinine coefficient, This Reinhold et al confirmed.
_Geiatin (Kismer, West and Key) 1n¢r§aéegkthe oreatine
output and ia‘notgbiy rioh in glydiﬁa. | According to
Beard and Tripoli glyoine adminisitation tb thé primary
myopathiaﬁ or myasthenia graiia hiingarabout aistinot
clinieal improvement; at the same time'they'shdw'the 
inorease hna deareaBe in creafihuéia_mehtioned-Above.
In the secondary musoular afraphy¢’althbﬁgh the'Aitéra—
_tiana in ereatinuria are shown,,there is no real imprave~
ment, Hilhorat even fajls to nota ahangea in oreatina

vexaretxan in these secondary typaa.
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| aulzivan, Hess and Irrevere atate that urine in a
gatient with muscular dyatrophy oontazned no guanidine
but a simple guanidine complex such as ‘glycoamine vhich
on nxidatien yiéldéd,guani&ine; créatiﬁe. ﬁraatinine:«
angd arginine are unaffeeied.by:this tre&tmént 'fhe.sﬁﬁn_'
stance was not present in the urine of three cases of
myaathenia gravis, nor in normal urine. in 1936vNL
indicates that_if_ereatine.and creatxnxne are.féa.to pigs
guffering from nutritional muscular dystrophies a smaller
percentage of creatine 1g.retained than fhe_aonirois, but
the creétiniﬁe coefficient was lower and the bréatine' |
c@effiéient rose, draatiﬁe &id noi degrease ih heart
'muscle but it did in skeletal musale which. uhowed histo-
lagical dyatraphy.-. | _
, It eeems, therefore, that glycine exerts a pro- |
nounced effect on the greatine~greatinine metabblzsm in |
" the primary_myapathiee. As to the fdrmation_af créatine
 from giyqineixoefakou and Slanek believelﬁart"éf the
glycine 18 transformed to areatine;'ihilh Tripoli and
Heard Btate that arginane is aynthesisea fLrom guanidaaeetic
actd which is methyliaed and glycine suppliea the methyl
group, They attempt to show that glutamic acic form - |
| ereatine hétté? %hanvglycine;u This is denied'by Thomas,

¥ilhorat and Techner;v
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- Cur knowledge is, tneréfere, vexry unsatisfactory,
Bumeroug papers havé béen publiched with reports of a
multitude of amino neids which increase erﬁatinine B
,eliminatien, also products such as haemoglobin,
allantaxn, etc.. but the results seem rather. insuffieient
at the moment, There are still different schools; one

which believes creatine to be an end pxcéuct of exogenous

" protein catabolism, and ancther that creatime ic an

amsbolic pro&uat'which serves as an indispensable coma'
ponent @f the muscle cell. ({the latter ecpesially in view

'of the work on yhaspheereatine)

. H. Ficke and Y, Subbarow in 1929 showed that

Ghevraul’é substance creatine existed in the free form
in the form of an internal salt: mﬂthyl glyeocyamine
ANHzY

- N-CHZ . COO-

CH5
?his is easily converted into creatinine by hydrclyais.

“HN=C ._ﬁr'methyi,guani&ina acetic aeid.

tne latter being the anhydriﬁa of creatine formed by the
‘iaaa'af one moelecule gfvﬂéﬁg In neutzal or alkaline media
ereatine-—creatinine is reverﬁxble. The change takes

place gradually in acid media and is speeded up with heat
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uaiitatively»in 1520 Minutéa.'_ Gréatin& - creatinihe;
i-equilibrium is very detinitaly a function of the H-ion

conaentration. This seems to indicate a pcsezhla metabclic

-‘relatianship.,"

'Creatinine ‘can be grn%?iaally represented thus."'
| . S
. HN=¢ N = C3 Hy ON3
N(CH;:,)-CHz '

- {Mothyl glycaeyamiﬁine or 2 1mido, B kéto - 3 methyl
-Tatrshydrotmidazole)Mol W, 113, % compositionrc - 42.5;
H o s.z. 0 - 1.41; N - 37 2. | ” e

8 mvs _FUNCTION OF CREATINE:

At tirat the view was held that creatine was a waate

- product aince it was exoreted in the urine and in some

- eases in quite marked quanti*iea. Its distribution in

akeletal,mnscle was knawn as far back as Chpvreullaaz.:

‘fbut 1o significance was attached to thisa, It was merely
~«though¢ te be an ena prnduct of proteiﬂ metabolism, It
‘was known to have a relation to creatinine exeretion but
 the general cpinion was that it was o precuraor of thia

aubetance.

1855: Valenoiennes &'Fremy'reparted that the& nad found

regt;g; ne in dbmbination with phoephoric acid.
 1865: Ranke(and later in lglﬁ)regarded creatine as

aacelerating muscle activi ty.

xn 190? Sprigga maintaineu that the. greater part of
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urinary eraatinine is derived from muaeular tispue and that

4t is a praduct of the znternal atructural metaboliSm of the

musele and not of ita actﬁdty. that its quantity is proe

| portional to the mags of nermal functionally capable muscle

tissue of the body.

1906,Urana suggeated ‘that creatine existed in musele as.
a very unstabie nonaﬁialysable oolloid ‘compound rorming |
an 1ntegral part of the pratoylasm cf musele.,

Folin and Denia '14, Myers and- Fine 13, Schaffer 14,
Benedict and Gstérberg 33 - were-all of the opinion that
creatine did not exist a8 such in muacle, and in'22 Reisser
indicated that the no ¥e quickly cantracting pale muscle wago
richer in creatine than thevrad._and that the more active .
hind limb museleé-were far richer in’craagine»thaﬁ the less
active forelimbe, | | |

in 1925 Tiegs stated that greahine exiated in a upecial

.farm, i.e., 8 cyelia one in resting mnsele, and during oone

 traction was converted into a tautomer with the conventional -

formula and decidealy basia propertiea : “hé release of

’thzs neutralised 1actic acid formed auring cantraetion and

brought about relaxgt&qn.

In April 2?, howaver, ?iske & Subbarew made the moat

fundamental contribution to orantine - areatinine metabolism
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by _ang;gmc{bg that voluntsry muscle contains an unstable

”campouné; of creatine and phosphoric acid which broke down
to cre‘aﬁiﬁe and inorganic phosphate during 'gontra;ctiég
and was resynthesised dnring recovery. They named it
phaépﬁadreaﬁ ine,. -

At the same time Bggleton & Bggleton demonstrated
the pre,aemé of a very labijle form of organie phosphate,

which they labelled phosphogen, (Later showed it to play

an important part inm contractility)., Eventually the
twe subazt.ances, were ghown to be iderntical and Piske &
Bubbarow pointed out its physieal properties. According

to them phosphocreatine is made up of one molecule of

_creatine. to one molecule of phosphoric acid, It probably

. exists in the muscle cell, and as the secondary polassium

salt, It ic rather stable in alkaline mluti.bns, ‘put om
passing to the acid side there xu»ccnzv-s a gradual ,ingfreaae
in the veloeity of hydrolysis. thably» not ail é?ea‘i; ine
it present as such! Eggleton shows “ta about 20% is in
the froe state at rest and this is tredbled during stimue
iation aﬁd f'ati.gue.. .’Vol‘-,lné y, Perdimn & Feinschmidt;
Zanghi; Gorard & Tupikow; Clark: Eggl‘étm & Eggleton;
Dulieve; Grand & Peraita; Zagami, et al. bave shown

this to be present in all classes af musele; cardiac

and pmooth, tastis, spleen of mammals and birds and in

all classes of vertebrates. Kutscher & Ackermann;
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Lundsgaarﬁ et al, demonstrate yhosphearginine in 1nrertebrates
yet another factﬁr in the posaibzlity of arginlne actzng

as a precursor of craatine. Fﬁosphocreatine‘zs, therefore,
appareﬁtly presan$ whnrever craatine ig ané- represents the .

pffective chemical state of the latter, In *30 and ’31
iunaagnard-and Gégeﬁhagen‘ﬁrﬂaght about the ”revolutiaaﬁ-'

in the ehemistry of,muaculmr contraction end showed that

ph@sphagen was. the substance which supplied the enezgy
di&@ezzy for contraction whilse 1act1¢ aeld.fcmmaiigm in the
normal muscle continually provides the energy for resynthesis,
cameroﬁ in '33 suggests that vhen thisvbregkdawﬁ_af’phnsphagen

into ereatine and'phbspheric~aeiﬁ oeguté, SQme of the ¢reatine

: ié»eonﬁefted into creatinine, especially as thﬁ»a:é&tinee

'ereatihine'equilihrium is in the direstion of creatiﬁiag’in

the neutral seluti@n, and this is iucreased with an- "imreaae

in the Heion concentration, Every time the muscle contvacts,

therefore, o little erestinine is formed from ereatine.

Ths only drawback to this hypothesis ie, % .-t this ahou1d~

" give a greater ereatin:ne exeretion in people doing active

-erereioe than 2 perann at reot,  This is partislly bomne aut

by the facet that ereatinine exeretion rises immediately ‘
after exercise, but there is a cerfespondiag.dragzafterﬁarﬁs;
so that the daily creatine excretion is little affected,

There is probably another mechanism for the fermation
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 9£ erﬂatinine independen& of exeroise Tha compeneatery

: drop in excretion possibly indicates an inhibitian of this, 
'zproeess ' A certain p?opartion of the muscie creatine o
’appeara to exist aa frea creatine and this may be suffzczent

' ta account for the areatinine which is constantly produced

Creatine has a buffer;ng act1on due to the liberaticn of

'base so that there is lxttie ahange in reaction during cone .

traction and recovery phases Myerhcf & Leﬁmanmprxske &

f Subberew, OIthed & Stmpsan eto,

It is also rslated to sugar metabolism as shawn by the

i ‘praductian of hypoglynaemia in fasting dags on adminzstra- |
S tion it will also reduce the blood sugar level in a diabetie
 fasting dog in sxngle doses, . ﬂontinued feeding results in a

'-_}pronounced 1ncrease in the blood augar (Hill & Mhtt;son;.

,'[Peabady & Hili, Kﬁnalowitz. etc,)

THE gsu;;pn QF cxmmm'ro 0 _CREATINI m‘.

In vitro: Greatzne and areatinine are easily intereonvert-

‘Lble and under apprupriate conditions are readily transformed,

one into the nther. The directian and extent of this transe

formation dephnds on “the medium In neutr&l eo¢utmcns the

'reaction ig reveraible. while in acid at ordinary temperature i

creatine w—im creatinine is gradual and syeeded up with heat,

' At 12006 under'pressure it is brought about quantitatiVely

in 15—20 minutes in- alkaline aolutions oreatinine is slowly -
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'\transfarméé to creatine, The creatine ... creatinine
 aquilibrium ie very definitely one of the H igﬁvconaentgatién.’

'There ig-thus s possible metabolic relationship.

1n vivo: It ia not puasible to show the abave cnanges

and mudh'bf the evidenee to'indmeate thn relation of ereatine '

to ereatznine haa been aéduced from feedlng with creatxne and

es*imatxng the change in musele crpatine and also the alter~'

atibn in the creatine and creatin;ne exeretion in the urine.

Te thxs,end‘aﬂuonsiﬁerable amount of work has_been done on

the excéation of éteatinine'in,the urinefof mammale and

althﬁuzh.there,ha#é been various workers who deny this, it
is defiﬂitély shdﬁn noﬁ'that_BVgﬁ with & varying diet and
ﬁg-&ntake, fhe 24vhdur1y ¢reétinine output rgmains Temarkably

echstaﬁt;- This was first shown by van“Haégénhuyée &

, vbrylaégh;5'05; Shaffer; *Gégfesterberg_&’Wbif 07, Eéﬁmaﬁ@t
on the dog, eto, In 1913 Myers & Fine demonstrated this in

» the rabbit .Bat ereatine is not found in normal adult male

uri ne . -
The areatine-éreatinine relation is shown, however, in
mﬂny ways,

Dn a. prelonged erEatine~frea diet ?here i sventually &

 drop in creatinine excretion; thie is not found in short

- period alteratioms, Ringer & Raigiss'l4 showed that a low

protein diet for saveral manths'prcaueed this lowered d&ily
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“{‘creatinine excretian which was 1ndapendent in the altera-

ticn of boay weight They were uncertain whather this waa

ﬂue to a low protein diet ox 1ow creat1ne content of the

-diet to a change in the mass of muncle or tc a fall in

~the creatine content of the muscle,

Shaffer '0? had shown that where ehdogenoas catabolism

is 1ncreaaed for examplw exepthalmic goitre. the creatin&n&

cooffioient is mch below normwal, This would, hawevar. indi-
cate that creatinine'ia net'deriVed from tiseue protein.

There ave Yarious hypbtheaes as to the formation of

‘ereatine but this 1a.as‘yet unsettled, Creatine is defini-

tely not & waste product but essential for muscular cone-
traction in_thm'farm‘ﬁf phosphocreatine, Continued éubo
cutaneous administration of small doses of creating leads
to a rise in muscle creatine - lyers & ¥ine, 1913, What

is its relation to creatinine and what, therefore. is the

o original gource of urinary creatinine.

-_§Q ggﬁ OF UR; ggg ggggrxﬁxus.

It io & waste product as indzcated by the amount in the

| urine, Folinm & Klarcher in '06 deczded it wag independent

of araatine as ingested ‘ereatine produced ne ingrease in

urinary creatinine; for given in 5 gm doses it was exoreted
unchanged., ‘Babin '13 & '14, Myers & Fine (and Ringer
& Raiziss), Palladin in 1916, showed that there was some
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relation and indicated 8 dlstlnct relationahﬁp between
creatin1ne coeffzcient and the 7 creatine content of the

muscle. Work which several workers deny. e.g., Chanutin

& Kinard in '392,

The most cunclusxve and most favourable evidence comes o

from tha feeding experlmenta of Benedict & Osterberg in '

1923, on dogs, and in '26, Chanutin on man.

Benedict & Osterberg kept dogs on a creatine-free diet

- and then fed them daily for 5 = 10 weeks with‘creatine f

hydrate in 0.45 - 0,62 gram doses, The experimenta lasted

84 to 128 days, and they showed that dur;ng the fxrst week

of feeding with creatine, ‘small doses had no effect on the

creatine or creatinine ‘excretion = as shown by Folin &

" Dannis,

But in succeeding weeks there was an excretion of un-

'altered ereat ine, and‘the‘daily average output of preformed
‘ereatinine began a gradual rise. This rise persisted as

long ac the creatine administration was contirued, and was

at»one time as much as 33% above'the normal daily output.,'
When the creatzne was wlthheld. its e11m1natxon in ita
unaltered form ceased immedxately and abruptly, but, the
ereatinine output on the other hand fell as regularly and
gradually as it rose, As late as 7 weeks after the last v
administrated dose of creatine hydrate the creatinzne output

still exceeded-zts original value. - The authors point out
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that of the reta;ned oreatine (i e., creatine not
'veliminated ase such) 29 1 to 54 2% reappaared in the urine
B8 extra crpatinine."' To account for the rest of the |
~ ereatine ‘there are three poaaibilitiaa itmay be retainedwlthal

;change. may be cataboliaed 1nta end producta other than _

ereatinine or uaed anabolically in the ayntheaia of other

ahemical compounds.. The only-ghange mare‘cr 193@ proved

is ita change to creatinine. *They canclude that‘only one

of the end producta of creatinenntabol;mnia creatinine, the

.remaininy two thirds of retained material being catabolised
w'ﬁy methods which do not yield areatinine. : '

| Rose, Ellia & HElming cenducted Bimilar axper;ments

upon-two ‘human eubjects and thp-reaulta_wexe!in remarkable

'agreement with Benedict & Osterberg._;

Theae resulta gave ample evidence for the formation :

of urinary ereatinine. from tissue creatzna.

it is not, however. neceeaary that creatinine is the

B sole end preduct of creatine cataholism. But it does give

& definite arigin to urinaty areatinine.
| McClugage, Booth & Evnns. Hodgson & Lewis believe

cereatinine output to e proportional ta the mass of

,{muscle tissue. This ia. however. &enied by Chanutin & Kinard

Daniell & Hejinian, -
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ﬁnaeular aotivitx alao comea into the discussion but
thia is eliminated by tha ramarkable censtancy in the |

. daily output of ureatinine and the fact that ‘although
'there is an. increaaed creatinzne excretion 1mmeaiately

 after exerciae there is a fall later on whi ch adequateiy

compenaates.

But recently many workara ‘believe that creatinine

(and creatine) may be either endoggggua or xogengus
| metabolic produots.

Texrﬂine ot al. affirm that creatine and creatinine

‘probably arise from entirely differeni physiological

| pracesses. Also Thomas. Milhorat angd Techner.

Beard. Tripoli & Andes believe both ereatane and

_creatinine to have an enogenous origin from the amino
o acids of the diet; while Brand & Harris. Kianer, West -
1 and Key believe oreatine only is fnrmed from glycine..
R :fTerroine. however, doea regard the oreatinine as en-
'_dagenous, Loewy. Eygern and Opriseacus show that severe
'-,'muacular work 1nduces increased excretion of both total .

‘and preformed creatinine. ?hey state that creatine

only accounts for a Very small part of the rise in tota1' :’

| creatine.‘

" In this connection the whole of Benedict & Osterberg

" 15 recalled.too where they stata other end praducte may

‘-.be formed
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Eapeller-Adier & Toda find that a three to sixfold increase -

.in the urinary cutpuﬁ of methylamine occurs with creatine

feeding., Albo that ali creatinurias induce an increased
mathyiamiﬁe eﬁsretioh; They believe méthylamine’as‘weil
ae'sreatigygg;i?;a-proauet of créaﬁine met#belisng" .

Weber regards guanidcaceﬁic acid as a‘decampasi%ibn
preéuci of ecreatine.

. Creatinine is regarded by Terrocine as a product of
mineral nitrogen metabolism, ®while creatine it derived from
excess protein ﬂ;sintegratien, 'Thns»thay'are.beth endogenous,

Additional proof is that various workers, who show that

factors causing & decrease or increase in urinary creatinine,

have been shown to cause & cerresponding decrease or increase

_in‘muacle'areaﬁine. e.g;. ?alladin-&'Kudrﬁawzewa on 3 vitamine

free diet grdduced not only an increase in musele srestine,
but also an inerease in urinary oreatinine.

Struck & Visscher, however, administered 2 mg of
creatine daily to the diet of rats for 4=6 months, but this
caused no change in the creatine content of the skeletal
muscle, 1iver or heart.

Boy, however, regarde creatinine to be a measure of a

gertain mineral Eé eatabolism, while creatine ig produced

if any additional protein be utilised, shether it be em~

dogenous or sxogenous, Pariset shows creatine-creatinine



synthesis toocour during fasting in rate, But Mendel &

Re’se 'showed“ thm éynthaaia of creatine from end‘bgénous |

aourcea during starvataon more - than 20 years preViouely..

The general consensus of opinion ia, therefore. that :

’ reatinzne ia endogenous in origin.and it is generally

held that 1t 1s derived from the creatine in the tiasues. '-

Further evxdence of this 15 the 1ewered daily

| creatinine output in the myopathies which show a diminisheﬁ
ereatina content in the muacles.;, Also the work on variaus}.‘
.hermenee. fox'emnmple, Shapiro '35 %6 indicates that

.'-; injections of extracta of anteribr lobe of the pituitary |

inoreases muacle creatine. while in 1933 Benrire a

Zwarenstein ahaw that Bimilar extracts eause increased

'”elimination of urinary creatinine.

80036‘3 AND SITE g;e mﬁmﬂow OF URINARY CREATININE: .

Source: It is 'mo‘re“ or less obvious that urinary

1creatin1ne is s waste product as indicatea oy the amount

in the urine, This is probably due ta its relatien to

créatine whieh 13 playing its very signifiaant part in the

 bcdy, thua accounting for the production of such 1arga

_ amounts of creatinine (See avove),

: Site of formatgon.

Thg liver wag first thought to be the site of
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formation, the production being due to an enzyme.

Then in 1863 Neubuuer regarded its formation as due
to the influence of the aequous medium of the blood. Five
years later,Voit said 1t was simply & changé in the process
of excretion by the acid reactions of the urine. In 1901
Gerard put the responsibility on & kidney ferment and in 1907
Gottlieb and Strangassinger stated that it was formed by an
engyme in every part of the body.

Verplough, van Hoogenhuyse, Lefmann and Mellaenby all
substantiated this, but Foster & Fisher, and also Taubes
and Voegtlin, using Eck-fistula dogae, showed there was no
 change in the coreatinine excretion in memmals. This there-
fore excluded the liver.

Mellanby 1915, Meyers & Fine, 1932 Russi, disproved
the engyme theory; although conversioh of creﬁtine to creatinir
can take piace in autolysing substances when the concenti-
tion of creatine in the digesting mixture is relatively high,
but it ie not enzymatic as the change in fresh muscle is very
. much the seme as in bolled muscles.

In 1923 Hahn and Meyer concluded the change to be a
phyasiochemical one, as addition of creatine to autolysing blood
soon produced conversion to c¢reatinine at the same rate as
a phoephate buffer solution of the corresponding H-ion
concentration. Therefore creatinine is formed from creatine
whenever creatine is found or formed. 8ince most is stored

in the muscle,most of the creatinine will originate in the
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muccle
Evidently there ig an equilibrium between creatine

storev in muscle snd the creqtlnine formed fron oreatine.

Thether this ie free to enzer Ln?o an equilibrium with the

creatl inine 13 xn ob1ection rainpd against this theory, but-

in the oplnlnn of mgnu workers thie theory 15 very acceptable

- and at present the p:oblem rents upon'it.

FATE OF MUSCLE CREATINE:

There is now abundant proof that urinary creatinine can

‘be formed from musclé creatine zlthough it is not the sole

end product. , |
| Benedict & O&terberg have shown that one-third of creatine
sdministered is elimina ted oo creatinine. | '
Fﬂlln & Denl Myers and Fine, haVP observed’increasé
in muscle crcatine follcwing the creatine admlnisfratlon, but
not sufficient to_account for all the creatine, denied by
Stﬁwk &'Visééher;_amd also bhauntin & &llvetiehave stated
thétvthe creatine 1ngésfed_is deaﬁrn?eq; . 4'\ -

A

\\\

Creatinine when formed as is génerﬁlly'believed;@oStly
\\

from muscular. creatine, ev*dently is removed by the blnod

stream and conveyed to ths kidney. It was origanallykthoughﬁ

that the site of origin of urinarv creatinine was the kidnay.

In 1935 Linneweh’ suggecsted thﬂt creatinlne was obt 1ned fromr

normal blood, ana th@ asbumption th?t this was Jormed 1n\mhe
IR
RN
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‘kidneys wag superfluous, urinary excretion being, in a1l
 -probabi1ity, of preformad creatinine., Hemingway provee a fall
in creasinine excretion with increase in plasma concentration.

© In 1936 Itheshowed that with a rise of_blaod prgssura the

creatinine excretion is nérmél.,whiié,#itﬁ éiioweﬁed ﬁ1o§d-

' presaure‘ther9 fs a decreaee'in‘ereatiniﬁe chretion. But
v 'Kap1an and Smith assert that creatininv and inulin excretion
in urine were equal, regardlese of urine flow, or plasma o
creatznlne.; They regard the chanres considered &s really
evidence of change-in glomerular-aet1v1ty. ﬂltn increaaing
concentration of creatinine in plasna, a diminished proportion -
‘is removed by the kidney from the blood. 30 mgms. is the

absolute amount th&t thé Pidney-cnn remave._ It may be a pure

" filtration factor or elae a secretion faotor in elimination.

:“Bath thearies are possible (Kay and 8huhan,1933)

Domiqyez, Goldblatt and Pbmprmaxntroduced creatinine into
the bloud stream.» Thia was distributed very quickly in & large
'portion of the volumn of fluid. At first %he concentr&tion of
;creatinine in tha plasma diminisghed r&pidly, partly by kidney :
: excretion, and partly by reverﬁibla diffusion into the tissue

,} fluld. Afteruequilibriumtis reachgd_between the tiesues'and
tihe plasma the concentraﬁibn iﬁ tﬁe'piaama depénds-solely Qﬁ_
'~ the xidneys. The rate is pxﬁpoftion&l ﬁo plaéma’concénfratioﬂ .

- and oufput of exogennﬁs créatinine 1s eqﬁﬁl to intake Qf )
engenous ereatinine. (Dameron. aoses Gf créatinine ingeated

" are eliminated in 24 houre)
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Goudemit, Jnr, kept dogs under amytal With'urinary'

excretion maintained by continuous intravenous saline; and

the concentration of chromogenic material (apparentvcreatinine)

in arterial and renal venous bléod,dhd in ﬁriaeygas estimated.

- 1t was invariably lower in the venous blood returning'frém

the kidney then in arterial blood by 0.08-0.21 mg. per 100 .

This deereaae averaged 11% of the concentration in atefi&ll_

‘blood and 1s of the same order as the extraction percentage af

1n39cted or ingested creatinine.

From the above evidence it seems fairly clear that the

~ kidney merely excretes creatinine, which is brought there as
' such; and the amount exoreted depends on’therplaem& concen—

tration.

 BIGNIFICANCE OF UR‘NARY fRFATIHIHE' -

In 1805 Folin ahowed.that creatinine is the only nmtro—

genous product which does not undergo diminution_when the

‘ protein'in the}diet is reduced. Frqm this he concluded that |

creatinine must be the product Qf;@ very special type of

) protein metaboiigm which prpceéde_at & ﬁnkform rate in all

living protoplasm “of the body". He calls thie process
Endogenous Metaboliém‘and that_it is‘anindex of #he total normal
tissue metébolisml This'daiiy outpufuia'more or less coﬁstaht,
bﬁt it 18 in a1l probebility produced largely by endogenéus ‘
metabolism. Olneely'related ﬁo this metabo}iam'is.the conetant

ﬁuscular activity in the body, and it seemslreasonable-that
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it may be due to'the'end056h0u8~metaboliﬁmfof any. other
nitrogenoue compound in the body such as creatinine.

In 1808 Schaffer et al, refused %0 aecept Folin 8 viewe,v

SR -1 - he showed in exopthalmic goitre patiente thut total tissue

»j metabo1ism hag no effect on creatinine, but it was postulated |
'that in disease of the muscles there is a direct parallelism o
between the creatinine coefficient, (creatinine in mge. sz

; Weight in Kgms) of an 1ndividual nnd hie muscul&r development. B
Schaffer suggeeted therefore that creatinine 15 not derived
from,nor is an idea of, totai endogenous oaeaboliSm but of one.

‘part of this catabolism - the'muscle catabolio procasa.

This has been especlally borne out by the fact that the

g main source of creatine is the muscle where it ia found as

| '_phosphocreatine and is continually beinp broken up into creatine
and phosphoric acid. L |

'fA 1907 sprigga, 1910 Patnn, oonoluded that creatinine is 8

;prnduct of the internal structural metabolxsm of the muscle,

~and not of iteaotivity." .
| 'v’ In 1913 uyers and Fine and in 1916 Palladin, show that a
high or low percentage of body creatine is correl&ted respecw
tively with a low or high creatinine coefficient.v " This

',paralleliem strongly suggestu that there exxets a constant

‘.relation between the amount of cre&tine in the body and the 3
mbe of creatinine exvretion. " |

There is however, althau?h the above is accepted; no'_

definite proof that creatine of the muscles gives rise to’
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'creatininé of the urine. The work of Eengdict & Osterberg

leaves no loophole for criticism and it is uhiversally

~uccepted that creatine can,and does give rise to creatinine in

the body . Sinee'by far the m&jor'part of thevcieatine in the

body is in the musrlea, and ﬁlace such & larpe amount of

'creatinine is excreted daily. and &130 cases of muscular

atrophy, e.g. in the myopathies where a lowered creatinine

;content of. thp urine is dssociated with a lowered creatine

,.content cf-the muscles, it seens. f&lriy reason&ble to assume_

that the. source nf creatinine is fram muscular creatine.
There are however dissentients, e.g. E.F. Terrgine and

H;champagne, whoregard-creatinine as a product of the universal

"~ nitrogen metaboliem - i;e.'cf endogenoué protein origin.
- Therefore, élthough the_actual-origin of creatinine is dis-
| puted,it is nevertheless univeisally regarded as endogencus in

origin; thetéby creatinine metabbiism,would act:as an index

of andogeﬁeusfproteinfmetabolismﬂsinee the'daily output in the
human is rore er less conetant at about 1.5 gms per twenty-four
hours. Thie was first shown by Folin in 1906. He stated that

on a meat-free diet there.wasva constant quantity exereted,

which varied in different individuals, but was wholly inde-

| pendent of quantitative changes in’the total amount of nitrogen

excreted. He also showed that changee in urinary volume t®,

have no effect on the amount eliminated and that though the

percentage of.cfeaﬁiﬁine.might‘vary‘over'different periods of |

the day, the 34-hourly output wae remarkably constant. o
| B ' This. ..
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This wes confirmed by van Ho@genhuyse'& Verplough; _A 
Shaffer; Osterberg and Wolf, Lefmenn & Bhaffer on the. dog

' ahd man, and Myers & ?ine‘on thé rabbit.

But Behulz in 1821 and Zuarenatein in. 1936, showed that
there were marked variations. The latter's theories have now

given way %o a definitely established‘and universally recog-

} niSed féct'that;“with‘a changing diet and nitrogehous ihtake,"

the creatine output for daye and wepks does not vary by more

'thanflo%

Urinary créatinine therefore provides an extremely valuable

index to endogepous prcteinvmetaboliam, and alterations in

the amount excreted indicates some alteration in endogenous -

protein metabolism,‘

The endocrinea have, for a coneiderable,perind,'beenjknown~
to exert a controlling actibn of & ohémical'naturé on'the |
functions of the body. Ag scientific knewledge has progresaed

inveetigation hag revealed a close inter-relation between the

v ductlese glands. It»ia a well eet&blished fact that the earba—

. hydrate metabollsm is controlled to a very 1arge extent by the

rotions of the glands of internal eeoretion. fat metabolism and

 protein met&balism have.not been shown to have such & cloae'

connectibn, jét there:ia sufficient evidence to indicate that

- the endocrines do play a part in their metabolism

These stuaies recorded here 1ndicate this relationahip of

the...



“w

*

- 30 -

the different endocrines to protein metabolism by observing

that various endocrine glands alter the normal constant

~créatinine eicretion, and by so dqing are altering the endogenf

ous protein metaboliam. 

THE GONADS AND PROTELN METABOLIGM:

Cﬁratullo'and.Tarulli in 1885 could find no change 1n.
the urinary nitrogen of a'bitch th:ee‘montha after oastfation.
In 1898 Perizani indicated a‘diminution in the nitrogen and
urea excreted two to three months after ovariectomising a

bitch, but uﬁthje four years later was also unable to find

‘any change in the nitrogenous velance of castrated dogé.

In 1913 Xalestinov and also Zuntz showed a post castration
decresase after seven weeké, and two yeare respectively, wherecas

Korenchevsky in 1825 found a‘deereaee'in nitrogenous metabolism

| in his_”fat“ cestrated dogs, and a slight or no decrease in

his "thin" castrated dogs.

These results were all in the nature of gonflectomy, but
the first experiments on the effects of injection of testioular
tissue were done by Brown-8equard who, in 1889, when aged
78, injected a very4d11ﬁte crude aequous extract into himself.
He claimed remarkable return of physical and mental endurance anc

normal intestinal function for four weeks. This was repeated

by Pregl in 1896 and Zoth in 1898, with the Brown-Sequard

extract plus glycerol. The results are not convincing, and

are probably due to suggestion. They have never been confirmed.
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| Korencheveky (1931 1925 and 1938) et al. produced an
ﬂincreased nitrogen excretion with crude emulsions from testes
t.or prostate tissue. He olaims thdt the testla acts as &

synerglst, and the. prostate as the active agent He limits_

t;,the protein-metabolism stimulating hormone to a crude lipin’

frdctlon from bull's testes and prostate, end suggests th&t
‘thp gonads are involved in regul&ting body temperature. He

~ suggests Lwo hormonal factore, one from seminiferous tubules
3>and the other from Leydig cells. - 4

In 19%2 he regarda the high B. M R. to be due to rapid

' resorption o'r thesp eeminiferous relle. He shows obestty in
n(castrated rats, thie however is not confirmed hy Halt Yeoton
end Vennesland in 1936.

ThiS“&bove is suggestiie of teéﬁis tissue control of

'_ proteln metabolism, but more specific is the action on creatine -

<

' 'cremt1nine metdbolism which has been inveuﬁigated reoently.
In 19?7 Tsun - chee - Bhen could Lind no change in creatine '
E metaballsm after castration in dogs and albino rats. . Bug in o
'-1931 ‘Read worked on the’ metabolinm of emnuchs and found that
- yrepuberal eagt&ation 1nduced a continuanve into &dult 1ife
of prepuberal cremtinurlahut that pos%~pubera1 c&strat1on did -
not result in & creatinuria. " ' o ,
Lasch &'also Remen indic&ted,'inflgﬁz, thé'effécté_o$v 

ovarien and festicular function-on‘créatine metab@lism,bﬁt it

 mes as early as 1911 that Krause and Cramer were the firet to

”_ point out th&t in contrast to normalvman, normal wamen on &

:;creatine—free diet,excrete intermittentiy_smail amqunts-of-

ST, ‘cresting. ..
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ereatine. This appears to be associated with a relatively
roor development of the female sex in so far as muscle is

concerned, according to these workers.

During pregnancy the intermittent creatinuria of the
normal woman becomes & continuous one, and aftei delivery the
crentine excretion rises even above the pregnancy level.

In 1835 Kochakian and Murlin produced & decrease in pro-

tein metabolism with concentrates of male urine.

CREATINE TOLERANGCE AND 1088 OF GONDAL CONTROL:

Remen injected 500 mgm. of creatine into normal adult men .
between the ages of 20 and 50,and no gresater creatine ex-
cretion followed than before injection. But in older men,
:ged 70 to 90, with failing sex functions, there is & decreased
tolerance as found algo in older women, eunuchs, infants and
children. Yasch, aﬁd also Buhler, confirm thece findings.

In 1933 Schrire and Zwarenstein report that castrated rabbits
alsq show a low tolerance to subcutaneous injection of large
émounts of creatine. Bﬁhler the same yeur counteracted the
effects of loes of sex function in relation to creatine toler-~
ence by injecting “"Progynon" and "Proviron® inﬁo female s

and males respectively.

In 1935 .Kun and Peczenik indicate a sex specificily
in the control of creatine metabolism. They give Q.4 mgm.

creatine per os to post-puberally castrated rate, and produce

[
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N:} creatznuri& which they did not obtain in uormal rats. ,
Injection of 35 units of "Proviron“ (prepared from adult male
urine «- Schering - Kahlbaum) aotually increased the creatine
excretion, but 30 to 1?5 units decreased the creatine centent.
| . They show that only}in diqestrus-is the ﬁrlne of the
:female rat free ffom'creatine._-ﬁfter caetratinn the cfeatihe
_dieappeared from the urine, only to reappear if #folliculin"
 were *ngeeted. Fclliculin (theolin or oestrin) increaaed the
- ecreatinuria in ma]e castrates even if no creatine were 1ngested.
| They canclude that the mnle sex hormone regul&tes the destruca
tion, and the female eex_hormone the formation, of‘creatine.
Kaéhakian and Murliﬁ'report ih the same year, fhat casﬁl
trated dogs did not excrete ereatine if on a crestine»free
diet thus indicating that the c?stration does not affect
,.endogenous creatine met&bolism,_but that the castrate may not

be able to fix endogenousiereatiﬁé'ae well as the normel mele. .

AEATINIRE EX(‘RFTIDE AND LOSS OF GONADAL CONTROL:

In 1933 Sohrire and Zwarenst°in obmerved 2 definite and
'steady rise in_creatinine elimindtion after cestration. Thic
" appears after & iafent period and_npt immediateij_after» :
R g@nadectom?.  Tﬁey'suggested that pfﬁﬁﬁﬁably the testis was sec-
;~dreabing some gubstance into uhe body which to a certain
_extent, controls the eliminatlon of creatznine._ Thiq possibly
t5 on some other endocrinc.l The poaﬁ_c&stratipn_rise was from 28

' to.. .‘
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v_fo 50%. In the female 1t wos 50—40%. It ie veryviﬁte:eSting
to note that the castration effoct only apﬁeérs in-nine months
in the female, whereas‘it appesrs in three.months'in the ﬁ&1e.
Injection'ofkovariﬁn'or testicular éxtréctalﬁéépectively |
causes the high ﬁrin&ry-cxeaﬁinine to fail to the‘precaétratién
evels. | | " |
| In 1935 Shapiro and Zwarensfein were, however unable to
produce any ohange in musole creatine fellowing caatratxon in -
frogs - Xenopus laevxs. They offer the suggestions that there
is a species differpnce in X@nopus 1aevis and the rabbit, or
. that the testes and ovuries in the toad hane no influenee on
creatine - oredtinine met&bolism. or ‘that the postulate that
l the increase in uranary ﬂreatinine after caatration is due to
| alteratzon in muscle creatine,ie 1ncorrect. This latfer'is,
however, hardly tenable in view of the creatxne—creatinine
relationship mentioned befere, and’ alco, as is shewn later,
lhypophysectomy is fgllawed by a.change in muscle creat1ne.
Braier's work has an impcrfant}ﬁearingfan this'fmr_he obtained
& fall‘ih urinary creatininevfollowingbthe removal df.the_
pituitary in dogs. | _ ' |

ﬁnother suggestion may be offered that ﬁhere 18 a decrease
in muscla creatine following captivity due to a passible 7
lowered creatineophosphate content, and that the hypertrophy

- of the pituit&ry maintqins_the oreatine, level which otherwise

- woﬁ1d1fal1.

CREAT INIHE....-
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. CREATININE EXCRETION AND IMPLANTATION OF TESTES:

Schrire‘and‘Zwarenstéin implanted testes into oae-
trated rabbits and produced a fall in the high creatinine
excreticn down to normal 1evels.. Subsequent removal of fhe' -

graft led to»re&ppcaranoevof the usual castration effects,

~ that is, an increaned creatinine excretion._‘This aleo sug;
- gested & hormonal relationship between the gonads and creatinxne

: metabolism by action on another gland. _

;ﬁJF“wEOH OF FKTRAGT* AXD. cnrn ININE METABOLISﬁ:v
‘ in mmles saline susppnsion of testee and also testicular

extracte reduce the ligh creatinine excretion in animals to

:the precastration level, and in famalea ﬁaline susppnsion of -

 ovaries or ovarian extract will do the same.

1here is therefore the very highly suggeetive evld?nce

of a gonadal control of creatinine metabolism, and rhe pogsi-

bility that cr@atine varies inveraely ag oreatinine in the urine

of nnrmal and castrated medlé rabbits.

' ﬂ_gﬂrmagaa PITUITARY. -

The first evidence of the relation of the pltuitary to
metebclism were the ciinical features in hypopituitarism. .

In 1901 Frolich &escrLde 8 disease which now bpars his name,

_and which ih associated with hypofunbtaonf Bofore him, in

1894, Tamburini had déscribed]what ;s“npw}known aa.over—

secretion of the-éosinophil eells,'huﬁfhe 6onfused iﬁ with

. myxodema.:-

© Paulesco...
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Paulesco, in 1907, demonstrated that removal of the
pituitary led to muscular weakness, loss of.weight and death.
‘This, in 1914, was again described by Simmonds. He reported
atrophy of the kidneye, ovaries, pancreas and liver, but today
4t ig realised that the general musculur weakness is associated
with atrophy of all the other endocrines, and a resultant
generalﬁaed wasting and atrophy of the whole body. Therefére,
at lenst indirectly, the pituiﬁary must control creatine and
creatinine metabolism, but it seems, according to further
evidence and also to the results recurdéd here, that the

pituitary exerts a direct infiuence on creatinine metabolism.

ANTERIOR PITUITARY - CREATININE METABOLISM:

In 1931 Braier produced the first conclusive experidental
praoof that the hypophysis hes u control over creatinine
metabolism as removal led to a merked decrease in urinary
creatinine. Ke showed & loss of Bsﬁrin hypophysectomised . dogs
a8 compﬁred with controls,and & decrease of 25-40% in fasting
dogs on hypophysectomy. Two years later Schrire and Zwarengtein
suggested that the inoressed excretion of creatinine following
castration is due to the concomitant hypertrophy of the anterior
lobe of the pituitary. To confim this they injected pitulitery
atracts into normel male and female rabbits. The creatinine
excretion rose. If thie extractwere injected into a castrated
rabbit shawing'an increased creatinine excretion, the anterior
pituitary extrscts huve no effect. Thay suggest, therebre, that
there is an exceses secretion of the anterior pltuitary and

that...
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uhat any further extracts wil; havo no ef*ect sn an. animal
whose pituiﬁary in already. producing amounts of the aormone
in excees of that required. S

In 1935 Shapiro and Zwarenstein, working on Xenopus 1aevis

‘f_A and muscle creatine produve a: alow &ecrcace in muscle creatine

jconaentration following hypOphysectomy, and show that this ie
due to loss of the anterior—pituitary alane. This toak place
'over & leng period and they suggesﬁ a possible antprior
"pltuitary - ganad&l relaﬁionship. Injections of anterior
pituitarv extract (Bellerhy) in aéa‘l dosea over & prolonped |
period glve rige to an inoreased ‘muscle creatine whereas acute
~ doses have no effect.,, '_ _ | o

’ in 1934 Marenzi obta1ned a decrease 1n phorphagen of 3%%
following anterlar pituitary removul, whi]e Shapira and Zwaren—'
steints Liguree were thcse af o loss of ]5% for total crpatine
in muscle. | | | '
From the above it ise. &een thut urinary creatinine and also
- muscle creatine are 1qcreasod by antez;or pltuitary axtrect

and deoreased-ny removal of the pitu1tary. This evidence does
suggest a control of the cxegtinine excretion by the-pituitary
to some extent. As the gonads also aﬁpeér %o be involved in

' creatinine excretion the posb4bllity of an anterior—pituitary*

gonadal conurol is 8 very strongly suggcsted possibility.

| TESTIS ...
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TESTIS - ANTERIOR PITUITARY RELATIONSHIP:

There are inoumerable c¢linical and experimental studies

to indicate this relationship, especially since Collig pub-
lishéd higs resulte in 1935, postulating the action of different
hormones produced by the anterior pltuitery, that is, the
gonadotropic, thyregtropic, parathyrotropioc, adrenotropic and
the different pancreatotropic hormones,acting on the particular
gland whose name they bear. Removal of the anterior lobe of
the pituitary brings aboui atrophy of all the glands mentioned,
and each of the specific hormones produces hypertrophy of the
.giand it controls if this particular preparation ig injected.
On the othervhand, gonadectomy leads to anhypophjeeal
hypertrophy which is associated with characteristic histological
changes in the anterior lobe, and with alterations in the
physiologicﬁi activity. This hypertrophy wae first shown by
Fischera in 1905, but twelve years later, Addison demongtrated
the extent of hypeitrophy. this ie shown to be an increase in
gize and number of the basophils which later undergo vacuolisa~-
tion with development of signet ring or so-celled ‘“castration®
cells (Thess also have been shown to develop during pregnancy).
Physiological changes involve increased content or
secretion of gonmdotropic hormones. This can be demonstrated
by implantatiorn experiments, high concentration of the gonado-
tropic substances in the urine after castration, or by para-
biosis studies on gonadectomised rats and mice, and observing

the changes. in the gonads of the normal male and in the

£ % o o tm e R



- 39 -

f/xl .
acceEsgory nrgans in both animals. For a eonsider&ble time it

hae bé;n held that the gonads exert an inhibitory effect on

the pituitary, and thxs is generally postulated. In these
studies here thie inhibitory amction of the gonade on the ‘
antericr pituitary is alsp stressed as it has a definite bearing_

on the reaulta obt&ined and their interpretation.

(a) Histological changes. These changes can be inhibited in
the castraote by injection of the different male sex hormones
as shewn by Holweg, Dolern, MeCullagh, ¥Walgh, Welson et al,
hut the majority fiﬁd‘that pure'synthefic rale sex hormnhes.
requireffive timee the dése as those with t;&ces‘nf ocestrogenic
material. This, and other wqu,;seems to indicate a biological
role for the presence of oeétrogenic'maieriai in ﬁhé male, the
combined action of known androgeﬁic:and oestrogenié_subetance
being sufficient to wgeount for natural control of the anterior
pituitary (Heison'&vcallagher); | ’

'Steyn, He:m&nn; Steinach, Sand, Hoore and Price, Lipschitsg,

Gallagher & Kock et al shew that the antagonistic effect exerted

by the gonads of one sex on the gonads of the other sex is not

& direct one, but acts through inhibiting the gonad-stimulating
activity of the anterior. pituitary of the other{ This hae been
confirmed repeqtedlg, but will not be quite so 51mple ir the
results of Kisaw, wolfe, Clark, Pfeiffer et al aTe conflrmed as
they suggest that the adult male rate anteriur pituitary ¢ontains

the follicle stimulating bormone. _
(p) ...
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(b) Implantation: 8mith, Zondek, Ascheim, Evane, Simpson,

Engle, Meyer, Leonard, to name & few workers, establish &
defirite anterior pituitary - gonadal relationship by implan-
tetion experiments. They indicete that the hypophysis of the
gonadectomised rat shows greater activisy than that of the
non-castrate. They also conclude that the female pltuitary is

more e@sily depressed by cestrin than the mrle anterior lobe.

(c) Parabicsis Studies: Matsuyama, Yatsu, Goti, Fels and
Kallas, Martin & Rocha; Nelson, McCullegh, Walsh} Witechi,
Levine and Hill;, Moltrem and Crizmer, all indicate & control of
the anterior lobe by either one gonad or the other or the
hormone produced by it. From all these studies the general
conclusion arrived at is thuat known testicular end urinary
male sex hormonal preparations cen inhibit the hyppphysea-:-
gonad stimulating activity. The dosage however is tremendous
and is 8t lenst five times for the male as the female.

Oestrogenic substances on the basis of weight are more

potent, but the dose for the male is also approximately that

for the femalé.

There is coneiderable evidence‘however that another
substance is elaborated byvthe testis. This X-substance of the
Lgqueur School aprears to be active in the immature animal but
does not act on the accessory cex drgans. In the control of
the anterior lobe it appears to be more effective, or eise
higher concentrations thereof exist in the testies tissue than
of the known androgens. The subgctance seems to disappear from

tlle. L ]
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- the‘tésteﬂ with destruction of the geminiferous tubules{Kochi,

- _(ﬁ),nge invo1ved'effects;v There are several more involved

}effecté to 1ndiéa€e this‘antefio: pituiparyfgénadal relation-
ship, and it is the aim of the studies recorded here to give

, conclusive evidence of this relationship with regard to

' -cre&tinine metaboliam.

" There are known differences in greatina and creatinine

axcretion in relgtion to sex and puberty, and natura}ly suggest

a control of creatininé eieretion by the male:eex.ﬁormonéé

and the pituitary;_Theﬁé"will bhe discﬁsaei.latef'under*the

Creatinurias.-' ’- o | S
Hoskine, in 1911, wae the. first to Buggest thebinhibitory

._conttol of the pituitary by the gonads, &nd when this inhibztion

.was removed the pituitary manifests itaelf by increasnd .

- sctivity le&ﬂing t0 altered metaboliem. This has been proved

'iand the histol@gical picture of pituitary hypertrophy has besn

' diacussed ehortly. gehrire and éwarenstein demonatrate an '

”increased creatinine excretion in gonadectomised rabbits hoth

male and femele.: The period before the increased excretion

;~varies'however, iﬁ'the male 1t is eight'weeks, while in the

- femele it is 9 months. This agrees with the work of Hatai in

1913.who produced pituitary hypertrophy in male rabbits 20 days
i'¢aftex castration, whereas 9 months were required before hyper—
-"-trophy developed {n the female (Wolfe 1935) ' |

The observatians of Braier: (1931) who hypophyseotomised -

}dbga and produced & marked fall in creatinine.excretion after
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& short latent period fite in nell with this hypothesis. -

Hig was the first conclueive evidence that the pituitary w&e

B associated with ereatinine metabolism.

Shapiro and Zwarenstein uere, however, not able to demon- .
strate an increased muscle creatine followinp castration, but
the other workers all suggest an anterior~pituitary~gonad&1
relationship._ : | | | |

Fcllowing on this Kun & Peezenik in the same year‘pro-
duced a oreatinuria in post~puberu11y caetrated rats 1f 0.4 mgm.
, jcreatine were given per os._This did hot- happen in normal

| rats, Large dogesa of Proviron (Schering—xahlbaum) decrease
’-thevcreatine content. During the whole oeatrua cycle, with
the exceptxan of dioestrus, creatine in present in the urine.
This 1ndicates yet another step in the anterior pituitary-
gonadal control. _ - | o

After castratlon, creatine disappears from the urine only
"to reappear if folliculin isg injected, foliieulin also increae~
~ ing the crgatinuria.in the,malg castrate, even if no creatina _
- was ingestéd; _Theée_workere,euggest*thut castrated’dogs-aré

not able to fix exogenocus creatiﬂe as the'normal'dog does.

| BUMMARY: | I

. 1t has been shomn fhap the‘anteribr—pitQitary and the

~ gonads are closely 1nterré1ated in‘fhat: | -

(a) the gonnde exert an inhibitory function on the pituitaryf
| as shown by the hypertroghy of the pituitary follawing

castration...-
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castration, and the appearance of castration cells.
-;_(b) the gonads atrophy following hypophyseeﬁomy and
hypertrophy following hypersecretion of the pltultary.
(e) removal of the anterior-pituxtary results in a de~
creased urinary creatinine and s dearaase in muscle
'creatlne. o | | |
‘(d) injection of énterioi pituitary'extfacté produce aﬁ }
increased muscle creatine and an increased urin@ry -
“creatinine. , ‘ _ _ .
(e) Anterior pituitary extracts produce a high orestinine
excretion in the normal but not in the caatrated
anlmals. » " |
| fhus the evidence is indeed suggestive of an anterior
pituitary gonad&l relatianship in the control af creatinine

metabolmm.
_- Thxro ig,- _ -
It 15, hawever necessary, in an introduction of this

_nature. to review the actions of the oﬁher endocrines 88
these may also throw ¢1ght on the control of crpatinine
metaboliam., _ | _ | |
Besides the_testeé and pituitary much wmrk'haé>been done
on the contrdl‘of metabolism in general by'ﬁhelendocrines,
- but in the studies recordéd here only the reiation of the
endocrines to creatinine metabolism is discussed v
‘One of the earliest evidences of this relqtion was the
abservation of Schmffer in 1907 that a creatinuria occurred '
in exopthalmic goitre, 1910 Krause and cramer - creatinuria_

in...-
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in diabetes mellitus was deménetrated.'_ |
" From an experimpntal poxnt of view this was followed up
by Frontali who produced a creatinurza following thyr01d~
| eptomy in dogs. - Meanwhlle & year previously, 1912 Kv&use &
Cramer had confirmed Schaffer's observation in that en experi-
mentéi hypoihyroidism would also prddﬁce 8 creatiﬁuiia;'and two :
years following this Hunter confirmed Frontall‘s work on sheep.
| - The adrenals were the next endocrine, and in 1915 Tsuji
administered repeated and bxg doses of adrenalin and produced .
& creatinuria together w;th an 1ncreased output of creatinine.
| To deal with each gland separately.-
Thzroid’ ‘ N '
Ag shown above, Schaffer and later, 1917 Denis, and
'also 1981 Kepler and Boothby. demonetrated a creatinuria in
exopthalmos. Experimentaliy Frontali and Hunter obtained the,
“same result on'remqving thé:thyroid gland and sugéested that
it wae due to a diminution in the creatine content of the |
 musd1e. Thie ‘is conﬁradicted}byaPoncher, Vissehef and'Wbo@wqrd
1934; in that a hypothyroidism in young children induces & |
decrease in or eoﬁpleté'cess&tion of the creatiné;_ Throid
; exfraot retufné thie to normal.‘andvthis occﬁis before the
increase in B.M.R. " | : _
Krause & Gramer, Beumer & Iseke Gross & Steenbach and

later Eimer, Kepler. and Boothby. Bugsley Anderson & Colldp also

"»'produce & creatinuria on. feeding thyroid gland._i

In 1930 Abelin & Spiehtmn, in 1935 Bodansky, fed thyroid to

rats...
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'rats and producad a fall 1n tbe muacle creating, the latter,
8 devreaae of &s much as 30% Thia decrease aleo accurred
1n heart muscﬂe. Theae @hanges took place not in the‘acute
;adminiatratinn but with long continued feeding. rPhoéphocreatine

fell even more (Pug¢1ey Aniersan & Gollip 1934 ). | |
lt seema, however, that muecle creatlne is decregsed
‘eithér by hyper— or hypothyroidism, from the above data, and
g alEQ that the. thyrotropic harmone 1nduced a creatinuria in
normul or hypophysec%omtsed rats (Andersan &, Collip)

Palmeri c&rsan and Sloan adm&nistered iodine to- exop«
’thalmac goiﬁre p&tientﬁ,.the reSultant raduction in the B
crmat1ne output they mttribured to the improvement 1n the L
vphysical aondition of the patient. The low toleranc@ of
'thyretoylc patients to creatine is raised by administr¢tion
of iodine, or by purtial thyroidectomy, and tha hivh tolerance
of the myxoed group loworpd by the administration of Thyroid |
(Thorn 19é8) | | |

Prﬂntano ﬂhowcﬂ 2 c*eatlnuzxa with thyxozine feeding,
and Hedrick and Rimer independently in severe cases‘af
'ﬁmsa&ow 8 diseaee a low creat;nine excretion unzversally
_ preportion&1 to the invrease in the E.u R.
| The weight of - evidence is not howevar su?fic1ent to

‘ {ndicate a hormonal gontrol.

 parathyroid. Paton & Findlay's views that guanidine snd

Amethyl'guanidine formed inert creatine in the abeéncé'of'the
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p&rathyroidvhave.been séverely-ériticiéed; Henderson,

 Palladin &nd Griliches show an increase in musdle—creatine 

foliowing thyrdparéthwoidectomy,.but in contrast Imrie énd_ |

Jenkinsoﬁ report a'decreaée wifh’paratheridectdmj oﬁly. 
‘Brown and Imrie and Jen?inson have'wérked'maiﬁiy oﬁ

the phosphecrpatine and by adminisferinp creatina to rats.

reduce the,phcaplate output This is probably due to creatine*

phos?hate>fofmation. Injeotion of paraihcrmone some . time

before the creatzne is administered reaults in a et111 more

'marked decr@&se in- phoephate excretion. They 8is0 show some

relation to c“eatine-phosphate metabolxsm by removing the

parathyroide®in these animals the muscle phosphagen which ie
now low can be rnised to normal 1Pvels by injecting parathormone.
The rate of phosphagen resynthesia,which is ulao low in thoee

animals is restored to norm&l.

gancreag _

Krause and Cramer in 1910 huae had their renort of

‘oreatlnuria in dl&bé%es millitus repeatedly confirmed.

Gprbla_believes.that the creatinuria which followe'coﬁplete
ext&bpation of the pénore ag ie due to an upset in absorption |
due to lose of the extern&l secretion&.

This, however. is vontradicted by the injection of . insulin
into pancreatectomised doge and diminishxng the creatinuria. |
Beeidec this KOpolwitz in 1930 injected insulin into a diabetic

and produced a fall in the creatinp oontent of Whole blood.

‘ (With regurd to this, however, one musi consider the diffi~



| fpultiﬂc in éreatihé estimstibn:in'whole blood)

Is tne creatinuria of aiabetigL asgsociated with & de-
creaee in muscle. creatzne; for Duliere demonstrated & diminution
in phosphagen in muscle ufter insulin inJection, yet four years
later. in 1932, Moschini coulu obrerve no change?

hasociateu with th:e is carbohydratn metabolism and
"Brentano Aounc a close carrelation between creatinuria and
glycogen control of skeletel muscle, In all cases where muscle
glycogen ie decreased there ie a,creatinuria. ‘But Brentano
maintéins that it 15 due. to the rate of.reduction of ﬁuécle
glycogen. Liver glycogen iévnot-felaied to thé creatinﬁri&.:
Brentano; also Qﬁérol andiﬁeuter;vSteinitz~&'8£eiﬁfeld,'indicgte
tﬁab&njections*of adrenalin fail to indreasé the biodd lactic
aoid if there is & oonéitaon cousing creatinuria. in aoute
creatinuria some alterdtion in carbchydzate—metabolism can be
detected. Rigo and Frey flnu that ingectiong of drenaiin
'cauSe.a'débréase-in'the toéﬁl ereatinine, creatine end unorganic
phosphate. | ._ _ | .‘_ |

' It seems, therefore, that (vide ﬂunter,ﬁoge) aaequate

carbchydwute 1& necess ary. to prevent creatiaux;a since phesphagen

-,
48 resynthesis ed at the ﬂxppnge of energy derived from the

’ _L;transfarmutlon of &chogen to 1actic acid.

' Adrenals.

Clinioalij we find evidﬁnve. ofiahe relution of the adrenal
to creatine and creat;nine 1n'nh&t one of the sympﬁams of

‘Addisonfs‘d PGdSP is myaSuhenl Y g and hc”suggestion'offeredf

Above is that it mig;mi be due to en Anterferedce with the
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phosphagen gycle. Following on this a great deal of work was

done- on creatine—phoephoric arid,and the muscle creatine and .

urinary creatznine ‘not 1nvest1gated tn any aytent.

‘ ,Adrenalectomz..- ,; : ; .

Althongh Lang 8 findings cf a fall of 33p 1n phOSphocreatine

in cats follbwing adrenalectomy were confirmed by Ochos and

-Grande, cope Corkhill, Marks & Ochoa, who alsa report 8 de-.

creased rate of phoephagen breakdown, and that less work 15

. done ,Lundegaard and #¥ilson failed to dfmonstrate this in

‘bzlaterally gﬁrenalectomised eats. Lang indlcates that creatine

\

. and oreatinine are not changed.

\

njectlon of nxtracts on a) hosghagen.

Akatsuka describes the above ef fecte as due tc medulla
insufficlency rdther th&n cortscal. This statement 18 borne
out by the warP of Feinechmldt & Ferdman, whc‘obtained &n, |

increased rata of phosphagen bxeakdown on in;ecting Ppinephérine.

'But in. 1930 Cori was unable to alter the phosphagen with
wvintravenoue adrgnalin. Four years later_uosehini, using
 Eicortone {Alien & Hénbﬁry's prepar&tionvof:fhe aﬂrena1vcoftex)
.‘producéd_a risé of 15% in muscle phbsphagen‘if'iﬁjected into

'normal.fiogs. He was not able to keep adrenalecﬁomised_frogs

alive with this preparatzon., RNor oouid'he r&ise thelphnsphagen

»oontent in these froga.

Indovina and Baena lengthen the time of exhaustion in rats

R at wor& by inaectzng cortioal extract. Thevdecxease-in musclev"

glycogen»&n@ increase in non-protein N is'sﬁaller than in-
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non»injecigd enimale.
(b)

: Abderbalden and Buadze produced & creatinuriu and 1ncreased

reatinine”ézcretion:_ Teuji Palladin & Tichwinskaja,,>

creatinine output with continuaus adrenalin injeetions..

- Rigo & Frey ,however, produce & deoreaae in- total ¢reatine
‘and creatinine and inerganic phoaphorus 1n blood but the
preformed creatinine&tctal acid phosphorua is not affected.”
ALucia and Stolfi found that the nitrogenous constitu&ntsof ,

O~ urine are not altered by inpction of adrenalin. But Brentano

o and also Querol and Reuter show that if the blsad laotio ,

’acid doee not rise appreciably ‘ollowing adr@nalin adminis—
j trption,_the}g1ycogen contenﬁ,of_the muscle_is,low_and
vcreatinurié décnrs., They*aleo add thét 1ﬁ aeuteréreatinuria
f:some alteration in cprbahydrate met&bolism may be almost alwa&s
detectedd | |
PugsleyAnderson & Gollye also were unable to produce any
Jffect on crpatinine with adenotropzn harmone. i
Hales, haslerud and Ingle adrenmlectomihed rats which
36 hours afterWurds developei fatigue, after performing normally
vat fivnt. They called this adrenalin srock. Adrenal cortex
extracts could prevent or reverse this 1&11ur9. They also

'experxmented with grafts and concluded that work ceapacity does

."not depend on mobiliszction of adrenalin from the medulla. The
cortical tissue in the transplants}dlﬁ\not degengrate &8 the
_ﬁgdulla tiésue di¢g'ahd;therqfdrérthe édrtéx seems fé,be implir '
cated in the-coﬁtfoi,of»fatigﬁeQ S o -

o ' | - 7 | __ Thef,.
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N
| The inf ormaxion is therefore rather inooncluaxvc but there

is evidence of a relation betwepn muecle work mnd thvﬁﬁrenal

:cortex.' There is also work to shaw +he relation of the?”

B medulla to creatlne and creatinine excrotion. Thau hswever Q;f.

" has yet to be eubatantlated..

Q R E A T g H U RIAS.

In oancLuslan of the Btudies on the rel&tion of the gonade

and tbe p;ﬁuita*y on cre&tinine metaboliem, a summary of the:~
| ere“tinurias occurrlng wnuld uda %o the ev1dence of a pituitary-
gonﬂdul oontrol and alﬁo aid uhe BUFngthH that various other

| glends are 1"0 involved.vl

From birth to puberty creatine is & constant but vari&ble
component of the urine of dnildren of both sexea. After four _
to seven months 1t _constitutes about 10% of the total creatinine

” output. wang & Kaucher Daniels & Hegini&n regard the creatin~'

- ine praduced a8 an end prouuct of muscle metabollem but the

oreatinurlﬁ is due to precu*sor% in prvtexn, and theqs hear

~no relation to urinery creatimxne. Terr01ne,~0hampagne,

- Danmanville et all however , A0 not confirm thie. Beumpr and

‘_ Fdﬁold exmress the opinlon that sexual matnr;ty 13 a significant
”1f9ctor in bringing. about the deseructlon of creatine. Light and_
‘Warrcn state that the nercentage of boye ShﬁWlng & creatinuria
',at yp&rlv 3nt?rvals rema1ns fazfly con&tanu at fhe apes of :

fourteen to seventeen, ‘ard btween i7 and 18 manifests a
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perceptible drop. But Buadze finds boys excrete creatine

until six to ten years of}age, and girls manifest & creatinuria
ti11 puberty; after whlcg they develop a oyclic creafinuria.
The author suggests that the male sex hormone inhibits the
output of creatine and the female npex hormone promotesits

appearance in urine. This, howsver, has yet to be substantiated.

Creatinuria of Women:

Wang, Hawks, Huddleston, regard the creatine as directly
proportional to the protein content of the diet, while Hunter
indicates an entirely exogenous source of creatine. Rosé,
Ellis and Helming suggest‘that women are less efficient than
men in storing or metabolising the portion of creatine which
does not yield creatinine. Miihlboek & Kaufmenn do not confirm

this diminished creatine tolerence in normal women.

Creatinuria of pregnangy:
Krause & Cramer (1910 & 1811) and thereafter many workers

noticed & continuous excretion of creatine in pregnant women.
The generally intermittent creatinuria of normal women hecomes
a continuous one. There is also a marked inorease above this
level immediately after delivery, giving rise to the term
post-partum creatinuria. (First observed hy Schaffer (1908) in
the human). It may even be as high as 1.5 gramsper day. The
output remsing high for two weeks, reachling its height some-
where between the third and the eight%?yThere have been various
theories but none however have proved absolutely satisfactory.

Krauss...
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(Krause 1911, Schaffer & Huriin, Beker;)Schfire_and Zwarenstein
1934). a |

The/;retinuria of pregnancy ;ncreases as the prPgn&ncy

deve%@né and then at parturition becomes even mare marked, and

indic%ﬁbs, therefore, gome relation of the conttol by the gonade,

'and possibly the pxtuitary.

/ .

l/f This has benn dealt with in the above dlscuasion, in which

“_th@ work of Remen Lasch on zhe human, ehrire and ﬁwarenstein,

;,oh xubbits, Kun and Peczenik on rate, and.’ the sex speciflcity

pf Gre&txne‘fjareaznine metabolzam has begn fully discussed.

!
/

»iggeatxnuri and bhe Th¥£21m_

4th haS'dlso beenvconeideredr the work of %oh&fféi,

'Denis, Hunterfet al showing & creatinurx& &ssociated with .

| exopthalmlc goitrp. Feeaing of thyrgid ulsn produces this

cxeatinurig;

/

Greatlnuria and Carboh‘drate4netab011'm,'

Brertano gives evidenoa o assoo1afﬁ A creatlnuria with

all anditionr whi ch 1nduc QFCLGE e\in muscle glymogen.‘

4A “

"-Thgrcreatinxrid depgnds on: the eXueﬁ* and rupiuity of reduction

- of the muscle g¢yceg9n. Recovvry from an induced crpatinuria

1ﬂ genera 11y associatﬂd with an inch&ae in mgele g iy cogen.

Brentano, Queroi and Reuter Fteinl S bteinfexd Horgulia,

: Torrozne, WOlff et 0l hwve alL bhOWn & close r@iationshzn »

; between...
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between diminished muscle glycogen and a creatinuria, and it
is therefore feasible that carbohydrate metabolism may acquire
a new significance since resynthesis ofphosphereatine from its
components is6 accomplished ordinarily at the expense of

energy derived directly or indirectly from the transformation

.of glycogen into lactic acid.

Helditch & Thompson induced creatinﬁria by ingestion of

glucose and fructose, and by exercise.

Protein Metabolism and Creatinurias:

Have been very fully disocussed: vide supra.

SUMMARY :

From the view point of a relationship between the other
endocrines and the pituitary on creatinine metabolism we find:
Pancreag: Insulin injection does nol increase or decrease
muscular creatine. There is no decrease in creatine, only a
creatinuria after entirpation. This is unlikely to have an
effect, but there is some sllight ca;bohydrate - ¢reatinine
metebolism relationship which is probably an indirect one.
Thyroid: The evidence at the moment is somewhat contradictory,
there is evidence to show that a decreese of musculsr creatine
either with hypo-or hyper-thyrcidiem. On the other hand,
thyroid feeding, injection of thyroxine and other procedures

producing 8 hyperthyroidism de produce & creatinuris, and so

‘indicate that some definite relationshlp exists between the

thyroid and creatine-creatinine metabolisan.
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Parathyroids: There ie some evidence of a relation to
phosphagen metabolism.
Ldrenalg: The adrenals are involved in the normal control of .
the work of muscle. The cortex, however, produces a hormone
which is known to be endrogenic. This is distinct from cortice-
csterone & synthetic product which resembles the action of the
coftex. ’ o

. Large doses of adrenalin have been reported to cause an
increaged creatine—creatininé excretion; This may be an in-
direct effect on carbbhjdrate metabolism, but these results
have not yet been confirmed.
_ Recently Verzar el al have brought to light some remarkable
facts with regard to the adrenal cortex. Adrenalectomised rats
on a vitamin B.free diet cannot be kept alive with cortin.

They.suggeet_that the fuction of cortin is to convért

pro-vitemin Bo(Flavin) to Vitamin By(Flavin Phosphate),and they
ghow thet the mofelity of adrentlectomised ﬁnimals is materially
reduced by injectiong of Flavin phosphute. Flavin itself
cannot prevent any symptoms of adrenal insufficiency whereas
finvine phogphate can. (Thie ie altered by the addition of
cortin ae suggested Rbove). Carbohydrates and fats require
phosphorylation before they can be abaorbed from the intestinal
tract and it is a suggestion offered here that, as Verza has
shown monoiodoacetic -goid-poisoned rats txx show the suame
signs and symptoms ,and exactly resenmble adrenalectomised rats,

it is posaible that'the cortin controle the phosphorylation of
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creatine tovfurm phospbagen; es. monoiodooetiéa scid fnter-

feres with phosphorylation. If this is so the cortex will

play a certain role in the creatine-creaninine metabolism.

In addltlon, 1njections of’ testosterone and other allied
androgana cause a r@turn tc normal of the adrenals in castrated'
rats,‘The X»zone disappears and the increase in_weight_dis—

appears.

Anterior Pituitary:

A& definite direct effect on the creatinine elimxnation

l_'1q pastulated in this thesig.

The evidence of control bf creatinine metaboliem is fairly

>coﬁ01usive and indiontee-an indirect antion,‘prabably through
. the pituitary as eubmitced in these atudies,2nd by the work of

‘_other experimentera._

THE MALE SAE)HORMOHFS
Excellent reviews by’ Butenandt (1936). Fieser (193@),

' Dannenbaum (1936) Koch (193?) h&ve appeared on’ the chemioal

'fctructure, properties, precursors actions, etc., of - the male

8% hormones, but in the fallowing short summary based on these -

' »art1c1es only the relevant points h&vevbeen emphaeised.“'

Ih.';



In conducting‘ﬁhisvwork,beaidee ﬁsing teéticu1§r and
'urihary e:tracté, syﬁthetic'ﬁrodﬁctefwere also used, and.it
wds'ﬁoticed.tﬁat each hadla sémeﬁhat indiqidual”aotion. For
this reason it is ﬁécessary_torgive &”brief deéér1pﬁidh‘of .
»each:suhétanée; ‘Thus it does naf-ﬁurport'to iéview thé'whole
of thie subject but rather discuss in ahort the orxgin, |
| structure, anﬁ funection of each of the nalie aex hormones, whioh
heve been isolated either from testis tissue or from adult
: malevurine._ The word'"soﬁcalled" is sometames uaed-for. ag
#ill be indiceted in thie study, these hormonea also nossessv
,oestrogenio properties. - ‘ |
'_ Many workers indeed huve shewn the testes to affact
. metabolisem, acceasory gex argans, second&ry BeX charaeteriSi
tica-such ag comb growth, spurﬁg;owth etcg, that they-are'closely
" related to other endocrinéa and many 6ther fﬁnétidns;' All
these actiona are produced by 1njections of various teetis
tigsue ext:acts, implants of teetis, castration etc., in wgicn ‘
'thé testis itself comes ;ntd pléy.» However, just aé_uith thi
pituitﬁry, aé waé shéwn by Zandek, ihe active prineiples of
the testis can aleo ‘be found in tho urine of the adult male. v
Four principles have been iaolated, two from testis tigsue and

from from adult male urine. B o _ é

Androsterohe; B _ , o _
In 1931, 1832, Biteliandt isolated & substance from adult

male3urihe-t0’which he assigned the»io:mulavcisﬁascga with a

S t-l‘ ’:ngtho_ .o
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strength of 1 capon unit per 1-28 (The capon unit being
regerded as the International 8tandard). This however has
never been confirmed.

Later analysis led to the formule CygHpnOp or CygHagOs,
On the basis of the former empirical formula he suggested the
structure now nadopted for androsterone. This he confirmed
with Tschering in 1934, but the strength was 130«250;; for

1 capon unit. I

Androsterone. H.
J-¢pi-Hydroxyaetio allocholanone~-l7.

Its structure is basically of an oxyphenenthrene ring
and is cloeely related to the sterols. It is & derivation of
cholesterol and ig prepared synthetically fronm epidihydro-
cholesterol (Ruszicka, Goldberg, Meyer, Butenandt, Hanisch,
Dannecboum, Kudezus et al).

Dehydroandrosterone:

In 1934 Butenandt and Danuntebaum separated a second male
cex hormone fraction from male urine and gave it the formule
of C1gH370Cl - an ester chloride derivation of dehydroisoandros-
terone, but this ig probably an artefact of dehydroandrosterone.
Many workers have prepared it from cholesterol, eg. Ruxicka and
Wettetein, ¥allis & Fernholz, Bchiller Serima & Gebrke,
Butehandt, Dannebaum, Hanisch & Kudsgus et al. It has also
been prepared from many related sterols.

These...
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Frattini and Manin, Ogat& & ‘Hirano.
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These two substances occur naturally in urine. Dehydro-

‘androsterone is one—seventh to one-tenth as active a8 andros»
"“te“one using the Tsohopp method of agsay with th? capon unlt. )

- Butghandu'et al. iind it one~third a8 active._7-

Dehydroaﬁd?osterone .

Testosterone.
| In 1930, 1931 David Dingemanae, Freud Kober, Laqueur,

-and Hundi reported the isolation of a hormone from the testicle
‘of the bull while in 19?9 and 1934 Gallagh & Koch, and in 1927 .

. McGee had carried the acflvity of the concentrate from bull

stis to approxlmately ten timea that of urine.a Thus it wa.s

ten times as notent as androsterone.L In 1930 David et al.

announced the separation of the. crystals with the actlvity of

- 7-10 times that~of and.osferone. ‘These were the only orystals

Tseparated from téstié'tissue. Thiq has heen confirmed by

Testosterone.

Androstenol - 17-one-3.

}Z Androsteneaione.

. or Zl‘ androstenol - 17—0new6 wa.s cuggeatea by Huzicka
and Wettstein in 1935 a8 the active principle of the testis.
Wallis and Fernholz, Butehandt ﬁanisch & Tshopp came to the
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'testes by Ogata and Hirano. ' __o,'

of the. stal‘lmn. R o 'f; '-‘a.\

' ,159 »

- Bame conclueion. Ruzxeka, Butcnandt and . HﬂmlBPh prep&red it

from d?hydroandront@r@ne dnd finally it was isol&ted from boar’

bvﬂndrbsteneﬁianeo

Thus we hnve twn eubstances which cceur naxural‘y in

’vvurine,.and two in testls tzbaue.’ Eaca can be qeparated and

’,‘ the activities ﬁested by means of ﬁhe capon unit.

iPHYaIOLOGICAL PROPFRTIFS

Although these bnrmones huve bsen called nalp gex hormones

: this name has originated frum the eite of origin of these

‘procuctq, namely the testes nnd udult nale urine. 1t had long

been recogniaed that oestrin, or one ox female BEX hormonea, was

to be found in malp urine, and in ;arge quantities in the urine

\
The so-cnl‘ed male hormone“ ery at first cred1ted with

"purely male quﬁlitleﬁ in that tney had an effect on the eeconﬁary

gex chlracteriﬂtics, and &CCQ“»OTY {3 organe of the male, but
/ .

K@renchevaky“ Denni"on, Eldridge and Brown, in a BErlPG of -
_vpdpPrs, ﬁave ﬁhown vnrious menbers of the . male sex hormone group

'to exert a Qowarfu] effﬂct on the crg.ns of ovarlectomised ratsx

Similar ¥ varinus so~called femalp gex hormenea exert ¥:

' powerful effect on castrated mulee.

- On this basis KorenchchkY et aﬁ have devided ;tgéﬁ -
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that s hormone which is defined as & male or female sex hormone

“must havean effect ONLY upon the male or ONLY upon the female
seonrgahs. Up to the present the only_hofmone which can be
defined as a pure sex,hormbne is progesterone, which has no
definite effect on male rats, but only on females, and there-
fore can be classified as a pure female sex hormone.

The rest of the hormones which oceur naturally and which
have been isolated from tissues or urine have bisexual actlions.
Some of these are chiefly male and some chiefly female, whereas
others are truly bisexual.

To summarise the findings of many workers we find that
the hormones act on different accessory organs in the male,
some indicating a selective action, e.g. either on growth in
the capon, the seminal vesiole,or the prostate in the castrated
animal, and therefore any stundardisstion on this basis must be
accepted with reservation, &s one hormone may have a definite

little
action on one organ, and '

effect on another; whereas the
opposite is true for another hromone.

On the female castrate, too, these substances have
different effects and shew the bisexual action which Koren-
chevaky alludes to.

SUMMARY :

Androsterone: This hormone has a more'eelecfive action on the

'prostate; it does cause some return towards the normal of the

seminal vesicle, and is only 1/56-1/6th as active as testosterone

on the capon comb; only in massive doses will it cornify

the. ..
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the vagina in ovariectomised rats. It is aleo inactivé on
wmiinal opening, &nd growth of uterus on infantile non-
castrrnted rats. It reestores the hypertrophied "castration®
adrenals to normal. No effect on plumage in the Sebright cock.
Moore & Price claim it to provide & complete substitution\A
for the hormone secreted by the testes, and that testes damage
by androsterone ie an indirect one due to its action on the
anteriorvpituitary. (Work supported by Calloa & Parkes). It
therefore seems to come just within the group of hisexual hor-

f

mones, and is known as partially bisexual.

Dehyroisoendrosterone: This is even lees potent than androster-

one. It has the same action on the seminal vesicle but it can
reproduce the action of oestrin by premature opening of the
vagina, oestrus, and uterine growth in the iﬁmature rat.
Generally it causes & return towarda normal of all the atrophied
sexual organs, and approximately to the same degree, in both
male and female gonadectomised rats. Thus it belongs to the

group of bisexual hormones.

Testosterone: Hag an effect $wo to give times as great on
the prostate in the castrated rat than androsterone, but an
effect ten times as great on the rat seminal vesicle, and is
&1so ten times as getive as androsterone in the capon test.
In the female it produces vaginal opening, oestrus and
uterine growth in the immature rat, but no vaginzl cornifi-

cation. It will alsc cause disappearance of the X-zone in

—~
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,adrenal'of_the'oastrated>mnuse;~1$_feminises_the"plumagé of
the Sebright cock. | f _ | o
On thie basie it will fall into the bisexual group.

ggdrostehgdione:-It bears,a;vﬁry.c16sé reiaﬁioﬁéﬁg@ té’%eétos-
terone in all its activities and althOugh’some‘wofkers regArd'
| it as having mofe-male thanvféméié”pfdﬁerties, it‘s close
 *91at1onqhip to teﬁtosterone indicatee that it is really a

bisexual hmrmone.

Thue we see in the néturally oégﬁrriﬁg male hormones 1t

T is pnl&vahdrosﬁeroﬁg'which beldngé tc,ihe-par;iallﬁjbiéexual,
gfoup, producing.a greater deéﬁee ofﬂrecbvéry in the-atraphied
'serual organs of the male csstrated rats than 1n the female.
 The otnei three cause a return towards narmal of dll atroph edv
sexual organs either in ‘he ‘male or femalp gonadectomzaed

‘ anlmals.

‘ARTIFIGIAL PRFPARATIO&%

Deanﬁly and Parxea Miescher, Wettsteln & TaBhopp,
_Buten&ndt & kudszus, et &L, have expermmented with v&rious
esters of testosterone, e.g testosterone acetate, banzoate
and proprionate. Deanefly in the Lancet (1928) indicnteS‘
that teatosterone proprionate &ud ucetate are many times more
' effectlve.than the free hormone, and theirp action isvso pPro-
longed thaﬁ'injectian can bé4restricted'td_twice a week ﬁitheut>

loss of effeotxvena 58, 'Gf the.twd'cémpouﬁds_the proprionate
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hasg the more intense and mare prolonged action than the acetate.
It seems thdt in thie form the hormone beoomes slﬁhly but
’coqﬁinuously availdble to the animal, 50 that the loss by

'_excretlon and destruction is very much lees th:n when testoa-_

terone aa_tha Iree_hormone is a&miniptered.
Proldnged injection"intordastrated male rats produces &
completel recovery to normal of the atropnied sexual organs and

a, decréﬁse in the weight of caetration edrenals. The changes

'”produced are, to ‘some extent (e. g. sex orgnne)or completely,(e g.

renpla)maintained 9 days after the last inje@tion.
| Following a single injection of testoeterone proprionate ;
the prostat# and seminal vesﬁclp continue to grow strongly fdr"
ten days or nore* by which time they reach a aize gimilar to

that produced by the same dose of free testosterone split up

5into 30 lz—hourly injections, and whers the reeponse to a

Qingle 1njeetion of testosterone is negligible.

F, MALE SEX HORMONFS

In my work on creatinine metabolism little consideration

"has been paid to the ﬂthOn of the female sex hormones, and it

is only with a vipw to correlating the effecfs of themale gex

~'hormones with the work of Korenohevsky et al. an the oestrogenie

properties that injections of oestradiol benzoate in the form

of Progynon (Schering kahlbaum) were iniected.

Sehrire and Zwarenstein experimenting on female fabbits,_

- found that ovariectomy producee an incregsedlcreatinine



T ¥

organe.

- 84 -

elimination in the urine; fnjections of ovarisn extract into
normal female anim&ls produced o slight f2il. In the studies,

here, however, the inject‘ons of female hormonos have been

 into male animals. ‘Oestradiol,acoo rding %o the above worh of

Korenchgvsky et al, jis a_hormone with.chiefly female properties

_'1n that it produces fomale sex changes typical_of oestrus in

© the ovariectomieed fat; it is not able to s%imul&tp all of the

atrophied organs in the male castrate ta return to normal but

doesg exert some slight effect in that it aoes preduce a definite

_increase in the weight of the seminal vesicles with specific

histological changes in thls gland, ‘and the pxostate. There

is little evidenee.df an increase of weight in the prostate

and there is no action on the other strophied nccessory sex

Qeatrediol is mére activé'thnn oestréne from which it

was first prepared. Doisy huB isolnted it from ovaries. The

artificial preparataon oeetradiol benzoate hee been used to
delay,excretion and allow & prolonged action,as in the case
of testosterone proprionate, the ester of testosterone, which

is more effective and has rore prolaﬁQéd'action that testoster-

one itself. This action ig attributed tu‘the'slower abadrption‘

and delayed exoretion of the esterifiad hormone. 3

o

 QHSTRADIOL.
- Cigfipg02.
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EXPERIMENTAL TECHNIQUE,

The experiments were performed on adult male and
female rabbits. These rabbits were kept in special cages
for the collection of the urine and the necessity for
catheterisation in obtaining accurate 24-hourly colléctions
of urine was obviated, Each cage was.of a comfortable size
with a floor consisting of fine wire netting, Thus only
urine could leave the cage as food or faeces were caught up
on the netting, The cages fitted into special holders with
funnel-shaped sides converging together and ending in a
spout, The spout of the holder opened above a wide-mouthed
glass flask with a glass funnel in which the urine was
collected. A fine wire-mesh sieve in this funnel prevented
any foreign material from entering the urine flask without
affecting the collection of urine in any way.

At the termination of the 24~hour period the sides of
the funnel-shaped holder were washed down with water and
the waﬁ$ings added to the urine; The urine was filtered
and used'for the estimation of creatinine and oreatine by
the methods indicated below,

The animals remained in the cages for different per-
iods varying from a week onwards to a period of three weeks,

or, in some oases, & month., While in these cages their
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.diet consiated of cabbage 1eaves and aarrate - In the
~earlier axperimenta it was usual to transfer the rabbita

from the caga tc a 1arge run in the open air outside the

animal house.- In the 1ater experiments the rabbits were

. transferred-to.somewhat larger cages.- Here they were kept

isolated from oné*ﬁnother and not allbwed to mix together

' in the run, This method of isolation seemed to maintain

the rabbit 1n a goed . conditian for a longer period

» The speoial eagee alao aansiated of wiranetting but

: the urzne and faecea were allowed to pasa through the wide

meahed flcax-and were collected in trays, filled with saw-

dust, plaeed about an inch below the floor of the cage.

.They were alsa plaued ina 1arge aunny yoom with good

-ventilation.‘ In the winter a heater was kept burning
B0 that the room was alwaya at a mild temperature.

~ The diet in the run and in the cages not used for
gcollecting urine cenaisted of vegetables,-br&n and oats,.

é?hevanimaia'uéea.wqre always in a goad:condition.

METHODS  03 T

The volume of eaeh 24-hour collectian of urine is

' measured filtered and the filtrate is used for the
-jAcolcrimetrzc estimation of creatinine and ereatine by the

‘micro—method.of Polin 1014.
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' Preformed Crea‘

.»v, volumetria flaan with 20 ml, saturated picrﬁc aeid\&hidh

‘367;

The urine is diluted with tap water 890 thaﬁhlb ml =

1%" A

.of the diluted urine will give a reading on the unknoﬁn

side of the colorimeter not more than 5 mu abnve\q? below

' N
the standard reading._ The standard is alwaya aét aiilﬁwmm.

1ne 19 estimated aa follows.— 7'

10 ml, of the filterad urine is placed in a io ml

»\fr/

\ N

\;‘ ' {«

had previously been puritied To th;a ‘is added 3 ml\ of
104 aodium hydrate. (Fblin's method indicatea that only

1.6 ml. of NaOH should be used, waaver. after a 1ang
fseries of raadinge in the Department of Physiology it was

ftound that in rabbits' urine ‘the colour was. more intense

with 3ml, than 1 5 ml. of aodium hydrate, and thia enabled
mo re accurate readings to be made)

The VOlumetric flask is well ahaken and ailowed to
etand for 10 minutes. in whieh tﬂme the colour develaps.

The colour is orange. and. Falin's metnod is hased upon the |

_ development of a reddish orange oolour with sodinm hydrate,

ptcrxc acid and creatinine. After 10 minutes atanding

- distilled water is added up to the 100 ml. mark‘af the
. flask, The flask is well ahaken and the nontentd filtereé

1nto ths eolbrimeter cup ready for reading. }vj,-ﬂ}
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Thia is also carried out acea:ﬂing to Folin '& methed

, and consists of the transformation of creatine to sreati~

nine and the determination of this total creatinine,'

By eubtracting the preformed from the total ereatinine. '

“oreatine expressed in terms of creatinine is obtained

10 ml, of the urine with 120 ml of water and 20 ml, af

picric acid are placed in an.Erlenmeyer flask and brcught

jto the boiling point This is left boiling genxly for
'one hour and ie then rapidly %oiled ti11 about 25 md, of

fluid remaine in the flask, Weighed flasks are used and

 -the3we1ght of the fluid in the flaak is determined fairly

. accurately on a Bpring balance. The flask is cooled 3 ml
iof 10% KaOH - are added and left for 10 minutea The eolour
.vdevelops durnng this period and the fluid is rapidly
'tranaferrea to a 100 ml. volumetric flask diluted to

,, 100 ml filtered into the colorimeter cup and is ready |

fcr reading.

ation'of

A Bclution of 1 mgm, ereatinine per 1 ml.lis required.
1.602 mgs, of creatinine zine chloride is dissolved in
100 m1, /)0 HCL. Thie forms a perfectly stable standard

‘so;ution.. 1 1, of the etandard solution is placed in a
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100 mi volumetric flask together with 20 ml. of saturated
‘_piaric acid, 3 ml, 10% NaOH and 9 ml. distilled water.

', The water is added 80 as to ensure the volume in the,flask

during the development of the colour 13 the same as that

’ .when ueing urine;. 10 ml. af urine being used, The fiask |
" and its contents stand for 10 minutea, dilution to ‘the 100 m,

mark is made and/ie ready for use, The. 'known or standard
side of the colorimeter is always ‘set at 15 mm, j |
| The determination of the amount of creatinine preaent
ia}worked out asc follows: |
15"'

L'mgmgc:eatinine/24 hra.

Purc picric acid 15 essential for the Folin method.

This is prepared by the scdium method of Benedibt (1929)

3 000 ml, water are heated to baiiing in a porcelain

: dish and 125 mgs, anhydroua Nag 003 are. added This. atands

.for a few minutes and is decanted into a large heaker and

left evernight at room temperature‘ cryatals form and are

filtered off in a Buchner funnel and aueked dry.  The

erystala are woehed in 1.009 ml, of 10% aodium chloride and
aucked ary once more. Suction is stnpped and 250 ml, of
20% HCL poutwﬁ ‘on the mixture, atirred and sucked dry.v

f‘Thia 1a repeated threg times,,j The,udxture ;e washed
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.jwith 2.000 ml. cold water and again aapirated until the

cryatala are dry. The eryatals are then dried in’ an oven

at 90 C., placed in an amherucoloured bottle and kept in
. the dark, - | | |

Part of tnis atock of purified piaric acid is put -

into a. glass Jarn, diatilled water is added and well shaken.
Bnough picric acid is added to ansure a sediment in the jay
and the fluid is thue always kept saturated. The Jar af

'aaturate@ piquq acid, when not in use, 1s_kep£ ih thei

dark éa Hunter & Campheil'(1915) found that such a solution

tﬁhen expoaed'tb light name‘tO‘contain ih‘steadily increasing

quantities a aubstanoe which gives a deep red. colour ‘when'

‘treated with alkali

The p&crie ac;d was teefed for purity according to

 the method of ?ol;n & Daisy.(IQI?).

O@RATIVE mgm;_g .

}  Ebthod of castgatiog.

The animals were not fed for twelve hours before

~ operation, They were anaesthatised with ether and the
‘testes were remévgd with strict surgical asepsis., t
:,BiamuthAIQdofonm-péraffin7p§§te'wﬁs applied to the sutured

f_wounds.' The wounds in every case healed without difficulty.‘

Thera was no cbwious sepsis, © The animals were then returned
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to the;animai;hdusé until recovéry waa aomplete er else

"transférrad diréctly to theweages (vide infra)L

Gantrols were alwaya used

, Weights of animala were taken at regular 1ntervals.

Hethod of Graftir;g_

The animal is prapared for operation 1n the usual

vsurgical manner. aaepeis again being str;ctly observed 7
“Fresh testee were removed aaepticully immediately before

' the main operaticn. nealthy adult donors were uaed and the

testes, when removed, are kept in aseptic dishes on zee

--Juntil ready for grafting, which taken place within 10 minutesr

An incision is made in the midline of tha abdomen of

 the. animal to receive the graft on each side of ‘the mid-

,’11ne beycnd the rectus abdominis muscle sheath 1ncisxcns

are made in the muscle and the eéxternal abdominal oblique

muscle separated from the internsl abdominal eblxque on

. both sidea The surface of the axternal oblique muscle

is soarif;ed with the point of the knife. one of the testes |

tiﬁ Gplit qarefully in half and each half is gewn into the

ptépared areas "Thé éxterzial oblique muscle is ‘sewn over

Lthe gxaﬁts and the skin sutured with silkworm gut, treated

with "Bipp“ and covered with gauzc-moaked in celloidin.'

The grafts are made 1} - 2 inches above the symphyais PUbIB,
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In all casea the animals recovered withaut any trauble
or sepsia f_ After aomplete recovery they were returned to

'the cages and urine callected once more.. :

| ;Igﬂﬁctions° - o | L
Theae were made with & glass~walled syringe with a |
' metal plunger and’ metal fitt;ngs. A large aerum needle
was aiuays used althaugh ﬁhe size af tne syringa Varien
with the volume of éxtraet to be andected

The site of inaection - the flank 1n all cases exaept
one « wan cieaned either with iodine or ether and the nee&le'
| ;inﬁerted ‘through the skin int@ the subcutaneoue tissue.
| Care was taken to saparate the fur away 80 that thevneedla
'v'aame into contact wzth akin only, Also the needle wab not
inserted anto muscle but was alwaye freely movable Just .
 below the'skan aurface.- Where large volumee of fluid were
to be 1njeoted the needie was moved around and in some cases
. the voiume was divideé, one half being injected into one
vflank and the other nalf into the ather flank._
Aeeptia technique waa observed as strietly as paasible.
the syringes and needles being boiled before use and any |

"giaes cantainer used for axtraats being tharaughly aterilzzed
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EXTRACTS,

f Teatiaular. urinary and adrenal cortex extracts were
prepared In adaition. control extracts of lipoid materisl
ware prepared from brain, liver and kidney. For the ex-
traction of these tieaues ‘the same method as that employed

for testzcular extract was uaed

Presh bulls' testes are Btripped of ‘the Fpididymiea.~

 _ The teetieular txaaue in then stripge& of tunicse, . mineed
'{and placed in 4 velumaa by weight of alcohol/étsggom tem—
'v“perature for 48-72 houra. This is shaken at various times.,
i At the end of the speaified yeriod the alcehol is strainad
off through mualin. the residua is presaed out ana the total
‘ yield af aleeholic extraet ig concentrated te a8 sludge on a
‘water=bath at about 60°C. and under dzminzahed pressura.:‘; |

’-f,_ra this warm sludge an equal volume of benzine is added

this is well ehaken and allowed to stand for a few hours.
The benzine extract ie ayphoned off and concen&r&ted dn [

water»bath (belcw 6090) to a small volume. (The benzzne

has to be completely removed, for if nat complete thev

yield of aolids in acetone varies conaiderably and the

aompiete removal of activity ‘from the lap;d precipitate is
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is ﬂot?abtaine&); Seven to eight volumes of cold acetons

areladded-and ailowed to stand in the refrigerafor for

25 hours._ The acetone extract is then filtered off and

‘vconcentrated on a water-bath (at B.P. of acetone) toa '

;final syrupy naes and all the acetone removed This

acetone-free extract is then we ighed and the neoessary

'quantity of olive 0i1 (or nut oil) added 80 that 1 ml.
- of the fina1 product is equivalent to 300 mgm of lipoia

material..

At leaat ten 1itres af urine was collected frum young

adult men, small amounts of thymol being used as a pre=

'  servative. The urine was actdified with hydroehleric acid
-'Two 1itres of chloraform are addedto every ten litres af
| urine and the mixture heate& under - reflux for abaut
, eight hours.‘ When the baizing point of the chlaroform
nia reaehed the particles etream through the urine 1ayer

_and a second extractxon with chloroform is not neaeSBary.

The preduct ia ccaled and aeparates into a watery 1ayer

and a ehlorofarm 1ayer. The watery 1ayer which eonsists'
' moat1y of urine is earefully drawn off. The reaxdue is
; tranaferreé to & separatory funnel, stirred and allowed |

“to stand, and the phlofgform 1ayer'drawn off,
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The emulsion in between the chlorcform layer and the

residusl urine is now drawn off, filtered (ueing a Buchner,

‘with gentle guction) and washed with a little chloroform.

The filtrate is again eeparated in a separatory funnel,
the chloroform fracticn drawn off and added to the main
ehloroform portion. The csmbined ghloroform extracts

are evaporated in a diatiiliﬁgvfiask using a waterbath,

'Using the same flask the residue 1s next steam distilled

and this is continued until no more oll comes over.
EnOugh NaOH ia added to make the residue alkaline to‘
phenolpthalein. The m;xture is warmed_and.filtered in .
the cold; the pH of the filtrate 1§ adjusted‘to;714.and
made up %0 50 nk, with‘watér.'. Thié-givgs 1 ml. of the
fin&l,preduct QQuiialent-to 200 mr. o£ the original urine.

Anterior Pituitary Extract .

The method employed is’ that deacribed by Bnllerby in
1983+ | | o

Heads»of freshly sléughtered sheep are'bfought to
the laboéatory, aplit open and the_wﬁole piﬁuipary ree

- moveds The esnterior lobe is carefullﬁ disaected ouﬁ,-

welghed, chopped up fineiy'andvgrouhd-W1th‘an equal

_ volume éf sand which has been previously thoroughly

éleaned; moistened and drained. Extrection is carried
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aut'by meansvof 1% acetic acid, the amount added being
1t times the'cr;ginal wolght of tissue. This 15 1efb

for 24 hours at room temperature, the mixture is centri

. fuged, the supernatant £luid is poured bff and neutrallsed

ith 40% NaOB until salmon~pink to phenoi red indicators

After neutraliaing the zluiﬁ, it 15 again centrifuged to |
remove the slight preciplitate which comes down at the

neutral point. The aupernaeant fluid 15 atored in the

_rafrlgerator untxl required for uae.

whia method reaults in 1 mls of the extraet being
aquivalent t0 640 mgme of fresh tisaue.

Ovipaaition is inauced in the South African Clawad
Toad by this extract end this is used as an indlcation

that an active extract had been prepared with each aeriss

of estracta made. Gontrbl»grepafétionefbfﬂbrain are made

-vuaing tha-aame methoé.

'Adrenal Cortical Hormone.

, The method employed in yreparing the aetive 119&&
fraction 19 that of Swingle and PfifLner (31, 34)a
Freah ahaep udrenala were brought to the 1aboratory'
within an hnur and a half of aollaction.' After removing

'extraneous fat and conneotiva tiesue the glande wers cut

lengthwise and dlasected as fras as pasaxble,ﬁnm»madullary

tigaue. The ground’corticél tigsue 18 then extracted |



"\4

i

-779

’with 2:6 volumes of 95% athyl alcohol for 24 to 72
-.fhaurs, the matarial bezng ocaasionally atirred,

- The extraction alcohol 18 removed by etraining through ;'
'-maslin and filtering, the gland tissue pressed as dry ‘

ap posaible, gruund and eztracted with two volumes

(calculated from the weight of fresh cortex) of 80

por aenﬁ'ethyllélcehbl for 24 to 72 hours. The exe
:tfacﬁibn alcohbl is removed in the game manner &s in

 the f&rat Gxtrantianw

| The aleohulic filtratea are concentrated 1ndividnally
in partial vacuo to one-fifteenth to one»twentieth,qfv

thelr originai volume, mized'and extracted five times

_'witn an aqual volume of benzine. The‘benzine waahinge
 »are combined and the benzine removed ih partial vaguo
_at a temperature of 45=509C, The benzine saluble

, fraction is then eztracted twice with acetone which is
'removad and the fraction partitioned twiee be@waen 70%

. ;alcahnl-and petroleum ethers mhe 70% alcphol layer 1s

removed,;washad three times with petroleum ether and .

filtered‘throUgh  permitit. Thé filtrate e aancentrated:

 and water added. The final weter soluble fraction 1s

injected. 1m1. was equivalent to 40 mgme oF the corticel

tiﬁé&e).«u ’I*.he pe!‘mubit_ .rer_noves all except a very small
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Control injections of 1i 0id Material:

) ._'77_‘-.

trace of adfehaiin-

. To eliminate the possibiiity bf the 1§po§dfmateria1
of‘the testes being'fhe cause'of aiteration 1n‘creatiﬁine
metabolism when lipoid testlcular extracts were 1njected

lipoid extracta of brain, liver and kidney tissue ‘were

| 'also prepared.

The methna ¢f preparation af the extract is the

same as that used for tpsticular extracts - that of . Gallagher

" & Koch, ‘lgzg 8 A,complete series of experiments was per-

formed and the reSultu embodzed in a separate seetion. _
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Normal. Hale, -

L A ST < r‘.".‘/ 7 '.-. . ) . _
creatinlne' Burlné thzs ,series of experiments at

least 0. male rabbita werelused In each of these the

’ “\--..A

minimim perxod of time in whic& normal urinary ereatinine
waa»estimated was one month. : Ehe ereatinine excretion is
rematkabzy_conétant frﬁm déy io day, showing a.variatian<ef
Inz,at theAmaximuQ. The yrafaaols offéach individual rabbit

are appended at the end of the thesis.

Occasionally small amounts of creatine

Creatine
were found in the urine of the adult male rabbits, On the
few days upon which ereatine was present the creatinine Vv

exeretion remained 3t the normal level,

ormal, Female,

freat;nine:' Bxeretion was also remaxkébly‘cgnstant.‘
greatine:’ This wae present from day to day in varied

qaaﬁtities, 'Gniy'six female rabbite were_used;

Castrated nale Eabbits.

At least 15 rabbits were castrated during the ex-

' periments. These all show a post-castration rise as

indicated by Schrire & Zwarenstein {'32). In some cases
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the rabbite, fter castration, were removed to ths animal-x -
B housa nntil ihey had completely recovered from the operation.
In other cagses a more acute experiment was performed and the
rabbite were placed in the matabolism}oages immediately .
| after aperatzon. o R - |
" Tne results are indicated DGIOW‘Of two typical cages

" of the ahronxc and two of the acute experimanta'-;

. TABIE I,
T momie. L AGUTE,
_Date _ No,T4 No.T56 No,T6 Date M3, _ M3,  MOS,
21, 6,35 66 - 70 64 1.2, 37 52 46 56
'f 1, 7.35 60 | 78 56 2.2, 37 48  “547 . 83
o, .36 56 64 63 3.2 87 49 B8 48

5. 7.35 60  68x  6lx 472. 3744 47 86
o G747  40x 19x
9. 7.3 6 70 60 G " 46 45 3B

20, 7.35 6 70 64 7. " 48 50 . 45
.73 86 & 60 B8.% " 4z 48 54

x T5 and ms eaatrated on’ 3.7 35
. uBend M5 . 5.2.37.

Inspection of the tablea show that the creaunnm excretien
is oniy impaired for two days after operation. and although
| '_the animals do not recover for some time there ie an initial

" fall in creatinine excretionvior two days. this provably



being due. to the effects of the anaeathetio, nhook ete,
This creatinine excretion remains at & constant level for :

some time anu then begina to increase in amount tne

'increaeed exaret;on occurring between the eecond and third
| or the third and fourth months.~ The fallowing tablea are
_those of average daily creatinine excretion over several

~ days yrior to the date given. The number of zéwheur

perioda whioh are uaed/%he determination of the figurea fer

that particular date are given in the last column, The
vtablea are thoee of the ereatinine excretien just prior ua

"castration,- na ona, two three, four and szx months after

'oastration. S S |
; - Tw IX,
: AT, CASTRA "'.r'";"om' 'Am"“ I WONTH Am '
Fabbit T Creatinkne - 5rea.timne Aﬁa, of Hour
¥o, . Date dnmge £ Date inme X Poriods,
3 B 8. 3¢ 89 B, 9.34 - 91 5
8 2.8, 3 70 . 5 93 1 '5
- 12 ‘418,10g34 ‘ 101 - 20,11, 34 101 i
B . 14, 2,35 &0 10, 3.38 63 : -6
- Tp - 28,.5,35 @ 50 i, 7.35 5 . 6
T 2, 6,35 69 9, 7.3b 70 6
) Te ' '21 6. ab - 60 B a, 7. 36 . 60 : 6 ‘(
o K . 290 5.36 ' 62 ‘25» 6. 56 61 L 5
o . 29, 5.36.’g 58 28, 6,36 Y S 5
s . 4, 3.37 , “-50 : 6. 3,57 54 8

Gastration took place on the day following that date. given

'1n' Column 2.



TS ARD 5, BONTHS. A, AGTRATION,

\ | Rabbit " T R . nQ.of Hr.,
N No, . .. . Date  Creatin.  Date Creatin, Per
| 5 6,10, 34 90 15,11,34 08 4
{ 8 6,10, 34 74 - 15.11.34 80 4

12 16.12. 34 102 20, 1.35 115 4
-‘ B - 10, 4. 35 . 58 10, 5,36 . 63 ]
] T, 21, 7.85 51 3, 8,35 52 4
] - Ts 2. 8, 35 M 29, 8,35 75 4
Te 2. 8, 38 64 29. B8.35 78 %
K . 20, 7. 36 65 22, 8,36 . 72 6
, L 20, 7, 36 57 19, 8,36 63 8
, M, 8 4 37 56 3, 5,37 68 - 4
| . us 30 4. 3'7 . 54 30 5. 37 85 4
ly
L
J

| “Raboit
No, . : , — ‘
t 4 ) '

b 3 12.12. 34 102 . 20, 2,35 ' 101 10

) " 8 13.120 34 ’ 82 300 2035 ) . 81 10

.1z 22,1, 3¢ 113 . 15, 3,36 112 10
) E 14, 6. 35 69 14, 8,88 70 5
1 T2 16, 9, 35 . 88 28.11.356 = 59 6
} Ts Bga 90' .34 81 2.12. 35 , o 6
| Tg 29, 9, 356 81 . 2.12.38 79 6
K 29, 9. 36 84 29,10, 36 78 10
| o {5 mths)

/ | L 29. 9. 36 712 29,10, 36 76 10

, - | (5 mtns) ,
0 28, ¢, 36 72 9.10,36 71 10

“ 5 mths) |
L, M5 12, 6, 37 . 67 - 10

Creatin, = Creatinine in mgm *.
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“T¥o. of At ' }U 2 months post -4 months paat
Rabbit __Castratio: at —lastration,

3 2,31 | 2:41 2.46
8 1,77 ' 2.00 2.10
12 2,53 2.62 2. 60
E 2.38 . 2.40 2.40
T2 1.72 ‘1,68 1,69
75 2, 30 2.25 2.36
76 2,30 2.32 2.40

2,20 2,30 - 2.48

1,97 2,06 2.10

Gontrcl rabbits inc“ease 1n weighx nlightly, en an |
average 1, 95 to 2.25ygyet the creatinina excreticn ramaina

- enstant

1f ve'anaiyaé each result separately:

’Ib't,ﬂ”,ﬁ produceé 14% more creatinin@_in the urine in a
period of four months after éaatration.' This does not occur

immediately but after a latent periaa of twe to three months;

‘during the interval of the third to the fourth month there is
7 an inpreased ‘elimination of erestinine., His figurea over

'thin'pericd‘éwiné wildly and are ﬁot'cdnstant,'95. 100, 90,
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',BJ, 92, 102, being daiiy readings at tie beginniﬁg'bf
HNovember until ne evantually:aettled'&éwn at thé higher_A
1eﬁei' %hich'remained constant, Figures carnot be given
at waekly or fortnightly 1nwerVale an tna rabbita were uaaﬁ

for 1ndection purposes (aee later)

;R@gﬁ;t ﬂ@aﬁn\ In_thin case there is a 16% iﬁorease in
ereatininé elimination, with the change to the nigher level

| bccurring between the secand; zhird aﬁd fourth monthse,

Babbit No.12.. 13% 1ncrease. the change again taking place

between the gecond and third montha.

Eda._ﬁ.'xg an@ u5g ahgw'increased"eiiminationpcf 24%, 30%

"and 15% respectively, the higher 1eva1”being’rea¢hed:5 mthha».
- after caatra@iuh,@nd,'therefore. oacurring between the

"'Seeonﬂ andvthirﬁwmﬁnth.

”za,inoreases its elimination between the third and rourth o

‘month to the extent of. 14%

: 5, X gnd Q show. a gradual increase from the second manth

_after castration onwards until they reach a maximum ex-
;aretaan ot 1?%, 20% and 3% reapectively. This is maxntained

and is present aix:montheiaftér castration,
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zg_eliminates more creatxnine between the. aecond and the

'__third month’ after eaatration but reaehes a still higher

level af 31% at the fourth month.

. bbgt () reaehea hie peak at tha third amonth after caetra-

tian and this is 24% above hia normal @re-castrat;on level. L

| Qiédgaeggn. |

Theae tigurea indicate that.

(a) juat a6 shown by Schrire & Zwarenstein there is &
definite and steady increase in creatinine o
elimination after uastrat;an,.

(b) there is a 1atent period before the inoreased ex-
“eretion appears, which varies from two to four
‘months after castrat;on.

(c) this 1ncreaaed exoretion perﬁista'and is maintained
It nay be a gradual increase or else sudden in enset_

B “;eti n:

The reason for this increaﬂad oreatinine exeretion :

may be due ta severai factors which ahould be consiﬁere& v 

"“It might be. due to a simpla 1ncreaae in bady weight.
’However, although the body weight actually is related to
- the amount of creatinine axcretad it is the muscle weight
’__‘lof tne body which determines the amount of creatznine.

' Koranchevsky produced both “thin" ‘and "fat" castrates and

showed thg inerease in weight after caetration to be due

 '7main1y to the alteration in fat metabolism with an increaeed
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ﬁeposition’of fat'inatne body;,"ln Kareﬁehevaky‘s work the

reaul%s indicﬁte & big 1ncreaaa in the nitrogen elimination

"in the ﬂth:n“ castrate.'

In Table [, B, T2 and T6 hardly alter in weight and‘

'yet there is an increaae of 24%, 14% and 17% respeatively -
after caatration. TQ aetually 1ot O, 03 kilograms after“

aaﬂtration.

It ia. therefore, obvxaus that although creatanzne

excfetion s yelated to body weight, the marked poatu,

vcaatration riﬁeﬁ in the past—caetration perieda are net

depenﬁant on alteration in bedy weight

The 1gten§ g giod.

| ~This is 8 very aignificant feature, Removal of the -

Vteatia results in atrophy of the prosvtate witnxn 48 nours

of the operation (nooze. Price &.aazlagner; Vatna; Heller)

changes in the acceaaory gex organs and the formation of

'the“X»mone"in‘the aﬁren&le and 1ncrease in weight.

But theae ¢an have little oy no bearing on the in-

o areased creatinine eliminatzon for the meehaniem.must be an

indivect one, &8 shown by the latemt period, If it were a

direct one there would be no latent periad or one whieh is

very short

This latent pericd rather suggeata & @low and gradu&l

,;changovin another endoorine organ, Schrire & Zwarenstein
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vsuggeét‘tha'pbssibility'of the piﬁuitary{ aﬁd this seems
B reliable hypo%heais, especially ae Hatai & Wolfe, -

separately. ahow thnt the pituitary }Wpertmphies three

f m0ntna after caatration in malea and 9 muntha after

ovariaatomy in femazes, and the two former workers. pro»:.

duce an increaaed urinary ereatznine 3 montha 3fter

| _.gonadal removal in males and enly 9 montha after removal N

'_in females.

In the intrcuuetzon ta these atudiea the suggestion

of a relationship between the antetior pituitary and the

‘gonads was stressed, In view of our later resulte it has

" been deoidé& to regavd thoee nanimals which have ‘not yet

shown & rise in urinary ereatinine after cantration as
animala whose . pztuztary has not yet hypertraphied to tne

oritical 1eve1 and, tharefore. who ars not producing any

: inereaaed gonadotropic hormone. Theae have been called

¢

' Hacent caetratea ac distinot from the Langstanding

Castrates, which are regayded a& rabbita whose pituitary

shows a definite hypertrOphy. Th& formey show no

increase, while the latter phow the usual postecastration
-rise.. The. relationahip between the 1ncreaaed ereatinine
‘elimination and the pituxtary hypertrOphy w;th reference
‘to the Recent and Longstanding Castrates will be discussed

nore tully 1qter.th;s is a signifzcant feature as they

yeact differently to different sxtracts and serve to show

the anteriofapituitary-gonadal relationahtp;
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In aix of the eastrates ereatine estimations were

made, . Qecasionally creatine was found but thxs wag very

intermittent and closely reaembled the occasional output

found 1n normal males., It therefore, ﬁanfirms Redd's

 observation that postpuberally castra ed males did not

produce creatinuria.

Summ m & f‘iL,

N 1. The censtancy of ereatinine eliminated in the
' and

: urine of adult méie/female anzmals is ecrrnburated

3. . The’abeencé_of creatine in the urine of males

castrated after puberty ié confifme&.:f

5. After castrat;.on of adult male rabbits there ia 15 517

1ncxaase in creatininp eliminateﬁ 1n tne urlne. |

4. . The increased urinary creatinine eliminatxon is

' avident after a latent per;od of two ta four monfhs.v o

5. Thbse'rabbité whi ch havé,not'yeﬁ;shawﬁtan increased -

urinary creatinine after caatration are designated Recent

 castratea,

6. Those rabbits whmh eh oW a definite rise in urinaxy
an -
exeatinine and whxch are regarded as having/hypertrophied

anterior pztuitary are called Longstanding Castrates

LA R X X ]
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Tﬁera'is'a.abnstanﬁ and ateaéy imér@ase in ﬁ?imary
éreétinina afﬁﬂr'raétr§tien in male rabbiﬁg Thzs indiestes
sone rala%icn £o the internal segretion of the testes;

The proof of this hypo«hesla is effected by transplantation

¢f testes and the resulls noted,

Bine animals were used, Of these only‘twe’ga?é any
results, In ene, HNo,4., the.graft on rémava1~waS'very
vagcular and the histology was fairiy nermal. The graft

sf Bo. T4 was also vascular and the vasselb te the g?aft o

' had to be ligatured; thw hxsta:agy wag ;nﬁefxnite. ‘.-?

In the other four animals the grafi wasu£9mqﬁ,z¢vhq~fi§raaeﬁ
and avasculaw, and in one case partly calcified.
The figures for ¥oe.4 and Fo,.Té and controls are,

therefore the nnlv oneg given,

The gontrole were non»aperated rermal anzmaﬁs and

alao~rmhbita which nad been\gxafted, btut in which the
graft had not téken.(Thia was shomm by the-avasaaiarity of

the graft and confirmed histelogically).
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-Preperiod

as

8 . 8

58347
1784

5. 9.34
24.0.34

19.9.34

4.12.54
E 26 2.50

_'95;

90

Operation
83 |

e

65
{Graft

{removed

100
108

Graft ree

‘Operation
100 -
.09

O N S

moved and
rabbit onse

{trated

-100. -4
e Y
113 -

- {Castyation 4

_ effeat)

g

pABIE 1.,

No T3~ No,

75 No.T4 Aﬂg;?eriada ‘

az"éo

60 4

Grafted Control °Erafted

50 63
52 : 64
sl >
Graft a; -
removed
Died 66

B0 ‘ 4 .
56 4
49 8
Graft ;
ramoved)

58 3]




b

v e

wQim

Eram these two casea wa note a eertain fall in creatiniﬁe

exoretinn. 23% in the one cagse and 39% in tha ather,-

(Thia £all does not ocour in the contrals)
“In animal ﬂo.@ thia £fa1l in excretzon comea on within .

a:manth of caatration and is suﬁden in onset Tnis is aon»

-trastad with thaﬁ af an:mal Ho.T4 ‘who en1y>shawn a gradually

lowered urinary oreatinina whieh reaches ita lowast 1eval

: thr@e months after Operation.

. After remoeval of the graft Ha. showe a sudden veturn

to nommal after two montha, while No.TQ’on-thn'other hand

three months later is enly gradually increaaing nis creatinine

eutgut to the normal 19791._

Diaguggién, ,
Sehrire & 2warenafein grafted testes inte caatrated

animals which are showing an~increased ereatinine axcreuion
and prodvced a fall down to the?horma1~precaatration'level;

The removal of the grafta 19& to the reappearanea of the_

_uaual caatratian effeats. viz. an xnareaaed creatinina 25

cretion¢ They also show & latent perioé of two to three

‘weeks pefore the graft has any e:‘fect_, ‘and they suggeat that

it may be due to vascularisation of the grafts or else a
period of time is necessary for the secrotions of the graft
to antagonise the effects of castration, This latter is the

wore feasible, especially in viéw of the relation between the
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 ‘gonads and anterior pituitary discuseed in the intro-
: duction; »(Alse it is note& that their graftsAwere‘naﬁ
. examined histologicalzy, vaaculariaation baing eonsidered

suffzeient evidence of a funetioning graft)

In these-two»cases-mentiangd here thevfall'in

. urinary cfeatinine where'testee are graf?edtinto normalmales -

rather aorroboratee the finding of these two eo-workera.

E Alao return to the normal ereatinine eliminatian on ree-

moval of the graft and the definite latent period which
accurs afforﬁa strong evidence in favour of the existence .
of an endocrine relationship between the testes and | R
creatinine metabolism, and as will be fully discussed

latey, the direct relationehip of the antericr 1obe of

. the pituitamf glané, a.nd creatmlhe meta.boh sm,

Summazry.,

‘1,  Implantation of testes into normal adult male

yabbits causes a fall.in the normal creatinine excretidn_

to a lower level - 23% in one case and 18% in the other.

3._ Removalof_thg'graft‘leada to the.reappearance of

the noymal creatinine elimination,

N Zh'bath cases there is a definite latent pe;iod;

4, :Thia augments the'sﬁggeaticn of'a testes-

anterior yituitary aontroi of}ereatihine metaholiaﬁ{
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» Castration has been shawn to affact the cr»atinine 1eve1;
it ie suggented that this ia due to removal of the inhibitory
aation on the anterior labe of the pituitary.v

Grafting of teatea into caatrated animals anu the ine

' jection of dirferent test;cu&ar axtraots>praduces a fall to
 the preeaafraﬁion level of urinary. ereétinine- Again'thé,jf'”‘

(suggeetion offered ia that of reatoring the inhibitory action

of the teetes on the pituitary whieh has hypertrOphied

| Waat 16 the actian of teaticular extract on the normal animal
: nowever': does it aot by 1nhibiting the pituitary. or has it
'“an inhibito:y action on the testes themeelves by acting via
v'the pituitary LK is shown by neora & Price ?  _”

For. thih axperimPnt normal adult male rabbzts were

‘- used, . The amount of urinary creatznine of a preperiad of at

'1east one month- wae determined before 1naectzons ware commenoed.

This cnabled the urinsry creatinxne IeVel to be definitely -

| _‘festablished

;eaticu&ar extracts were prepared a8 &escribed earlier -

~and inJected aubeutaneoualy in the flank The eatimations
'.were eontimued for at least a week afterwsrde or if a:l
' sustained rise were observed the determinations were cone
. tinued until the level of ereatininéiekaretion’returned to

‘normal and ru@ainad thus for_eeverai days.
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Cantral injectiona cf lxpomd material from brazn,

1iver and kidney ware alaa used | The ccmbined fmgarea

of control injectiona will bve. given separately l&ter.

- The tadles af injectxona of testzcular axtraot only con- -

tain £igures of the normal controls and the anxmal in-

jeoted with teaticular extract,as control ingectlons w1th 11p01d

"~ liver extracts, etc, did not affect the creat1n1ne &hﬂénnulon

(see later).

| TABIE 1.
baté "~ Fo.1. Ho.a. No.4. - No.8. Nb.g.‘ T Ne.13.
" Preperiod 96 80 78 80 83 98
22.4.3 S0 75 84 74 80 95
984,34 186x 94x 107x 82 90x 105,
24,434 104 45{32) g7 71 ez 100
 gbaey 10k T 83 83 80 o7
g6 x loex 62 90 . 76 @ 62
M4z 98 - - 76 e Y

: ?8 4. 34 06 - R -i.”1”

Injeotions of testicular extract; 1 ml, being equiVaa :
lent ta 300 mgms, of 1ipaid material. )

28.4.3¢ 4ml . Smd CQntrol im0 2m
36¢4'34 4]‘“1 g . -.‘v' v - : ; . o . ) . .

These results all indicate & definite'increase in the

urinary oreatinine;' No.3. shows a fall on ;he second day

after injection, but the creatiné eliminatéd‘wae also
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: eliﬁination,

Q5=

estimated and this was found to be'extremely hign, ag

) under normal circumstances there is no creatine preﬁent.

Croatine estimatzons in the other rabbits failed to
indioate any oreatinuria., In aeveral of the later -

experimenta ‘the ereatine cutput WAS. determined but this

'“yiglded negative results and was;vtherefora. diacont;nued;_

In'thia taﬁlé abave, No, 9.“(injected‘with 1m)

does show & rise of 8%, but this is within the normal |
' Variatien,i Ko, 12, toe, haa a aliyht increase. buk thia

38 alsok@thinunormal limits, Amounts of & misy uq 5 mils,

all produce a definite and marked increase in creatinine

,/mm_n._
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TABLE IL.

Date

Wo.5.  Wo.4,  No.8,  No.9,  No.lz.

~ Preperiod

so 84 63 82 98

15, 7,34

o 407-54

- 29,6.34

30, 6. 34
1.7.34
2.7.34
3.7.34

5.7. 34

10.7.34
| 11, 7,34
10, 7.%4

13, 7.54

14.7.3%4

8 86  6z. s 97

g% 102x 9% sz 128%
85 88 64 el o 91
g3  er 6 T 96

e 90 66 . 80 100

108z 86 . 9% 95 asew
g7 88 66 76 102

A T .

82% 'Urine lostx 652 - 831 . B4 x

7o 84 6 76 92
103%  -f8vx . gox M0 120%
a7 85 68 80 58
a3 8O 65 va' .95

Table of Ihjectlonﬁ in mh;ch a) 1 ml = 300 gm,

30, 6,34

11,7.34

13,7, 34

2 mi g ml zml

'1vm1_ 'lml - 1ml

of fresh testes,
Control 2 mls,

R 'CQntrai, 3" coon 5 mls.

ﬁ). 1 mi S 300 mgm
oo ;_.ignid material.

Control iml,

4 " 1,5 4" m - 4 mls,
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Injeetione of one ‘to one and a half ml of teates

extract dissolved in olive eil nave no effect on the_‘

'eiimxnatian of craatinine. In Table II two mle. of the

_ extract doea cause an 1ncreased creatinine excretion.

As eomparea with Table 1, however, one ml of the extract '
in Table 11. is equivalent to 300 mgm. of freah testee,‘
whereas 1n the former table orie ml of extraot is equivalentv
to 300 mgm, of lipoid material. In ali the later experi~

ments a'stéﬂdarﬂ'of oneym1. being,equiva1ent tp 200 or 300

mgm, of 1ipoid materisl was adopted and the relation to a

gertain ﬁeighﬁ of'freshntestea discafdéd,.'

 TABIE 1IX.

pate ' Moo, No. 34,  No iz,

Preperiod . 80 - 73 - 101
12.9.38 B4 73 . 100

X 13.9.34 omx om0 193 x

1493 e 69 . 108
16.0.34 e 73 105

19.9.% . b6 . 76 100

Cp.9.3 0 7T0 69 08
22.9.34 7 ‘- '6‘3_4 L 103,
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Both No.9 and No.1% were injected with 4 mle, of testes
extract, No 14, was the control on uhe 13%h. :
On the 30th Hos, 9 and 14 were 1njected W1£h 5 mlg. of _

"teﬁtes extract ' _ _ v
“iin’this'caée_i i, of testes extract was aquivalent to

, QOQ mgm, of lipaid*&aterial | Again a algnificanﬁ rise is
vahown and as in the preﬁeding tables this rise is acute in

onget Gacurring on the day of injecticn.

. oate . We.8, - - Wo,lz, - No,l4,

" Preperiod ey  < f10g' S0
e7.11,3 70 10 &
8134 &m 108 0%
29.11.34 8 . - 108 vy
30.11.34 w18 4 |

112,34 . 8z - 91 ~_' &
2.12.54 .' | 64 o 93 . B4
5.12.34 % 108 60
4.12.34 e 00 &

No.§. and No.,14. veeeived 3 ml. of T.E. on the 28th and
No.9, 2.5 mls., on the ist, 1 ml, of Testes Extract in’
this instance is equzvalent to 300 mgm, . lipcid material
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Haré'a;d'ahd 3 mis,

as previously ahawn.

*99' B

eause an ;ncreased creatinine

: elimination in thﬁ urine wifu the same oharactgristics '

Fo.A,

No.C,. ..

_Ko.D._

Ho.B,

'  Preperind

62

49

36

5, 4,36

4.4.36

5, 4, 36

6..4.36 .

. 4,36
8, 455‘»

. 80

-
‘84x

‘54'

68

60 -
46

50 -
6%

.87

a5

s
6=

60

- 36

85

40

39

33

|35

-

Kos, A, C and D were 1naeated with 4 mls

zggxﬁ vi,

of Tesﬁlcular h
extract oh the 6th, Aprﬁl lml = 300 mgm lip01d materlal. |

' Y
_Date

_No.A,

o, B,

No.

Ko K.

Preperiod

69

41

e

51

46

31

57

17.5.36

18,5, 36

205,36

2l,5,36

_82.5.36

e

61

75x
67

43

40
43

46
45

55

Bl

B4

47

66 x

o
ar
146
4z
6o;g*»”

. 31‘.'-

33

o
30

- 46 x
42

62
62 -
63
60
95 x
62

Table of‘In ectione:

21,5.36

_Sml

Control 3ml ,

_49

Bm)

‘3mi,

Sml
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o Where 1m, is eéuivalent'ta 300 mgm.'nf-iiﬁeidfmateriai.
In both Tables v and Vi, we obaerve a8 significant
The axxent of the increased

vrise on _the da

’Aof 1n a tion;
_creatinine élimlnatién will be d;seussed 1ater.v The ine
erease 1e notably more than any posaible var&ation from the
normal On analysing these raaulta the cmnclusian ‘ean be
‘1'drawn that thare is a marked inoraaae in urinazy creatinine
following the inJection ef a sufficiently large dose ef

f teat icular extraot.

on closer examination ) quantitative response i Obe

C served, Although not absolutely definite, inrger doees of

T_the teaticular extract provoked larger amounta of creatznine
eliminatian and an attempt was mede to obtain reaults which
- would lead to a method nf aaaay cf the hormona baﬁed on the

ereatinine eliminated Aacorﬁingly, 1n @ new aet of experi-'

- ments in which every method ar uaehn4que vag 8% accurat

-possille, the dose of testicular extraot. per kilngram of body
‘ weight wag plotted againet the percentage 1neraase in :‘i
creatinine excretion per kilogram of body weight : The Yo~
sults were very convineing. - o I
Below are tables which'inéiuéerfhé figures for daily
creatininé estimatione at the time 6f injection. Theée_
figures show the'gctuai'riae in-ﬁgms§ Bolow ﬁhesq figuréa

is a detailed table of the dose of“iipoidfmatarial-in'mgma.



of the animz* and the gooe 1n mil¢ilitfﬂu.

-

aa bexng irrelevant and oonfusing

. | N per kilogram of bmdy WGibnt,'thaincd from the weight

_Datae

. Rabbit 7

' Preperiod

8

.. Dabbit &
63

80

| 13. 6, 36
35, 7. 356

85

'}53. —

3

84

93

g0

Dose

T em

2 mi

. Teignt

”1@78k3m'

o ﬁose/kgm Bodyi
Weight )

" 33zmem

260mgm

% rise/kgm g' )

gihsw %a“ght

BZ

"

: control 1n5ectiona and normal cantrals are omitted

_Rabbit 9.

1ml 300

e TG
- 2.34kgm

Lipoid

- material

/?Aﬁiﬁ VIIZ.
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Pate 1. 2. B .

4 . 5.

46

Preperiod . 59 51

19, 4,36 61 54
x 20, 4,36 75 66
21, 436 6T 4T

49

a2
60

46 "5
.42 62

Dosage sml 3wl Bml

2ml Zml

Weight 2,15k 1,004n 1,66ke 21,57G=  2.1%um

Dose/Kgm B.W.  418mgm 476mgm 545mgm

550mgm  AZ6mgm

?  .,l»x”,

"% rice/Kgm B.W  12.6%, 18.3% 20.87% 22.2%  18.8%

Date

2

Prepsriod

51

3

.6

14.7.36
%15, | _
16,

55
65
56

50

e

55,

Dose

| Zmi

Bml

_Weight

1._195§w'

1, 90Kg

 Dose/Kgnm B, VW,

462 g

. A74mge’

%a:ise/Kgm B{w

15,47,

19.4%.
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o Dete e 2. 3.
_}.{reperigd B9 Con 46
5436 s 50 46
. x6,4.36 B4 61
7,436 @ e 60

Dose  4miﬁ Cams dmie
Woight 251&3!11 196 kgm _3.‘.-;B£kg_'in,;.‘ |
Dose/kgm B.W 67lugm 616 mem  O4tmgm
A xise/Kgm BW 208  24.1% 24,60

Dete . @ 3. . & .
Preperiod 51 47 37

— " 2 v

30, 6. 56 52 - 48 - 56
21,6,36 L B 8 69

L7 60 45

Dose 4wl 4m 4md

Weipht. 1.90km  1,80%f> 1. 60Kgw

Dose/Kgm B,¥  63lmgm 660mgm 760mgm

T Emsefienm i S8 s
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Discusaion.

=104~

Thus we gee that not only does the injection of

“¢epticular extract produce an ingrease in the creatinlne

axoretion, but thza ia & quanti&*tive one . dependent upon the

amount of extract 1njected

S LSRR P L RN S

-

_ The rise accura on the day of inéeation. This ;
stimulation of the formatian‘of’uranaxy éreatinine if a
direct effeoct of the testes on oreatinine would result

in an alteration in the daily . amount of creatinine

' eliminated soon after castration; whercas actually there

ig a lang iatent period priar uﬂ the poet. castration

'inorease. " Tne indirect effect, the*efnre.'as probably one

via another endacrine.‘ The increagsed ereatinine output
gradually returné to the normal level, which is veached
within three days. SR | _ i
The response varies according to the dose and in the
seriescof‘experimemts in which éareful attenﬁioﬁ was gaid‘
tc response, dose and'weighx of the animal,; if the resgponse
per kilogram of quy weight is plotted against the amount
of testicular extract injected per kilogram of body weight,
the graph represents s straight iine, This suggests that
there exists a definite gquantitative rvesponse which would
forn the basis of a method of assay, These later results
also serve to confiym the action of testicular extraet upon

creatinine metabolism, producing an increased elimination




- .auggested

-205-

in thelurine.

Summ a'r,x.
1 Testicular extraet 1nta normal animals produces

an increased elimination of creatznine in the urine,
' 2, Thié responee takea’blace-on §he day of inﬁectibn
3. The reaponse is a quantitative one, varying with
tha amount of testieular extract injected

4. A method of assay of testicular extract is
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INJECTION OF TESTICULAR EXTRACT INTO FUCENT CASTRATES, (MALE).

The effect of castyation on the eliminatien of ereati—
nine has already been diacueaed ' The conclusion arrived at

was that the creatinine does not increase in amount until

'the pltuitary has reached its eritibal.hypertraphied stagé;

when thére is a rise in the creatinine level, Until th&s new
level wat reached the animal was regarded as one in which the

ituitazy had not hypertrcphied to the level required to
affect creatinine excretion, and as such was termed a recent
castrate. As soon as the urinary creatinine had definitely
risen the animal, now gailéﬁ a®long standing castrater, was
regarded ac possessing/ﬁ&pertroﬁhied pituitary which produced
an increased amount of the hormone controlling creatinine
metabolism and causing this increased scutput. ”

- In the following ae?ies of ezpefimenta testicular

extract is injected into these recent castrates and the

results obtained commented upon, In the Tablee are included

- normal controls (ininjected) and aleo normal controls injected

with testicular extract, The extract was regarded as active
if there was an inereaée in'creatinine elimination in the normal
eontrol animal on the ﬁay df,ingaation. {lmil of the testes
extract was equivalent to 300 mgm of liyb;dvmaterial.
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. mAER I,

Date - Fo.3,  No.d. ,ﬂa.a.".na.Q.'
Pfeperioﬂ"u 90 "8 ;,'71'-.»  58

21,8, 34 sy .80 . % 65

'x 22.8.3¢  106%  96x - 86=  65;_-

23.3,34' o gof' '_'vﬁ 86 6 B

- 24.8.34 g7 - 7 82 56-'

'Injections) ‘ SR L
23,8,34 ) - 3mis  3mls  3mle Control

-Anipal .. f  _RG,. CX. _ RC. Control.

~In the above Table "R, C,* signifias Recent Oaatrate :
~"C,1I, . #  Control injection into

: ' normal, '

- The animals were caatrated on the 3rd of the Bame month.

TABIE II.

Date No.3. _ No.8, 'No.Q.rvrﬂo.ngi’
Preperiod 0 99m - 68 . 73,
12.9.34 o 90 ,_‘73  . 54 H,70_

%13,9.34 . 99x 79x . TAx 60
493 93 5 6 13
5,9, - 90 66 M.

250,38 89
, Injectibns 13th 2.,5m1 2. 5m1 3ml Gont_rql |
‘Animal RE ___RC . CZT. Control
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it

(7%

JAnimal

| TABIE IiI, -

‘,,’Datg'-r | No.3, _

."Rona.or :

_30.9{

.'No.lé;.

 Preperiod . 90

H

58

- I

19,9.34 - ”Vgs _
x 20,9.34 96z
21.9.3¢6 93
22.9.38 96

a1 B

- 80x

(-

Yy

88x
‘70

75

vo'n'v
69
Rl

‘Injections

20th, 3.3m
Abimal @ R,C,

 ‘ 3,$m1..ﬁ
R.C, -

63

- 3.3ml
__Gua.

cbntfol"

Control

. .-: jivv

Date  No.3,

__¥o.8,

No.l2.

27.11.3¢ 92
x 28.12.34  96x
20,1134 - 96
30.12.3¢ 98

80
 eos
84

. 84

70

8=
80

Rz

' , 110 .
108
108

- Injections 28th 3ml

f;S ml

3m)

Control

” er.fc._

et

_GControl
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 that injectiens of teaticular extract within the first 'H,'ﬁ;ﬁx\

From this firet set ‘of experiments it will be noted

four ta six weeks of castration produee an increase in o N

;creatznine elimination.v

After this period however, there is a tendenoy to-'

| wards an 1ncreaaed daily urinary creatinine and an inw

‘-olxnatien towards the 1ncreased creatinine excretion ef

v'aaatration. Inaectlon of testieular extracta proﬁuaes
'11tt19 or no response and the creatznine level remains

at & nomal level,

Yhen the daily Zevel is establiahed at a conetant
1eve1 1ndection of testicular extract doen produce an

effact but thie is dealt with in the next section on - 1ong

' stand i ng cast rates.

-Raybit Nogsl

There is a aignificant rise to within Bix weeks after

'Vinjection. This inorease however. in theuurinary creatinine

 does not occur after this period and by the time the

ereatinine excretion is beginnzng to reach a nigher level '

'the injeotion ar testicular extract prmducea no . reapense
5 in the form of an altered oreatinine output on the day of

‘f_injection..

Another feature is the quantitative reayonse to the

dose, which 19 less than in the normal animal .
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It oan be argued, therefore, that a bigger dose is nécessafy
in the recént'caatrate than in the nomal to produce the same
percentage inorease in creatinine excretion per kilogram of

body weight,

No.8, presents gimilay features to No. 3, Up to aix weeks
after the operation injections of teaticular extract producge
an increaae in creatinine elxminamion ‘This does not occur

after two montha, when the daily creatinine level is beginning

to find a higher level,

¥o,9., the conﬁrql animal, shows a quantitétive response to

different amountavof‘the extract-ihdected.

If these results are compared bn a quantitative baais,

the resultn (e gotTable II) are.'

. TABIE V,
J 7 Hotg.‘ — N0, 8, o, 9.
Weignt 2,20 . 197 2.2
% rise/fgm B.N. 4.8%  6.2% N 14,0%
 Dose/Kgm B.W. = 364mgm = 452mgm 409mgm

, Thus the injection of testicular extract inte reoent
castratea will produce an inoreaae in urinary ereatinine,

but the reeponae is not equal to'that,in the noxmal.snimal.
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Detaile of further experimenta are given in. the next
series of tables | | |

TABﬂE VI,
: These rabbits M3 and U5 were eastrated on 5th February.,,

_Date _ No M3, Vﬁs. ) Mg. ~ ,--HA.

Preperiod . s2 B0 46 B4

25.2.37 sz 52 44 5B
x26,2.37.  me 0= 48 2=
ez ss 62 83 er
8,237 53 b4 50 59 .

Injeetianeszsth ~ sml  bm)  Control dumk
Animal .~ R.C. . RC. Gontrol GC.I.
: % rise/Kgm B.W. ‘22;5% "'24;0% - 80% -

" Dose/Kem B.W, _____ 660mgm_ 65dmgm  aspmem.

TABIE VII.

. Date M3 MG M3 oMy
‘Preperiod ‘53 BO 46 52
14.3.37 45. 50 47 47

%185, 3, 37 . 0% ex 46 5=
16,337 . 6 52 58 52
17.3.37 .58 50 .= 5O

-

 Injections:15th - bGml  Sml  Control  4ml
Animal ___RC. _RC, Control G.1I,
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These two animala still give a reaponse to teasticular -

‘extract 1n that there is an increase in creatinine elimina-

-' tion, but two months after caatration they fail to re-

produce thia rise in the creatinine excretion. as seen in
Table VIII. it will also be noted that they are’ beginnzng
to reach a higher daily level..

TABIE VIII.

Date . we.  Mp M4

31,437 - s . 89 46 52
31,437 . e 87 50 - 85
x 2. 437 . 88z . B2x B2 . 69%

. 431 &8 85 87 57

s 437 & B2 48 86
| Inje¢t16ns:2nd,(!;_"4ﬁij:. - 4ml . Control  3ml
 angmal _ RG.__ RGC. Control C.l.

Here‘no‘reSponse\i€lobtained with the exception -

of the'cdntrbl'injéctidn and thé'ahimala temain at the

.alighxly higher daily creatinine level which they have

. auddenly reaehed

Besides theae two complete serien. of experiments,

there are several moxe- acute ones in which the injecticna

| - have been made into castrates two montha after the
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operation. e. g., in the follbw;ng table in which no
alteration in the amount cf urznary creatanine from the .

| daily level fcllowed.

TABIE IX,

__Date, . om o 1a T3
19.6.37 68 70 65

%20.,8. 57 | o 56x 72x  6lx
21,8.37 50 - %6 6p
22.8.87 B 74 68
23.8,87 66 70 58
248,37 49 .m0

An injection of 3 mls. of extracf wat ‘given on the
20th, 71 was the’ cnntrol and TS and T6 the animals which
were castrated on the 3,6, 37 rheir normai daily creatinine

. 4

”had not yet reached a higher level.

.masgg-x; :

Date _ No.4, _____ No.lz
Preperiod . 86 . . 100

x 26,11.3¢ -84 T 104x
Camansse 87 1a.
28,131,534 90 ;;,_';;gg.“
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’“ No;lz.‘reoeived 3 misf of testicuiar extraét and ﬁas
eastrated on cctober 19th No.4 was the control "

There 18 a alight increase on the aecond,day. but this may

 not be. due to the injection but to the animal finding a

Thigher 1evez. -

' igcueagog -

The eonclusiona drawn from this, data are that, if =

B testinuzar extract in a sufficienxly large dose is injected

into an adult maia rabbit within aix weeks of oantration

:  Jthere will be an increased creatinine elimination.

This suggeata that snme gradual change is taking place

" in the animal, esaecially as the reapenae to an injection

of teetxcular.extraot is'considerably leaa than the response

of the nommal animal to the same amount of the extract.
'-;This 1nereaae in areatinine excretion also takes place on

the day of the 1njaotibn...

inaectione into theee same animals, two to four months

 after castration, however, fail to reproduce the erfect

'obtained. dnd the urinary osreatinine is. not altered Yy the
{urinary creatinine)

injection., It/is in the transition. ~period between the

| high castration leVal of the 1ong atan&ing castrate and the

 10wer level of the regent castrate (which appraximates

normal), The creatinine level is now rather 1nconstant'
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and shows many individual variations, but injections of
‘testicular extract do not appear to have any efféct and seem to
\

RN
\,
A

have lost the stimulatory affeet on the production of
urinary oreatinine, ' ’

If the action of the testes on ereatinine metabolism
is an indirect one through another endocrine, these .,,KV
| results indicate a gradual ahange in this endoerine, which
is stimulated at first by the testes to produce an increased |
urinary creatinine, A& the transition following castra-
tion takes place, thisvstiﬁulatexy action is gradually
diminished, Bventually the giand is not acted upon at all
by the testicular extract and the creatiﬁine metaboliom
remaine unaffected by this addition of the testicular
preparation, until the next phase - thaﬁ of 1ang—standingv
castrates - appears, This will:be discussed in the next

sextion,

Te Injection of testicular extract within six weeks
of castration in sufficiently 1arge amounte produces an
inarease in urinary creatinine, :

in the recent castrate

2.  The response/is less than that of the normal to

tha_aame doge, |
3, Injection of testicular extracts two to four months

after castration hag no effeoct on creatinine elimination,



A

wl‘l,an , |

'4. : The reaulta snggeat a transition atage between a normal'
and a high post-castration creatinine level, ~ . :
8, This transxtlen stage is praba.bly due to a gradual
. ehange probably 1n the pituitary. )



In the revious aection attention was drawn to the
‘_recent castrates in which the creatinina level had not yet
~ reached the high level which follows within four months af
’castration, and in which the pituitary is not regarded as
': having hypertrsphied to the "criticaiﬂ atage. In ‘this
section the 1ong~atanding castrate is considered an animall
| which shows the high poat~caatration level and whieh ie re=
v_garded as possessiug a definitely hypert*oyhied pituitary.._'
The new level waa accuxately detarmined and an avers
age for the periad previous to injectiona af testicular eXw
jftraat éstimated control injections of teaticular ex-
tract inta nermal animals were made at the same time te
~ensure active preparations., ' : - |
No complete aeries of experimente as with the two
iﬂtages of recent csstrates. ‘eould e performed. as eaetrated
.animala did not appear to thxive t@o aucceaafully and the
results obtained are only those of 1solated indections '
*, into healthy longwatanding castrates whoae preperiod of
ereatinine excretion did noﬁ vary and remaine& Very constant

a8 in the normal animal. ;
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BIE I.

‘DPate  Fo.M7  No,A. - No.Ma. -

| ‘Pfeperiod 5p | 98 46 .
14337 4 Y 47
xi5.3.37 - "x  96x ;"46
6.3.37 e 13 88 .
.53 e - mel s
| 18;3.3?‘ 1 56 ez -
19,3,37 53 o 87 42  - |
- ngectxansz 15tg 5 mls, of testicular extr&ct into A and

"4 mle into M7,
(1 ml ie equivalent to 300 mgm 1ipoid materis

: ,Hagb;t A;vis thevlanguatanding aaetrate and K7 is the contral

injection, 5 ml of teates eztrast wae injected into A and
, . in the ‘long-standing castrate
4 ml into M7, There is a significant drop/on the gecond day

':affer‘injeotion. In the previous experimenta the increased

in the nommal animal :
craatinine eliminatian/takes place on the day of ;naection.

TABﬁE,II,_

__Iate No.M& __ No.A, _ FoM6,
s1.8.37 52 .95 e
e s %0 7.

Cx 2.4.37 Ceex  esx 12
.48 0 s w63

4837 _ :QQ, L ',vg';._:l,.: 67
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“vznaection 2.4.37¢  No.A, and No,M4 received 3 ml of Teatis
Extract in which 1 ml is equivalent to 300 mgm lipoid :
-material., A, is the long~standing castrate, M4 the normal
control injection and M6 the noxmal control ' ‘
~ For the next ten daya the figures for A are 76, ?5

ﬂ 79 82. 70, ?7 62. 86, 82. 91 and, finaily. 97, on the |
k5th of the month, Just as in Table 1. the fall was s
prolcnged one, This fall wag followed up and daily astima~_
..tiong prove that the duration of lowered,creatinine exe
 g¢retion is twglVe gaya. "As ‘Rabbit A had a level-previouéj_'
to castration of about 67 to 70 -end in this case the fall

of the creatinine excretion is to the precastration level.

TABEE,iII.
 Date o om w3 2.

Cie.m3s 83 ,{. 1§4, o u§
0738 56 66 120
""x.'zl;v;sa 80 . mx - 91x

2273 s 715 89
g8.7.35 0 86 . 66 . * 93
24.7.35 e _;J 68 113
@573 5L 64 15
l‘zpjeqtioh 21st ' Control 3     3mi ‘ 7$m1
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S a 1ong standigg castrate¢ :
No.12. here. again./éives a decreased oreatinine elamination

whieh. although it is not austained doeu diminiah to the
-Vprecaatration level of ¥ 93 It 15 notewoxthy in thia case
 that the fall occurs on the day of inJectian and not the_ o
following day. as in the previous tablea.'

s v,

mate w3 ; 5 S V)

0.1X35 e - us o

v?i°¢m)55',- , O :f‘”Af”ils x
n.ax3s  sa . 9

12.I%.3 0 s2 - o9
13;1x,3§ — J'. 60 110

‘vNo 12., a 1ong—standing oastrate. was inJeated with about

,_three mls. of ths atandarﬂ teeticular extract used 1n all
- these experimenta The fall in the oreatinine level tkkea
>iplacqfonthe'secopd day after injeqtipn and_is_not.austained.,
: Co ‘ . 'T - v; o
_Date s A B
 Preperod 78 w0 - 58
2723 . 7% . 73 o 6
 x 28, 2.36 ~q0x . qox 6
1m0 e 8 e
2,338 .. . 6 - .79 . 60

3mi "~ Control
- R [y
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| The above table again inﬂicatea a lignificant fall.- )
'Animal No, B., which wae castrated on the ard August about
aix montha previoualy had an original level of about 63 mgm
'fao that the fall in creatinine. although suetained for only
’1three days, fell to the precastration 1eve1 The decrease

A_in creatinine elimination oqeurred on the second day after'

injection. o

_Date _®5 T6  F A
Preperiod 80 78 64 62
22,3 ° 79 75 6 6
3,12.35 f 74 700 . -66 . . 60
x4.12.35  83. 80«  82s 69

5,13, 35 j_'fi6851 © 60 o % -»-”54 B
62,35 66 e e - ea

7235 6s . 6 w60
 8.12.35 69 -ivaf"‘ 7 55 f 56

,‘ g,lgaas' . '70 . ”fva- -' sdf'_; .64

4.12.25 :_ ,3m1  : ami  sm Comtrol
 Abvtmal  L,8, 0  . L.8.6 0L '.COntral
Precastration 65 60 - el

The injection is followed by a fall in creatlnlne leve]
in the. long-standlng castrates and the precastration level

while in the normal control animal the creatinlne
: elimlnatlon 1ncreases
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All the above results show - 1njectzon of testicular :

'extracts into the long-standing castrate reduces the high
o post-caatration to the normal precaatration level,

'The duration of the decreaaed creatinine is dependent .

upon the amount or extract With moderate doaea the

effect is transitbry and with large doaea is- greatly

'“,prolonged.

‘f’Dchuasionaf

These long-standing’caatratea have a high urinary
ereatiuzne level, which is regarded as probably due to

a hypertrophied pituitamy.

Inaectioﬂs of testicular extract sttmulated the o

-pitnatary 1n the normal animal to increase the amount of

oreatinine eliminated In the recent castrate the pituitary

was atimulated at first but this stimulation of the

'tea’leular extraot gradually dimin;shed until eventually
' itaproduced no etfeot on the pituitary until the definite'“'

phase of the longestanding castrate wag reached four to
8ix months later, At this stage»théiteéticﬁlar extract
producea an ihhibxtony effact en the non-hypertroyhied

"pituitary with ita altered physioiogical status anﬁ a

- lowered creatinine exoretion resulted.'

The affact of testicular extraot on the urinary

'Qréatinine,,en nonmal,~recent-and lqngoatanding_castratee
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18 one of both-ﬁtimul&ﬁicn amd inhibition, the stimulation

being on the normal gland and the znhibition on a glaﬁd :
which has definite different phya;oIOgical prOpertiee from :

-ths‘normal.  The recent castrata, in which the’ pﬁtuitary

is probably in a«atate of tranaition.Jis unaffected;

‘Summa LY.

1. Injection of teatiaular extract into 1ang~atand1ngv

- ecastrates 1eada to & fall to a preaastratien level,

2. This is probabzy due to an 1nhibition of ‘the

hypertrophied pituitary. :
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GRNCRAL SUMMARY,

1, ‘Injection of testicular extract into normal animals

~ produces an”increbaé 1n'urinary creatinine,

2. Injection of testicular extract into racent castratee
- Bwmoalhs

‘firat producea a rise and ater has no effect on the

elimznatian of creatinine. B

S.f Injection of testioular extract in longnstanding

'castratea produces a fall in the creatinine exeration to,

the premcaatration 1eve1

4; Theee results are explained on the basia of ine

hibitien or. stimulation of the pituitary, Which. after

© castration, gradually undergoea hypgrtrophx.and alters

its physiological fynctionsuy: - -




THE EFFECT OF  ADMINISTRATION

OF _SALINE _ SUSPENSION. _ OF  TBSTES

ON  CREATININE  BLIMINATIOR,



Bulla' testis tissue was finely divided up with a
d scalpel, the maoerated 11quid mAsE euapended in anke 8
"Selution and inaected aubcutaneously by means of a large
‘veterinary syringe and needle. o
The creatinine 1evel of the t&£bit§ uged in these ex-
perimenta wasdetermined for at least a month before and
- the avarage daily exeretion emtimated The reaulta obtaimed

following injection of th@ suapensian are detailed belew‘a

TANE I,
" ‘ Date . Ng&g,, _Fo.5. Fo,6. TNo.7, _Fo, 10, No,11
. Preperiod - 99 .78 - 96 98 93 - 89
i . £9.4,34 106 ° 5 95 90 - 90 87
30,434 121 75 90 8 90 95
x 1.5.34 | 10x Mz 90 93% 01 90
2.6.3¢ 100 7 90" e1° g0 93
3. 5.34 04 - 45 85 75 78 82
4.5.34 92 6o 8. 3 76 W
_,”_gkghgé . 8. .65 8 7 70 67

Table of Injections: | -
1,534 _aom o0ml €. I. 10ml __ 10ml  10ml,
' Control injectiOnvﬁ iﬁmlisaline; iml z 0.3 mg fresh tissue,
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ih eaeh of the animélé'injeoted there is a éignificant
decrease 1n the creatinine eliminated. _ | |
. | Animal Ho.a. has a decreased urxnaxy creatinine on the
'J fourth day following injection, T....88 is found in No.ll.
 In animalsﬁo 7. and 10 which aleo receive 10mls.of the
suppension, diminished output occurs on the third dey after
‘vingection. The fall varies between 139 and 24% in these four .
 an1ma1a; ‘The creatinzne of &nimal No.5, hnwevc‘, whioh received
f20 ml. of the suspension, fell to 45 mgs., which_representeaéz%"
v aad occuriedfin the thiid dny after iﬁjecticn. o :" .
| ' The control animal received ld wls.of saline. This had

no‘effect oh the créatinine“1evé1, ‘

TABLE IT
_Date. ____No.l. _ No.3. __Ho.4 . No.8. _ No.9.  No.13.
Preperiod. 96 80 78 6 43 98 _
13.5.3¢. 100 ¢ 8 e 8z 103
 14.5.3s.  97x 84  83x Incouplete Incom. 100
15.5:34. 104 85 86 113 145 98
je.5.3¢. 7@ e w0 66 18 85
17.5.34. 75 84  .e 65 64 73
18.5.3¢. 67 8 60 . 6 58 75
o 19.5.34. a8 83 o 67' a0 69 . es
20.5.3s. 84 80 e &, .m 871
21.5.34. . 89 T A A | "9si','
22.5,34. 88 s 79 74 8z 97
14.5.34. 20ml. ~ ¢.I. 20ml. = 20ml. - 18ml. -
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Control injection was 15 ml. of saline.

Iml. is equivalent to 0.2 grm.fresh testes.

The urine from No.8 and Ro.9 each méasured less than & mls.
on the 14th. On the following day the amount of urine was not
increased above the average normal output, but the creatinine
excretion was extremely high. It is suggested thet the figures
on the fifteenth represent almost the total ¢reatinine eliminated
for the two days.

In the other animals the drop in the urinary oreatinine
occurs on the third day after the 1njection. Thie fall gradually
increases until it reaches its lowest level on the fifth day
in Nos. 9 and 4; and on the sixih day after injection in Nos.l, 8
and 12. | |

The percentage drop varies. The lowest figures on their
respentive days indicate that there is & decrease of 23% in rabbit'
No.4., 30% in ¥o0.9, and 33% in Nos.8 & 12. Animal No.l, however,
on. the nineteenth reéchee a creatinine level which is 50% less
than normal. |

The control enimal only shows variastions within normal

limits.

DIBQUSSION:
These above results indicate that there is probably an
ihhibitory factor acting on the pituitary, thus producing the
fall in the créatinine outvut. The point is again emphasised
that it is not a direct effect of the‘teeteé. The latent period

suggests the poesibility of slow absorption and excra}ian of the

substance. ..
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substance or possibly a relatively low mctivity of the

‘guspension,

-/

1, Injection of ssline guspeﬁsian,inta.nczmal adult

‘male rabbits produces a fall in urinary creatinine.:

2; This decreased urinary creatinine may be'aé'lﬁw'_

éﬁ 50% of the normal daily amount,

3, There ic & latent period of at least two days

before the creatinine level commerces to fall,



.§

=129=

HE_SUSEY A.e or mm

. .

‘As with Tegticular extracts, "rmem castrate” ex~

_periments are carried out on twe sets of animis,

" {a) those that have been castrated up to six
weeks previously, and | |
{b} those that hmra been castrated for tm -
. to four menths but whz.ch 4o not alr eaﬁy _

show the pﬂ:st—mtmmpn inerease in

uringry creatinine.

/TARIE I.



TABLE 1. .
g DT N -1 - - D I S0 S
20.6.35. | 49 | 63 |es | 83 “50 _
Cbress. | 88| e |72 | e 5|
& [22.6.35. | ~ s0x| €8x |70x | 60x | 53 | i,
23.6.3. | 56 | 86 |75 52 | 86 |
pa.6.35. | 51| e2 |eo | a0 | 4 ™
25.6.35. | 43 | s8 |s7 | a0 | 53
25.6.35. | 88 | 47 |55 | se | sa
27.6.35. | 88 | 54 |es | 58 | 45
Itable of Injections & type of animal.
22.6.35. |  15ml.| 18ml. [iSml. | 15m1, | Gontrol.
‘Animal. ’ : VRfP; -%?ﬁg&l; R.C. | R.q. :Nofmalf‘

'fl ml. ia_equilvalehf to 0.3 gm. freeh testes.

- Thie above table consists of the results obtained from

injecting suspension of testSS'inﬁo rabbite which wére castrated
on the third of the month, tﬁai ia nineteen days previous;y.

' _In each insﬁance there ia a f&ll in the»creﬁtinine ouiput;'

this drop also ocours in the normal animél injecﬁed with the

seme amount of testes suepen 5100, The fall lies within the

limits of 20 to 83%. Thie is almost the same as that of ‘the

normal animal which shows a a7% decrpase.
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TABLE I11I.

:Date; IR 7 TS Y - NG, 14,
_ Preperiod 89 73 7
19.10.3¢. 80 8z - . 7
20.10.34. - e8sx ®sx  93x
21.10.34. . 98 80 w0
 22.10.34. o 93 IR 68 &7
33.10.34. e ey s
"24.10.34.V _I. e 64 'vzvss,’
25.10.34. . 7 : . 8o S 85
Table,of_injectiéné; e )
20,2084, . lewl.. | goml, 19n1.
Animal - ;._-;-'_R.c.i: o " . R.C..  Hormal.

C.I.

 1m1‘E 0.2 gm.fiesh'testsé.ﬁiaéue,"

This Beries 6f éxpériﬁeﬁﬁé waslﬁerformed'onAanimﬁis which
had been oastrated on the third of Augubt, two and & half |
"months previcusly, but whose creatinine level remained within.
the normal precaatrv% on limlts, '

‘Again there is e f111 in thefurinary areatinine.» _

Animal Ho.3. hae & diminiéhédvcreatinine'output'of 22%,
and No.8. of 80%. The creatinine of the normal.&ni@al.Na.14.
decreases by 28%‘, | . | ' | :

. DISCUSSION:
Injections of & saline eusppnsion of tpstes into both types

of recent cestrate produces a lowpred creatinine eliminaticn. o
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Thxs again indicates an inhibition of the pituitary At the

same time it suggests an aiter&tion in the funotion of the

gland, for the fall 1n the creatinlna output in t%e recent*~

castrate is nnt quite as great as that in the norm&l animal

\

_  which received the same dose. In both cases ‘there is a 1atent

period. before the effects of the 1njection are. evident.; This
latent period as in the normal adult male rabbit varies fram
three to four days.' | |

| The effect ofvéeStioular'Suspehsion‘on>recent castrates i

gifferent from that abﬁained with testiculariextrgct fdr this

">sa11n9 qusppnsion 18 capable of acting on the pituitary and

altering the dﬂi1y urinary crea%inine 19?91 in 311 stagns of

caztration.

' SUMMARY'

1) Injection of saline SUPPPRSAOH of testes 1nfo both types

of recent ceastrates i followed by a fall in urlnary creatxnine.

2) This fall iq not as pronounoed «u that obtained.with the

- game dosp in the normal dnimal.

3) There s & latent period a.f‘aer the injection and before

- the craat1n1ne excretion;diminlghee.
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INJhGTION OF sALINL aus PFN%ION oF T (STES INTO LONG STANBING
. . bASTRdTFS (hAEE)

The rabhita used olearly showed the pest-castration in-

{' mease in urinary creatinine, and this level was carefully
.‘ dﬁternlnéd prlor ?0 in;ection. In the tablesbelow the pre~'
per;ods &re given, and these indicate the level of the
| increased crestinine elimin&tion.i | :
TABLE I. - B e -
_;ggte. , 7 MHQ;S,_ v ;;Eg;aif N@.Q.
. Preperiod - -fQS:f   | A . g6 o | 'fegv'
11.12.34. - w03 80 75
' 12.12.34. 100 I %
x 13.13.34. wsx . 87x - esx
. 14.12.3. @& e e
2 15.12.34. 3 70 . 48
16.18.34.  es s e
g - s 15
Inpction | _' 4
13.13.34. 20m1.. 20m1. © 20ml.
© Animal .l - L.§.G. L.5.C. fgofma1; 

 Animal Eo.s. had a precaatr&txon average level of 80 mgs.
cr@utinipe,-and Ho. 8; 8 1eve1 of 63. Thus the above results
show & fall to +he prec&strutlon lbvel in both canee. " The
1atent neriod hpre is only a day and ‘18 therefore less than
in the two prev;ons'sets of experiments on normal and recent

castruates.



»

- 184 -

TABLE IL. .

,,Date.-.ﬂ Lf  i ,  ',NQ-K.';[‘
'Preperiod . v

' _Hg;L. — No;g.j:;

AW A NSl S Aol =

jgrllosb- "'v ‘->88
3.11.36. - 75

41136, 7k

5.11.36. 69

6.1.36. . 60

‘ 71110365.: 7 364.”"H.
"8'11t36q _1j»' ’  66,

9.11.36. - - 68

10.11.36.. 73

e %

80 . 80
Cwrx 0 ng
ez B 2
- s8
S
ea . 73

2 £
w99

Injeotion@:'

C4,11.36. . BOMIM
Animal = - L.8.G.
«}Precastrataon T B
lev93 . - -62mgms

18ml. - - _Control. 
L.8.¢. Normal.

~ BSmgme -

'lml. Qf.the'suspenSion;wasvequi#&lent to 0.33 gm. of

~ testee tissue. The control animal received 15 ml. of saline. =

- The 1ong atandlng caetrates rv&pond to the in390+ion of

v_aajlne suapeneion with & f&ll in the creatinine excretion to

the.precastration level, The animsle K.& L. were. nastrated '

ieiz monthe previous 11y, and prior to injerfzon the high pre-

'v‘casfration'levels were quite definite gndxwell malntalned.

The...
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The creatinine output gradually returns 10 normal after the

“lowest point has been reached as the fall to the precaatration

level doer not peraist.

DISCUSSION:

Injection of saline suspension of tegtes into “long standing

, caetrates produced a denreaee in the chatinine in urine to.

the pTECdSuT&tLOH Jevel,  Thiag fell persi ste fo* three to four

days when 1t gradually returna to normal.f The lqng latent

period observed in the normel animals, and recent custrates,

is diminished, ahd +hefraspanse tb,the injection occurs on the

day . following the 1njccuion
The effect is probably one of an. 1nhib1tlon of the pituitary.

thus rebtorxng the creatinﬁno output to its original level.

In considering the resulta of the whole of the seriea it is seen

that the saline BUﬁanSlon exerts an inhébitory hotxon on the

pituitary in ths normal animal, and through aLl the stagea

' following castration.'

‘The response to the,injection_in thé noimal_animal and in

the different caétratné vuries as far as the quantitative

' response, and the L&tbut period are- aoncerned. This altered

reaction is r@ﬂuOHﬂbLy explaxned on the bqsms of the altered
thDiOIOQiCul propertlcs of the pituiy ury, due to;its hyper-

trophy iollow;ng-caetrau¢on, ‘and thus the femoval of the

" inhibition of the.testés."

 SUMMARY...
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$UMMARY.

1) Injection of saline auspension of tectes into

long standing castrates produoes o fall to the precqstration

3) The latent period. before the creatinine falls in

'reepnnse to the injection is only one day.

&) The results suggest an 1nhibition of the hypertraphied-

' pitultary.,
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GENERAL - BUMHARY

1) Injections of saline suspension into normal adult

. mele :abbits is foliowéd by a £all in the daily urinsry

ocreatinine.

2)  Injection into recent castrates results in a decreased

creatinine output.

'3) Injections into long standing cagtrates leads to the

high post-castration creatinine level, diminishihg to &

lower preeastration level.

4) Thege results strongly sugges? an inhibition of the
pnterior pituitary hormone, which controls creatinine
matabolism in thse normal, the recent castrate, £nd the

long standing castrate.
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| INJBCTION DXPERIMENTS _ ON

'CREATININE _ METABOLISM

WITH__EXTRACTS. OF  NORMAL

ADULT _ MAIE  URINE,
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The extracts were prepared éccording'to thé.ﬁathade déa- .

cribed earlier.v The animale used were normal adult males
" ‘which had been kept in metabolism cages for at 1eaat twantf‘
 one days. so that an accurate estimation of the average daily
-creatinine output could be determined,  The mean of these
figurea are included in the follwwing tables.' - i

| In addition to the . exxracts prepared 1n the labaratory.
» preparatiOna of Proviron were obtained from Mesers Schering - .
: Khhlbaum. The reaults obtained both with these and with our
v'own prepnfationa.vare detaxled below and the different

_ responaas analysed:

TABLE I,
_Date S M:w No, 5., No, 6, No&l..
Preperied 97 %8 96 81
45,34 92 68 g 78
x 5.5.3  96x 6 64x B4x
6.5.34 45~ 82 84 &
- w.5.34 125 75 129 102
- 8.5.34 2 75 - 90 84
9,5,84 990 69 9y . 77
Injections: . - - | -
- 5,5,34 7m} ___ Control 13_5:_:; ___4m

1 ml of the urine extract is equivalent to 200 mle of
urine,

- Note: Only adult male urine is extracted.
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On analysing these figuresv‘

| Bagb;t Ngga Bhowa a fall in the creatznine output cf 50%, on
the day following imJection. The next day the oreatinine
 level has suddeuly risen 255 higher than the normal level,

This 1noreaaad urinary creatinxne then drops baek to ‘normalin

~the next twenty fouy heurﬁ.g

Rabbit No.S6, :The creatinine'raiis on the day of injeétinn.
and etill farther the following day, when 1t reached a .

 level of 43% less than normal, '~ In the next twenty four
hours the creatinine exeretion had’ riean te 30% ggg_g_the .

1norm31. and then returned to 1ta normal figure the next

day.

Rabb;t Hd,gl.'ﬁhieh received a amallér'dose ’givaa a'drdp3

of 17% the day after 1naection ‘of the urine extract and an
',inoreasa above the normal of 24% the next day. All this o
_data. therefore. indicates a biphasic 'reaction which
‘suggsste, first, an inhibition follomed by a atimuaation"

~ of the pxtuitary ‘ '

/TABIE 11,
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4_];: ?gggériedl : ;:96 |

 Nede  wolz.

78 98

21.5.34 89
22.5.34 - 88

% 23.5.3¢ 96
'24.6.34 95

26.6.34 90

- 202

T

e7x

9

'72x

104

-386,

';Qﬁu.:f"
, iQOxﬂ

‘80
121

86

534 94

Injections:

T ~ Non~ S
23.5.54. injected 14m1 ,
, Contzol :

88

iomi'

.;ég';_f o

ﬁ1bm; ~

1m of ‘the urine axtract is equivalent to 200 ml.

urine.

The creatinine elimination in Ho

of 1njectxon ‘and 15 iower en the second day.

falle on the day

this 19 »

- foliawed by a rise of 25% above the nomml level.

Rabbi§ §9t4;‘shows.a aiminished urinary creatinine'on the

'day'fellowing injectiqn (td”an:ektent'of'1?ﬁ§,and 2 27%

‘1nérenae Above ndfmal on'the‘third"day of 1njéction.,

-Ho,la, confirma the abovn resulta by a drop of 19%,

, rollowed by an. increaae of 22%.



A ~ These resulta claarly md;cate that injections oi’
adult ma:le urine extract produae ﬁbxphamc effeot, and the
o next. aeriee of experiments are the results obtamed usingﬁ
Proviron (a preparation of Measrs 8chermg Kahl'baum which

'waa obtained from the urine of adult maiea)

E.unﬁ_ll_h
| e Dute i ';' A
. __Preperiod 93 76
 26.2.35 90 72
27.2.35 87 70
x 28,3.35  93x 8 4.
153 0 79
2.3.35 80 72
‘B33 M 16
. 4.,3.35 "'1;1, s
' 6.3.35 87 75
6.3.36 89 79

No.4. was injected on the 2let with 1 m. of Proviron. 
No.A, was the non=injected, control. | | | |
| Bere the fall {25%) in the amount of creatinine ex-
c:;eted occurs on the d-ay fauow;ing.injeotion, ‘but this i_.:a "
maiﬁfained'for three dayé and then the sudden inerease of
"20% on the fourth day is succeeded by & return to the

normal level



"
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S mmsn.

_Date

'vrr.'Pgégériéd

-?4::

21, 6. 35?_'

x 22.6.35
28, 6,35
-24;6;35
26,6, 35

26.6.35

87.6.35

e
- 63
.
70
65@ ,. 
56
67
69

Cew
50

64
7

: ‘78::"

61

e
80

8g

6 . O
&,

gg,g;ga[,x

qu;F{ and B ware injected with'lﬁfml.’ofvPrﬁviraneach

. on the aand of June,.

»'aeveral days later.

Fo.E, was the control ‘animal, In both
“ cases of injectiun with FroViron the effeot obtained with .

‘urine extract is aonfimed in that there is @ diphasic
- reaponae.': With urine axtraeta the rise followed within

,  24 hours of tha fall but with Proviron the riae occurred

/TABLE ¥V,



;143;

. IAHEY, .

me Mm% o
102, 36 B S
x11.2.35 | .é?a;"lvasjg 80

'12.2.55‘ 51 sz 80
”.aa;é;as!ij sa~g 2 ‘__"'
14.2.35 65 75 . T4

fls;gQasf 89 .87 . 72“

16.2.3 66, .
_aros 70 e 78

’ 11;2;35 2m1f:'_2m1" ' lQantr&l

-‘ Pro- - Pro~ €Non-v .

ng_n viran : 1ngecteél

In Aland Bl the effact zs repeated in whieh there is a

'qdiphaeic response t6 the Proviron 1nqectxon. ' All the above |

results with "Proviron" were obtained from the firet aupply

’of Proviron from Scherxng-xahlbaum. “his was prapared from o

adult-male urine, A aecond supply, Bome time later, was

also la’bélled Proviron, This, however, was not prepared
- from adult male urine but was pure andrestercne ‘benzoate,
It failed to reproduce tha biphaszc reeulta abtained in the _

" first instance with the extract of adult male urine,
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Discussion:

Injections of extracts of adult male urine/’proprietary

" preparations from adult male urine produced a biphaaic effect

on creatinine exeretion, This biphasic result suggests

that two substances are présent in the urine of adult males;

-one‘which inhibita and the other which stimulates the

pitu@tarﬁ.l Thns saline au&nension of tectes contained the
one subatance a6 it caused/decrease in urinary creatinine'

ané lipoidstgaticular extracts contain the other substance

which atimulated the production of coreatinine and its

eliminaticn in the urine.'

Bummery, A
1. Injections“uf'extract from urine of adult males pro-
duce a Biphasie effect oﬁ creatinine exeretion,

3. This Yiphasic result consists of e fall in urinary

areatinine followed by a rise the next day.

3. Proprietary praparatione fyom urine reproauce a

gimilar effect, which is. however, glightly modafied

4. The results suggeat the presence of two substances
in the urine which act by {(a) depressing, or {b) stimulating
anterior pituitary. | '

T — o —— o ———— — 2
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- In the- intrOﬁuetlcn to this work a dhort dasaussien

&ppears on the male gex hormanea,_which occur naturally and

‘ vhich have b@en isnlated exther from testzs txssue, or fram f

adult male»urina. Their strncture was accurately deter-

mzn«ﬁ and thpir relation to cholesterol aSQertained whach '

-formed @ basis for the preparation of theae hormones

synthetically,- In addztlcn to the naturally cccurring
substances,.which ‘have- been termed androgenic, many
related androgens have also been prepared.a.

Synthetic preparatians are in pure crystalline fonn

 'and the results on creat;nine metabolism are, therafore,_

thoae of the true hormone. The pOBSlbillty of ‘& modified-

 effeet due to combxnation with somw other hormone or snb—_

stance, is, therefore automatically eliminated whereaa

_1mnur£ties may be preaent in 1aboratory preparations of

testicular or urinary extractg. _ _
SeVeral of-theae crystalliné‘préparations weie”ob-'

tained and injected 1n different amounts into normal adult'

mnle rabbitﬂ under the same conditiona as those employed in
';the testicular extracta An accurate preperiod creatinxne

_ 1eve1 was determined and those rabhita which showed the

least-daily variat;ons were used fc:.thesezexperiments.
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. _. A toﬁaliy new batdﬁ wﬁﬂ'emplnyéd'in the ﬁadofity'af thé.?x;-
: _‘expar&menta. mo that any prevxous inaectians anould navé n;\

. - effect whatBoever. | - S E

- The ryatalline praducts was aacurately weighed uut
ana the ra‘uired amount of nut 011 aﬂ&ed . This wa heated

on & sand vath, | .
Besides these crystallina praﬁucts. the proprietamy
product of andrasterone bensoate (Bchering—ﬁahlbaum) was

: injected

- f : .i 'f Injactians f testoaterene at firat gave no response
' / 'whaxsoeVar in the amaunta injected. as will be aaen from the :
; f. f_' £1vat tab&e. | D o o
__ Pate & B -
_ Pre eriod . :,9§ , N 57
18.1.37 100 57
10,137 96 . 68
20.1,37  x96 en
21.1.37 a7 46
22.1.371  90 86
’ 23.1.37  x92 45
24.1.37 @82 - B9
N 25.1.37 . = 8$ o 41
26.1.37 .94 B
27.1.37 90 64

.D08,1,37 90 48



~
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' fallowing tabie.'

. 914§f

ggections. 20 1 o7 A Smg, -
22.1.37 ﬁ 6.5mg .

Arxim.a;l'( B was the nomal control,

_ These results show that testoaterone in small doses' '

had no effeet on the creatinxne metabolism. The_figuras .

.  were»confarmed_by ;”further_seriegvof;injections.in'whiﬁh

,amall-amouhts of-téstosteraﬁe‘had no-éffect’ Larger doses

of testerone did, however, have gsome effect as shown by the

. _Preperiod 67 53
8,637 62 50
9;5;37 67 - a8
x0.6.37 . 2. wx
1,637 63 60
12637 @ a
13,637 64 . 60
14,637 73 58
. 15637 v 85
20,637 . oomgm
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M3, Bas the control animal, 22 mgs. of testosterone

(dissolved’ in nut oil)were:injected into M7 on the 10th.-

" This resulted in an increase of 30%,on the day of in-".
y Jection, whi&h“fe11falmostgiﬁmediately to within normal
limits, The -effect, thérefore, of this .large.injection
vwas a transient rige without any prolonged action on the
: areatinine‘metaboiism.a :

“The.next step was.to. take 4 aeries of animals and
‘ingect ﬁszerent amounts of the erystalline preparation

-~ inbto different animals, .~ - . T

TABI® III,

Date . M4 H6 L J10. M1

- M7 2 -
16, 7.35 . . -4 . 64 . 59 100 75
‘x 17, 7.85 .. 36w, B4x . -62x . 94 N 7%
18, 7.35 . . g@_qh,vva}(‘ 66. . ..102 7%
19, 7.35 38 .88 & 86 .70 .
20, 7.35 43. 70 62 95 65
21, 7.35 45 59 56 08 62

‘“mq£@, ?,3§h.i ~7J§g .66 5C
_Igjﬁgt;ansz L .
_ 17. 223500020

The crystals of testosterone are dissolved in nut

0il as before,
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“on analyszng the results we find that indection of doses
of testosterone up to 15 mgs, yroduce no alteration in the
amount of creatxnine excreted. | - : '

Of two animals injeeted with 20 mgms.. one,‘nﬁ.. rea-

B ponds by exereting an increased amount (20%) on the day of

injeotion. This falls to within normal lxmits the follnwxng o
day, In the other, ¥7, there is a alighz rise on the day '

- following indection and then a return to the normal level.

,Thia effect is not as marked as in the previous one.

niscusaion, o

& 20 mgnu of testoaterone or more are administered

E there is an. increase in the amount of creatinine elimznated

on the day of injection This rise is not sustained as the

creatznine elxminated returns to nermal 1mmediate1y.

_'Testestarone will, therefore. stimulate the pituita:y and

as a resnlt. there is an increased elimination af creatinine,;
but as pointed out by Parkese et al,, excretlon of the hor- :

mone is very rapdd and this probably accounts for the very

3 brief action, even in large doses._

Small amounts of testosterone do not cauae any alter—_

:iation in creatxnine metabolism, prohably because the excretion :

- i8 too nap;d to allow any Btimulation af the pituitary.

e,
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1,'-Injections of‘test@éterqne,in'small doses (1-15 mgs)

are~not'fo11awbd'by,ény altef#tion ih'creatiuine,matabolism;

2. Inaection of 20 mgm of testaaternne\or more)reault

in a rise in the urinary creatinlne..

3o Theae results suggest a rapzd exsretion of testos-

. ternne.

54; TestosterOne 5txmu1ates the anterior pituitary

to xncreaae ths output of creatinine.
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Parkes. has shown (see introduction) that the effect-

1veness and action of testosterone is greatly increased and

‘ Aprolonged 1f it is admin;stered in the form of an ester.

This is due to its alower absorption and excretlon.

vAccordingly crystala of teatoaﬁerone proprionate diaaolved
“in nut. oil were inaected 1nto normal adult male rabbits and

- the resulta compared with those obtained with the pure un-
esterified hormone, ﬂTeatov#rcn"_(S_chering-&ahlbaum) a

‘proprietary preparation of testosterone prbprionatelwaa‘aiao '

_Date M4 N5 M3
. Preperied 54 Bl 46
S S
x 15, 3.37 - 0% 3% 46 |
16, 8,37 62 52 55
17.-3.37 . €0 50 52
18,331 . 56 53 -
Injections! ' |
- , - o Non=~:
15, 3,37  Smgm Smgm injected

_Control, '
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;o ¥4 is the normal and M5 is the recent castrate, It was,
' howe#er,'castrated'leas thanggive weeks‘previously. o
. M4 gives an increase of 28%, wh;le ns gives a rise of
: 22%. In these results 5 mgm, of testosterone proprzonate
‘ increases the elzmlnatzon of creatinine on the day of "
' 1nject10n only,zn a normal’ adult male rabbit and to a‘
o lesser extent in a recent castrate in which the pztuztary
" has not‘yet hypertrOPhied to the crztical stage. '
. . _Date Mz M3 W5
i  9.4.37 85 . 54 67
x 10,4.3%7, 55x% - - 60x - 61
-~ 11.4.37 43 . 51 63
T ‘ - 12.4,37 T8 58 89
i o 13,4.,37 58 - 68 . © 66
14,4.37 58 60 69
- 15.4.,37 58 60 70 -
X 16,4,37 SGK o '601:'} 68
7 17.4.37 58 56 -
18.4.37 48 .62 69 R
- 19.4.37 54 - 68 70
- '90,4.37 61 . 65 68 .
21,4,37 52 58 66
. '22.4,37 54 62. . 60
23.4,37 53 60 68
ngections:» | VFI .,. .
10,4.37) Smgm . Smgm ' Control
- : B ] testos= testos-.non* ;
o B ' 16,4.37) terone. teroné in- . -
: B ‘ ' | proyrzon—proprzonﬂected
~ate ate,
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The firgt injections were given ih the neci while 6f ‘

o fthe indectione on the 16th. M2 waa injeated on the fiank
  and M3 in the giuhaal muscles.

N2 wns & normal animnl but M3 wna an adult male wbich

had been castrated two and a half montha previouelyo

u3 gives no reaponae at all to the injection a8 far as
'creatinine metaboliam is concernad but M2 does ehew a

' 'slight inereaae in oreatinine elimination,_ The output

on the eleventh is aomewhat low, ‘but the increase the

,follnwing day ie rather tao much to be compenaatozy.

-~ With the aecond 1njeetion there is aleo a slighx

'.1noreaae on the fourth day after injection, and ‘the level
)is esmewhat raised. It is, however,_hardly a significant

“-foecto ,

?ram these above re-ults iittie conaiusion oan be

drawn,with the axeeption that 5. mgm of teetosterone

‘prOprionate has no effect whatsoaver on the elimination

fof creatinine in the adult male castrate of two and a

half months whereas 1t does appear to. hava a etzmulatory

.’action on the normal animal.

...,\,

e e
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TABIE 111,
Date ¥g u6
 Preperiod 46 68
| 27. 4'37;»;- {50" . ag
- x 28,4 371 | 5.‘9';;_”- | _.172
20,437 58 & E
3054{37t» . ,'66 " A\
1,537 & 7
2.5, 5.37 54 "-vo

On the 28th Mz was injected with 10 mgm. testosterone
proyrionnte. - g j.: - o 45 |
The incréaae in creatinine output on the day of injecticn

is 29%. but this persista for three days, and on the third
sy Jas reached o Level of 5o avore tne mormal. 10 mgm.,of

/'therefore, has increased the eliminatian of ereatinlne on
the day of injection and mqlnta;nad this increase-for threq',

da.vs_'

MS.. the control animal does not show any alteration L

in creatinlne elimination._ :

/TABIE IV,
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TABLIR IV

Date N6 Y
Preperiod 68 95
15,6,37 72 94
x 16, 6,37 87= +10)
17.6, 37 82 96
18,6, 37 78 95
19, 6,37 | 82 100
20.6,37 65 89
21,.6,37 78 96
22.6,37 67 100

. 23,6,37 67 100

16.6.37 15 mgm N, I,
. Control

M6 received 15 mgm of teatosterone proprionate and this
resulted in an increase of 26% on the day of injection,
This increase is maintained for at least four days. On
the 21st, that is éix days after injection, the creatinine
elimination ie again high, thus the effect of testosterone

proprionate is gfeatly prolonged.,

/TABLE V,



Date . w3 M4 M6

?xgégg&pd'_l .- 67_'- 43 68
8.7.37 ez 39 6
‘xe.7.37 &1 ®x 6Bz
_.10.4.37-.v T 12 } 51. 80
11.?.35'-1'isf ’;63,f_ BT
12.7.37 69 53 - 83
13.9.37  “ 64 :]'_ @
14.7.37 {. _f f-73 R 38 f 66 ‘
3537 7a 31 64 o
njectiona. . _‘ o |
9.7.37 . ieSected 15 mem 239 mgm
' Contred _

| Again, Wluh the inJection of the teatosﬁerone prop=
‘rionnte. there is an 1nareased excretion of’creatinine.
which persiata rcr faur to five days before the creatinxne
vfalls to the normal lavel It is notable that in this
experiment the creatinmne output did not riae on the day
of injection. hut on. the following day. and that th:a rise .
persists, =0 that five days after 1ngection the creatxnine

“qevel is still high. -
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TABLE V1, -

—ite | v‘ f ﬁs . i ﬁ;g

__Prepertod 68 65

a.e31 74 e
x5.6.37 85% . 70 ‘(
4.6.37 85 . K ,
5637 82" 6
6.6.37 ’V"-r;e o es
7.6.37 .70 65
fos & _A v .
3.6.37 | 20mgm ‘ﬂon—_ "”

Testosterone injected

- Pr OQrionatg gnirﬂl,
20 mgm of teatostarone praprionate inaected into MG did not

 gause any greater increase than did 15 mge. (see Table Iv),
~ but, once again, thevancreaae is on the day of injection, and

| this persists for'faur days,

- Digcussion!

~ Testosterone proprionsme. in' a dosé'df fivérmgmé;;'causes'
an increased output of creatinxne on the’ day of injection N
in one rabbit and in two other nnmmal animals on the’ thirﬂ
day of injection, in the'recent'caatrate of less than
five weeks standing it also caused an increased elimination

off creatinine. This hewever. was not apparent in the
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recent castrate of two and a half months etanding, in whizh

the pituitary'as regarded as haV1ng reached the transition

'StagP.

In doses of 10 mgms. ar,mnre injected into nermal

rabbits the increas&d elimination of creatinine occurs on

the day of injeection in the majority_of experzments, and
'_'thia'rise-persiéta for four to five days, The creatinine

excretion then returns to normal.
If the resulta obtained with teatosterone pr@prionate

are compared with ‘those of testosterone, it is at once'
ore

‘apparent that not only smaller doses of the ester are/mffect-l'

ive than'the-purevhormone, but this_effectiveness is greatly

"increased and1pro1ongedb“ Just as Parkes et ai..have-shown_

that the slower absorption and excretion of testosterone

prOpriohaﬁe have a‘gréater ané more Qrolongéd action on the
growth of accassory sex organs, it seems, 00, that the |
stimulatory action of testosterone on the pxtuitary to produce
an increased creatinine excretlon, is augmented and of 1onger

duratian if it is admlnistered in the esterxfied form. -

Summa r’z.

1. Injections of testoaterone proprionate in doses of
6 to 20 mgm. reﬂultiin an increased elimination of

creatinine in the urine.



T

2. The increase fakes'placé onltheiday of ihjeétion.:

'[3. .1t ie prolonged for three to flve days if doses

of 10-20 mgms are adminietered

4. The gffectivenegs’bf,testosterohé{on the pituitary

:is great1y increased and prolonged if admihiétered in the

form of teétpsterone-propfionate.
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INJECTIONS OF ANDROSTERONE INTO NORMAL ADULT MALE RABBITS,

Crystals of Androsterone are prepareé from adult male

Androsterone is less active than teatosterone on the aecesscry

- urine- (Theae are refarred to in the introductibn)

sex organs_of the rat and the capon comb.‘ : The crystals

were dissolved ih 6live or nﬂt'oil ﬁnd‘injécted into adult-

male rabbits, the same methode being - adOpted as used in the

previous expe riments. .

TABIE. I, -

S _'_I:Jat\e-_ A B¢ ‘ ¥ D

__Preperiod 83 40 S0 74 45

l11.1o.36,; .80 46 45 73 44
x12.10 36 ' 997' 43x -.sSx;’aix""46x o

13,10, 36 84 40 53 75 41

14.10,36 85 36 62 75 a4l

15.10.36. 83 45 50 70 48

16,10,36 85 43 53 76 . 49

Injectioni : o o

- Fon-

12.10, 36

‘injected 5mgm 14mgm Smgm 10mgm
Lontrol .

. The above dats .shew that administration of 5vor'10.mgm

of androsterone will notvaffect>the creatinine excretion,

14 mgm, however, does result in an increased excretioh of

21% on the third day after injection, This effect is very
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tyansitory and on the following day the creatinine elimina-
tion is again at the average ﬁnily'leﬁel. ~Thus the"effect,'

which i8 very shorteiived, requires two days before ths

- pituitary is stimulated to increase the aréatinimeriévelg

| TARIE IT,

Date M A

| LvPregeriod 46 90 .
172037 BT R !
- %18, 2,37 . 4T . 86
19.2.37. = 50 86
20.2.37 0 89
21.2.87 62 95
22.2.37 86 o1
‘23»2-§?71 ' ~§O v‘ . g?.. | -
_'.Havinjeateﬁvwifh 15 mgm andro@teronevon‘the-ieth.

A was the control animal which'wga injected with 6 ml saline,

The results indicate that injection of 15 mgm of

- androsterone result in a 40F rise on the third day after

injection, The following day the ereatinine exeretion is
6till above the average but fallsbﬁithin the next 924 hours

to ncrﬁal.

/TABLE III,
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' TABIE 1II,
Date . M3 M)
i _Preperiod & m
8.7.31 62 10
x9.7.37 o & véxf?."
1073 . 12 "1 63
1.7.37 .6 95
12.7.37 69 &3
13,737 . 64 68
‘14.¢.37 . 13 6
- 15,7,37 7 89
Injections. . _ ,
_ _ Fone :
1 9.7.37 injected  20mgm,
oo Control -

Injections of 20mgm produce a 34 % rise on ‘t-iie" third
day aftef'injection{ This rise perdists'fog'tﬁo'daya; the
increase on the second day being only lﬁ% -The following

da.y it retums to nomal.v

Discussion,

- From the above results we see that amounts af androsterone
fx-om 11 mgm to 20 mgm w111 ea.use an increase in creatimne
_elimination. iny on the third day after 1njection dqes
’ the increavse’ in the urinary greé.t’ini_ne' be come appérént,; and

this increase is not sustained for more than two days.
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Doses of 5 and 10 mgms have no effect,

fmmmary.

1. Injectione of14—20 mgm of androsterone produce an-

~ increased outnut of creatinine on the third day after

1nject1qn.

2. This increase is only of two days duration at a

maximum,

'3, Administration of 10 mgm and 6 mgm of androsterone

has 1o effett‘bn crea&inihé metabolism,
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INJECTION OF AEDROSTERONE BENZOATE INTO NGRMAL ADULT MALE
' - RABBITS,

Androsterone benzoate in the form of crystals was not
obtainabie but Proviren (Schering Kahlbaum) is a proprietary
preparaticn of Androsterone benzoate, In the tables the
actual weight of androsterone benzoatg ie given,

Testosterone proprionate was more effective than
testosterone and, similarly, an ester of androsterone is

shown below to have an altered effect on the ereatinine ex-

eretion,
TABLE I,
_Date A ___F
Preperiod 73 70
14.7.36 65 66
x15,7.36 82x 80=
16.7. 36 103 105
17.7.36 88 86
—18,7,36 75 58

Injections:

L 15.7,36 10 mgm 10 mgm

There is a élight increase on the day of injection,
Thieg is greater on the following day and the ecreatinine ex-
¢cretion remins above the average level on the third day,
although the increase is not gquite as pronounced as on the

 second day after injection,
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S 'TABIE 11,
. _ g : : :
o . Date 'i,',A e c — F
< . Preperiod 74 50 72
x19.8,36 7= 56  T4x
20.6.36 90 49 90
21,836 98 44 - 90
'22.8.36 91 . 50, 66
— 238,36 67 5 -
B . Nonme
. e Cmm E
In this ezperiment'14 5<and 15 mgm, of androsterone
* A | ,,_produce an 1ncrease in creatinine elimxnation on. the second'
| 'day after injection._ This_raisedflevele-the ereatinxne
output persiatS‘for three déyB befor& it returns“to normal.'
vahe rise, howeVer, ie not as marked as wzth the amaller :
‘ dose of 10 milligrams (Tahle I) | B
| | TABLE 11;;],'
_Date A g- ¥
. _Preperiod B2 49 T __
N 15, 9.36 83 48 - 72
| x16, 9.36  B8Ox 47 66%
o . : ' Urine . o .
e o 17, 9,36  lost 56 . = 82
| 18, 9.36 = 98 48 86
i9, 9,36 L9 49 77
Injections ] ' '

16 9.36 2 Swmom Contval 7 Smom
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Unfortﬁnately the urine from A waavlost on the day

'followzng 1n3act1on. but both A and B exhabit no alteration |
‘in the creatinine 1eve1 on the day of injecticn. On the

. followzng day the . autput of creatznine haa risen and on tha

thzrd day both A and ¥ ahaw an increﬁsed eliminatzon of

.'ereatlnine.

-vnxgcusszoga

Inxectzans of androsterone benzoata in amounts of

? 5 « 20 mgm reeult in an increased amount of ereatinlne zn

. the urine, elther on the day of injpctzon or the day fo110w~.5
"ing. ‘This rise is mainta;ned for two to three daya. If

‘these results are camparad wzth thoae obtained witn the

pure hormone, 1t 13 obvious that the ester is more effectzve

and has an actxon whzeh 1s more prolonged far if androster?

one ba injected the increase which only cccuzs on the third
day aftpr indection is not sustained. | As with testosterane

prnprianate, the augmented action of ardroateronp, if

>adm1nistered in the fozm ‘of an eeter. is prcbably due to

slower absorption anﬂ excretlon.

Thus, from the whola series of experiments, we see

. that the ester haa & greater effectiveness than the pure

'hoxmone, and this affectxveneas 19 not only increased but

greatly prnlonged



Pl

=167~
Summary.
1, Injection of 7.5'tor20‘mgma of énd:osterone benzonte

causes an inérease in_the amnunt of'creatiﬁine in the urine.

3._.This inctéase'persists‘for two to threéfdays.'

3. Androsterone benzoate:stimulates the'pituitary to
a'greater'extentiaﬁd:fOr a longer period than androéterona;
as shown by the-different'creatinine eliminations in both -

cases,

'GENERAL Summ. '

'1_11‘ Teatasterone and androsterone in sufficiently 1arge
amounts stimulate the antevrior pxtuitary to produee an

increasedvamount of creatinxne in the urine.

~2, Their effectiveneas is 1ncreased and greatly pro-

1onged if administered in the form an ester.'

3 " This increased and prolonged effectiveness is

probably due to -lawer absorpt;on and excretion.
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FEMALE SEX HORMONES, ’

In view of the work by KerencheVSky et al on the dunlicity
in functlon of the male and female sex hormones Progynon B.
0 1eosum farte (Scher;ng Kahlbaum) i.e., oestradiol benzoate, -
was 1nJected into norual.adult male rabbits and the creati-

nine output follawing adminxstr&txon eetimated An attempt s

'xs thua made to. correlate thxs woTk on creatznzne wlth the

results obtained on the acceesory sex organs by administra-

.' ti9n of the female sex hormnnes._3 In addzt;on, all the

hormones ueed in this series haVe come under the bisenual

oy partially bisenual group of' hormones in_which the>ch1e£

:aotion has been ezther a male or femalé 6ng'or both.;‘

In view af this the alterations in creatznine metabolism.

it either female or male sex homones are 1ngecteﬁ, shculd

- bear same relation to one another.

TARLE I, N
‘Preperiod 58 59 .65
2737 58 - 55 . 60
x3,7.3%7 B 48x . 57xv - 70
4.7.37 T 6 -
5.7.37 - 43 43 . 69
6.7.37 = 68 "5 68
7.9.37 83 T 65
8.7, 37 56 B4 92

Tngectzona. - - - , " K.I.C - none.

Smgm 7.5mgm N.I,C.  iBieededanimal.
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£ These resulta 1nd1cate firstly. an. increaae in the
'eliminatian nf creat;nlne on the dav following the ine
= i jactmgn. The next day thﬂrn is a 1owered urzndry creatinine |
“ which,in'turn, gives place to ancther increase in the _ -
creétinine oufﬁuf 'Ih-éach'caée.the'diffeféhce is éigﬁih
ficant and doas not 1lie within the. 11m1ts of a normal aally
varlatiqn, Thexe is, therefore, first # rise above. n@rmal
then avfé11 npluw noxmal and flnally. a rise again above
narmal in the output of urinary'creatinxne before the e
.narmal level is again reached o
. S ?f.“, “-~'  2§3£3 11.
. | o Date 3 ‘m N9 M0 Ni) .
- . Pregeziod 67 54 95 - 91
8. Y 0 A 5 91 70
x9.7.57 67 62x 60x 92x 79x
10,737 :_ 72 46 ' 46 0 60
11.7.37 68 60 61 105 95
42,737 6 83 74 110 85
13.7.37 &4 .58:‘ 164'v'104‘ v68> '
14,737 75 87 &7 . 88 69
o ' Iﬂjeﬁtions: - o | N
- S0 8.n.37  F.ILC 15mg 15mg 10mg 10me.

In'this series‘ofieXPerimenta there ié only a biphasic .
alteration , No significant rise precedea the inxtial drop,

but this fall in creatlnine excretion in each af the faur
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rabbits. but th&t of the control, is followed b; an 1ncrease

in the amount of urznary ereat4n1ne. There is, therefore, a

distinet aiphas;c reac*ion in which the creatinine output

firgt d;mmnishes in quanti ty and then increases.

Genclusion,,

The main results give a diphasic effebtaﬂere a largé dose

_-is used but w;th 1njection of smaller doses of 5 and 7.5 -

ngm & triphaaic reault was obtained Theae. however, only

reureaen& two of the reeults,-and al‘hough tne chief f;gures

- do’ 1ndacate_a.diphasic/actmon, more data zs really necessary, ‘

This diphaéicfreaction waa not abfaineé if testosterone
or éndraateroné:or’théir-estaté weie_admihistexed. |
Theae‘diphasic.éffecfs are very similar to thoaé obtained .
when extracts of adult male urine or PrOVIan were uged,:

It is difflcult at this stage to suggnst an explanation for

_Athia. The difficulty is enhariced by the fact that in the -
' 6ne case a pure eryatalline product of known composition was

used, whereas in the Other a crude extract of urine‘was

injeéted' In both cases, however. it is probable that the

‘ pituztary is firat 1nhibited and then atimulaied

In all these experzments thh synthetic preparatxons |

_confirmatory exnerimente are really necessary. Work in

‘thia lavoratory waa‘somewhat_limzted-owing to:the émali-

‘amounts of these pure crystalline products available,

-
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1;_ 10 - 15 mgm, doses of oeatradiol benzoate result in

:na fall in creatin:ne excretlou helow the normal level,

followed by<a rise above the normal level two days,later.:

2. Smaller doses (5-7 Smgm) suggest a triphasic effect‘

a riae followed by a fall below normal and, fznally, a

 rigse above the average level,

3. The main effect of oestradiol benzoate on the ex-

oretion of ereatinina;in,the:nfinevis a_definite'diphasic

-/

4. These rpaultsvshow'a'similﬁrity'between'the'efféet

obtainpd by oeatradiol benzoate and adubt male urine ex- .

tracta.

)
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ng ION OF ANTERIOR P’(’FHITARY EXTRACTS INTO NORMAL
Azmm  TALE RAB '13’1""1*'8‘ o

In the ant*odurt;en, the work of severa1 1nvest1ga+ors ‘

on t he yatut{ary anﬁ creatznlne metabollsm has been disw

_ cue@eg - Perhaps the first cone1u31ve work ig that of
Braier (1931), wno removed the anterior pltuxtary and ob-'

_tainea a deerease 1n ﬁhe amount of creatlnlne eilmlnated

in the urlne Th;s a&soclated tne antericr 1obe of the

_,thophy51s dzreetly WIth crpatlnzne metabolzsm.

Eztracts of the anterior lobe were prepared as des~ .

gribed prevaously-and zngectxons were made ;nto normal

adult male rabbiie of which the narmal average dazly

urinary creatinine had been carefully determlned.v-

In some experxments Antuztrin was used and- in others

‘Ambinan. Tne magorlty Of ex@erzments, hOWQVer. were
- performed w1th tne.extracts of anteriar.pltultary pr@duced,_

'by'Bellérb&*s methed, in thistlabaratmry. Antuitrxn ig a

preparation of tne anterio¥ lebe prnduced by Parke ~-Davis,

~ and Ambinon an anterxor pxtuitary extract prepared by

Organon,

' ,' /TABIE 1.
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)Aﬁgge,,‘”

Preperiod 61 63 ?4.‘

2, 7.35

.x_:s.,' 9,35

5. 7.35

6, 7.35

8% 6= 762
69 . 69 . 1

01 80 ’.;103“'_
y & 8
60 85
63 68

%, and T injeoted with
2 mis, 3 mls and 3 mls .

_respectively in which 1 mi

is equivalent to .650 mgm

.of t;ngue._

Injectlons cf anterior pitultary extract aré follownd in

every case by a deflnite inereaso in the urinary crea*inine.

TABLE

This is confirmed 1n”eevera1 1atersets of exparimepts.

I,

Prgncrigﬁ' 58

56 89 110

13, 2.35 70
- x14. 2.35 75
15, 2.35 97
1. 2.35 85

58 ¢ 80 108

B8x 84w 113

At

Twl 13 equivéf?ht'ta
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The above'resulté confirm thaée obtained in the previdus
table in that there is a distinct iner@ase in the amount of

ereatinine ellminated in the urine en the day followzng -

;ingectxen. In the three rabbits injected each show this

rise. This varies.a

Animal A showed an increase of 42% in response to' a
the injeotion of 3 mla of extract.

Animal B which also received 3 mls. gives an
 increased output of 24% '

,In égmmal 4, wh;ch was injected with 2 mls of the

extract, there was & rise of 14% on
the day fallowing 1njectmon.

These high levels return to normal within one or two dayaf

Date _ _ Fo.4  HoA  No.B .
' 15.«3.35 80 70 &8
xi4. 3.35 87 76 46x
15,.3.35 84 97 . 68

15, .35 75 1 75 56
17, 3,35 6 T3 48

_aesss WG am am
| "(i ml = 712 mgm of tissue). -
With the,dose»of 2 mls there is again an iﬁc?easedﬂ
excretion of creatinine in the urine, 'Thia resulf is
confirmed 1ater, where extraets of anterior p;tultary are

injected into normal animals which act as controls,
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when the effect of the anterior lobe extracts on castrated

animal 16 being 1nveatigated. An extnact ia regarded as -

act;ve if an injection of 2 mls. will increase the output of

o creatxnine in the ur;ne of normal adult male rabbita.

| 7 Besldea the anterlor p1tuitary extract preparatxons '
:'cf Ambinon and Antuitrin have been admzn;stered in the form.

of subcutaneous injections.‘u'

TABIE IV,

" Date M7 o
__Preperios 53 65 _
7w s 60
Cx3. 7.3 ssx 70

4 737 6 o=
SRR 2 R A

BURE - - 63
7, 1.37 - 55_1 ff-,ég'

M7 was injected with 4 mls Ambinon on the 3rd July,

 THis resultédlin'an‘inéréasad urinary cféatinine on the two

 days followizg 1njectian. |
This reault was repeated using castrates and w111 be

discussed later, Injections of Antuxtrin were also'used.
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Date M2 M6
. Preperiod . = 48 }l.”éa |

16,337 s om
v osam ssx bex
18, 53 e 84
19,387 . s9 7%
o, s,sVl?7 ?‘4$f. e

17,337 2 ml —2mle -
On March 17th nz and MG were each injected with 2 mle

of Antuitrin which resulted in an. increaae 1n the output of

'-‘:creatznlre on the day followzng the injeetlon, and on the

two aueceeding dmys the creat*nine laVel is atill abeve thermnmﬂ
N avera&e level. | “

TABLE VI%_' ,

Date M4 W6 A
1?, 2;3?:fssf?f“ '65, o
x18, 2.37 50x  69x 86
19, 2,37 70 82 . 86
20, 2.37 65 = 80 89
21, 2.37 54 74 95
| 22, 2.37 52 63 o1
28,237 53 6 87
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February 18th - Nos. K4_and'ﬁ6‘were sach inﬁected,ﬁith'f'

3 mls antuitrin, A injected with 3 mls brain extract,

In both cases the rise oceurs on the day following

'injeCtion ’persiafed forrarothér 24 hours and rapidly

-returned to. normal A showed no alteratlon 1n creat1n1ne v

output,
Discussion, | o

It normal'adult male rabbits ére'iﬁjééied with
antbrlor pltultary extracts prepared in the laboratory, or

proprietary preyar&tlons contalnlng the act;Ve substance

of the gland, creatlnlne_excretlon rises above the normal

‘1eve1.

Castration causes an increased creatinine excretion,

but %hiszefféct comes on very graduaily;nﬁéiﬁg'retéraéd,

" as it is dependent upon the hypertraphy cf the pltuztary.
,Belatzvely quicker is the decrease 1n urinary creat1n1ne';
- produced by hypophysectamy, thus 1ndicat1ﬂg that the

anterior lobke hasudxreet control.GVer the ellmlnat10n>6f'

¢reatinine. Both hypertrophy (due to castration) and

- injection of anterzor pituﬂtary extracts increase the

.amount of creatinine in the urlne.. The effect of hyper-

trophy of the pitultary on Various organs hnas been shown' v
to be due to increased production and seeretlon. This

evidently oceurs here as well, the ;ncreased,secrétion

‘bringing about an increased ereatinine exeretion, as



. shewn by the increased el:.nu nation with mj ections of

| antemar 1obe extracta. s o -
- ‘The action, however, of these extmcts upon the .

| mfeent_ ca.;trate in both stagea _shculd_ throw n_zora light

on the subject, . | o -

Summary.
i, .in_ﬁ-eéﬁ.m of_.arnt-éi‘iar p.ituitary _e:ét:raatsf.,

' ant_uit}rin ._-ez? amb‘i;nbn.v °leads to an _i heréased elimination o

* . of urinary crestinine in nomal adult male rabbits.
2 2. Thz.s pomts to a du'ect eontrol af creatmme
'2 metabolwm by the u.ntcrmr lobe, |
*
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'ERJTCTIG N. OF ABTERIOR PITUITARY EXTRACTS INTO REGEHT i
- o , CASTRATES, ZMALF )

As mentioned hefnre, recent castrates are divided up

'into two types 4 (a) *hose whidh have been caetrated for -

, six‘weeks or less and in-whieh the pﬁtuitary is not regarded-”
" as haV1ng hypertrophied and (b) those in which the pituitary

: is regarﬂed a8 havzng reached the transitxon atage although

there is no increased urxmary creatinine.»

Tha first serles of experzments deal wlth.those

)'animals which have not been castzated for more than eix -

'weeks. The precastration 1eVe1 of creatznine excretaon is
still h&inﬁained The extracta were prepareé as dxscussed '
before and eontrol znjections were made into normal animals
to determine whether the extracte were active of ngt.'

If an increase in creatlnmne excretzon diu not follow ine

Jeetion into the normal animal»‘the extract was regarded»as

inaétive. (Actually, there was never. any @ccasion to dige

card resulte for th;s reaaon in the whole eeries of exp&riments)

TABxE 1.
Date X L M N O
- Preperiod 60 52 65 7% 60
T 12. 6,86 b8 58 86 16 63
x13, 6,36 62.  50x 65x. 72 53
14, 6.36 73 68 83 77 - 55
15, 6,36 64 62 67 .80 60
16, 6,36 64 64 65 74 58
17, 6.36 65 56 60 75 . 55
18, 6,36 67 56 61 75 62,
. Tgble of njectlons' 5. S,
13,76.36 bul Sml m N. 1.0,
A.PE A, P.B ﬁ §;E _Lockes

Selution
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“Animals D SEEEES NN SN S <~
| ,Rc.7nc;ggm;m¢ﬁﬁaﬁ;  
1 ml 750 mgm of tissue) ” |

A In the control animal injected wiﬁh anterior pituztary
extract there is an increase of urinary ereatlnine on the

}day followzng injection. ~ The two recent castrates N and L

- which each recexved 5 mlB of A, P E., also showed an increase g"

-on. the day fallowing 1ndection. but the urinary creatinine
 of both the control andmal - one & noncingected rabbit and ;
'thp other which received 5 mls. of Locke's Salution - did

not altar frOm the normal dazly 1eve1.

' 1ABIE 11

. Date K LM N 0
. Preperiod 60 52 65 W8 60
6. 736 6 857 70 70 59
x?;_?,SG_-"Vﬁx'v*3. $4¥ u7'vsxil . 59
a; 7,36 " 62 61 74 - 6
9. 7.36 6 51 e . 64 64
10, v,aa 61 ‘,_so; e 60 65
" Table of Injections: | ) " j o _
7. 7.36 Eml 4ml  4ml N, I.C, _ bm
APE ARE ARE  Briln
- xtract

1 mli = 750 mgm fresh anter;cr lobe or- brain txssue.
Animal B.C f‘R.C. Normel Normalh R.C.
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oL |  Thase rabbifs‘weré ﬁastrated oh:the iSth‘Héy;”theréfore,r .
A‘they were nat yet recent caatratea of six weeks standing :
s .'at the time of in,jectlm - A
‘ . Again, theae recent castrates'ahbWed'an'iﬁereaSed'-
_ urinary nreatinxne on injection of anterior pituztary
extract, The normal animal teo, has an 1ncreaeea |
>',creauinine elimination. whereas thnre is no alteration in

!
the creatinine level of nonoxnjected anlmals. '

’,.TABLE_'zx'x

T PR o E. B ¥
| R _Preperiod @3 ,?g'l“. .96
, . an.235 W w101
""_xééf.z.ss oesx 7sx 90
'f1.ls.35':"';36'- e - sz
| 2,335 10 99 . e8
S - s;_s;as e 75 “;95 
- &8 80 100
| 97

4, 3.35 .

e
‘3.
~3
]

o 5 3,35,
Injections: L Ces

S 28, 2.35 ami sml . K.I.C,
v . ) X . ) o L ﬂ P E A.-P.E - )

Animal  CR.C_ C.I, . __ Nomal

s | (1 m) of exxract is aquivalent to Ti2 ﬁgm.Of,
IR - - t:ssue). : . o :

: E was caatrated on 14th Februafyﬁ‘
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On the 13th March E and F weré again injected with 3 mis
of Anterzor Pltultary Extract and, as in Table 111, there :
was an mncrease in urznary creatxnlne on the ‘day foilowzng

1njectlon, a rise whlch was susta1ned for two days before

the creatmnxne excret;on agazn fell to W1th1n ‘normal 1imits.i"

Antuitrin inject ions were next given and the results

are shown below:is.

| TABIE IV,
__Date R ®.m
,Pie@g;ibd‘  A6g;7 3 vg!i :,63
s 435 56 70 56
x4, 4.35  56x  8x . B50
5 4.3 80 96 89
6. 435 6 70 56
%, 4.35 ~ B8 70 53
8. 4,35 58 :76 &0
4, 4,35 &m0 3ml NIC.
Antuitrzn Antuit-
rin

B, thé receht'eastrate ’ané ¥, the hormal'énimal - were

.each injected w1th Anbuitrln Just as W1th extracts of
the anterior pltuitary, therebls an 1ncreased output of

:Hurznary creatznine on the day f011QW1ng 1njectlon. In the
‘case of antuxtrlnt 1n3ectlons. h;s 1ncrease is not sustaxned

but rapidly returns to normal on the day after the rise,

-
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The second serzes of axperiments was performed on

w» animals that' had been castrated for two to four montha,
"'and in which the pztu;tary 13 regarded as havxng r&ached

- a transition or refractory stage. althnugh there is, as .
'liyet no post caatratzon increase in urinary creat‘nine.v'irff

: Injecticna of_testxgnlar extract failed to produce any

alteration in the creatinin& excretiah in fhése rabbits.

In these animala the average daiiy creatinine eiimina-~f_

','tion is estimated for a weék before ingectzon, and only

,.those arﬂmals whiﬁh do not ‘ghow a poat—castration increase

are used provided they have been aaatrated for two and a8

half montha. .

-7TABEE:V;

Date

T3 76 F

Al

__Preperiod 55”f f'a;>1'[53_' Y
12, 9.35 88 82 66 63
x3, 9,35 6lx Y- “ééxlgvf'fsa |
14, 9.36 6 7. 79 | 60
15. 9.35 58 95 76 56
16, 9.35 56 74 70 64
17, 9,35 58 78 68 60
Table of Iqigctlons.“ o
13, 9.25 3ml aml' Bl F.I.G

: AA?PIE P.B A P.B,

_Anima1

o Castrated 29, 5, 35 2, 6.

- 35 . -

" R,C R c Control normal.

inject,

lml 774mg
tissue.
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| Thus the creatinine exéretion'ihcréases"althaugh the

animala have been castratad for three and a half montha.

' Using testicular extract tha pituitary, in its state of

anterior piatuitary -

 transition, was not affected. Here 'however, the/sxtract

appe;ra to havcta_diregt'effect on the-creatinine metabolism,
Aniﬁa‘l@ T‘z and T6 both 'sh-:cair an i—ncreéé’ed ‘-ex-c'r'etio.n of R |
creatlnlne, ag Goes the normal animal This increase occurs
bgtn in Tz and F, on the day following 1naection, but it is

not apparenm in T8, the other castrate.}until the second day

after adminietration of the extract

ABLF.
Date 2. . T6 A
o Preperiod 53 _ 8 64
 22.8,35 0o 18 m.
| x23.8.35 sex 8O  &6x
24, 8.35 64 84 82
25.8.35 57 8 10
26, 8.35 48 82 . 69
27, 8-35~" R B

Tz, & recent castrate and. A, a noxmal animal, each were.

ingected with 3 ml of anterior p;tuitary extract (1 ml =

680 mam of tiasue) B@th show a xise in the ur;nary creatznine

on the day fallowing injection. This rise 10 sus taxned in

neither case ang falls to the average nexmal leve; the next day.
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~ . _mate B . ® A
| | ‘Pfépéripds__ _62v‘7' 72 Qf'>  62
L 19, 4,35 - 60 2 59
. xs0. 4,35 6lx - 68%, 56
S 21,435 0 78 90 60
2. 435 66 _79 62 S
.24, 4,35 64 w51 'ﬁ.&gi’mf
- On the 20th4Apri1 E and ¥ were ‘each inJeeted with 3 mia‘ 
. f Anterior loba extract El is a castrate of two and a half
o montha' standing, and. F is a normal animal A is the nozmal
; -”_ - sontrol, The inaectlons»resulted in an increase in urinary
o 'ereatxnlne as found w;th the other experiments This r;ae
again oecurs on the day follawzng 1n3ect10n, and in. the;
:recent castrate 1t is back to ncrmal the follow;ng day, whxle
there is still a sllght increase in the creat;nine excretion4
in the nommal-apimallthe ngxt ﬁay. Thaa 15 ‘not sustained
,Biécusslon, o
| Control injectzons of anterior pltuztary extxact into

' nazmal animals confirmed the findanga diacussed earlier in

the aeries. of an increase in urinary creatin1ne._
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Recent castrates of less than two months standing,
if injected with these same extracts also showed o rise in
the creatxnine leve1 Thus, the extract was not acting
through the testes, but directly on creatinine metabolism.

In the normal animal the pituitany can be stimula-
ted by testicular extracts, The animal is then castrated.
kfter'@astration‘the}pituitary at first can be stimulated
Ey the testiocular extracts, but thg gland seems L0 pass

graduaily into a refractory stage., This yefsista_far

'abautltwo to four months. The anterior lobe then reaches  :

a stage in which it is inhihited by znjectiona of %esti*
culayr extracﬁ. Thus thﬂ arucial experiment here was _
injection of anterior pituitary estract into animals in

which the pztu;tary is in the refractory or tranrzﬁien

_phase

Animsls varying from two and a half to four monthe
were used. But injections of the anterior lobe contdinued

to give an inereased excretion of creatinine on the day

following injection, This'resulﬁ had alse been obtained

+h in the ncrmal animal and in the recent castrate of
ie¢ss than two months® standing,

Thus it seeﬁs that the antericr lobe extraet)acts

directly on creatinine metaboliom and that the anterior

pituitary in the norxmal animal contrels this metabolism |

directly and not through an action on another endoerine,



3%

187

These experiments thus provide confirmatory evidence

_that changes in creatxnzne elim1n&tzcn due to castratian

3

~.and 1n3ectxons aXe referable to pxtuztary actxvity,

| Summary.
1. Injectibns of anterEOr’pituitary'extracts intﬁ

recent castrates cause an increase of urinary creatinine,
2, This inerease ocecurs on the day following injection,

3, This suggests a direct control of creatinine |

metabolism by the pituitary,

4. This rise occurs in any recent castrate not

 showing a’postécastration increaaed'arinary creatinine,

- These results, therefore,A1ndicate a ézrect

‘ action on creatznine metabalism by the exmract and, there-
" fore, also indicate direct contrcl of - creatznzne matabolism

 by the anter;or lobe of tha_pituitary.



)

Long-standzng c&atratea are rabbits which have reach@d

v Va high ereatinine levei considered to be due to the hypsr*c
-  trophy of the pztuitary follnwing aastratian. In the pre-'

“vwious set of experiments,vthe direct action of the nntumtary

on creatinlne metabalism has been indicated and it remains

to deﬁermlnp the result of admxnzaterxng addzﬁional anterzor

”g,pituifarw hommone to an animal in whioh the 1ntuitary, now

} enlarged is produc:ng & maximum of the hormone.

This wmll e interestzng in vxew of the fact that bnce

o the incraaaeu post-castration level ‘has been reaeheﬁ it

© remins persistently high.

Wha ’ tnprefcre. is the effLCu of 1ﬂaecf¢mg anteriar

.' lobe extrac* Anto laﬂg-standing caetrates in which the»hi gh

‘flevel cnce reachad remazns steady ?

, Th@ creatznine 1eve1 was determined in rabbits which

-had baen caatrated and in which the average daily outnut was'
’ definitely hmgher than the precaetration 1eVe1 _and whieh

}vremaanau canatant at th;s nxgh level.. ;

The same pztuitary extracts were used aﬁ in the

"prevxaua experiments.

:" / 3 . 1.
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" hate et T
_.Preperiod .7 o 64‘::" 81
g2 835 78 s
- x23. é;ssftv: :?5;.f - e6x 80

©. 25,835 e . 70 8
*='gs.'a,$5ji'. 5 551:'¥' | 59'f, ez
:gyy-8.§§v';]v"7o-'~.f .i53':" 80

2. 8,55 . ml am WL,
_ AQP’O‘EA AI‘IPI!E,. N P

an; mal 1,8.C,. l N, C, ghz Normal
Eere @ the 1ang-atanding castrate, which was ca.strated

"en the lsth Fenruary and in whlch the a.ve«rage daily outpu*

was 60 mgm. of creatmme per day. shnws ne alterafion at

a.ll in cx'eatinina axcretion in reaponee to m;}ectiona cf

: anterior lobe extra.ct

“Rabbit Al, the nozml anima.l, was injected wzth the same f'

dose nf anterior pituitary extract, and this produces an .

increase of 30% in the urinary creatmine.

ﬁ wag not in.jected

Ia the nozmal a.m.mai the riee again ocvurs on the
day following injectlon.« B

x Nomal Cor_;tr.ol In,;ectioﬁ'.
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- _TABIE II.

- __Date B Fii;_. !

| C 12,935 . 16 66  _,, 63

x23.9.35  7T2x 62 64
4. 9.3 - 6 7 60

. 15, 6.3 M . 76 56
16, 9.35 75 . %0 64

17, 9.35 . 80 68 G0
» T emL R T
1’ ) :.’15 ( A!PCE . : A. g_cﬁi - No Io c_.

- El is the long-standing castrate (used in Table I) and
¥ the normal control injected with 3 mls of anterior lobe.
"extract. The other normal animal, Al,wae not injected,

. The injection of the extraet results in an inecrease in the

- ereatinine cutput in the normal, but not in the long-standing
- castrate, - . - _ v -

Date No,4 __ N6.B, _ No.A  No,12

Preperiod . 80 m 71 108
13, 3,35 80 7 .. 70 . . 108
x14, 3.35 .87 75¢  T8x  2x

15, 3,35 84 69 97 ‘115
16, .35 75 72 75 107
1, %35 76 79 72 11

18, 5,35 82 4 69 313

Table of Injections: ‘

N, 1.C, oml APE 2ml APE  2mlAFE

_ Control
Animal  Noxmal 1.5,C, igjecteq L,5,C,
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HO.B. wag caatratea seven,months previnusly and Ho.lz

Bix months prevzously. anﬁ in each case the high post~

"1castration;1ncraaae of urinarywcreatzninevx@ma;ned at_a '

steady level, "In each instance. injécticnsfof anterior .
'pxtuitary extract, vhich elicit an increaae of ereat¢nine

in the norual animal, nave no effect on the level af

"_creatinxne in these 1ong-standing castrates.

Besidea the above experxments. hc 12 was inJected ,

" again on three successive 6ecasions. wzth 3 mis of Anterior

pituitaryHextract;,and_althaughxthere is an increased

éiiminaticﬁ-hf'éfeatihiné in the ﬁrine‘in the nermai

'vanimal 0o ehange in the nermal aaxly levael takes place :

long=-standing
in the ¢reat1n1ne ﬁlxmznated in the/bastrate, whlch remains-

at its high level, B T

In addition, *Ambinon® and"Antuitrin"were alsc tried.

-}“:The_fzgurea'abtalned are qudted"helowt

- TABIE IV,

Date M5 M7 . M2

Preg riod - 67 - 58 ... 65
. 8. 8,37 69 51& - 60
XS, 8.37 59x 55 %0
4, 8,37 69 - 69 -
' 5 8.3% 64 - 87 88 -
_ 6, 8,37 53 57 68
&, 8,37 . 4dml 4ml Control

aAmb,non Ambénan

CQntrol
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Ambinon produces an increased creatlnzne in Rabbztlm7
- but has no effect on M5, ‘wLose precastrat1on level was

-850 mgm of greatinlpe daily. g

. TABIR VY,
Date . K Lk
Preperiod 86 s 96
» 15,10.36. 78 .68
a 16.10.36 84 . m  -
517.10.36 Ceax v - T2
18,210,361 75 - 92
-:19710-35 81 T0x 84
£ 20,10,36 78 o 79
21.10.36 = 78 ;f,V.vé“" " 98
22,1036 85 72 74
Eﬂﬁéggue _ ,Ar»}' IR TR
Table of Inigctzons.” AR
_ T 2.75 ml
17;10.36 2.75 ml ‘N 1.C. Antuitrin
oo Antuitrin | iy
- 5 ml

_19.10,36 ,E.I;C:'V Antuft, N.I.C. .

Anzmal - L,8, C L.S. Co Hbrmal

| In both caSes Antultrln produced no e¢ffect at all
'upon the creatlnlne level cf the 1eng-stanﬂing castrates,
whereas the same preparatlon caused an 1ncreaeed amount of.
.fcreatinine to be elimlnated in the urine of the control an'

the first and eecond day after injection. Evan.a dose as
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s large as 5 ml of antuitrin could produee no alteration in

the creatinine level zn Habbit No.L,

Discussion:

That the anterior pitditary haa:a &irae£7@ont?bl over
ereatinine metabolism was inéigatea p?ev&éﬁsly in th§s<
particulag‘series of experimehts. Castration resulte in
hypestrophy of éha pituitary and the increased secretion
of the anterio% pituitary homone canses an inereased ex-
cretion of coreatinine. This ﬁuggeata a oontinued new
formation of crentine and ita_changa’ta ereatinine which
is eliminated as such, | | ,.‘ | _

On 1njection of the anteriar pztulzary extract in*o
19ng-stand;ng castra%es which show the high ereatinine
level, there is ne further increase in urinary creatinime,

This suggests that a maximal effect was present and that

additional pituitary homone would not have any further

effect. Several workers (Schenk, Bvans & Simpsom, et al.)
have noted that ihe gon&é stimulating activity andcell
chanpos increaae progressively up to a certain ; erzad.

after which thers is little cbangg,and-ﬁ cessation of
hyyertrdphy is reaghed which acts as a 1imiting factér.}

It i=s possible, therefors, that hypertrophy'of the pituitary

beyond a certain stage results in excess seeretiosn of the

| eféatinine stimulating hermone and any further administration

of the hommone has ne effect. This limiting factor will be

discussed later,
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K . rtsonm!&ar&‘ ’ - : ?‘o_.‘ v
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1. Injection of anterior lobe extracts of the pituitary
has no effect on the high post-castration urinary creatinine

level of long-standing castrates,

2. These résuita-suggest that the hypértrepuiea.piﬁuiﬁary
produces a maxinum amount ¢f the hermons, ¥l ch stimulates
creatining metabeolism and, therefore, added eztraata'eén 7

have no effect on creatinine elimination in the urine,
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GENERAL ‘SUMMARY.

- - =

1i Injee£i6h>of anteriﬁr 10be‘ex£racts,of the pituitary

,iaadSwtoaanfincreased excretion of ereatinine in normal

" adultimale rabbits,

2. Injection of anterior lobe extracts into ﬂNY

'recent castrate, not showxng a high post-castrataon creati-~

nine 1evelb causes an 1ncreased output of c¢reatinine in the

urine,

3. Inaect:on of anterior lobe extracts into 1ang-'

.standzng eastrates which have an 1ncreased creatinlne

exare%ion, due to pztumtary hypertrophy, has ne effect‘i

at all on this‘high‘daily creatininé elimination,

'-4; ?hesa results 1ndicmt9 dirvect eontrol of ereatinine

axcrptlon by the anteérior pituztary and maximal prcﬂuc+ioa

of the hﬂrm@ﬂe eontrull;ng ereatinine metabolisgm fBLIDV1ng

 hypertrophy due to castration, o



. ADMINISTRATION OF

ADRENAL . CORTICAL _ HORMONE,
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|  INJECTIONS OF EXTRACTS OF ADRENAL CORTEX INTO NO
e ;j_ . ADULT HAL® BABBITS.

The 1ntroduetimn to this thesxs revzews the mcre 1m-.

portant detalls with regard to the adrenal cortex control of
creatinine metabolism, Prevlogs work indicates that other
-' inves£igatoré.have>no£”bbtained any definite results on the
'relétidn of the adrenal cortexvﬁbveréatiﬁine metaboliéﬁ.
A series of experiments were, therefore, perfermed with
| cortzcal extracts. ‘The extracts used were those prepared
in'the laboﬁatory according to the methodvof Sw;ngle _
-‘.& Pfiffer (1931 and 1934) and also Eueertone, & prOprzetary
,apreparatlon of Messrs Parke, Davis & Co. o
The same»prqcedure}wzth regard to aApréperieé'estimaa

tion'waS'adapted as ih.the previous sefies of_éxperiments..

- o mBIE I,
r , . )
Date  No.Al A2 A4 A3 A5 A6
. Preperiod 54 49 51 62  4p 60
” 19.7.35 50 48 50 51 43 63
x20. 7,35 47x - bBbx B2 49= 36z 56x
22.7,35 67 60 54 53 48 54
23.7.35 60 56 45 58 56 . 57
- 24.7.35 56 55 50 49 50 62
_£25.7.35 54 0. .. .48 60 48 60
. Injections: | | | | |
- © 20.9.35  Sml . Smk - C.I, 3ml Sul  2m
o ' 'Adrenal Adrenal ' Saline Adren Adren Adren

Bxtract Bxtract B2 @ a1l = a1l - al
: _ : : . o Bx- Bx=- Bx-
. ) S R et X2CE tTuct tract
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Alshaws a alight increase on the ﬂecomd day after ine
jectton. but thie is nat repeatedzn any of the othey animals.

The urinary ereatinine level in all the oth@r anzmals 1sv

' unaffeoted by the injection af the se extracts, wzth the ex-

daily

j; ceptzon of slight variatiens. which are within normul/limits.'

| TABIE II ’, '_

Date AL Az A4 A5 A6

2.8.35 52 48 55 42 66
x3.8.35 51 47 46x 39x  60%
48,35 6 51 51 30 66
. B.8.3s 48 B 58 47 S
6.8.35 57 48 49 41 59
7.8.35 54 56 47 80 65
aa%'sx-sg 48 48 60

'Tabla of Inject inns on 5rd‘

AS & Ae -3 mle of adrenal cortex extraet
Al - COntrol 4 mla. saline -~ :

| Erom"ﬁheée'tables it caﬁ’bé seen‘that extracts of

¢-adrenal ccrﬁex oerucortane in tnp dosea administered here

‘have no abvzoas effect an creat1n¢ne admznxstratzan.

The number of estimations after the«;ngﬁctlons;are'

Quite.sufficiéntﬁto cbserve any change shouid the onset of -

 alteration in the creatinine 1¢ve1 bé gradual.
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Summary,

'3, In certain strergthe injections of extract of adrenal

cortex have no effect on the'eliminﬁfion_offére&tinine.'

2. Proprietary preparations of adrensl cortex

" Bucortone also show no alteration in the normal amount of

urinary creatinine,
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CONTROL INJECTIONS,

1. LIFOID EXTRACT FROK LIVER,
N As diacussed 1n the introduct;on, 1% wa.s n@ces axry tn :
determine whether lipoid'materlél‘itself was reapensible‘for;
 the altered crestinine metabolism, ' Lipoid material from liver
 and brain'was aacérdingly extradted‘and é geries of expéri»
ments performed with diffprent animals, using the same mmth@ds'
at those empioyed for lipoid testicular extract
The animals used were rormal adult malea and the
creatinine level accurately éetermined. _ A
The extracts wéra prepared uging the iden&ical methnd
: employed for prepar1ngzteaticular_extracts used_in the ax—’:’
parimente'ﬁis;uééed,earlier. The final prbduei was of the
g same strength as the téste' wig: l wl of the eztract was |
equivalent to 300 Mg of llpcid matﬂrial |
’ Z.ABIE Ia v
_Fete 3 4 8 9 12
__Preveriod 80 _ 84 63 69 95
24,7.3 80 90 70 7z 100
%25.7,356 87=x  B4x  66x 75 96w
26,7.35 86 85 64 62 100
27.7.34 80 B3 = 66 68 Urine
. - o S - lost
x28.7.54 80x  B4x  60x 6}  93x
29,7, 34 77 8L = 65 64 109
30,7, 34 8Y 90 - 66 b1 95
- L 31.7.54 8 . 85 68 = 69 93
. _ : : 1.8 34 : 84 . 30 72 72 94

B4 68 65, .=

T ~4ml  om} NIC omi
55,754 Iml 2.5w1 3ml NIC - 3md




Fram this data it can be concluded that the lipoid

material of liver tissue does not altérxcreatininé'metabcliam.

LIPOID BXTRACT J
Thic was prepared by the same meﬁhngfas,that'usea‘
. for testicular extracts and the'énimalé ﬁsed;wereAhqrmal R

adult males,

Date __ No.Td Tz T3 T4 T5 1z,
g Propeviod 57 55 59 7
17,435 60 50 48 57 60 116

. x8.4.35  50r 53z 44x 60x. 66X 125
| © 10.4.3 56 48 50 56 55 108
P  g0.4.35 48 50 48 58 50 110
| | 21.4.35 58 - 50  501‘“56f -5ﬁ 112
22.4.35 48 55 - 45.-f54' 48 110
23.4.35 54 48 51l 52 56 1
244,35 50 55 42 58 47 108

e BB8.36_ 59 59 40 63 50 115

W S l,ﬁl-iﬂ eduivgleht5tc-300}mgm.lipoié mabegiai, 

| ' These two tables clearly indicaté that it is not the
o effect of the iﬁpoid material.its31£ which produces the

alteration in creatinine metabolism,
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These extracts were prepared by the aame method as the
o Ballerby method for extracﬁzng the anterior pituitaryn

The animals were normal adult male rabbxta._

TABLE I,

Date Al A2 A3 A5 AB

15.8,35 55 43_'f57‘ 48 56

x16,8,85 58  47x  64r bax 70w
. 17.6.35 | 58 43 65 48 66
. 18835 - 6 50 6 5 . 57
. 19,8.35 53 52 64 3 e
; 20.3,35 58 56 -565;-'4aiv_1.e4
21835 5650 60 52 60

Table of Injections: S o
.16,8,35 ___ C.I, Sml__ 4ml  oml  Bmdk

The control znaectlcn was nnrmal sal;ne.

“The injectzon of these extracts of brain produced na
effect whatsoever on the ievel of arznarw creatin;ne and the '
effnct of the extract of the p;tuitary can. therefore, be .
regarued as a specific one, | |
| L;poid eubstancea pregent 1n alcohol-acetone extracts

af testes are 1nactive.
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1. Lipoid extracts of brain and liver tissue had no

sffeet on crestinine elimination.

2, Brajin tissue prepared by the same method (Bellexby)
as anterior pituitary extracts are prepared had no effect

on urinary creatinine,

3. On these results it can be ccncluded that lipoid

patter in the testes does net affeot creatinine metaboliam,
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GBHBRAL DT CU""IOY

The_Anterior Pituitary:

That a'difécf contrdl of creatinine mctabolxrm is exerted
by the anterlor lobe of *he nxtultary is 1ndicated by the
results of several 1nvest1gators and the work detailed. here.

Altnough aome reports ueny the Iormation of urlnary :

'creatlnlne from muscle creatlne and as such, 1ts endOgonous
,orlgln, the magorzty of workers conflrm the conclusions of
'-Bened1ct & Osterbergﬁ_who show creatlnln to be derlved froﬁ

’ endogenous protein metgbol;sm. " This has been fuilj diScﬁssed

in the 1ntroduct;on.

The hypertrOphy of the uﬁtcr¢or pwtuitary after castra-

tlon is a well-establ;shed fact Hatai & Wmlfe, howevpr

~dGSCTlDe the exact latent period 1n male and female rabbits

between the tzme of operatlon and the hypertrophy. Schrire
& Zwarensteln found that the 1ncreaﬁe in greatlnlne eXcret;on_
fcllowing castration oCcurs after & 1a§en£ period~identieal
with that obtained by Hatal Er Wbl;e\ _ |
Injections of antorlo: pitulthry extracts will resu]t
in an increased urlnary creatlnlﬂ_, as shown hrre, and these'
results appear to associate the anterior.;cbe_with'the
elimination of creatlnlne in urine,

Is thls actlon a d1rect one, or an action through

another endocrlne ?
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‘Braie%~hypo§hyaect0mised dogs and'produced a fall in the

' creatinine level after a relatlvely short latent perzed

_whxch seems to indicate that the pztuitary acts dzrectly on .

creatine-creatinlne metabolism.

In the expﬁrmments in which normal adult male rabbits |

[were inaeetea thh lipoid testicular extracta there is a

reaultant-increase in urinary creatinzne._ ir the animal is

aastrated after two to four months the pitu;tary ‘ande rgoes

"sema hypertrophy and reachsa a transitzonal rafractory phase,

| during which injections of testlcular extract de not alter
the production -of urinary ereatinlne ‘The anterior pztuitary

i extracts on the other hand, act directly on the crﬁatinlne,

'metabolism and produce an increase in the excretlon in the

recent eastrates in whzch the pituxtary has reached this
refractory phase. _ | |

" Further hypertrophy of the anteriofvlobe to a mazimu@x 
leads to an inc¢rease in creatxnzne elimination. ?he in- :j*

Jectlon of testlculat extract now eauses a rall in the

: nrmnary creat1n1ne to a normal precastration level

(These results also indicate that the}testesvact on

| creatinine metabolism through the'pﬁtuitdﬁy). Injection

‘of anterior lobe extracts has no effect on the high level,

‘This increase in ecreatinine following caatr@tion may

be die to an increasedwtransformation in muécle'creatiﬂe_
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to ereatinané; thus lowering the creatine eunteht of the

vmuscle, or 1t may be due to increased creatine fcrmation :
in. the mu6cle, which, at the same tlme, gives rise to

'_increased creatinzne in—the~urxne. ' This latter aeems the

mo re feasible if v;ewed on. the 1ines of Schrira & zwaren- -

”_stein, who produce an increase in museie creatznp foliﬁwing_

ehrnnic injectious of small doses of anterior pitui%ary

extract in B - 16 days,

After a latent perzod af faur to six months after

>castration there is a post-eaﬁtration increase in urinary

ereatinine, Thisvapgaxns its maximum‘by_the-six%h:mopth,

and petafgté, ﬁith little‘alferatibn.ﬁa long.Aa the_aniéaz :ﬁ

117@3?@* whaﬁ is’the'reésoﬁ for this limit'in creaéﬁniné :

excreticn, and why is the high creatinine 1eve1 unchanged ..

by 1njeation of anterior pituitary extraetsv?" | |
Is the limiting factor referable to pituatazy

- activzty or can it be explained on the naais of changesin

, the miscle ereatine metaboliﬂm ? ceasation of hypertrophy o

of the anterior’pituitary after sxx menths has been demon- W

‘vatrated by many workers, Thza can hardly be rasponaible

. for the prodnation of a8 steady maximnm yield of creatinine

in the urine as injectzons of an antezinr pituitary ertract._

which produce an increase An urinary nreatinine in the

" pormal, has no further erfeat on the:mhgh level of the

2 1ong-standing castrate.,.
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- The fallcwzng hypothesis based on the. changes in
muscle creatine metabnliam, is tentatively suggested:

A hermone secreted by the anherior lobe stxmulates
the formation of creatine from its precursors {see
-Intrcduqt;cn); Some of this creatzne is deposited in thp
musclés; but som%,/a transformed to creatinine ané exgreued
It is further suggesued that as ‘the. creatine content of the
mugele riges the increased rate_cf formatien‘is slowed down

and'nltimately-réaches é'steady 1eve1 - that'iﬁ, as the

-creatine'content of the musale risea;'moxa awd,mare eraatine

is tranaformed to creatznine and less is ntored, The creatine
cantant of the muaeles reachea saturatian point and this ine

'hibits an increase in the rate of creatine formatian, which

'conaequently r@aches-a maximum, The result is that at this

ievei‘ther& is-a_minimum~ét9rage of ereaatine ané-a maximum '
excretion of'creatininp' (Since injections of anterior lobe

extracts had no effect on 1ang~atanding castrated rabbita

o the anterxor lobe hormone does not affsct the transfanmation »

of creatine o creatinine) ' The main llmxtzng faetor is

~znuu assentially the xncreased cxeatlne content af the

muacle,vand thxs is brought about by gradual hypartroghy and

. increased activity of the pitaltary.' Iue to the increased

creatine
muscle Gonteﬁt of/the formation of creatine from its

precursors is elowea down and the increased amounts of

antgriqr lobe hormone ean now have no.further;erfect._



Yy

«20%-

In normal animals the‘creatineﬂcohtent of muacleé is

_ comparatively low, and 1njections of anterior 1obe ‘extract
~stimulate the formation of ereatlne, some of which is agaln
' stored in the musal#s and gsome OF wh.ch .appears 58 ine .

' creased creatinine in the urine._

Accorﬂing,ta this hypqthesiS‘the creatine content of

caétratea,ie higher than that of normalganimais; and, there-

fore, castrates should show_aklow'tOIe:ance to injeoted

creatine as comparéd»wiih nniﬁals.' fhis'S§hrire & Zwaren=
gtein have demcnstrated in that there is a considerably
lowere& tolerance in the caﬁtrated animal, The work of »
Remen, lasch, et al., as reviewed in the introduction,
strongly supports thls poznt (Although_Shapira was not
able to find any change in- musélp creatine in the castrated
S, A Glawed Toad, there are var1ous sources of error
poss;ble - see introduction) -

The increase in creat1n1ne axcretlen due to castratlgn

- is, therefore due. to an increasp in muscle creatine re-

sultant uvon the increased secretaen of an anterlor pituitary
hormone,/'The persistent high-level is not due to the fact
that tﬁe pituitary hypertrophy hag reached a maximup, but to
the fact that the creatiﬁe boﬁtent of the muscle has reached
a maximum, o

| Data of similar ex pe riments as t‘he_se on hy;ipphy-

secttmised animals is necessary to provide final evidence
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that the gonadal effects on nreatinine metabolism are ine

’ direct onea through the pztuitary.‘ At the moment'noﬁsuch

7:data is avaxlable.

Gogﬁda,'_: | u
kany wcrkera havg shown the relation of the ganads

to muscle erﬂatzne, creatinuria. urinary creatinina, creatine~

'creatinine metaboliam. All these results aupply avaxlable

_ evidenco of a relation bntween the gﬁnaes and ereat1ne~

creatinlne metahalism 1f the vlew that creatlnine is endoganous

in nrigzn and derived frnm creat;ne is held 'The;efere. in

the 1ight of the results of Buhlr, Schittenhelm. Paschkis

‘& Schwoner,aabéerhalden & Buadze. Knn & Peczenik, the
;experiments of Ruhlbock & Raufmann, who deny the action of

}tue ovary on creat;ne metabolism can be &xsaaunted

Gonadal hormones have baon shown to aet thrcugh the

pitu;tary, and in this vy 1nf1uence creaflnmne metabolism.f

There has heen either an increase or 8 decrease in the -

amount of creatznlne in the urzne fullomxng inject;on of

thess gubstances. In twe saries of experlments both a rise

and a fall were produced . Thus there is either atimulation

or inhibztlon of the “creatinine»stzmulating“ harmone 3f the

‘anterior pituitary, or both, that is, we have a monophas;c

{in ezther directxon) or we have a bzphasic effecﬁ

It is 1nteresting;tq,corre1ate tb;s wazk witn that

on tha effects of gonadal hormones on thﬂ>ganadotp9pic
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aotivity of;the'auteiier pituitary.4but there is no prnéf
that it is the gonadotropic hormone which is acting on

éreatinine‘metabolism. On the contrary,'theISQmewhat

~differen£7resu1ts obtaiﬁed'in-this work on ereatinine
'V'stimulation, from those obtaxned by other workers on the

| gonadotropic hnrmanes, 1ndicates that the pituitary hnrmcne 

agting dxrectly on creatinine is different from that which
stimulates ‘the gaﬁada. Zandek tno, has 1n€*cated 8 re-”

Iatioﬁship betwéen-eestrin and the growth_ctxmulatzng

 hormones, in that dwa?fﬁam resalis falléwing injectian ¢f 
,eagtfin;' thus there ig an 1nhibition of the pxtuitary.
Thare is no deflnite GVidLﬂC&, therefora, of any connection

7 hetueen the growthnstimulating hormene and the hormone

acting upan crpatinzne meuabolism. On tne other hnnd,_the

crestinuria of ghxldren duriug growth dOGn suggest some

7relationship.

In soma exreriments thﬁ effect of gonadal hormenea
on the pztu%*arybcreatxnlne meﬁhanldm is azreatly opposx%e A
to that on the gonadatropic action of the pituz*ary.. o

There is, however, no reason tu suppOSe that zf

 testicular extract inhibxts one functzon 0 ~ the pituitary,
it mus», af uacesszty, 1nh1b1+ *ne other functions.

_The posszbzlaty of a stzmulatary actlan on ane ‘or mth&r ‘

anterxer lcba funmt;on,must be berne Ln m&né
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If the actions of the-exiracta be divided up into
manophagia_an@ biphasic effects, we find that the‘aynthetic
male products as well“as'testiﬁular-éxiractn’aad saline
suspensian nf’testes resvit in a mansphasis reaction,

This monephasic effect on the pztuitary is aither :

V&timnxatary sy inkibitory.

ﬂn.tha‘nsrmal animl, androctercne and testosterone,
or their esters, and testicularfexmracta p%oéﬁee,an'ina
creased ecreatinine elimination, while salice suspension
er_teﬁteﬁ_ﬂﬁcreaaeslﬁhe‘efeatinine excretion., This suge

gested that the resulis are due to two substances < one

- which stimulates and the othexr which imhih&ts,tbe.anferiar

pituitazy. - T
Thie suggestion is quite femﬁible; for referving
again to the analogy of the gonadalegtimulating hormones,

we find that, although some investigaﬁorafaffay_the

hypothesic that the gonads imhibit the pituitazy, many =~ ~

workers show that the oestrogens can stirmlate the

pitﬁitary to produce secretion of the luteinising hormone,
in sddition, thers are the results of Claubeyg with
Andrnsterone, and zlso those of Bokelsg, wha‘auggﬁﬁtS“thst
androsterone or teetoétaran& in single doses will stimulate
the anterior pituitary., {Actually, in one geries of
experiments Bokslag did obtain stimulation of the male

pituitary with androstersne).
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Arguing on the lines of this analogy, it does seem

possible that the androgeng can stimulate the anterior

pituitary to produce an increased amount of a hormone

which eauses increased creatinine elimination in the urine,
Pure hormones act transiently, but, as dem@nsﬁrated
by Parkes et al., the formatzon of an eeter will delay

absor ption and exeretion, and uhe effectlveness of the

androgens on the accessory sex organs is not only inereased

but greatly prolenged, It is reasanable,-therefare.-ﬁe
explain the increased effectiveness and duration of the
esters on the production of the hormone of the'anteriorv
lcbé?}which stimulates ereatinine execretion on this same
basis of delayed excretion snd absorption.

Aé far as the effects on urinary creatinine excretion
arelcancerneﬂ, galine suspension of testes resulted in.a
f&ll in thefémount.eliminatedi lipoid testic&lar‘extraétsf

when ingected praauced an increzse in the creatinlne

elimination, as did the pure horymones, . These results

appear to éuggest ;the-presehce of two diffarenﬁ sube-
e%éﬁces in thevtestes acting #n opposite ways on the
pituitary. fhe_difficuiﬁy cffinte?pretatian is énhanced
by the fact that in the case of the saline sugpension

we are dealing with a very impure product; the testicvlar

extract is rather purer, and the synthetic products

absolutely pure, It is thus difficult to correlate the

ragults with any certainty.
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These monophasic effects teok place in the normal
rabbit., Besides this, monophasic effects are also abtainéd
on recent and long-standing castrates. | | |

The pituitary of an animal,after‘céstrg%ioﬁ.apﬁears to
pass through various aiages. Immediately‘éfter eastr@tibn
it is still in & normal phase; two ie feur,monihs later it

passes:thraugh.a refractory stage, and finally reéchesﬂa

stage of definite hypertrophy, with a resuitant hypsr~ \§“;
. v

secretion., Thus, as & result of castration, not only is the

gland altered histologically, but:itﬁ.physialdgical propertiece

have also undergone & change. | ' | |
In the early castrate the anterior lobe is still

normal and the testicular axtract'repradnees-the-effect

bhtaine& iﬁ the normal animal; in tnﬁ-“latéﬁfreeénf castrate

testicular extract has no effeet on the ﬂféﬁraetary“

anterior love; in the long-=standing castrate theri;jeaticﬁg

of testicular extract result in an inhidbition of the

. preatinine stimulating hormone, which is evidently (vide

infra) being produced in maximal amounts. VThis ia per-
fectly_reasonable physiblogicélly'as the reactien'bf the
-pituitax& to the hormine is merely undergoing a‘change &8
a result of the effects of castration. R

The injection of saléne suspension continues to

depress the anterior lobe in both recent castrates and

long-standing castrates, end this also suggestis the existence

. of tﬁm substances.,
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In considering the biphssic effects obtained by
injection ¢f extraets of a&ult male urine, two Suggeat&ans’
are offersd: o

Fiiﬁtly; that two substances are présént in the urine,
one of which ig similar in astion to thas_af tha'iipn£d
testicular ext;§a§s; and the other to that of the saline
suspension, o

Alternatively, the biphasic effect may ﬁ9'due,to a
single\subs&anee'ﬁroduéing a<ﬂauble effegt;_. |

The ia%tér suggastion iﬁ'ﬂupﬂefied by the resulls

obtained with cestradiol benzoﬁ%e, a pure preparmtion wiich

. pesulted in s biphasic veaction - a single substanse cause

ing inhibition f@iianaa by atimilation of the pituitary.

) Isnie, and later Bokolag, suggest a dual effaect of
Oestrin on the pituitary, first 3timu1ating-ﬁhﬁ production
of fcili.i cle st imu‘iat ing h-arma-ﬁe,;, and than iﬁhﬁ;ﬁﬁ.t ing its
production, With oestradicl benzoate the offect on
e?&atiniﬂeugtimalating htrmone was sxaétly tﬁﬁ epponite;
first o depreseion and then a stimulation, but, nevertin-
iéaa, 8 ¢ual aetion, Agoin an analogy s uﬁédﬁ'yét as
mentioned earlier theve is no resson why a testicular or
ovarian substance phould zet in one way on oue function

of the anterior lobe and in another on ansther.

+
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GENEZRAL  SUMNARY,

1. 7The eonstancy of creatinine elimination in the urine of
adult male and female rabbits, and the absence of creatine

in the urine of adult males is corroborated,

2. A postecastystion increase in ereatinine eiimination

‘of 13¥1% after a latent period of 2=4 months is shown.

’S, Thoge rabbits which de not yet show an inc;eased wrinary
creatinine after castration are designated Reeent Castrates.
Those animals which do show a definite rise in creatinine
ezcretion-anﬁ-which are fegarﬂed‘as having a hypertrophied

anterier pituitary are cailed‘Lnng»stahéiag Castrates.,

4, Implantation of testes into normal rabbits caused a
£all of £3% and 137 in the urinary creatinine., On removal
of the graft there is a reappearance of the normal creatinine
output. In each case there is a definite latent period be-.

fore the ereatinine exerotion is altered,

5. {a) Injections of lipoid testicular extracts into
normal adult males and into rabbits up to 5 weeks = °
after castration lead to a rise in urinary creatinine.
(b) Injections into older castrates not yet showing

a high poste-castration creatinine level have no éffect‘
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{ed In 1éngwstand¢nx castintes (several months after
ﬁ&étrﬁ%iﬂn) & fall $0 the prmaaﬁtwati@n-léval of
oreatinine Plxmzaatzén ;s pﬂﬁauweu ﬂy';ngeetzeas af
iipoid testlfuhr e?xtm‘.». |

i&) Lipoig extracts of liver or axaln rave LU effect

on urinary creatinine

6, The Dose=Response curve ic a etraight line, This

reiationship suggests a method cf»aaaay“ Tne doaes neeﬁsgary

B &btaiﬂ an effect are, howevpr; of the ordesr nf 2-4 mls,

of testicular extrast (1 ml. vedng equivalent to 300 mgm, of

lipoid material)) - #ith the synthetie;pﬁa&ﬁctﬁvthe d@ée o5

of the orxder af 520 mem,

e Injections of saline su"?pnaiaa‘@f testes into normal
auvla ms;?s rﬁccnt caﬁﬁrateﬂ ané lcng'stanaiﬁg cestrates

result in a fall ir the urinayy ereatinine,

8.’.' inanctians af extrac a of advlt male urine into
nowmel anirale gives & biphasic effeet, fivst a fall and then

a8 rige in the amount of erustinine eliminated,

9. . The administration of %entosterone sud aaﬁrﬁﬁter@n§

in sufficienily large doses resulis in an inereased exeretion

of ereatinine in thke uring, S
. A .

- -

38, Their offectiveness ic increaged and greatly prolonged



if admiristered in the foim en ester, This is probably due

4o the siow hvdrolysis, absorption and excretion of the

relatively insoluble ester,

11, Administrstion of oestradiol bengoate alsc gives.a

birhasie affaét. . (8mall doses indicats a triphasic effect ).

Puere i a relation betweon these results and thoge obtained

with urine exzrﬁﬂtﬂ..

22, {a) Injgc%i@n of anterior pituitary extracts into normal

atult majies resulted in a-giﬁe in vrinary creatinine.
(v} Injection into AXY regent castrate not showing a
high.pgétmeastr&tien incrzasce in the ereaﬁiniﬂe level
causes an increased aﬁtput of creatinine in the urine,
{o} injeeticns into long=standing caétrates'which have
| an increased creatinine>exeretisn.due-ie.anteriar lobe
hypertrayny-have ne effect at all on thiS'high,daily |

ereatinine eliminaticn,

13, The results indicate {a) that the pituitary exerts a
direct control of creatinine metabolism,

| -(fb) t.}rza.; following a_aet‘rz;ti’on |
there is a'perﬁistent3high‘1ével in creatinine due te?a
gersiatent-mégkmal secretion of the.hﬂrmone'of the anterior

lobe, which controls creatinine metabolism,
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14. fho results sbtained with the different testicular ex-
trécﬁa angd aynthetic horuenes ars explicable on the hyypothesis
that two substances ogcur in the teaten:
{a) one which stimulates the formation of the hormone of
the antericy pituitary controlling cxeatinine metabolism,

(b) one which inhibits its fomeation,

15. The sffeocts obtained with urine extracts suggest either
the presence of two substances as above, or one substance

giving a biphasic effect, The latter suggestion is supported

"by the biphasic effect given by ocestradiol benzoate,

16, Injeetions of adreanal cortical extracts were not
followed by any alteration in the amount of creatinine

2liminated,
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INTRODUCTION,

The literature up to 1937 is reviewed.

On discussing the different publications describing

- the origin of urinary creatinine the cnﬁclusian arrived at

is that creatinine is endagenous in origxn and is éirectly

, related +0 muscle creatine.

This relationship of urinary creatinine to mnssle
ereatine is stressed on account of the impnx%ant yole af
ereatine in the nmechanism of muscular contraction.

The significance of urinary creatinine and 1%;‘Lm@ertanae
ag an index of endogenous pretemn metabslism -i's indigated.

The literature dealing with the iela%i@n of ihe endocrines
$o creatinine metabolism io reviewsd with special reference

to the testea and the pituitary; Experimsnta to clarlfy

the puaiﬁién are proposed. In additionm, a definite relatxené'

ship is shown to exist between.the}testea and the anterior
pituitax?.
Sepa?ate discussion on the creatinuriaa providea fur-

thnr evidenca of an endoerine creatinxne metabolism inters

relation, - |

The literature on the male sex hormones is briefly

conaiﬁereﬁ'and indicateg that theraksie four naturally

. ogcurring hormones, These have been prepared syntheticaliy.i!

The effectiveness of their acticn is inareased and pra&angeéf
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17 administered in the esterified form. Since this was -
demonstrated on accessory gex organs, it is proposed nere
to obtain additional evidence by studying the action of the
normones and their esters on urinary creatinine,

The bisexual properties of the hormones are also
considered,

A separate section on experimental technique deals with
the estimation of creatine and creatinine, the operative
technique employed, the methods of preparation of extracts,
and the housing, caging mnd feeding of the rabbits,

The experimental work consists of a series of experiments
so planned as to indicate whether the pituitary exerte a dire-
éat control on creatinine metabolism or not and to demonsirate

the relation of the gonads to creatinine metaboliam,

SUMMARY OF BXPRRIMENTAL DATA:

1. Ihe Gonads sand Creatinine Metabolism,,

i. The constancy of creatinine elimination in tne’
urine of adult male and female rabbits, and
the absence of creatine in the urine of adult
males is corrscborated, |

i, A post-castration increase im creatinine
eliminatiou of 13-31% after s latent period

of 2~4 months ie shown,

4ii. Those rabbits which do not yet show an

increased urinary creatinine after castration



“Be

are designated Rdesnt Castrates, These

animals which de show & definite rise in

> , L o Va?eatinine;azareticn and vhich are ragaxd@ﬁ
;_) _ af having o hyperirophied anterior. thuiﬁaxy
| af@ 1led lLong=standing Gastrates. 

iv, Implantation of testes into n@zmﬁi%mébﬁiﬁs
" esused a fall of 23F ané 18% in the urinary
ereatinine, Qn removal of the graft there
is a‘reappeararce of the nermal creatinzna
output, In each case there is audefiaite
atent pﬁriﬂd befafe the creatinine sxeretion
is‘altered. .

. {a) Injections of Iipoiﬁ teetlcular axtracts
into nﬁg@aikaﬁult males and inte wabbits

T up t@‘5'weekévafteffﬁéstzatinn'iead to &
T Yise‘inwuéiﬁaxy*creé%inine.
) o " {p) Injections into older castrates not yet
showing & higb ppﬁtuawstxatian ereatinine
—\4; B ‘Ieﬁai.hése no sffect, |
‘4 el In long-standing castrates {several mpnths

. after eastratiun) a £211 to the precastration
level of creatinine elimination is produced

ny'inﬁeatiuna.af 1ip@iﬁ‘testicular'eztzact.
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vi,

vii.

viif,

X,

s Lo

- {4) Lipoid extracts of liver or brain h&ve ﬁ@v.

- effeet on urinary c¢reatinine.

The Dosesﬁesp@ngé.curve is a straight iinme,.

This ielationship sﬁggests a method of asgay,
The doses hecﬁssary_to obtain an effect are,
hawevér, of the order of 2-4 mis, of testicular 2
extract {1 ml, being equivalent to 3G0 mgm, of
lipoid material,) ¥ith the synthetic products
the d@sé was of the order of 5«20 mgm.

Injections of saline suspension of testes into
normal adult males, recent castrates and longe
standing castraltes result in a fall in the

urinary c¢reatinine,

Injections of extracts of adult male urine into
normal animale gives'a biphasic effect; first a
fall and then a rise in the amount of creatinine

eliminated,

The administration of testosteronec and androsters

one in sufficiently large doses results in an

‘increased excretion of creatinine in the urine,

Their effectivegéae‘is increased and greatly

prolonged if administered in the form of an ester,
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Thie is probably due to the slow hydrolysis,
absorption and excretion of the relatively in- '

soluble ester,

xi. Administration of cestradiol benzoate also gives
& biphasic effect, {Small doses iﬁdicate,a tri-
ghnsi¢ effect). There is a relation between these

results and those obtained with urine extracts.

i. Inéectien of‘nntefior pituitary extractﬁ 1utc
normal adult males resultea in a rise in urinary

eraatinine.

ii. Injections of hntezxor pituitayxy extracts into
 AEY’r9cent castrate not showing % high pastn
eastration increase in the e¢reatinine level causes

. an inereaseﬁ,auﬁgut of creaxinine in the urine.

iis. Injections of Anterior pituitary extracts inte

| | long~standing castrates which have an increased
" ereatinine excretion, due to anterier lobe hyper-
trophy, have no effect at all ouvthia high daily

- greatinine climination,

THR_RESULTS INDICATE:

1.{a) That the pituitary exerts a direct contrel on

ereatinine metabolism,
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{b) Tuat foliowing castration there is a perszstent high
v elimination,
ievel in creatinine/dve to a persistent maximal
gecretion of the hormone of the anterior lobe which

gentrels.creatinine metabolism,

2. The results obtained Wlnh the different testzcular extracts
and aynthetic hormenes are £xplicable on the hypethesis that.
two substaneea occuy in the testes:

{a) one whxch sflmulates the formatinn of the hormone
| of the anteri0r pituitary contrelllng creatznlne
méﬁab@iism, and | |

(b) one which inhibits its formation.

3, The effects obtaihed;with.urine extracts suggést'eiﬁher the
presence of two aubstanceg an abnve, or one substance giving
a biphasic effect., The latter auggestlov is supparted by the

biphasic effect given by oestradiol benzoate,

4, Since injections of adrenal cortical extracts were not
followed by any‘alteratiaﬁ in‘the amount of oreatinine elimina-
ted, it is suggested that the cortex does not7af£ecﬁAereati—
nine excretion in the rabbits. This is supported by the re-

sultes of several other investigatars.

In conclusion it is suggested that.altheugh;%he pituitary

acts directly on creatinine metabaligm, the persistent high

‘ﬁostaGSStratian_urinaxy creatinine level is attributable to
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e
the creatine conteni of the muscle reacming a=max£mun#f

it ig further suggested thai a series of experiments
ﬁﬁ.thesé iines be perfommed on hypophysectomised animals

to confirm the resulis obtained in the course ¢f this work.





