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IN'TBODUCTlON. 

The endoorinea in .genoral for a considerable period 

ha.Te been known to exert a humoral. action on the boa:,. 

controlling its functions to a ia:rge extent. These actions 

haY:e· been closely 1nTestigated and a clear ·correlation be• 

tween the duotleas glands has been shown. ThEf 1.nter-
' .. 

relation and de pendenoy of the on.e upon the otheir oi_ther 
"\ 

by inhibition or by atimulation, contributes to.,.tcla the 
•'. 
\ \ 

finer control of the physiology of tbe 'bo(ly. The etudiea 

:recorded here· are compr1eed mainlr ct the dependency of one 

gland upon another. the relation the nofll'lal gland has to 

prctein metaboltem~ a.nd the alteration in thi.s protei.n 

metabolism brought about by alteration in the normal 

function of one or other or the ductleas glanda. These 

features a.re C,tmonstrated by obAer,ing changes in the 

elim1nation of oreatinine in urine, tor this urinary· 

_ creatinine is :regarded ae an ibdex o~ .endogenous protein 

meta.bol.ism. and the amount excreted. ie remarkably con• 

atant from day to 6ay • 

'.• 

\, 
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CREATINE AND CREATININE METABOLISE • 

urea. 

Urine ha.a a.a ita most· impo~tant nitrogenoue ooneti 1.".uent 

Tbe excretion ot u.-aa is, however, extJ>emel7 variable. 

and ev.en 1.t exogenous urea is controlled, endogenous urea 

is still subject to m$rked Yarie.tione. Therefore, i.:f an 

index of the endogenous: protein metabolism of the body is 

required, urea must be neglected and with it tbe total . 

nitrogenot.UJ. protein output. A more aoou:rate measu:re would 

be to obtain e. substance which is eubJeot to the lee.st. possible 

Tariations. Such a raubstanae is urinary ,creatinine, which 

· fulfils certain rolea in the body. Its Gigni.ficance is die"" 

cue sect be low. Jla.ny 1n•estigat1ons hav, shown the clear 

metabolic relation existing between crea.tine and oreatinine , 

and 1.t is.e therefore. ad'f'isable to discuss the signi.ficanoe 

of both in this lnt.roduction, especially as creatine is 

known to exist tHi such and in different c01Dbinat1ons, whereas 

c;reatininEi and its _site and origin are still .the aubjeot of 

. much cont roYersy. 

USTOJ\I,OALJ. 

1a12: OheYreul (French Academy ot Scienoes) postulates. 

the presence of a new O%gani c substance in meat which he 
' . . . . I I 

oalled 0 oreat1?le" from kpfct.S KfE«L.,-oS meaning meat.·· 

Jltteen year; later Le1big established the empirical 

toniula 04 H9 Og 113 .UaO and found that on heating with 



mineral aoid.e a derivative which he called creatinine, 

w.!.th th.e formula 04 Hf OU:,, ~o formed._ .In 18.44. 'Heinz 

and J?ettenkoter had shown the preaen.ee of a hitherto 

unknown nitrogenous constituent o:f n.ormal urine. 

Thia. :teibig later proved to be identical with hia 

creatinine. fhese were the earlieat woJ>ken to estab• 

lish. the existence of oreatinine in itrine. 

:OISTRI)3UT,IOJ! .... OF CREAiJ.'lP.ll AN}.l OJ!EAT,IJU~!I: 

Hllnter (28)., l(vera (82), Rote (33 & S5) and l{ayser 

(34), reviewed the metabolism of creatine a.n<r creat1n1ne, 

and it is on their admimble reviews and other oiu:rent 

literature that this introduction i2 based. 

~Ol'JZl!l D.1,otr.1!t~ti9,n,f 

KsegJ.~H. Oi-eat1ne 1 e round ma1~17 as a constant 
. 

,componon t of. the okeleta 1 mueolea of mammals, bi flls, 

repttle•, amphibia, and fish, and of certain organisms:·· 

of a lower older. It is not, ho•ver, found in crabs', 

where 1t is largely t"eplaoed by arginine. ·aed muscle 

contains less than pale, and seeool, Linegar and :Myere 

have shown the left ventricle .t.o contain more than the 

right. 

Gentaral.17 the concentration 1rt ca.i-<U.a.o· ·muscle" 

however, is e<>nsiderably leas tha~ in striated muscle of 

\ \. 
' i :I 

'\ \ ' 

-.1, 

\ 



llf"·· 
ot th,, ea.me epoc1es. Tbe:re is no oon•tncing evi·denoe. 

' •' ·,_,; ••• • I l 

.. a.~ to $.te i.nola.tion troin emooth muscle, but this does , . . 
aeem proba)le, Crea.tine na, aleo been isolated. 1n the 

. ' . ).' ·... . . , . :-

brain, kidneys and teites-ot.vertebrates. Cree.tiri1ne. 

however. bac not been .. ac deflnitely is.olated, the diff1• 
\ '! II : , • ·~ , l . ~ -. .,._, , '. , , • ,~ .. t, • ' •~ • ~ 

culty being that. the creati.~e p:resent .le very eaatl.7 
' • • - ;, • ' ~, I 

i!,o,gd.: fhe· occurrence of' both eiibetanoeti in blood 

nae 'been established. but there ls conslderable ccntrovers1 

as to the'amounte as'the methodcr.used a.re open to seve~a.1 

cU.ecioepanc1ee. 

The eid et ing valuei, ·tn htimn 'blood accepted by many 

workers ·are: C,:,,es.tine 4 mg/100 ml~, ~ oreattntne ··o~a-1. a mg/ 

100 ml., but aocorc:U.ng to- Bohn: and Hahn the tr-ue c-reatine 

1s O~ 6.0.8 VJSI "'lOO··ml. • aa they state ·that: chromogeniQ 

aub.1Jtat1oes a.re preeettt and· these 1n.terfe~e ·with-.the eoti• 

mattcne. Oaobler is definite that creat1n1ne doea not 

,exist in the blood but -le cle.r1veo. from a precursor 

oth~r than oreat1ne, _and th1G J'ields creatinine f,n 

iaolati.oti experiments. But Ka.cli. points. out that o• and 

}U:>ree (U)Ji'pUta,ie ao.,so:rb creai.tnlrui· and tbil ie affected. -

'by the addition ot ao1ua and a1kl);l.1e. and is rU.mi,niaheci 

aoporcUng to the 4egree of acicU.ty -~r E1.lka1in1,.t7. 

\ 

' 

\' 

\ 
I 

' \ 
. \ 

. \ 

\. 
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LJ.nneweh, Bayman,·Johnaton and Bender a11.ehow 

ereatine 1n blood :or serum, :while r,u:·~o""':L\1aal &tatei 

that practically all the ch1•omogenio aubstanoe in bloo.d. 

in a .Jatte react ion ia Qreatin1ne • and it l$ suggeate·d. . · 1 

that the Somosi m:et)lod · tor blood-ereati.nJ.ne ta ,pro:bai,17 

truer than the Jolin-WU. l»y ferro-Lu1e1, SalacU.no ~J'ld 

Santam.u.ra. 

Titone, · legi-faraeh.S.V, Cim1no•leranger et. al. 

worked on al te~tions in c.ree.tJ.ne in blood. %ntest1nal 

obctruoti.cn (Rlgo and J:re,') S.ncJ"ease• creatin.e i,n bloot"t', 

while high sodium chl(u.•id.e d1et and _poor nt trogen diet 

and 1neu.1tn and adrenalin e.xoea, giTe a l,owered blood 

creat~ne. Li.nne•eh ,howe that 1aterterence with the .· 

Folin method ot cl1rol,ftogenic ,u:bsta.ncea which ai-e pre$ent 

in urine doee not thicur in e•timation• in blood. 

J:r,, nephr1:t1o; ht•ever. the ap_pa:rent e:reatinine con• . . 

tent ot the blood may riee oonsiderably and.· is mo;re read• 

11:v esttmted, The r:l.ae d:ependa on the extent- t;.rf thfl . 

renai le.al.on~ St$.cey .tlnds that fo11C>wtng the aam1n1stt-a• 

tton of ere,i.ttne the ore,.tiile content rt.see and the 

orga.nie pho•tna.te of the p1~;ema fa.ll t this J"t,la.tionehlp . 

1 s not 1;uant l ta tt ve. 

In oontmat to their wide ·41stribu.tion in vertebrates 

oreatlne and crea.t111in1 apparer1tly :a.re not comi,onente of 

il'lverte b::ra. te · tts,ue s. 



YE,ine: In urine both occur under certain circum• 

.· ei:a.ncea. Orea.tine is not found in the nor.ma.l mamma.iian 

adult male urine on a oreatine•free diet, but it does 

occur physiologically in urine of children. pregt18,nt 

1romen and, interm1 ttently, in the urine of r.,on•preg'nant 

adult female,·. 

Oreatin:Lne occurs regularly in mammalo a.nd 1n a. 

considerable quantity. Ae such it 1e important and its 

quantity clearly indicates a waste product. · Its place 

ia taken by creatine in b1rda and reptiles. 

· .-:a.cjora .i,n,t;l.'J.eno,im .• Qrnatine ... P-1 .. st.ri~b~t ion: · 

. Age·, exogeno1.10 feec.Ung, fa,:ting and .. di.e,ea.so. 

The adult level it only reached aome time after birth.·· 

· Ohanutin1 axpeJ"imenting on rate,· found this to be between: 

the 30th "nd it.0th day.· 

9.,RI G !N, .OF 01.m.A ~INE ~ .. 

In •.28 Hunter described creatine aa probably· an 

essential tteeue constituent with a special. function, 

its :ate of production being regulated by internal de• 

. mand. Al"ginino~ cyetine, b.t'etidine. purine and purine 

derivatives, choline and oxidation products w,u,e ,rmggeste~. 

Nwneroue theoriels exist ac. to the origin . 

of cree.t1ne even now. It is not even decided if it is 

, .. 

\. 



an attaboi.1c product, the to~ation ot which is 4tte1'!Di.ne4 

b7 the ri,qutr•meni;e ot.tbe organism, or acata~olic au~· 

stance, the production ct '*ilich is. detem1ned w, the intake 

ot one QI' more exosenouo precursors. 

Agg,!,ni ne :_ 

Takahashi, Kumon,. :Shapiri' and Zwarenntein show that the 

ad.min:lstttation of _Arg$.nine bJ'. injection OJ" parental admin­

istration led to an inc2rease in urlna17 oreatlntne. The 

administration of' ca~natlne Gt'{ -~ino• ~ - 1\Vdroqbut:,r1c -

acid also led to an inc.rease. ae ob.ow Takahaohi and Xumon 0 

who suggest a rnechartiem baaed on metbflation ox- 41unet~"lation 

and ,n1't>sequent oonibinatS.on Yi th eu.anidt.ne. Hyde t.i.nd Roae • 

Grant, Ohriatman and Lowis deny this. But tbe data ot both 

do not include the possibility that creatine a.nd oree.'t;inine 

may- bG manufactured through arginine aa an intemediaey, 

1·na.smu¢h as this can be 4ynthes1eed in the rat. a.nd the pro• 

Auction of total. otteatlnt.ne in the rat is riot dependent on 

the conou:mption ot pretonaad arginine in the tood (Scull and 

aoae ). 

!&. Keyer and Rose: Arginine intake·cou.ld only 

account tor 2/3 of total o:ieatine arid creatlnine formed 

and Hongc, tn 1935 ate.tea that arginine is only p3rtly con- . 

•,rtod to c1:eat1ne in. the ¥ttoma~h mucosa. 

ll.B. that :Broude ab.owe arginine te take thG Pl.aoe ot 

' \ 
'\ \ \ 

\ 



or&atine iti muee).e of crab Aet&tftUi 11uv,iatili$. 
Xn 1936 Bcdansky sta;ted that guanidoacetio acid· 

can torm creat lne but glyoS.ne cannot. . The same year · 
Beard and Boggess administered 106 msm. ot .creatine. 
glyooamine, hitJtS.dine, glyoin_e. alanine, serine and 
Yaline; if tnjected intrape:ritoneal.ly all produced an 

. ' 

increase in muscular oreatir,e from e to 30%. A largar 
dose of a.rglnine produced • gi-eater response, but a 
smaller responae followed w1 th ,a larger done ot glycine. 

N,.uq_1e1r l!ter&a!~. 

Abdtrhalden a.net lk.tad•e; Ohroraeteka. • aclminiatration 
ot nucleosides, purinea or urie acid increases the daily · 

but 4bderhalden 1imtl 3uadae show wh&N h1& dieorepan<>le.s 
are probable. 

m:xc,ine i.. 
zwa:reruateln, .9~riatmn and Jfoe.1er observed. no 

influence, on !'eedint glycine to normal men on the 
hourly output of p:retonned . oreatinine. · aut. m.~ny work~rs 
on pat lent&· ·euttering t:r-om various type,s of myopatlcy-

. . ·. show a ~elation betffeen glycine adtninJ.stet-ed. and .the 

<i~atine and oi-eat~n1ne Ot-1tp'1t. 

Zn ce:rta.1n,,condition$ in 'l'hieh there is 1nar)(eti 

' ' 

\ 
' 

" \ 



(', 

.. 

$tropby of the muacular ayatom ore•tininc output 1s 

gene:ra.117 lowered and creatine app .. a.:rs 1n the urine l.n 

exce1eive quantit1ee. There is also a niminiahed toler• 

. ance for i.nge'3ted crea.tine. (Mader, Selter and f!.:b.ellen• 

berg• aul11van and. &uua; Magee; Ley and Titeca) 

W.lhol'at et al. ttate that gl:,cJ.ne aclminiatered to these 

patients induces a greater output of' creatine. Thia :re• . 

aults in a lowered creatinine excre'tion. Thia inoreaeed 

excretion atta1ns a nia.ximum af'te:r two weeks despite con• 

t inued, glycine feeding. lt then begins to fall a.nd with 

this the creatinine excretion inoreaae$. 

Harr1e and :Brand fail to contitm thics. JTade,:, Selter · 

and Schellenberg also noted the cret\tinogon1c action of 

glycine but etated that there wae no alteration in the 

creatinine coetti,cient. · Tb1s Reinhold et al aon:ti.rmed. 

Gelatin (lUsnier, ••et $nd Xey) .incX"~aQee the c;reat1ne 

output and is nota,bly r1oh .ln sl7oine. 

l3eal"d. an6 Tripoli glyoine adln1nietrat1on to the primary 

myopathiee or mye.at.henia gra.Yi.Q brings .about diattnot 

c11n1oal imprttrement: at the eame time they show the 

increase and. decrease in oreatinuria mentioned above. 

In the eeoondar:, muscular atrophy, although the altera• 

tiona in creatin\iria are she>wn. there is no real improve­

ment. llilhorat even fai-la to note ohangea in creatine 

.excretion in theae aeoondaq types .. 



... 9.·. 

av111va.n, Hea, and Irrevere state that urine in a 

~atient with muscular dyfltrophy aontained no guanicUne 

but a. simple guanHline complex such as· gl7ooamlne wh1eh 

on oxidation ylel.ded guanidine; creatine, oreatintne 

and arginine a.re unaffected by this treatment. The .oub­

stanoe was not present in the urine of three cases .Qf 

m;vasthenil\...sravis, no:r in norma; urine. 

indicates that if creat1ne and·creatin;tne are fed to pigs 

suffering trom nutr:1 tional musoular dyi)ltrophies a snalle.:r 

percentag~ ot crea.tine ts retained than the controls, but 

the creat1nine coeffioi.ent was .lower a.n·d the creatine 

coefficient rose. Creattne did not decrease tn heart 

muscle but it did 1n skeletal muscle which showed h1sto­

logi oal dyet rophy. · 

It seems, theref'tJre, that glycine exerts a pro• 

nounced ~tfeot op the Q;reat1ne•ereatinine meta..bolism i-1 

the primary mycpa.thies. As to the t~rmation ot creattne 

from gly~1ne Kosta..kov. and Slan&k bel.ievE! part of the 

glycine is transformed. to ci-eat1ne. wh1lk Tripoli and 

Beard state that arginine is aynthes1sed. _trmn gue.nidcaoetic 

acid which ts m~th.ylised and glycine supplJ.e13 the meth.71 

group. They attempt to show that glutamic acid fonn 

creatine better than glycine. 

Kilhorat and Teohner. 

This is dented b;y Thomas, 



Cur knowledge is. therefore, very l.h'"lGBt.istaato12r. 

Ewnerout,; pa.pere have been pu.bli.shed with reports of a 

multitude ot amino acid.a which increase creatinine 

.. elimination. e.lso products such as n.aeinoglobin,. 

a.l.la!lt-0in. etc.• but the results seem rather insufficient 

'!here a.re still different schools.; o,ne 

which believes o:reatine to be an end product ot exogenous 

pt"otein cataboli.sm, and another that creatine is an 

an&bolic produ~t which serves as a.n ind:1apenss.ble com-
, 

ponent of the. mueele cell. (the latter ee:pecia,lly 1n view 

'of t.he:' work on phosphocreatine). 

;:p ·. crmzggtfk, ,c,O,U,FOS.J:TI®. OF; CJWAI!l:iE Ab.Al ,.SfflAT,IN,ANB: 

o. H. Fie:l(;e and ·y. SubbartJw in 1929 showed that 

Chevreul *s su.batanoe crea.tine existed in the f'ree :form 

tn the form o.f a.n internal sal.t: .meteyl glycooyamine 
/NH3+ 

· HN ::os c · . or met}l.yl gut.nicU. ne t£cetic acid. 
' N-CH2 • COO• • CH3 

!hie is eaaily converted .ittto crea~ii,~ne by hyd.rolysis. 

the latter being the anb;vdride of creatine formed by the 

10,ca of one molecule of n
2
o ... In neutral or alkaline media 

place graduall.y' in acid media. and .is epeedecl. up w1 th heat 



qualitatively in 15•20 minutes. Creatine • Creatlnine 

· · equilibrium 1s very detinitely a function of the· H-1on 

concentrat.ion • 

. relationship, . 

'lb.is seemG to indicate a possible metabolic 

' ' 

· .Creatlnine can be gm phi cally representt4 thue: 
. . ..,NHCO...._. 
HN= C ' • C3 H7 ON3 

. . . . 'N( CH3)•CH2 
(Methyl glycooyarnit11ne or :a .im1do, 5 keto • 3. methyl 

Tetrahydro11Didazo1eh.101. wt •. 11s. % eompoaition O ... 42. 5; 

TJiE, ~Q.L,OGIQA& .flJ:A.~~s· AHR F.Y.J:TqTI,q:r-r QF..., .. Q.REA,T,IW.C.J.. 

A.t tirst the view was held that creatinc was a waete 

product ainoe 1 t. was excreted in the urine and 1n some· 

cases in quite marked quantities. Its distribution in 

ekeletal musole was known as far ba.ck ao Chevweul 1sa2,·· ·· 

· but no e1sn1t1cance wae attached to this. It wae merely 

..• thought to be an en.d product of protein metabolism. It 

waa known to have a Nlation to ort;tat1nine excretion b\lt 

the g~neral opinion was that it was a pJ;"ecurJor of this· 

substance. 

1855: Valenoiennes & i'l'emy reported that they bad f',ound 

o,,~es,t&n!.nt in ccmbin.ation with phoaphorio acid. 

1865; Rt)nke(and later 1n 1910)regarded croe.tine as 

accelerating musc,l.e activity. 

In 190'1 Spriggs maintained that the greatei, part of 



,I 

~rtnary c,:,eatin1ne · ,ia derived from auaeular ti11ue and that 

1 t. · ts a product ·Of the interna.l structural m~tabol1sm of the 

mu.sole and not of ite act-ty; that its quantity 1s pro• 

po,:ttonal to the ma.ea of normal functionally capable musole 

tissue ot the body. 

1906).Ui-ana. suggested that oreatine existed in muscle as 

" very unstable non•dialysable. oolloid compound torming 

an integral part or the protoplasm ot mi.sole. 

-Folin and Deni~ 'l4f J.trtre and· Fine '13, Schaffer '14, 

Jenecli ct and Osterberg '23 ... were all. of the opinion that 

creatine did not exist ae euohin muscle, and 1n'22 Reiase:r 

indicated that the rllOre quiok.ly cont:racti;ns pale muscle" was 

richer in creat1ne than the Nd, and that the more a.ct1 ve . 

hlnd limb muscles. were far richer 1n creat1ne than the lees 

act1ve torelimbe. 

in 192& Tiegs Gtated that c:rea.tine existc.,d in a $peoial 

tom, t. e., a cyclio one in resting mWJcle, and during con• 

t:raction was con'f'e:rted .into a tautomer •1th the conventional · 

tcnnula and decidedly ba.s1,o properties. 'l'lle release of 

tha.s neutralised lactic acid formed during contraction and 

brought about telaxation. 

P,hq,B)lh2::.au.a~Jnt,.: 

In April .av, however. i'islce & Sul:ibarow ma4e the most·. 

tM(;lainental contribution to oreatine • cre~tin1ne metabolism 



compound. of creatine and phoephoric acid which broke d.own 

to creatine and inorganic phospbate during contracti.ot,1 _ 

arid was resynthea.1sed d.uring recoveey. 

phosphtui-reat ine. -

At the same time Eggleton & 'Bgg;leton demonst,:ated 
·--~' 

the preaence ot a VerJ{ labile :rom ot organic phos)hate,. 

which they labelled phosphngen.. (Later showed it to play 

an .tmp·ortant pa.rt in contra.ctility).. Eventually the 

two substance&_ were shown to be identical and Fi.ske &;­

Subbarow po.inted. cut ttc ~ical propertiee. According 

to them phosphocrea.tine le ,made up 0£ one molecule of 

creat.ine'- to one molecttle cf phosphoric acid. It pro,bably 

~xiate in the muscle cell~ and aa the eecondar:y potassium 

.,salt. It 1-e rather $table in :alkaline solutions, but on 

passing to the acid side there occurs a g:radua1 ,inci'ea.oe 

Probably not a1l c1:'eatine 

ia present as such: Eggleton s·howe t.'!:ut about 20% is in 

the tree state at reet and this is tnbl,ed during stimu• 

lat.ion and fatigue. Vol.lner. J!erdnnn & Fe1nsebmi4t; 

tangbi; Gem.rd. & Tupikow; Clark: Eggleton & Eggleton; 

Dulie~e; Grand. & Peraita.; . . Zagami •. . et al.. have shown 

tbis to be present in all class-ea or muscle.; cQ.rdiac 

and omooth. testis. splee.n o'f mrunmal.s and. bird& and in 

all classes of Tertebrates. Kutscher & Ackermann; 



Lundsgaartl et al. demonstrate ~osphoarginine i,n invertebrate$ 

yet another~ tac·tor in the possibility of ax-gini~ acting 

as a precursor of ere.a.tine. Phosphocreatine is,. therefore. 

appa~entl:V present wherever ereatine is and-:represent,s tbe · · · 
' ' 

effective chemical state of .the latter. In '30 and 'S1 

Lu.ndsga.aro and Copenhagen brought abcnt ·the •l1"evolutionn . 

in the crJ..Elmi.stey of muscular contraetien end ~howed that 

ph.osphagen was the sub.stance which supplied the energy 

dJ.reo'tly for eontl'$et1on trhil.4l laoti c acid foi':\Jation in the 

normal muscle continually pro-vides th~ energy tor .. resyntbesls~ 

Cameron in •aa. susgeata that lthen t.his breakdown of phospbagen 

into creatine and phosphoric acid occurs, some ot the creatine 

is converted into creatinine, e.spe.cially as the· ,crea.tine­

,creatinine eq.ui1ibriwn 1~ .$.n t~e dir~ct1on o:f creatinine in 

the neutral, solution,. and. this is increased with an 1 ncr~ase 

in the B•1on concentration. Every t 1me the muscle cont?"a.ctn,, 

there.fore. a. 1$.-ttle oreatinlne il!l formed :from c~eatine. 

'The only drawback to this ]bypothesis in~ ..it·,· t .this should 

gt.ve a g,:-eater crea.ttnine excretion in people doing active 

t;>X'4lreioe than a person at rest.· Tb.is is pa.rtially bome 1out 

by th$ tact tb$.t creatinine .excretion ristts immediately 

atter exerciSce, but there i.a a cort'(tcponding dr(>p Afterwards~ 

eo that the daily <!:reatine uci-e·tion 1.s little aff'.e .. cterl. · 

TiieN is protably another mechanism tor tho formation 



of creat1n1ne independent ct exercise. The compensatory 

drop in excretion poastbly indicates an inhibition .of this 
. . procesa. A oert~in proportion ot the muscle ort!atllne 

appearlil to ex.tat as free creatine and this may be· a~t:fioient · . . 
. 

to account tor thEf creatinine whi oh i,s. constantly p:rodu:oed. 

Creat i.ne· has a buttering a.ction· due ·to the liberation of 

base tso tha.t there is little change in reaction during con• , 

tractton and recovery pl)J,.ses; Myerhof' & Lthna.n~ Fiske & 

Sulibe:row, Olmsted & $.imps on, et a. 

It .ia also relat~d to sugar met,a.bol.1sm _a.s shown by the 

. ptoduotion ct hypog·1yoaem1a. 111 ta.sting dogs on· ,iaministra­

tton it will a'l.so :reo.11ce the blood sugar· lev-el in a dia'beti c 
tasting clog in taingle doses. Continued feeding results in a 
p:ronounoed. incl"ease in the blood sugar. (Hill & Jf.a.t.t~i.aon;. 

Peabody & Hillf Kopo.lowitz. etc.). 

THE RELATI,.O!t .QF .,.O~j\.TI,J:!1 •. T9. gl{BJ_~TJN,I,N11 :. 

In vitro: Crea.tine and orea.tinine are ~a.rJilly interoonve'r'I). 

. i;ble and under a.pprQpriate cond1 t1ons arG readily transformed, 

one tnto the other." the direction a.nd extent or thts trans-
. . 

fo1'ination depends on· the medtum-. ·1n neutral solutions the 

rea.otion is reversible. Wlliie in acid at ordinta.:ry temperatur.~ 
c)'ea.tine ..... orea.tinine is gradual and speeded up with heat. 

At 120.oc:. under pressure it 1s brought about quantitati<vely 

in 16~20 minutes. .tn alkaline tolutions oreatinJ.ne is slowly 
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. tra.nsfo:rmed to areat ine. !'he creatine. - creat1nine 

equilibriwi. is ver:, defin1 tel.y one of tbe H iQn cr.moentratio~. 

T.here '1e··th1.u1 a possible ·:metabolic :relationslup. 

In vivo~ It ianot possible to show the above changes 

and much of the evidence to indli.Qate the relation of creatine 

to creat:inine hafJ been a.ddu.oed ;f'rotn feeding With creatine and 

ei;timating the· ·change in musc,le creatine and also the alter• 

ation in the creatine and creat.Lnine excretion in the urine. 

To this. $nd .fl. c<insiderable a.14ount of work has been done on 

the excretion of cteatinine in th$ urine ·or ~ls and 

al.though there ha.Ve been various workers who den7 this, it 
'. 

is de!ini tely shown now that e\Ten 1d th a va.eying d1et a.nd 

N~z- b1ta.ke. the 24•hourly c:r&at1n1 ne output r~ma.1ne ;remarkably 
' . 

consta.nt. fh1s 1'1$S first shown b1 van Itoogenhuyse & 

Ve:r-ploegh,··'Otit Shaffer. ':08;0ste•bel!'g & Wolf '07; tefmann,. 

on the dog, eto. In .1915 ¥yerc & Fine dE.nnon.~tratea this in 

the rabbit. But creatine is not found.in normal adult male 

urine. 

,;'he o.reatine dreatinine relation is shown, however, in 

many ways. 

On a. prc>longed creat ine""free diet there ie eventually a 

_d;rop in oreatinine excretion: this is not to~d in short 

· period altera.tiona. Ringei & Bai.zis.s '14 snowed tl"lat a low 

protein diet to:r several months produced this lowered da.U.:, 
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crea.tinin& · excretion which was independent in the alte:ra.• 

tiori .of' body: weight. They were uncertain whether th1s was 

due to a low prote1n. diet or low oreatine ·content of the 

. diet, to a change in the mtl&e ot muscle or to a fall in 

the creattne content of the muscle. 

Shaffel" 10'1 had·shown that where ~ndogenous ca.tabolism 

:ts inoreaaed, for examplre. e~opthalmic so'itre. tlte crea.tinim 

oooffioient ia mu.ch below normal. Thie would, however, incli­

oa.t,e tha.t .creatinine io not derived from tissue protein. 

There a.re varit1ue r""'ypothe.sae a.a to the tcrxoa.tion · of 

area.tins bu.t this 1s aa yet unoettled.. Creatine is defini• 

tely not a waste product but eosent ial for muscular oon• 

t~otion in the torm ot pnosphocreat :l.ne. Continued sub ... 

,quta.neQus admintstmtion of small dos6s of creatine leads 

to a rise in muscle cre!4tine ,.. J.[yers & 1lne, 1913. What 

ts 1ta rola.tion to crea.tini11e and wns.t. tllere;fo re, is the 

origina.l sou:roe of urinary creatini ne. 

It 1a a wa$te product as .indicated by the Qmount in tbe 

urine. Jolin & Xleroner in 106 decided 1t was independent 

of creattne a1 inseeted creatine produced no tncrease in 

urinary creatininei tor sJ:ven in 5 gm doses it was excreted 

uncha.ng.ed. Babin '13 & '14, Jlye:rs & Fine (and Ringer 

& Ji«$.1:z1aa). :Palla.din in 1916. showed that there was some 
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relation and .indicated a, distinct rela.tionshfp between 

crea.tinine coefficient ll.nd the % ores.tine content of the . 

muscle. Work which s.evera.l workers den7, e.g.,. Chanutin 

& Kinard in '32. 

The most oonolusi ve a.nd most favourable evidence comes 

from, thi!! feeding experiments of Benedict. & Osterberg in 

1923, on d·oga·, and in '26{ Chanutin on man. 

:Benedict & Osterberg kept dogs on a creatine•free diet 
I 

and then fed· them daily for 5 • 10 weeks with ·crea.tine 

hydrate in 0.45 - 0.62 gram dos~s. The experiments lasted 

84 to 128 days, and they showed t.ha.t during the first week 

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

creatine or creatinine ·excretion• as shown by Folin & 

Dennie. 

But in succeeding weeks there was an excretion of un­
altered creatine, and the daily average output .of preformed 

crea.tinine began a gradual rise. This rise persisted as· 

long as the ereati ne administration wa.s continued~ and was 

at one time as much as 33% above the normal daily output. 

When the crea.tine was withheld. its elimination in its 

unaltered :form ceased immediately and abruptly, but the 

creatinine output on the other hand fell as regularly and 
. . 

gradually as it rose. As late as ? weeks after the last 

administrated dose of croa.t ine hydrate the crea:tinine output 

.still exceeded its original value. The -au.thd'rs point ·O.ut: 
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that of the retained oreatlne· {i.e., creatine not 

eliminated a.s such) 29.l to 34·.·2" reappeared in the urine 

as extra creatinin.e. · To account for the rest of the 

creatine there are three poes1b1litiee:itmay be reta1nedwithw 
'' 

change, . may be catabolised in.to end products other than 

creatinine or used a.nabolically in the synthesis of other 

chemical compounds. The ~nly change more or less prQved 

is i ta change to creatini ne. ·They conclude that· only one 

ot the end products of crea.tine metabolism ie creatini n$, the 
. ' . . . ~ ' 

. remaining two tW. rds of retained 1r.ateria.l being catabolised 

by methods whi oh do not yield oreatinine. 

Rose, Ellia & Helming oQnduoted .similar experiments 

upon two la.um.an aubJeote and the results were.in remarkable 

agreement w~th Benedict· & Osterberg. 

These resulto gave ample evidence tor the formation 

of urinary crea.ti.nine.from tisaue.oreatine. 

It is not. however. necessary that creatinine is the 

sole end i,roduot of oreatine ca.ta.bolism. Bµt it doee give 

a detini te origin to urinary creatinine. 

KcClugage, Booth. & Evans: Hodgson.& Lewis believe 

creat·inine .· output to be. proportional· to the mass of 

. , muscle tiseue. Tb.is :is, however, denied by Chanutin & *ins.rd. 

Daniela & Hejinia.n. 
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Jlue~lar aot.1 vi ti; als.o comes into the discussion but 

th1s is eliminated·by the remarkable constancy in the 

daily. outpu.t of creatinine and the fact ·that' although 
' ' ' 

' there is an increased creatinine excretion immediately ' 

after exerois~ tbere is a tall later ·On which adequately 

compensates~ 

But recently many workers believe that oreatinine 

(and creatine) may be .either ~,Adogegous or exosengus 

met-.bQ11c products. 

Teftti3lne e·t al. affirm that creatine and oreatinine 

probably arite f'rom entirely clitterent physiological 

processes. Also Thomas, llilhorat and. Techne:r. · 

Seard.. Tripoli & Andess .believe both area.tine a:nd 

. creatin1ne to have ·an eaogenous origin from the amino 

, ac1ds of the diet; while Brand & Harrie; Kiener, West 
' ' 

and Key 'believe oreatine o.nly iu :ro.rmed trom glycine.• 

Terroine •. however, d.oea :regard the oreatinine as en• 

dogenous. Loewy. Bysern and Oprisescus show that severe 

muscular work induces increased excretion of both total 

and preformed o;reatinine. They state that oreatine 

only account& for a .very small part of the rise in total 

creatine. 

· In this· oonnection the. whole of Benedict & Osterberg 

1e recalled. too, w:he·re they state other end products may 

be formed. 
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. in the urina.ey ou.tput ot metbylamine occurs with creat!ne 

feeding. Also that all creatinurias induce .m increased 

~tbyla.mine excretion.· . They be1·1eve meteyl.amine · as well 

as e-reatinine is a product ef Qreat.ine metabolism. 

Weber regards guanidoace.t.ie &cid ae a decompos.ttion 

product of creat.ine. · 

Cr,eatinine is regarded by "l'e.rroine as a product of 

mineral nitrogen met,abol.i.mn,, while ereatine l.G a.eri:ved from 

excess protein '41sintegmtion. Thus. they a.re both endogenous. 

Ati<litiona.l proof is that various workers, wha show that 

factors causing a decrease or incJ-ea.se in urina.ry -oreati:nine •. 

have been .ehown to cause a corresponding d..ecreaae or inc?"ease 

._ in muscle a:reatirie. e.g.•· Palladin & Kudrja.wze:r,a on a Vitamin­

free diet produced not onl.1' .an increase in muee1e :e·J>ea;tlne. 

but a.la"° an 1nc-real:3~ in ur,inaey o:reatininta. 

Struck & Visscher. however. admin1stare4 2 ir;g of 

creattne daily t·o thg diet of mtn, for 4-6 months,. but this 

caused no change in the ere-a tine content of the skeletal 

muscle. liver or- heart. 

Boy, however, regards orea.tin.ine to be a measure o·f a 

certa-in mineral »2 catabolism, while e~eatine io p:roduce4 

it' any additional protein be utilised. whether it be ea• 

dogencus or exogenous. Pan.set shows creatine•Cl"eatinine 
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synthesis to oocur during tasting in r$tG. 

Roae showed the;. synthe.sis OJf ereatine from endogenous 
' . ... . . . .· . 

sources 'du:ring starvation more -tbs.~ 20 y,eara previously •. 

The gene.ml' consensus ot opinion ie, therefore. that. 
; . . . . . ' 

creatinine is endogenous in o:rig1Jl,and it is generally 

ne16.tho.t lt 1t> derived from tbe crea.tine in the tissues. 

hrther evidence of this· is the lowere~. daily 

creatin1rie output in the myopa.thieo which :show a. d.imini shed 

creatine content· in ·the muscles. Al•o the wo.rk on various 

hormonee, · tor example, Shapiro '35, '36,. indicates that 

injections or. extraoto of anterio:r lobe of the pituitary 

increases· xnutole creatine. while in 19:53 Bohrire &: 

Zwa.renstein show that. eimiiar extra.eta· ca.use increased 

elimination of urinary· oreatin1ne. 

SOtm,aE .AND SITE Ol .. ?,ORVATl{l.N;,~OF Utu!iARl:, QJ!EATININE,: . 

Sourge: It 1s ·more or less ObV'iOUS that UX'i.na.ry 

creat inine is a waste product ae indicated by the amount·· 

in t.he urine •. fhia is probably due to 1 ts relation to 

crea.tine which ie playing its very significant part in the 

body• thus accounting for the production of such large 
. 

amounts ot orea.tinine. (See above) • 

Site 
1
ot forpia.tl,on :. 

The liver was first thought to be the site of 
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formation, the prc><iuction being due to an enzyme. 

Then in 1863 lleubu.uer regarded i'ta formation a.s due 

to the influence of the aequons medium of the blood. F'ive 

yea.rs later,Voit en:ld it wa.s simply a chnnge in the process 

of excretion by the aci1 zenctions of the urine. In 1901 

Gerard put the re2 J..,"\Onsibili ty on a. kidney ferment and in 1907 

Gottlieb and Stra.ngaesinger stated that it was formed by an 

en2:yme in every part of the body. 

Verplough, van Hoor;enhuyse > Lefmo.nn nnd Mellanby all 

substantie.ted this. but Foster & Fisher, and a.lee Ta.ubes 

and Voegtlin, using Eck-fistula doge, nhowed there was no 

change in the oreatinine excretion in mn.mma.ls. Th1s there­

fore excluded the liver. 

Mellanby 1915, Meyers & Fine,1922 Russi, disproved 

the enzyme theory; al tliough conversion of creatine to crea.tinir 

can take place in autolyaing substances wben the oonoentr­

tion of oreatine in the digesting mixture is relatively ll1gll, 

but it 1e not enzymatic e.e the change in fresh muscle is very 

much the same as in boiled muscles. 

Ir1 1923 Hahn o.nd Meyer cone luded the change to be a 

phyaiochemioal one, as addition of creatine to n.utolyeing blood 

soon produced conversion t0 oreatinine at the same rate as 

a. phosphate buffer solution of the corresponding H-ion 

concentration. Therefore creatinine is formed from creatine 

whenever oreatine is found or formed. Since most ie sto~ed 

in the muscle ,most of the crE:mtinine wi 11 originate in the 
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muscles. 

Evidently there is an equilibrium between orea.tine 

stores in muscle ttnd the creatinine f..ormed from ores.tine. 

V'hether this if:: free ~(i enter into a.n equilibrium with the 

crea.tin.ine is a.n. objection raised against t11ia theory. but 

in the opinion cf most workers thie theory 1e very aoaeptttble 

and at present tho problem ronts upon it. 

~'A'fE OF WSCI,E CREA TIME: 

There is now abundant proof that urinary oreatinine oan 

be fot·med from muscle area.tine nltliough it is not tbs aole 

end product. 

Ben~dict & Osterbe.rg haV<t shown that one-third of ore~tfnE 

administered is eliminated·us creatinine • 

Ft> lin & Denis, ,My er,s and Fini::, have observed increase 

in muscle creo.tine following the cree.tine ~dmin1str.l:\ti.on, but 

not sufficient to _account for all the o.rea.tine; denied by 

Sttuck & Yisscllar; and also Chauntin & Silvet:tt.have stated 

tha.t the oreiitine i.ngested ia deatroyed. 
\ 

\ 
I 

\,_ 

ORIGIN OF URIUARY CREATINiri1C! 

Crea.tinine when formed ;.is is tlenertilly believ~d, 'mostly 
C •• 

from muscular crea:tine,evi:iently ls removed tiy the bl9od 
i 

stream nnd cq11veyed to th,~ kidney. lt wa.s originf\1ly\thought 

that the aite of origin of urinn.:ry creat1nine wnB the kiclney. 
\ . 

\ 

In 1935 Linneweh · suggested tho.t creatinine was obta.ineti frma 
\ 

\ 
normal blood; and the as6umption that this wn.s formed in\the 

. f \ 
. I 

. .\t 
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kidneys was &-Uperfluous, urinary excretion 'being, in all 

probability, of pref.ormed orea.tinine .•. Hemingway_ proves a fall 

in cren'anine, excretion with :lnorease in plasma concentration. 

In 1936 Itfloshowed that with a rise ·of ·blood pressure the 

crea.tinine exciretion is normal,. while with a. lowered blood 

presaure there ts a decrease in crea.tinine excretion. But 

· Ka.plan and Smith assert that crea.tinine a.nd inulin excretion 

in urine were equal, regardless of uri.ne flow, or plasma. 

oreatinine. ·. They regard the ch3nges considered as really 

evidence of change in glomerular u.otivity. With.incree.sing 

concentration of creatinine in plasma., a. diminished pro·port1on 

is removed by the k1dney from the blood. ao mgms. is the 

absolute a.mount that 'the kidney can remove.. It may be a pure 

_ filtration factor err else a. secretion fH.ctor ,in elimination. 

Both theories a:re poasible ( Ka.y a.nd 8lluhan·, 1933). 

Domtiuez, Goldblatt and l>omenn£1ntroduced cree.tinine into 

the blo(}d stream. This was dist·rtbuted very quickly in a. large 

·portion of the volumnof fluid. At first.the concentration of 

.oreatinine in the plasma. diminished rapidly, partly by kidney 

excretion, and partly by .reversible diffusion into the tissue 

fluid. After equilibrium is reached between the tlesues and 

the plasma. the concentration 1n the plasma depends-solely on 

the kidneys. The rate is proportional to plasma concentration · 

and output of exogenous creatinine is equal to intake of 

:exogenous crea.tinine. · (.Q'8meron: doses :of ere'e.tinine ingested 

a.re eliminated tn 24 hours). 
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Goudemit., Jnr, kept dogs under amyta.l w1th urinary 

excretion maintained by continuous intra.venous sa.linei and 

the concentration of chromogen1c ma.teritil (•npparentu crea.tinine) 

in a.rterial n.nd renal venous blood,and in urine was eatimated. 

It was invariably lower in the venous blood returning from 

the kidney thu.n in arterial blood by o.oa-0.21 mg. per 100 • 

This decrease· averaged 11,r, of the concentration in a.teria.l 

· blood and is of the same order as the extru,otion percentage of 

injected or ingested creatlnlne. 

From the above evidence 1 t seems fo.irly olea.r that the 

kidney merely excretes oreatin1ne, wh1oh is brought there as 

such, and the a.mount exnreted d.epends on the plasma conaen-

. tre.tion . 

. ~.IGNIFICANOE OF URINARY .QREATIBX!Ui;; 

In 1905 Folin showed .that orea.t1nine is the only nitro­

genous product whichdoea not undergo dtm1nution when the 

protein in the diet ta reduced. lt"rom this he· concluded that 

c reatinine must be the product of .. n very special type of 

protein meta.boliem which proceeds a.t &. u11tforrn rate in all 

living protoplasm "of the bodyu. lie calls this process 

Endogenous Meta.boliam and that 1:t is an index of the total normal 

tissue metM.bolieml. This daily output is more or less consta.nt, 

but it 1s in a.ll probability produced largely by endogenous 

metabolism. Closely related to this metabolism is the constant . 
muscular activity in the bo'dy 1 a.nd it seems reasonable tha.t 

it ... 
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it may be due to the endogenous metabolism of a.ny other 

nitrogenous compound in the body such a.s creatinirie. 

In 1908 Schaffer et al,refused t<> accept Fo.lin's views, 

as he showed in exopthalmio goitr,e pa.tiente thu.t total tissue 

metabolism has no effect on orea.tinine; but it ,gas postula.ted 

that in disease of the muscles there is o. direct parallelism 

between the orea.tinine coeff1oient,. ( Orea.t1nine in mgs. NB/ 

Weight in K'.gmel of an individual nnd hie muscular development. 

Schaffer suggested therefore that orea.tinine 1a not derived . 

from,nor is nn idea. of, total endogenous oata.bolism but of one 

part of this oa.tabolism - the muscle oata.bolic process. 

Thie hae been espec1a.lly borne out by the fa.ct that the 

ma.in source of creat1ne is·the m~aole where 1t is.found as 

phosphocreatine a.ndis continually being broken up into area.tine 

and phosphoric acid. 

1907 Spriggs, ·1910 Pa.ton, concluded tho.t orea.tinine ls a. 

product of .. the internal structural metabolism of the muecle; 

. and not of iteaot1v1ty. 

In.1913 Myers and Fine.and in 1916 Palla.din, show that a 

high or low percentage of body area.tine is correlated respec­

tively with a. low· or: high o:r.ea.tinine coeffic1ent •. · This 

parallelism strongly suggests.that there exists a constant 

relation between the amount of c:r;ea.tine a.n·the body and the 

m.te of cren.ti.nine excretion. 

There le,however, although the above 1a accepted, no 

definite proof· that crea.tine of the musoles gives rise to 
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· creatinine of the urine. The work of Benedict & Osterberg 

leaves no loophole for criticism ,and it is universally 

a.ecepted that Crea.tine can,and does give rise to crea.t1n1ne 1n 

the body. Since by fttr the major pa.rt of the creat1ne in the 

body is in the musnles, and since such a large amount of 

creatinine is excreted .daily, .. and also cases of muscular 

atrophy» e.g. in the myopathies where a lowered oreo.tinine 
,. 

content of the urine is a.ssocia.ted. w1th a lowe.red crea.t1ne 

content o.f tlie muscles,., it seems fairly reasonable to assume 

that t11.e source of creatinine 1a from muscular creatine. 

There a.re howeve:r dissent1ents, e.g. E.F.Terro.ine and 

M.Ohe.mpa.gne, whoregard creatin1ne a.a a product of the universal 

nitrogen meta.bol:iem .... i.e. of endogenous protein origin. 

Therefore, al though the actual origin o .f orea.tinine is d1s­

puted, 1 tis nevertlleless universally regarded a.s endogenous in 

origin; thereby orea.tinine metabolism ,would a<:t as an index 

of endogenou.s p~otein · metabolism since the· daily output in the 

human is r.iore or less constant at about 1. 5 gms.per twenty-four 

hours. This was first ehown by Folin in-1908. He stated that 

on a. mee.t-free diet there was a. constant quantity excreted. 

which va.ried·tn different individuals, but waa wholly inde­

pendent of quant1ta~ive changes in the total amount of nitrogen 

excreted. He also showed. thnt changes in urinary . volume ,t(I), 

have no effect on tl1e amount eliminated.,nnd that though the 

percentage of crea.tiriine might vary·over different periods of 

the day I the 24--hourly output ,me remarkably couatant. 

'l'his •.• 
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This was confirmed by van Ho?genhuyse & Verplough; 

Sha.ff er; Osterberg .and Wolf, l.tefmann & Shaffer on the. dog 

and man, and Myers & Fine on the rabbit. 

But Schult in 1921 anci Zwa.renotein in -1926, showed that 

tbere were marked variations. 'fhe la.tter•s theories have now 

given way to a definitely established o.nd univeraally recog­

nised fact that, · with a changing diet and nitro_genous intake, 

the crea.tine output for days a,nd weeks do_c$ not vary by more 

· than,. 10%~ 

Urinary ,oreat1nine therefore provides an extremely valuable 

index to endogenous protein metabolism., and alterations in 

the a.mount excreted indicatas some alteration in endogenous 

protein meta.boli em •. 

TUE RELATION OF THE El!DOGRIHES, Tp OREAT.INlJ,NE MEfABOt,ISM: 

The end.ocr:1.neB ha.ve, for e. considerable period, b~Em known · 

to exert a controlling action of ci chemical nature on the 

functions of the body. Ae soientif 1c knowledge ha.s proc-,.resaed. 
t:l . J 

investigation has revealed a close inter-relation between the 

ductless glands. It is a well. eetn.blished fa.ct that the carbo­

hydrate metabolism is controlled to a. very large extent by the 

r1.ctions · of the glands of internal secretion; fat metabolism and 

protein· metabolism .have not been ehown to have such a close · 

connection, yet there 1s sufficient evidence to indicate tha.t 

the endoc.rines do pla.y a pa.rt in the1:r metabolism. 

These stud'ies recorded here 1.ndioa.te this relationship·of 

t~,e ... 
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the different endoerinee to protein metabolism by observing 

that various endocrine glands alter the normal constant 

· oren.tinine excretion, a.nd by so doing are altering the endogen­

ous protein metabolism. 

THE GONADS AllD PROTEIN METABOLIS14: 

CU:ra.tullo a.nd.Tarulli in 1895 could :find no oha.nge in 

the urinary nitrogen of a bitch three months after castration. 

In 1898 Perizani indicated a diminution in the nitrogen and. 

urea excreted two to three months after ovariectomising a. 

bitch• but IDtbje four years later wa.s aleo unable to find 

any change in the nitrogenous balance of castrated dogs. 

In 1913 Knleetinov and also Zuntz showed a. post oa.etra.tion 

decrea.se after seven weeks, and two years respectively, whereas 

Korenchevsky in 1925 found a decrease in nitrogenous metabolism 

in hie 1tfat 11 castrated dogs, and a slight or no decrease in 

hie 11 thtntt cHietra.ted dogs. 

These results were all 1n the nature of gon~ectomy, but 

the first experiments on the .ef'feots of 1.nJeetion of testicular 

tissue were done by Broffl>.-Sequard •ho, in 1989, when aged 

72, injected a very dilute crude aequous extract into himself. 

He claimed remarkable return of phyaica.l and mental endurance o.n( 

normal intestinal function for four weeks. This was repeated 

by Pregl in 1896 a.nd Zoth in 1898, w1 tl1 the Brown-Sequa.rd 

extract plus glycerol. The results are not convincing, and 

a.re probably due to suggestion. They have never been confirmed. 
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Ko:renohevsky ( 19_21, 1925 and 1938) et al. produced an 

tncreased nitrogen excretion with crude emulsions from testes 
. . . 

or prostate tissue. He claims that the testis aots a.ii a 
. ,. . 

synergist, and the p.roat~te as. the active agent. Me limits 

:the protein-metabolism at'imulating hormone to a crude lipin 

fraction from bull's testes and prostate, and suggests that 

the gonads are involved in regulating body temperature. He 
. . . 

suggests two hormonal factors, · one from seminifer-ous tubules 

and the other from teydig cells. 

In 1932 he .regards the high B~M..R. to .be due to rapid 
. . . 

resorption of these eeminiferous cells. He shows obesity in 

castr~.ted rA.ts t this however ia. not confirmed by Bal t, Keeton 

a.nd Vennesland in 1936. 

Thisa.bove is suggestive of testis tissue control of 

protein metabolism, but more specific i,s the action on creatine -

cretit1nine metabolism which has been inveHtigated recently. 
' ' 

In 1927 Tsun - Chee·- Shen could'find. no change in oreatine 

metabolism after· c~stration, in dogs u:ri~ albino rats. But in 

1921 Read worked on the metabolism of .e-111.tnuchs and found that 

:grepuberal oa.etration induced a. oontinua.nce into sdult life 

of prepubera.l oreatirn.ir,ia.but tho.t post\-puberal castration did· 

not result in ·4:1, crea.tinuria. 

La.,sch & alao Re111en indicated, in 19:52, the effects of 

ovarian and testicular function on cr~atine metaboliem,but 1t 
. ' ' 

wa:e as early as 1911 that Krause and: "re.mer were the firet to• 

point out tha.t in contrast to norm8.l i,man, normal women, on a. 
( orea.tine.;,..free diet,excrete intermitt~ntly small amounts of 
; \ 

\ \ ,, · creatt.ne •.. 
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oreatine. This a.ppen.re to be associated with a relatively 

poor development of the female sex in so fe.r e.s muscle is 

concerned,according to these workers. 

During pregnancy the 1ntermittP.nt oreatinuria of the 

normal woman becomes a continuous one, and after delivery the 

creP.tine exoretion rises even above the pregnancy level. 

In 1935 Kocha.ki.a.n a.nd Murlin produoed a. decrease in pro­

tein metabolism with conoentra.tee of male urine. 

CRJt:ATIUE TOLF~RJ\UCE AND !JOSS OF' GOliDAL COUTROL: 

Reinen 1njected 500 mgm. of crea.t1ne into normal adult men 

between the ages of 20 and 50,a.nd no greater creatine ex­

creti.on followed than before injection. But in older men. 

1ged 70 to 90, with fa.i ling ee:,c functions, there i e a. decreased 

tolerance as found P~lso in older women, eunuchs; infants and 

children. ta.sch, and also BUhler, confirm thei;e findings. 

In 1933 Schrire a.nd Zwarenstein report that castrated rabh1ts 

aleo show a. low tolera.noe to subcutaneous injection of. large 

e~mount s of crea.tine. Bi.ihler the aa.me year counteracted the 

effects of loes of sex function in relation to creatine toler­

ance by injecting "Progynon" a.nd 11 Pro:viron 11 into females 

and males respectively. 

In 1935 .... Kun and Peczenik indicate a sex epecificily 

in the control of oreatine metu.bolisr.1. They give 0.4 mgm. 

crea.t1ne per os to post-pubernlly castrated rats, and produce 

a ••• 
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e. crea.tinuri&. which they did not o'bta.in in normal .rats. 

Injection of 85 uni ts of 11 Prov1ron" (prepared from adult male 

urine -- Sobering - Ka.hlba.uni)_ ·o.ctually t.n9reased the c·reatine 

excretion, but 30 to 125 units dec~ensed the crea.tine content. 

They show that only in dioestrue is the urine of the 

· female rat free from creatine •. After castration the crea.tine 

. disappeared from the urine, only to reappear if ttfolliaulin" 

were 1ngested. · . Follieulin ( theelin or o·estrln} increased the 

creatinuria. in ma.le ca.strates even if no crea.t·1ne were ingested. 

l'bey conclude thnt the male eex hormone: regulates-the destruo~ 

tion, a.nd the female sex hormone the formation, of creatine. 

Kochak1an a.nd Murlin report in the same year, that cas-. 
. . 

t rated dogs did not excrete cree.tine if on a ax:eatin~-t'ree 

diet, thus ind1cat1ng.that the castration does not a.ffeot 

endogenous ores.tine metabolism, but th,it the ca.stre..te may not 

be able to fix endogenous o::reat1ne as well a.s the normal male. 

QJiEATilU1JE EXCRETIOli Alf.D .. LOSS O,F GONAD.AL pqlrtR.QI~: 

In 1933 Schrire and Zwa.renstein observed a definite and 

s tea.dy rise in crea.tin1ne elimination after _castration. This 

appears a.f'ter a laten1; period and not immediately after· 

gonadeotomy. ... They suggested that presumably tlrn testis was see­

c rea.t1ng some subeta.nce into the body which, to a certain 

_extent~ controls the elimination of_creatinine. This possibly 

lntS on some other endocrine.. 'The post castra.tion rise was from ae 
to •.. 
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to 50~. In the female 1 t wo,s .30-40i. It. is very interesting 

to note that the castration effect only appeo.rs in nine montha 

in the female, whereas it appeu.rs in three months in the ma.le. 

lnj,ection of ova.r1n.n or testicultir extra.eta respectively 

ca.uses the high urini:lry creatinine to fall to the precastra.tion 

levels. 

In 1935 Shapiro fl.nd Zwa.renstein were however unable to ' . ) 

produce any change i11 mueole oreatine fol lowing castration in 

frogs - xenopus laevis. They offer .the suggestions that the:r.e 

is a species difference 1n X'fflopus 'Jn.ev1e end the rabbit, or 

that the testes and ·ovo.r1es 1n the tctad have no influence on 

oreatine - oreatinina metaboliam. or :that the postulate that 

the increase· in urinary oreatinine a.f1ier oi~etre.t1on is due to 

alteration in muscle area.tine, ie inoo.ri·eot. Thie latter is, 

however, hardly tenable in view of the _oreatine-oreatinine 

relationship ment1oned before; and also, as is shewn later, 

hypophyeeetomy ls followed by o. cha.ng~ 1:n. muscle area.tine.· 

Brai.er•e work haa an important bearing.on this for he obtained 

. a fall in urinary crea.tinine fol lowing tho removal of the 

pituitary in dogs. 

l•nother suggestion· may be offered. that the:ce is a decrease 

in muscle orea.tine following captivity due to a possible 

lowered creatine-phosphate content, nnd that the hypertrophy 

of the pituitary ma.in ta.ins the oreatine.,, level which otherwise 

would fall. 

CREAT!NIUE •.•• 
\ 
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OREATIN.INlt EXCRETIOll AND IMPLANTATIOM OP TESTES: 

-Schrire ·and ZwA.l'enstein implu.nted testes into oas-
·. . . . 

trc.ted rabbits andprodueeda fall in the high creatinine 
'-

excretion down to normal levels. Subsequent removal of the 

graft led to itHi.ppea.rance of the usual oa.stru.t,ion effects, 

that is, an increa-ee4 c_ree.t1n1ne excretion.. This also sug­

gested a hormonal re.lat1onship between the gonads. amt crea.tinine 

metabolism by action on anbther gland. 

In males,ealine suspension.of testes,and also testtcula.r 
. ' . . . . . 

extracts reduce the b.igh c.reat1nine e:xc:re,ion. in animals to 

the· precastra.tion level, and in femt1.les,- saline SJlspeneion of 

ovaries or ovarian extra.ct will do the same. 

There is therE?fore the very highly suggestive evidence 

of a gonadal control of orea.tinine nHita.bolism, and the ·pose1-

bili ty thn.t creatine varies inversely a.a m:eatinine in the urine 

of normal and C<tstra.ted female rabbi ta. 

l\HTERJOR PITU,ITAR:x_: 

Th~ first evidence· of .the i•eltition of the pi tui ta.ry to 

meta.bolisr:1 were the clinioa.l · features in hypopitui tarism. 

In 1901 Frolich desor.lbed a disease which now bet1rs bis name. 

and which is associateci with hypofunotion. Before· him, in 

1894, Tambur1.t11 had described who.t is· 110w known a.s. over­

secretion of the eosinophil cells, but- he oon:fused it with 

myxod.ema.. · 

Paulesco ••• 
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Paulesoo, in 1907, demonstrated thn.t removal of the 

pi tui ta.ry led to musculu.r weakness, loss of weight and death. 

This, in 1914, was again de•oribed by Simmonds. He reported 

atrophy of the kidneys, ovaries, pancreas and liver. but today 

1 t is realised that the general mueculi.r weakness is a.esocie.ted 

with a.trophy of n.11 the other endocrines, and a. reeul tant 

general1aed wn.sting a.nd atrophy of the whole body. Tlicre!ore, 

at ler:.st indirectly• the pi tui te.ry must control cree.tine and 

oreatinine metnbol1em, but it seemR, according to further 

evidence and also to the results recorded here, that the 

pituitary exerts a direct influence on creatinine metabolism. 

ANTERIOR PITUITARY - CREATININE METABOLISM: 

In 1931 Braier produced the first conolueive experimental 

proof thu.t the hypophysio ha.au. control ovor crea.tinine 

metabollsm a.B removal led to a marked decrease 1n urinary 

orea.tinine. lie showed n lose of 2si_ in hypophysectomised .1. doge 

a.s comp .. red with oontrols,a.nd &. decreti.20 of 25-40% 1n fasting 

dogs on hypopllyeectomy. Two yenre later Bchrire and Zwarenetetn 

suggested that tile increased excretion of crea.tin1ne following 

castration is due to the concorui ta.nt hypartrophy of the anterior 

lobe of the pituitl.l.ry. To oonf1l1nthis they injected pituitary 

atracts into normnl male and female rabbits. The creatinine 

excretion rose. If this extraotwere injected into a castrated 

rabbit showing an increo.sed crea.tin1ne ex~retion, the anterior 

pituitary .extracts hnve no effect. They euggest, therenre, that 

there is an excess secretion of tho anterior pituitary and 

the. t ... 
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tha.t any furthe~ extracts will° have no eifect on a.n animal 

whose pi tui ta.ry in e.lrea.dy. produc.ing a.mounts of the hormone 

in e"<-cee·s of that required. 

In 1935 Shapiro and Zwarenstein, working on Xenopus laev1s 

and muscle area.tine produce a slow decrease in mu.scle.crea.tine 

concentra.tlon_followingbypophysectomy, and ahow that this is 

due to loss of the anterior-pituitary alone. Th.is took place 

over & long period and.they suggeot a poaa1ble anterior 

pi tu1 tary - gonadal relationship~ . Injecti.oxrn o:f anterior 

pi tu.i ta.ry extra.ct (Bellerl>y) in small .doaee over a prolonged 

period. give rise to a.n increased muscle o:r.eat1ne,wherens a.cute 

doses he.ve no e:f~ect. 

In 1834 :uarenzi obtained a decrease. in phosphagen of 351, 

following anterior pi.tui tary remove.l, tthile Shapiro and Zwa.ren­

stein '1 e figures ware those of a. lose of 1..si for tota.l crea.tine 

in muscle. 

F'rorn the- above it is seen tho.t urinary crea.tinine and. n.lso 

muscle crea.tine n.re inerot1.sed by u.ntsxior pituitary extract; 

and decrensed by :removal o.f the pi tui tu.ry. This evidence does 

suggest a. oontrol of the crea.tinine excretion by the pituitary 

to some extent. Ae the gone.cl.a alno appaar to be involved in 

c reatinine excretion the poss.1.bi 11 ty of f .. n a.nterior-pitui ta.ry­

gO!}O.dal control is .a very strongly sugg~·sted possibility. 

I 

. TESTIS . . . 
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TESTIS - ANTER~OR PlTUlTARY RELATIONSHIP: 

There a.re innumernble clin1.cnl and experimental atudi~s 

to indicate this relationship, especially since Collip pub--. 
lished his resulte in 1935, postulating the action of different 

hormones produced by the anterior pituitary, that is, the 

gona.dotropic, thyreotropic, parathyrotropio, a.drenotropio a.nd 

the different pa.ncreatotropie hormones,a.cting on the particular 

gland whose name they bear. Removal of the anterior lobe of 

the pituitary brings about a.trophy of all the glands mentioned, 

and e~.oh of the specific .hormones produces hypertrophy of the 

gland 1 t controls, if this particular prepn.ra.tion is injected. 

On the other hand; gonadectomy leads to anhypophyeenl 

hypertrophy which is associated with characteristic biatologica.1 

changes in the anterior lobe, and w1th alterations in the 

physiological act1v:tty. Thie hypertrophy we~s first shown by 

Fischera 1n 1905, but t\Velve years later, Addison demonstrated 

the extent of hypertrophy. l'his is sho,vn to be a.n increase in • 
stze and number of the ba.sophils which Inter undergo vaouol1sa.­

tion with developme~t of signet ring or so-called ''castration" 

celJs ( The0e, f1.lao have been sbown to develop during pregn.o.ncy). 

Physiological changes involve inc.reu.sed content or 

secretion of gonndotrop1c hormones. This can be demonstrated 

by impla.nto.tiort experimeints, high concentration of the gonado­

tropic substances in the urine nfter onatra.tion, or by para­

bioais studies on gonadectomised rate and. mice, and observing 

the changes, in the gonads of the no:rron.1 male and in the 

----"·----·· 
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e.coer:!i)o'i-y organs in both animals •. Jl'or a ,considerable time it 
;'/' . 

bas l:ieen held tlrn.t tl1e gonads exert an inhibitory effect on 
/., " 

the pit~itary, and this ia generally postulated. In these 

studies here this inhibitory ~otion ,of the gonads on the 

anterior P,i tu1 ta.ry is also . stressed a.a 1 t has a def1ni te bearing 
., 

on·the result$ obta.1ned and their interpretation. 

(tl.) Histglo,.gioa1, cha.ns;ee. These changes can be inhibited in 
I the eaetrnte by injection of the different male sex hormones 

o.s shewn by Holweg, Dolern, MoOullagh, Walsh, Nelson et al, 

bUt the ma.jori ty find that pure oynthet ·.c male sex hormones 

require five t'imes the dose as those with tra.ce·s of oestrogen1c 

mate:rial. This, a.nd other work, .seem$ to indicate a biolog19al 

role ·for the presence c,f oestrogenic ma.toria.l in the ma.le, the 

combined action of known e.ndrogenic a.nd oestrogenio substance 

being sufficient to <~ooount for natural control of the anterior 

pituitary (Nel8on & Gallagher). 
. 

Steyn, Harmann, Steine.ch, Sand, Moore a.nd Prioe, Lipschitz, 

Gt\.llagher &: Kock ct· nl shew tha.t the antn.{)onistio effec~ exerted 

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

a. direct one, but a.ots th.rough inhibiting the gonad-stimulating 

activity of the anterior pituitary of the other. Thie has been 

confirmed repeE\tedly, but will not be quite so simple i,f the 
\ 

results of Kiaa1,1, Wolfe, Olnrk, Pf ei!f er et al a.re con.firmed ae 

they suggest that the adult male rate anterior pituitary contains 

the follicle stimulating hormone • 
.. 

(b) ... 
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( b) Implt~n t3;.tion.t Sn1i th, Zondck, AGche1in, Evans, Simpson, 

r:ngle; :Meyer, Leonard 1 to no.me a fe,v workers• este.b11 sh a 

defi,~.i te anterior pi tui ta.ry - gonadal relationship by implan­

tation experiments. They indicnte thnt the hypophysis of the 

gona.dectomieed rat shows greater o.cti vi ty than tha.t of the 

non-castrate. They also conclude that the femo.le pituitary is 

more easily depressed by oestrin them the male o.ntcr1o:r lobe. 

( o) Pa.rabiosie Studies: Ma.tsuyama., Yatsu 1 Goti, Fels and 

Kallas, Martin & Rocha; Nelson, Mccullagh, Wn.lsh; Witschi, 

Levine and Hill; Mo~t'trcam and Ort.mer, all indicate a control of 

the anterior lobe by e1 tl1~r one gonad or the other or the 

hormone produced by it. From a.11 these studies the general 

oonoluaion arrived at is thut known tcoticulo.r and urinary 

male sex hormonal preparations can inhibtt the hyppphysec-i.­

gona.d stimulating uctivity. The dosage however is tremendous 

and is at le, .. st five times for the male ns the female. 

Oeatrogenio substances on the bn.eis of weight are more 

potent, but the dose for the male io al:;o approximately that 

for the female. 

There is considerable evidence however that another 

substance is elaborated by the testie. This X-substance of the 

L~queur School a.ppe,;1.rs to be active in the immature an1ma.1 but, 

does not net on the acoessol'Y sex orgims. In the control of 

the anterior lobe it a.ppea.rs to be more effective, or else 

higher concentrations thereof exist in the testis tissue tha.n 

of the known androgens. The substance seems to disappear from 

the •.. 
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the testea w1 th destruction of the sem1niferous tubulee(Kooh0 • 

( d) More involved effeo,te:. · There a.re several more invol'1ed 

effects to indicat'e this anterior pitui ta.ry-gonadal .r.elation­

s'hip, a.nd.'it is the e.1m of the studies recorded here to give 

conelus1ve evidence of this relationship ·with regard to 

creatin.1ne · metabolism. 

There are known dtfferenoes in Q!'Oatine and oieatinine 

excretion in relation to sex and puberty, and naturally suggest 

a control of oreat1nine excretion by the me.le.sex hormones 

and the pituitary. Theee will be discussed later undar·the 

Orea t1nur1a.a. 

Hoskins, in 1911, was the first to suggest tbe .. inhibitory 
. . . . 

control of the pi tuita.ry by the gonads, a.nd when thi~ .1nh1bi tion 

was removed the pi.tuitary mantfests 1 teelf by increaaed 

activity lea.<l1ng to altered meta.bolt.am. This has been proved 

a.rid tl1e histological picture of pi tu.1-tary hypertrophy has been 

dieousaed shortly. Sohrire and Zwarenstein demonstrate an . 
i.norea.sed crea.tinine ex.oretion in gonn.dectomised rabbi ts both 

ma.le and female.·•· The period before the increased excretion 

. · varies howeve_r, 1n the ma.le it is eight weeks, while in the 

female it is 9 months. This agrees with the work of Ha.tat in 

1913,who produced pituita.ry hypertrophy .in male rabbits 90 da.ye 

. after oa.st:ra.t1.on, whereas .9 months were required before hyper-

trophy developed in the female (Wolfe 1925 ). 

The Qbserva.tions of Braier (1931) who hypophyseotomised 

dogs a.nd. produced a marked fall 1n ereatinine.exoretion after 
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a short latent period, fits in well with this hypothesis • 

Hie was the first conclusive evidence that.the pituitary wa.a. 

a.seoc1ateQ. with creatinine metabolism. 

Shapiro anci. Zwarenstein were, however, not. able to demon..:. 

s\rate an 1norea.sed muscle crea.tine following castration, but 

the other workers all suggeat an anterior-pituita.ry-gonada.l 

relationship. 

Foiio1'1:ng on thie , Kun & Peozen1k; in the sMte yea;r pro ... 

duced a:· creatinuria in ws.t-pubera.lly .castrated rats if o.4 mgm. 

oreat1ne were given per os. Thts did not happen in normal 

rats. Large doses of Proviron .(Soherlng-Ka.hlba.um) decrease 

the creatine content~ During the whole oestrus ,.cycle, wi.th 
. . 

the exception of dioestrua,. area.tine is present in the urine. 

This 1nd.ioate-a yet another step in tl1e anterior pi tui ta:ry­

gona.dal oont·rol. 

Aft.er castration. oreatine disappears from the urine only 

to reappear if fo111oulin is injected; foll1oulin also inorea.s-

1ng the orea.tirturia in the ma.le oa.atrate, even if no oreatine 

was ingested. These workers suggest th,~t castrated· dogs a.re 

not a·o1e ·to· fix exoge·noue oreatine as the normal dog does. 

SUMU.ARY: · 

It has been eho'!ln that the·anterior-pituita.ry and the 

gonads are closely interrelated in that: 

(a) the gonads exert an inhibitory funot1on on the pituitary 

as $hown by the l1ypertroJ?hY of the pituitary following 

castration ••• 
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oaetration, and the appearance of castration cells. 

(b) the gonads atrophy following hypophysectomy and 

hypertrophy foll,o-wing hypersecret1on of the pituitary. 

(c) removal of the anterior-pituitary results in a. de­

creased urinary cree.tinine and a. deorea.se in muscle 

breattne. 

( d) injection of anterior p1 tui ta.ry extrao~s produce _an 

increased mueole area.tine and an increased urinary 

crea.t1nine. . 

(e) Anterior pituitary extracts produce a high oreatinine 

excretion in the normal but not in the castrated 

anitMtls. 

'J.'hus the evidence is indeed suggestive of an anterior 

pituitary gonadal relationship in the control of crea.tinine 

metabobsm. 
· Thyroia.~ 

It is., however, necessary~ in an introduction of this 

nature. to review the actions of the other endocrines as 

these m.a.y also throw light on the control of orea.t1nine 

me-tabol1em. 

Besides the teotee and p1tuito.ry much work has been done 

on the control of metabolism in general by the endocrines.; 

bu'.t in the studies recorded here only the relation of the 

endocrines to creat1n1ne metabolism is d1.scussed.. 

One of the earliest evidences of' this relation was the 

observation of Schaffer in 1907 that o. oronttnuria occurr.ed 

in exopthalmio goitre. l.910 Krause and Cramer - orea.tinuria. 

in ••. · 
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1n diabetes mellitus was demonstrated • 

From an experimental ·point of view this was followed up 

by Fronte.11 who produced a oreatinuria. following thyroid­

ectomy in dogs. Meanwhile a year previously•· 1912, ·Krause & 

Ora.mer had confirmed Sohaffer's observation in that an experi­

mental hypothyroidism would also produce a. orea.tinuria, and two 

years following this Hunter confirmed Fronta.li' e work on sheep. 

The adrenals were the next endocrine, and in 1915 Tsuji 

administered repeated and big doses of adrenalin a.nd produced 

a. creatinuria. together with an increased output of ereatinine. 

To deal with ea.ch gland separe.tely:­

Thyroid: 

As shown e.l>ove , Schaff er and la. ter, 1917, Denis, a.rid 

also 1921 Kepler and Boothby, demonstrated a. cr.ea.tinuria in 

exopthe.lmos. Experimentally Fronta.11 and Hunter·obtained the 

. ea.me result on removing the thyroi,d gland and suggested that 

it wa.s due to a. diminution in the oreati.ne content ot the 

muscle. This is contra.dieted. by Poncher, Vissoher and Woodwq.rd 

1934., in tha.t·a. hypothyro1dism in young children induces a. 

decrease in or complete ·eesso.tion of the creatine~ T~oid 

extract returns thts to norma.1, · and this occurs before the 

increase in B.u;a • 
.Krause & Ora.mer, Beumer &.Iseke; Gross & Steenba.ch, e.nd 

later Eimer, Kepler a.nd Boothby, :eugsley Anderson & Coll,ip also 

produce a ~rea.tinuria on feeding. thyroid gland. 

In 1930 Abelin & Spiohtfin; in 1935 Boda.neky, fed thyroid to 

ra. te ••• 
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rate ·'and produced· a fo.11 in the muscle crea.tino; the latte;r, 

a. deo,:-ease of a.s much as 30%. Thia deoree.se a.leo occurred 

,an heart muse;,1e. fhese ohimgns. took place not in the acute 

·adm1~·1stra.tion but with long. continued feeding. · Pl1oaphocreatine 

' 
fell even more (Pugsley Anderaon & Colli'p 1934). 

It. aet'lnB,J however, that muscl.e. crea.tine is decreased 

E?1ther by hyper- or hypothyroidism. f.rom the fJ.boVe data.~ and 
\ ( . . . . ' 

allzo that the thyrotropic hormone induced a. orea.tinuria. in 
1t'\... ' • ' • . • •• 

\ t. • . ' . . . . . .-

noma.; or hypc>phyeectom1aed rats (Ander.eon & Collip). 
' 
Palmer ,i oar son and Sloan a.dmlni stered iodine to exop~ 

I . • 

tbalmic r,oi tre patients; the resultaut reduction in ·the 

o:reatine output they attributed to· the.improvement 1n the 

physical oondi tion of the patient. The low tolerance of 

thyrotoxic patients to orea.tine ls ratsed by a.dm.inistra.tion 

of 1od1ne, or by partial t·hyroideotomy I an(f the higb tolerance 

of the m.y::x:oed group lov,mred. by the administration of' Thyroid 
. ' 

(Thorn 1eis). 

Btentano ~howcd a crea.tinurta with thy1:oxine .feeding, 

t1md tiear1ok a.nu 1r;1mer independently in severe ca.sea of 

Ba.sedow• s d.isea.se a.· 1ow orae.tin1ne excretion univ.ersally 

· pr.crportional to the increase in the B.l,{.R. 

The weight of·evidenoe is not however sufficient to 

1nd1ca.te a. hormonal control. 

Parat.hxl'o,,i,c!. Paton & Findlay.' a viewo that gua.nidine and 

.methyl guanidine tonned inert creatine in the absence of the 
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parathyroid have been severely oriticieed. Henderson • 

P.a.llad1n and G~iliohiea ah.ow an increase in muecle-cree.ti.ne 

following_ th:yre-para.t~oidectomy, but in contrast Imrie' a.nd 

Jenk1neon report a. <:lecrea,ee with paro.thyr(>ideotomy only • 

Brown and Imrie a.nd Jenkinson have worked mainly on 

the phosphocrea.tine.and by administering creat1ne to rats 

reduce the phoapha.te output. This is probably due to oreatine­

phosphate formation. Injeotion of para.lhormone some.time 

before the creatine is administered renults in a still more 

ma.rked._deorease in phosphate excretion. They u.lso show some 

relation to oreittine-phosphate metaboli:em by removing the 

para.thyroids&ib these animals t:ite muscle phosphagen which is 

now low can be rn.1sed to normal lP-vels by injecting pa.rathormone. 

The rate of phospha.gen regynthesie,which 1.s also low in those 

a.nima.le,ie restored to normal. 

fanc.reas: 

Krause and Cramer in 1910 he.a:e had their report of 

crea.tinuria. in diRbetes m1llitus repeatedly confirmed. 

Corbia believes that the oreatinuria which follows complete 

extd:rpa.tion of the pancrea.sis due to a.n upset in absorption 

due to lose of the external secretions. 

This, however• is oontrn.diot.ed by the injection of insulin 

into pa.ncreateotomised dogs H.nd diminishing the creatinuria.. 

BeeideG this Kopolwi'tz in 1930 injected .insulin into a. diabetic 

and produced a fall in the c:r.entine content of· wl10le blood. 

(With regard to' this, however, one must consider the diffi-
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pulties i.n creatine estime.tion in whole blood). 

Is .the crea.ti'nuria of dia.beticas assoc1a.ted with ti. de­

crease in. muscle cren.tine, for Dulie·re <iemonstru.ted a diminution 

in phosphagen in muscle after insuliti injection, yet four yea.rs· 

later• in 1932• Moschini could observe no ohn.nge'r · 

husociH.ted with this is ca.rbollydrate metabolism and 

Brentano found a close correlation between oreo.tinuria a.nd 

glycogen control of skeletal muscle. In all co.ses whore muscle 

.glycogen· 1 s deoreiieed there 1G a. .creat inuria... But Brentano 

m~.tnta.ine that it is due. to the ra.i;e. of reduction of muscle 

glycogen. Liver glycogen .iill not related to the creati.nuria. • 
·, 

Brentano; also Querol and, Reuter• Steinit~ & Steinfeld, indicate 

the.tA,njeotions of adrenalin fail to .inorease the blodd lactic 

acid if there is a condition cau.s1.ng oraatinuria. In a.cute 

or~a.tinuxia some al teratton in Qa.rbohyru,:·a.te-nieta.boliam can be 

detected.. Rigo and Frey find. that injections of adrenalin 

cause a decrease in the total creat1nine, crea.ti.n.e ci.nd unorga:nic 

phosphate. 
. . . 

It seems, ·therefore; that (vide Hunter,nose) ti.d~qua.te 

.c:,arbohydrute 1n necessa.ry to prevent creatinuri.a since phosphagen 
'-, 

is resyntheoi.sed at the expense of energy d.etived from the 

t.ro.nafo.rma.tion of glycogen to lactic acid • 

Ad.rene,ls: 

Clinically ~e find. evidenneG of the relation of' .the .a.drena.l 

to crea. tine and creatinine in th{~ t one o.f' the syllfp·toms of 

Addison' a diRettse. is myaathenia, n.nd t~e Suggestion offered:· 

above is tha..t 1 t mi~ht be due to a.n 'itite.rfe·re...:i .. ~e .... ,~·+-1-h .,.,...e. 
Q .U - h,+Y.!, l&h'.,e 
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phospha.gen oyole. Following ·on this a great deal of work was 

done on ereatine-pllosphor!o acid ;and the rnuaole crea.tine a.nd 

urinary oreatinine not investigated to any extent • 

Ad.renalectomy. " 

Although La.ng•s findings of a fa.ll of 33% in phosphooreatine 

in cats tollbw1ng adrenaleotomy were conftrmed by Ochoa and 

Grande, Cope' Oorkhill, Marks & Ochoa, who also report a de-· 

creased ra:te of phosphagen breakdown, and tlmt less work ls 

done ,r.,undegaard ·and Wilson failed to demonstrate this in 

bila.tere.lly ~;enalectomlsed oa.ts. Lang indicates that ores.tine 
. \ 

. and oreatinine \a.re not .oha.nged. 

Injection of Extra.ots_ona) Phosnnn.gen: . 
AkatsuJrn .. deacltibes the a.'bove effects as due to medulla. 

insufficiency ra.tber than cortical. This statement is borne 

out by the work of Feinschmidt & 1i~exdma.n, who· obtained a.n 

increased rate of phospha.gen brea.1,down on injecting epineph~rine. 

·nut in 1930 Cori was unable to alter tlle phospha.gen with 

intravenous n.d.rtma.lin. Four years later Uosehin1, using 

i'\].cortone {Allen & Hanbury• a prepara.tio1i of the adrenal cortex) 

produoed a rise of 15% in muscle_ phospha.gen if injected into 

normal frogs. He was not able to keep adrena.leotomised frogs 

e.11 ve with this preparat.ion. Nor oould he ro.ise the pbospha.gen 

oontent in these frogs~ 

Indovina and Baena.lengthen the ti.me of e~hauation in rats 

at work by inj eoting cortical extra.at. 'the <lecreaae in muscle 

glycogen an~ S.noren.ae in non-prote.in N ie smaller than in· 
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non injected animals • 

(b) Or,eatinine ~X;Cl'etion: Tsuj 1,. Pa.ll~din & T1ohw1nska.ja., 

Abderbalden an.d Bua.dze produced a. crent1nur10. and increased 
. . . " 

creatinine output . with continuous adrenalin injeottons •.. 

Rigo & Frey ,however, produce a deorea.ee tn·total crea.tine 

a.nd,oreat1nineand inorganio phosphorus iu ~lood. but the 

preformed creatinine&tota.l a.o1d phosphorus is not a.ff ected •.. 

Lucia and Stolfi found that the nitrogenous constttumntsof 

urine are not altered by injection of ad.renalin. But Brentano 

and also Querol and Reuter eh.ow that if the blood lactic 

acid does not· l'ia:e appree1a.bly :following ~1drena,l1n adm1nis­

trLti()n, the glycogen conte~t of. the muscle is low and 

crea.tinurla occurs.. They a.1eo add that in a.cute crea.tinuria 

some alteration in carbohydrate metabolism may be .almost a.lwa.ys 

detect~dt 

PugsleyAnderson & Collye also were unable to produce any 

Sfect on creatin1ne with adenotropic hormone .. 

Ha.lea, Ha.slerud and Ingle adrsnalectomised·rats wb,ich 

36 hours af'tt~rwards developed :fnt,igue, after performing normally 

e.t fir.st. They· Qalled thia adrenalin shook •. Adrenal cortex 

extrncte could prevent or reverse this failure. They also 

experimented with grafts a.nd concluded that work-cepa.oi ty does 

not depend on·mob11isat1on·of adrenalin .from the r!ledulla. The 

cortical tissue in the transplants did. not d.egen.era.te as the 

me,dulla. tissue dirct., · nnd there:forE3 the cortex seems to. be impli 7 
onted in the control of a fatig,..i'e. 

The - ••• 
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The information is tl1erefore rather inconclusf:v~ but,, there 

.iH evidence -o1 a. relation between muscle work· and th~ ~·renal 
. ·, 

· cortex. There is a.leo W'Ork to show the relation of the,: . 

medulla.· to crea.tine and creatin.ine . e~oreticm. This 'however' · 

ha.e yet to be aul:n,tantinted. · 

' 
'~ 

In conclusion ,of the atudies on the relation of the gon\ada 
1, ' 
)l, 

and the pi tu1ta.ry on c:reatin1ne meta.boliem, a .summary of the 

ere&.tinur.iaa occurxing would H,dd to the evidence of a. pituitary.­

gonndnl control and also aid the suggestion thu.t various other 

glando a.re r:.l~o involved. 

Oreat;!n_y,r1a. of oh1ldrerv 

From birth to puberty orea.tine.i.s a coneto.n.t but vo.rio.ble 

component of the urine of children of both sexes. >~fter four 

to eeven months 1 t. conet1 tu tea. a.bout 10% of the tote.1 creat.1nine . 

output. ,ang & Kaucher; Daniels & Rejinian,regard the creat1n­

ine prodtioed. aG a.n end product of muscle meta.boliem but the 

oren.t1nurin is due to precursors in protein, and these bee.r 

no relation to urinary cree.t1nine. Terroine, Champagne; 

Danma.nville et a.11 1 however ,do not C<>nfirm thit:t. Beumer ancl 

Fa.sold expreso the opinion 'tl1at sexual ma.tu:ri ty 1a a s1.gn1.fiee.nt 

:factor 1n bringing about the deecruotion of orea.tine. Light a.mi 

· Warren state that the percentage of boye shewing a oreat1nur1a 

.at yee:rly. i.ntervnls remains fairly constant at the, ages of 

fourteen to seventeen, ar.d ,htween 17 and 18 manifests a. 
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perceptible drop. But Buadze :finds boys excrete crea.tine 

until six to ten yea.rs ,of a.g~, \\nd girls manifest a orea.tinuria 

till puberty; l3.fter which they develop a cyclic crea.t1nur1a • 

The author suggests tha.t the mr,le sex hormone 1nh1'bi ts the 

output of cree.:tine and the female oex hormone promotesi ta 

appearance in urine. This, howev~r, haB yet to be substantiated. 

Crea.t1nuria. of \fomen: 

Wang, Hawks, Huddleston, regard the oreo.tine as directly 

proportional to the protein content of the diet, while Hunter 

indicates nn entirely e~ogenous oource of oreatine. Rose, 

Ellis and Helming suggest that women a.re less efficient than 

men in storing or metabolising the portion of creat1ne which 

does not yield croat1nine. M'.tihlboek & Kaufmann clo not confirm 

this diminished crea.tinH tole:r.nncc in normal women • 

great1nur1n of pregnnnox: 

Krause & Ora.mer (1910 & 1911) and thereafter many workers 

noticed a continuous excretion of oreatine in pregnant women. 

The generally intermittent creatinuria of normal.women becomes 

a cont1nuoua one. There is also a m~i.rked inorea.se above this 

level immediately after delivery, giving rise to the term 

post-partum crea.tinuria. (First observed by Schaffer (1908) in 

the human). It may even be as high as 1.5 gramoper day. The 

output remains high for two weeks, ren.ohing its height some-
day. 

where between the third and the eighth. There have been various 

theories but none however have proved absolutely sc1tisfn.ctory. 

Krause •.• 
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(Krause 1911, Schaffer & Murlin, Beker;.Sohrire and. Zwarenetein 

1934). /" 

Th,,e/hretinurie. of pregnancy increases as the pregnancy. 
- . I . . . 

de.ve:t,oP¢, and then at partu_ri t1<>n becomes even more marked; and 
. /,' /1 . 

. indiojlbies, th~refore, some relation of the ,control by. the gonads, 

and possibly the pituitary. 
' / .· 

Crefj.t1nur1a and the ,Sft:J. Gl~nde: 
/ t -

// Thia· ha.s been dealt with in the above di.souse.ion, in which 
/' /., 

t~ work of Reroeni; La.sch on the human 1 So~rire and lhrarenste1n, 
l 

.,o.h. rn.bb1ts, Kun. and Fecienik on rats, · e.ncl · the eex specificity 
! 

ot Crea.tine ~ crel:t.inine meta.boli sm htt.S bneh fully diacusaed. 
' ._ .,.- • i 

Thi.,s has also been consiclered0 the work of Schaffer, 
f • • -

Den1S; }tunter j,et al Sh()wing O, oreati.nuria n.ssooia.ted w1 th 
! 

exoptha.lmic .goitre. Feeding of thyroid fl.lSo prod.uces this 
, . I 

c:rea.tinur1~. 

I 
P.:r..eatinurja and: ,Cn.rbohzctra;te Met~boli:smL 

. i 
Br.·en.tn.no gives ev1denoe to a.ssQcLite a creatim..1ria' with 

I 

all copdition/; .wh1ch induce a. dccret,$€ in r.l\lBCle glyqo,gen. 
I ; . . \. .· . , .. 

I ; ~ 1 

The oreatinutia dencnds on· the e.xtfmt t\,pd :rapitli ty of reduction , . 

of the muscle glycogen. Heoovt~ry from .an induce~ c:rea.tinuria 

is frenera.lly associat·ed with an inorensu in ll'I\H.Wle glycogen. 

Brentano•· QUerol and. Reute:r;, BtE-) in.1 tz. 6: Steinfeld., Mo:rgul1e, 

· Torroine; W<>lff et o.l tuive a.11 Ghown · a oloBe relatipnship 

. between •.. 
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between diminished mueole glycogen and a oreatinurta, and it 

is therefore feasible that carbohydrate metabolism ma.y acquire 

a. new significance since reeyntheeis ofphoepb:mreat1ne from its 

components ia accomplished ordinarily at the expense of 

energy derived directly or indirectly from the transformation 

·of glycogen into lactic acid. 

Helditoh & Thompson induced crea.tinuria by ingestion of 

glucose and fructose, and by exercise. 

Protein K~tabol1sm and Qreatinu~iaa! 

Have been very fully diuoussed: vi<le eup:ra.. 

SUMMARY: 

From the view point of a. relationsh~p between the other 

endocrines and the pituitary on ore~tinine metabolism we :find: 

Fanoreae: Insulin injection doee not increase or decrease 

muscular creatine. There 1s no decrease in oreatine, only a 

creatinuria. after entlrpe.tioR. This is unlikely to have an 

effect, but there is some slight carbohydrate - creat1n1ne 

metabolism relationship which is probably e.n indirect one. 

Thyroid: The evidence a.t the moment is somewhat contradictory, 

there is evidence to show that a deoreaee of muscul6I' crea.tine 

either with hypo-or hyper-thyro1d1am. On the other hand, 

thyroid feeding, injection of thyroxine and other procedures 

producing a hyperthyroidism do produce a creatinuria, and so 

1nd1cnte thu.t some definite relationship exists between the 

thyroid and creatine-oreatinine metabolism. 
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Pa.r~thyr,o1de; There i e some evidence of a relation to 

phosphagen metabolism • 

J~drena.le: The adrenals u.re involved in the normal control of 

the work of muscle. The cortex, however, produces a hormone 

which is known to be androgenic. Thie is distinct from cortico-

, sterone a. aynthetio product which resembles the action of the 

cortex. 

, _Large doses of adrenalin ha.ve been reported to ca.use an 

increased crea.tine-oreatinine excretion. This may be an in­

direct effect on carbohydrate metabolism, but these results 

have not yet been confirmed. 

Recently Verzar et al have brought to light some remarkable 

fact:; with regard to the adrenal cortex. Adrena.lectom:i.sed rats 

on a vito.m.1n B.free diet cannot be kept alive with oortin. 

They suggest that the fuction of cortin is to convert 

pro-vitP..min n2(Fla.vin) to Vitamin B,a{flavin Phosphate) ,and they 

show that the rnoitB.11 ty of adrenr..lectom1secl n.nima.ls ia materially 

reduced. by injections of Flavin phoaphu.te. Flavin itself 

cannot prevent nny symptoms- of adrenal 1nsuffioionoy whereas 

flnvine phoephate oan. (Thie is o.ltered by the addition of 

cortin as suggested ilbove). Carbohydrn.tes and fate require 

pho~phorylation before they can be absorbed from the intestinal 

tract and it is a. suggestion offered here that, as Verza. has 

sho,m monoiodoa.cetic · ao1d-poiaoned rats 'blx show the sttme 

signs and symptoms ,and exactly resemble adrenaleotomised rats, 
it is poaoihle that the cortin controls the phosphorylation of 



' 

• 
• . 

,, 

- 55 -

oreatine to form phoap11agen, e.s .mono,iodoceti&n. acid fnter­

feree with phosphorylation. If this is so the cortex will 

play a. certain role in the·creatine-creatinine meto.bolism • 

In e.dd1tion, injections of testosterone and other allied 

androgens on.use a return to normal of the adrenals in ca.st:rr .. ted 

re.ts. The X-f;one disappears and· the increase in weight dis-

appears. 

Ante;.I,ior ~1tui tp.r;y: · 

· A dofin.i to direct _effect on the cree.tinine eli~ina.tion 

is poatulated in this thesis. 

· Poste~rigr Pi tui.tarx: 

No oonoluei ve evidence._ 

Gonads:; 

'!'he evidence of contl"ol of creat1nine metabolism is fairly 

oonclus1 ve :,.nd indicates ,a.n indirec.t notion,· probably through 

· the pituitary as eubmi t"'Ged in these studies, and by the work of 

. other experimenters. 

_THE MALE SE4} R'OR\!Ol!E$: 

Excellent reviews by Buteha.ndt ( 1936) i Il'i.eser ( 1930}; 

Da.nnenba.um (1936). Koch {1937) have appeared on the. chemloa.1 

. s true ture, properties, precursors, actions• e to. ;,. of, the ma.le 

sex hormones:., but in the following short summary based on these 

articles only tl1e relevant points ·have been emphasised~. 

In ••• 
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In conducting.this work,beaides using testicular and 

urinary extrf:l',ots • synthetic products ,vere alao uaed. and it 

was noticed that each had .a. aomewfru.t individual action. For 

this reason· it ta necessary _to give a brief description o·f 

eaoh substance. Thus·1t does not purport to review the whole 

of this subject, but. rather discuss in el1ort the origin, 

structure,'a.nd function of ea.oh of the male sex hormones, which 

have been isolated either ·from testis tissue 01· from adult 

male urin'e. - The word ·11 so-oalled11 .is so11etimes used for, as 

;-"rill be iridion.ted in this study, these hormones also possess 

oestrogenic properties_. 

Many workers 1ncie~d have shewn the testes to affect 

meto.bolisrn, accessory sex organs 1 secondary s,ex ol1a.raoterie-

tics such a.s cornb growth, spur €?rowth etc., that they a.re ·closely 

related to other_ endocrines and many otl1er funo~ions. All, 

the11e actions are produced by injections of various teeti~:~! , 
~ . . 

tissue extracts, implants of testis, castration etc., in w~1cp: 

· the testis itself oomes into play. Ho\vever • just a.s with tht 

jb1tu1tary, a.s wa.s shown by Zondek, the u.ctive principles of 

the teetie can a.leo be found in the urine of the a.dult ma.le·. ' 

Four principles have been isolated, two from testis tissue and' 

from from adult ma.le urine. 

Androsterone: 

In 1931, 1932, Wtenandt isolated a substance from adult 

male urine· to which he o.ssigned the formula c16H26o2, with a 

a tr ,0ngth ••• 
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strength of l capon unit per 1~28 (The capon unit being 

r ege .. rded as the International Stan de.rel). This however hao 

never been confirmed • 

Later analysis led to the formula C19H2008 or c18H2802. 

On the basis of the former empirical formula he suggested the 

structure now o.doptad for androaterone. This he confirmed 

with Taohertling 1n 1934, but the strength was 150-250y for 
0 

1 capon unit. 
,, 

Androsterone. H, 
3-epi-Hydroxy n.etio allocholanone-17. 

Its structure is ba.aicn.lly of an oxyphene.nthrene ring 

and is closely related·to the sterola. It is a derivation of 

cholesterol and is prepared synthetically from epidihyd.ro­

cholestcrol (Ruzicka.; Goldberg, Meyer, Butena:ndt, Hanisch, 

Da.nntttbo.um, Kudezua et al). 

Dehidrgnndrosterone: 

In 1934 Butena.ndt and Darmtclbaum separated a second ma.le 

sex. hormone fraot ion froc male urine and gave 1 t the formula. 

of 019B370Cl - a.n ester chloride der1vat:lon of dehydroieoandros­

terone • but this is probably a.n nrtefa.ct of dehyd:roandrosterone. 

Ya.ny workers have prepared it from oholesteeol, eg. Rusioka and 

Wettstein• Wallis & Fernholz, Schiller Serina & Gebrke, 

Butebandt, Da.nneibe.um, Ha.nisoh &. Ku<iszue et al. It ho.s also 

been prepared from many reln.ted aterola. 

Tbeae ••• 
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These two substanoes occur na.turnlly in urine. Dehydro­

a.nd:r:osteron$ is one-seventh to one-tenth a.s e.ctive as anciroe­

terone using tbe- Tsohopp method of aasa.y with the capon unit~ 

. Buteha.ndt et al. find it· one-third e.s active . 
. 0 

" 

Dehydroa.ndrosterone. 

TestosterS?ne: 

In 1930,:1931, David .• D1ngemruu1e 1 Freud, Kober, Laqueur, 

and Mund.i reported the isolation of a hormone f~orti the testiqle 
. . . 

·. ·. 

of the bull, wh1le in 1929 and 1934 Gallagh & Koch, a.nd in 1927 

McGee had carried the activity of the concentrate from bull 

testis to approximately ten times tluit of urine.· Thus 1 t was 

.· ten times as potent. as a.ndrosterone. In. 1935 · David et a.1. 

announced the separation of the crystals with the activity of 

7-10 times tha.tof a.ndroaterone. These were the only o:rystals 

separated from testis tissue. ·This ha'B been confirmed 'by 

Frattini and Ma.nio-, Ogata & ·Hirano. 

Testosterone. 

·Androstenol ~ 17-one-3 • 

And.rostenedione • 
. + . 
/s. : a.ndroatenol "."' 17--one-3 was suggested by Ruzicka or 

a.nd \Vettste1n in 1935 a.s the active principle -of the testis. 

Wallis and Fernholz, Butena.ndt 1 Hanisch & Tshopp ca.roe to the 
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same conclusion; Ruzicka.; Butenandt and Handech prepared it 

from. dehydroandro'3terone a.nd finally it was isolated from boe.:r · 
.. ; '. ·' 

testes by Ogata nnd Hirano .. 0 ,, 

Andra atene,dione. 

Thus we hn.ve two J3ubsto.nces which occur na.tura.lly in 

.urine, .anc1 two in test.is tisaue. · ta.ch oa.n be separated and 
... 

the aoti.vitios tested by means of tho capon unit. 

PHYSIOLOGICAL PROPJ.;-rtJIES. 

Al though these hormones have been cal led. male sex hormones 

this name ha.s originated from tha site of origin.of theoe 
~ products, namely the testes nnd adult roa.le urine. It ha.d long 

been :recognioed that oeatr1n, o.r one o:f'. female sex horruones; was 

to be found, in male urine, and in large quu.nti ties in .the uri'ne 
of tho. stall ion~ I 

'l11e so-cnl·led male hormones were at first cred.i ted with 
·, 
\. 

purely ma.le 9ua,li tieB in thn.t they ha<l an effect on the seqo11a~ry 
ee,: charaot,eri.stics, · and accessory organs of the ma.le j bu\i 

./ ·, 

Ktrencbevsl::r, Dennisoi1;. Eldridge and Brown, in a aeries of 

papers~ .~a.ve shown va.rioua 
/ ' . . 

to exert a. J?Owerful effect 

membtn:s .of the male sex hormone grou,p 

on the orgt • .ns of ovariectoruised rate\ 
I ' 

S1mi1a/:1y, va.:r..ious ao-ae.lled. female sex hormones exert a 

powerful eff eat on ca·strated males. 

On this basis ·Korenchevsky et a.1 hn.ve dec:ided 
thc.t ••• ' 
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that a. hormone which is defined as a male or female sex hormone 

· must have an effect ONLY upon the ma.le or ONLY upon the female 

sex organs. Up to the present the only hormone which can be 

defined n.s a pure 13ex. hormone_ 1s progesterone, whioh has no 

definite effeot 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 occur naturnlly and whioh 

have been isolated from tissues or urine have bisexual actions. 

Some of these are chiefly male and some chiefly female, whereas 

others are truly bisexual. 

To summarise the f1nd1nga of many workers we find that 

the hormones act on different accessory organs in the male, 

some indicating a selective action, e.g. ei_ther on growth in 

the ca.Pon, the seminal vesiole,or the prostate in the castrated 

animal, and therefore any etn.nda.rdisa.tion on this basis must be 

accepted with reservu.t1on, as one hormone may have a definite 
little 

action on one organ, a.nd . 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: 

Androeterone: Thie hormone has a more selective action on the 

prostate; it does oauee some return towards the normal of the 

seminal vesicle) and is only l/5-l/6th as active as testosterone 
' 

on the capon comb; only in ma.sa1ve doaee will it oornify 

the ••. 
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tl,e vagina. 1n ova.riectomtsed ratR. It is aleo 1na.ct1ve on 

'8.final opening, and growth of uterus on infantile non­

cnstrr.ted rate. It restores the hypertrophied 11 oa.stration" 

adrenals to normal. No effect on plumage in tha Sebright oock • 

Moore & Price claim it to provide a complete substitution, 

for the hormone secre~ed by the testes, and thiit testes dnma.ge 

by androsterone 1s an indirect one due to its aotion on the 

anterior pituitary. (Worl-:: suppo~tcd by Ca.llo&a & Parkeff). It 

therefore seems to come just within the group of bisexual hor­

mones. and is known as par,1ally bisexual. 

Pmhxroisoandroaterone: This is even less potent than androster­

one. It he.a the same action on the ser.iim.\l vesicle but it ea:n 

reproduce the action of oestrin by premature opening of the 

vagina, oentrus, ~nd uterine growth 1n the immature rat. 

Generally 1 t CH.uses a return towards normal of a.11 the a.trophied 

sexual organs, and approximately to the same degree, in both 

male and female gonadectomieed rats. Thus it belongs to the 

group of bisexual hormones. 

Testosterone: Ha.s an effect j;wo to tive times a.a great on 

the prostate in the castrated rat thaJ1 a.ndroaterone J but a.n 

Effect ten times a.a great on the rat sem inu.l vesicle, a.nd ie 

also ten times a.s t3ctive an imdrosterone in the capon test. 

In the female it produces vaginal opening, oestrus and 

uterine growth in the immature rat, but no vaginal cornifi­

cation. It will also cause diat.1.ppeara.nce of the X-zone in 
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&.drena.l · of the oa.i;tra ted mouse. ·· X t f emin i ae s the· plumage of 

the Sebright cock. 

On this be.sis it will fall into the bisexual· group. 

Androsten~dio.ne,:- It 'beP...rs .a very close rela.tionehip to testos­

terone in all its· a.otivi ties a.nd rl,l though some workers regard 

it·as having more ma.le than female p:ropext1e$, it's olose 

. :rela.tlonsbip to testosterone indicates that it .is ;really a, 

bisexual hmrmone. 

Thus we see in,the naturally occurring male hormones 1t 
. . 

is only androste:ron~ whic~ belongs to the partiftlly bisexual 

group, producing a greater degree of recovery in the a.trophied 

sexual organs of. the male c:istrated rats than in the female. 

The other tl~ree cause a. return towa.:rds normal o.f all a.trophied. 

sexual organs either·in the male or·fema.le gonadectomised 

animals. 

ARTIFICIAL PREPARATimrn: 

Deamsly nnd Pa.rke:t, Miescher; Wettstein & Tabhopp, 

Butenandt & t;uciszus, et ril, have experimented w1 th various . 

esters of testosterone; e.g. testosterone acetr.te, benzoate 

and propriona. te. Deaneely in the Lancet ( 1938) indi<Hl.tee 

that testosterone proprionate i.md u.ceta.te n.re many times more 

effective than the free hormone, and their action is ao pro­

longed tha.t injtrntion oan be restricted to tr,ice a. week without 

'loss of effeoti veness. Of the two· compounds. the propr1ona.te 
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has the more in:tense and more prolonged action ,the.n the a.oetate • 

It seems tha.t!in this form the hormone becomes sltfwly,btlt 

coq.\1nuously ~va11a,:ble to the animal, :so that the lose by 
excretion and:. destruction is very much loss thn.n .when ·,testos­

terone as the :tree hormone. is ad.ministered. 

P1:olonged injection·1nto castrated mate rate·produoes a 

comple.'tet r~c()very to normal of the atrophied sexual organs ,and 
•·I ,· 

a./deore~se i.n the weight of castration B,drenals. The changes 
/- ! . . 

.· p:roduce11 ttre, ~o some extent, (e.g. sex organs )or completely 1 ( e.g. 
1 ' ·. ' • . ' . 

adt'enP-1,1$ )ma1Dttained .9 days after the last 1njeotion. 
/ \ . 

'
1ollowiing a single injection of teetoa~erone proprionate 

·I· ! . . . . . . 
tti:e p~osta.te a.nci seminal ves'.i.ole continue to grow strongly for 

' . : \; . , ~ . 

ta:r;.' <ii\ys or· more. by which time they reach a. size similar to 
' / 

t){i{t 
/ 

-'.into 

produced by the same dose of free testosterone apli t up 

20. 12,-hourlY injections, and. where the response to·a 
/ ! 

I 

. / ~ingle injection of testosterone is negligible. 
. :-

li*f;MALE SEX HORl!Q}{J&S. 

In my work on creatlnine metabolism little consideration 

/has been paid to th~ notion of the female sex hormones, and it 

/ is only with a view to correlating the effects of thema.le- sex 
/ 

· /; hormones with the work of Korenohevsky et al. on the oestrogenie 

properties,tha.t injections of oestradtol benzoate in the form 
., 

of Progynon ( Schering Kahlbaum) were inje.cted. 

Schrire and Zwa.renetein experimenting on female fa'fubits, 

· found thn.t ovo.riectomy produces an increased oreat1n1ne 
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eU.mino.tion in the urine, injections -of ovnr1an extract into 

normal female 11.ni.nmls pi·oduced o. slight fall. In the studies, 

be:re, however, the injections of female hormon(rn have been 

into .male animals. Oestra.diol, aooor~ing to the above work of 

Korenohevsky et al.~e a hormone with ebiefly female properties 

1n that it produces female sex changes typical of oestrus in 

the ovarieotornieed rat; it is not able to st_imula.te all of the 

atrophied organs in the ma.le castrate to return to normal, but 

does axe rt some slight effect in that it does produce a. definite 

increase in the weight of the seminal vesicles with specific 

histological changes in t~is gland, a.nd. the prostate. There 

is little evidence .of an increase of weight' in the prostate _ 

and there is no action on the other atrophied accessory. sex -

organs. 

Oestrr.di.ol is more active thn.n oestrone from which it 

was first _prepared. Do isy ha.a isolated 1 t from ov.ar1es. The 

a:rtif icia.1 prepara.tion,oeetradio.1 benzoate ,he,s been used to 

delay excretion and allow a prolonged e.ction,a.s in the case 

of testosterone proprionu.te t the ester of testosterone,. which 

is more effective and has r.:.1ore prolonged action that testoster-

one itself. This action is u.ttributed to the slower absorption 

and delo.yed excretion of the esterifi.ed hormone. 
t,r 

Olt:Stl'RADIOL. 
01aH240z. 
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EXPERIMENTAL TECHNI~UE. 

The experiments were perfonned on adult male and 

female rabbits. These rabbits were kept in special cages 

for the collection of the urine and the necessity for 

eatheteriaation in obtaining accurate 24-hourly collections 

ot urine was obT1ated. 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 

tunnel•ehaped sides converging together and ending in a 

spout. The spout of the holder opened above a wide-mouthed 

glaea 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 washing• added to the urine. The urine was filtered • • 

and used,tor 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 oasea, a month. While in these cages their 
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diet consisted of cabbage leaves and carrots. 

earlier experiments it was usual to transfer the :rabbits 

from the cage. to a large run in the open air ot.1teid,e the 

animai house. In the ~a.ter experiments the rabbi ts were 

tnru1ferred· to, somewhat larger cages. He,.-e they were kept 

isolated from one_, another, and net allo~ed to mix together 

1n the run. This methQd of isolation seemed to maintain 

the rabbit in, a good condition tor a longer period. 
. . 

Tb.e spe.oial ,cagee also oonsistecl of wirenetting but 

the u,rine and faeces were allowed to pass through the wide 

mes~ed floor and were collected in tra.ya, filled with ea.w• 

dust. placed about an inch below the floor ~f the oage. 

They we.re also pl.aced in ·a large sunny room with good . 

ventilation. In the winter a. heater was kept burning 

eo that the room was always at a mild temperature. 

The d.iet 1n the run and in the cages not used for 

collecting urine consisted of vegetables, bran and oats •. , 

The ·animals used were always in a good condition. 
ff ' 

MET,HO:rfs ,!OR THBi Rffl1Jg.INe\TI0N OF. CREATI?m AND 05MTiNI1ffl: 

The volume of ea.oh 24•hour collection of urine is 

ineasured. fil. tered and the filtrate is used for the 

· . colorimetric estimation of crea.tinine and creat~ne by the 

micro-method ot Folin 1914. 



.~ 

' . 

•• 

·~ 

', 

\--~, 

\\ 
The .urine is ci1luttd with tap water so tbat1

hfO,"ml. 
. ' { •'.\ ot the diluted urine will give a read.ing ori .. th\~. unl'(nown 

' ;: : . \\,: 
&1de Of the colorimeter not more than 5 m.11 e.\:>ote/\Qr below . . \ ,\· ··1\ . 

' ' '\. . tlle atanda~ reading. The etan4ard is altiE\y,;i, ~ft: ~-15- mlll. 
• ' " i'· 

\ \ . . . 

Pretorme,d O,r,ef;ti91ne 1s estimated ,ae ,tollo.ws :
11

~ · . \ :,. ,, 

10 ml. ot the filtered urine 1a plac~d' in a· i:o ml\\ · 
volw:netrit: tlaab with ao, ml. saturat~d. pieric acid ~iit;,, ' 

• \. . • ;, I• \ . \:1 . f \\ 

had previously been purlt1ed. To this·· 1e acfded 3 mi~\ of 

10% aocU.um hydrate.· (Folin'a m~thod .indicatee that o:~1y 

1. 5 m1,. ot NaOH ahoul,d be ueed. :However. after· a .long 
. . 

seriee of readlnge in the Department of Pbyaiology- it was 
·. tound. that in rabbi to• urine the colour was. m6re 'intense 

with 3 ml. than 1. 5 ml.·· of sodium hydrate, and this enabled 

more accurate read.inga to be ma.de). 

The volumetric tlaek ie well shaken a~d allowed to 

stand. for 10 minutes, in which ~ .. ~e the colour develops. 

The colour :i:& orange. and ·Fol in• a method is based upon the 
! 

development of a reddish orange colour with sod.iwn hydrate, 

p1oric acid and creatinine. · After 10 m1nutes, standing 

distilled water is added up to the 100 mi. ~rk \of the 
' . ,l\ 

tlask. The flask is well shake.n and the -oontents, filtered ' - ' ,/ . \ 

•. I 

into the colorimeter cup ready for readint. 
1· 



~ .. . 

Estimation of Oi:,e,1~1ne.;, · 

.Th1s is also carried out according to Foli~'e method 
and. consists ot the transf'orma.tion of creatine. to creat1• . \ 

nine ·and the determination of this total creat1n1l'le. 
By aubtracting the preformed from the total creat1nine, 
·oreatine expressed. :in terms ot oreatinine ts obtained. 

. . . 10 ml. of the ur.ine with 120 ml. ot water and 20 ml. of 
picric aeid are· placed in an Erlenmeyer :flask and. brought 
to the boiling point. ThiJ is 1.e:ft boiling gently for . 

: . one hour. and ie· then·rapidly.''ioiled till about 25 ml. of 
fluid remains in the flask. 

t .·... ! 
-Weighed. flasks are used and 

th~. we·ight ot: th~ fluid in the· flask is determined tat r1y 
· accurately on a spring balance. The flask is cooled, 3 ml. 
ot 10% NaOH are added and left for 10 minutes. fhe colour 
develops during this period $nd the fluid ts rapidly 
t.ransterred to a 100 ml. volwnetri o tlaek diluted to 
100 ml •. tiltered into the colorimeter cup and 1& ready 
tor reading. 

:P:re]!\£&tio,D. ot the gtanda.rcl: 

A solut_ion of l mgm. ereatinine per l ml. iG required. 
1.602 mgs. of ereatinine· zinc chloridt is diasolv~d in 
100 ml. N / 10 HOt. Thie forms a perfectly etable standa~d 
;o,l.ut1on. · l inl. of the standard solut.ioa is plai<::ed tn a 

1_\ 

' \ 
\\ 
~ 
\ 

1\ ~'\ 
I:, 
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100 ml. volumetric flask together with 20 ml. of saturated 

picric acid, a ml.. 10% NaOH and 9 ml. distilled. water • 

. The water is added so as to ensure the volume in the flask 

during the development or the c~lour is the ia.tae. as. that 

when uetng urine; .. 1.0 ml. -of urine being used. The flask 

and its contents stand for 10 minutes, dilution to the l.OO ml. 

itia,rk is made and/i~.ready for use. 'l'he'known or standard 

sl,.de of the colorimeter is always set at 15 mm. 

The determination of .the amo~n~ of creatinine present 

ia worked out ao foll.owa: 

· ..... 15 .· . x Vo1.·or ur1 ... ne,(tota1., mgm.crea.tinine/24 bre. 
Unknown Beading Vol. of urine used , , · · 

furl f,1,.P!,ti,,o.n., of, P1 gr,i,,q A9.i,d .. ~ . 

Pure picric acid is e$fn)nt1al for the Folin method. 

Tb~s is prepared. by the sodium method of Ber.&eclfbt ('1929 ). 

3,000 ml •. water are heated to boiling in a porcelain 

dish and 125 mge. anhydrous .lla2 C03 are ·aided... Thie. stands 

for a few ·minutes and ie decanted into a large beaker and 

left o'V'ernight at room tempeft.lture. . Ceyetale form and are. 

· fil tei'ed ott in a iuchne:r tunnel and .sucked dry. The 

crys_tala are washed. in 1,000 ml. ot 10% aodiwn chloride and 

sucked dry once more. Suction is stopped and 250 ml~ of 

20~ HOL pouncl ·on the mbs:tul'e, stirred and. suc;ked. ch.7. · 

· This is repeated three timee. fbe mixture ie washed 
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with 2,000 ml. cold water and again a.spirated until the 

cryetala are dt'Y • The cryetals are then d.ried in an oven . . 

at 90°a. ~ placed in an am.ber•coloured bottle and kept in 

the dark. 

})art o.f this stock of purified pioric acid ie put 

i~to a s:lass jar,r 41atiile4· wate;r 1s added ·and well shaken. 

Enough picrio acid is added to ensure a sediment in the j&f 

and the fluid is tbue always ·kept aaturatec1·. The Jar of 

saturatec\ pt. c_ric acid. wben not in use. 1a · kept in the 

dark as Hunter & Camp~ell (1914) found that auch a solution 

-when expoaed to light came to contain in ·steadily 1·ncrea1ins 

quantities a substance which gives a deep red colour when 

treated with .alkali, .• 

The .piaric .a~id was tested tor purity according to 

the method ot :Folitt & Doisy -(1917). 

0.rJ!MT,IW ffl!W!&9,UE,... 

¥et h~d ,at,, cae,t tf.\:t 1,.on :, 

The animals were not fed tor twelve hours before 

operation. They were anaestbatised wi t1;1 ether a.nd the _ · 

teatee were removed with strict surgical asepsis. 

B1amu.th-1odofo:nn-paraffin paete was applied to the SUt\lrec:l 

wounds. The wounds in every- case healed without d1!f'iculty. 

There wa_a no obwious sepfJis. The animals were then returned 
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to the :animal ,house until fecovery •as complete Qr else 

transfer.red directly to the ,ages (vide infra)~ 

Oo~trols were always used. 

Weights of animale were taken at regular intervals. 

Ket hod of .. _Graf ti pg: 

The animal is prepared for operation in the usual 

surgical manner; asepois again being strictly observed .• 

Freeh .testes were removed f/lsepti.cal.l.y Unmediately before 

the ma.in operation; healthy adult dono:re we:re \.teed and the 

teetes,. when removed, are kept in aseptic d1she$ on ioe 

· until rea.dy tor grafting. Which takea place •1 thin. 10 minutes. 

An incision is mad.e in the midline ot the abdomen of 

the animal to rece1ve the .graft; on each side of the m1d• 

.' line beyond the .reotus a.bdominie muscle sheath incisions. 

ar~ ma.dG in the muscle a.nd the ~x.ternal abdominal Oblique 

muscle sepa.-rated tz-om the internal abdominal oblique on 

'botb sides. . The surface of. the ex,.te.rnal oblique muscle 

1,e scarified with the point of the knife; one of the teGtes 

is split qarefully in half and ea.oh halt is $ewn into the 

prepared area-s. _The e~.terrial qblique mue cle 1s sewn ove.r 
. . 

.. the g~ftsi, and the sk.in sutured with silkw<>rm gut\ treated 

'W1 th 11l31PP" and oovered w.t th gau--soa.ked in celli.Qicu:n11 
- - ' . 

the g·raft$ a:re ma.de lt • 2 inchee above the symphysis pubis, 
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In all oases the animals .recovered without any trouble 

or oepsie • After complete recoverY they were :returned to 
' 

: . 

the ca.gee and urine collected. once more. -

~~ct.ions:., 

These were made with a glass..:.walled ~yringe,.with·a 

meta1 plunger and metal fittings. A large eerwn nee4le 
' . . 

wae .always u.s,d although the size of the syringe varied 

with the volUJnt ot extract .to be inje.cted. 

The s1 te of injection • the· fl.a.nk in all caees except 

one • waa cleaned either with iodine o.r ether and the needle 

inserted through the skin into the oubcu.taneou& tiesueo 

Oare was taken to separate the tu.r away· ao that thev:needle 

oame into contact with skin only. Also the needle was not 

inserted into muscle but wa.e alway.s t;reel:, .movable just 
' 

below the skin su.rfaoe. 

to be inJected the needle w~a moved a~oµnd and in some cases 

the volume ,raa divided,,· one half' bei.i'lg inJected into one 

flank and the o_ther half into the other flan]( •. 

A1eptio teohni(lue was observed as strictly ae possible,. 

the syringes and needles being boileO. before use and a.ny 

glas.e container used for extracts being thoroughly ater1l1zed •. 
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. EXTM,CT~«w 

Testicular. u.~inary and adrenal cortex extracts wet.e 

prepared. In add.1t1on, control ext:tacts of lipoid material 

w_&re pt-epa.red from brain, liver and kidney. for the ex-

t~aotion of these tissues :the ea.me method as that employed 

tor testicular extract was used,. 

ttl.s.,t,,i..,gul,;p.,r, Egtr,ag£: 

Fresh bulltt t testes are stripped of the Epididymiea. 

The· teet1oular tissue is then stripped of ~unics, minced 

. - a.nd pla.ce4 in 4 vol.wnea by we.1gbt of alooho1/Ji
6
~om tem- . 

perature tor 48-'72 hours. This is shaken at various times. 

At the end of the spea1fied period the alcohol is strained 

off through muslin .• the residue 1e pre~aeo out and the total 

yield of alcoholic extraot ia ooncent.rated to a sludge on a 

. water•'bath at about 6QOC. and \lnder diminished p:reesure • 
. ' 

To tnia warm sludge. an equal volwne of benzine is added. 

this is well ehaken and allowed ·to etand tor a few hours. 

The benzine extra.~ is syphoned ott and concentrated d.n a. 

wa.ter•bath (below eo0 c). to ·a small. volume. (The benzine 
' . . . 

llae to be qomplete1y removed. tor it not complete the 
. . 

:,ield of .solids in aoetone varies-oons1derablyand the 

complete removal of aotivlty from the lipid ·precipitate is 
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is not obtained). Seven to eight volumes of cold aceton~ 

are added ·and allowed to stand in the ret.rige,:ator tor 

25 hours. · The acetone extract is then t~l tered. off and 

eonoentrated on a water ... bath (at B.I>. ·of acetone) to·a 

final tyrupy mass and a.11 · the acetone removed. This 

acetone~free extract is then weighed and the neoessary 

quantity ot olive oil ( or m11t oil) added so that l ml. 

ot the final product i.e equivalent to 300 mgm. ot lipoid 

mat,riai.. 

urip,1!, EE,t,..racts, 1, .. 

At -least ten litres ct urine .was collected from ;young 

adult :men, aml.l a.mounts ot thy:mo). being used as a pre-

~ervative. The urine wat. acidified with hydrocbloricaoicl 

Two -lit.res of chloroform are .. added to eve·17· ten litres· of 

urine and the mixture heated under · · reflux for about 

eight houri. ·When the bolling point or the chloroform· 

1.e· reached ,the part.iclea etream through the urine lay~r 

and a. secon4 e,tt~etion With Chloroform is not neoe~aa.ry .• 

The p:roduot is cooled and separates into a wateey layer 

The watery layertwhioh consists 

mostly of \lrine 1s oaretul.1y drawn off. The residue is 

transferred to a sepa~ator'y funnel. stirred and allo•ed 

to stand, and the ehlorotorm layer d.rawn otf. 
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! The emulsion in· between the chloroform layer and the 
' 

I\ r , 
/ I 

i-ee1d.ual urine is now drawn of!, .filtered (using a Buchner, 

with gentle. auction) and washed w1th a little chl01to.form. 

The filtrate is ag~in .separated. in a separatory tunne.l, 

the chloro.t'orm .fraction drawn of£ and added to the main 

cblorof orn1 port ion. 'l'he combined chloroform extracts 

are evaporated 1n a distilling i'lask using a waterbath. 

Using the same 1',lask t.he residue is next steam distilled 

and this is continued until no more o1l comes over. 

mnough NaOR ia added to make the residue alkaline to 

phenolpthale1n. The m.1.:ature is warmed end .filtered in 

the cold; the pH ot _the filtrate la ad.justed to 7 .• 4 and 

made up to 50 ml:. with water. This gives l ml: .. of the 

.final product equ:t valent to .200_ ~ .. of the original urine. 

Anter1or.Fitu1tarz_!lttra~.! 

the method employed 1s that described by Bnllerby 1n 

19~3. 

Heads ot freshly slaughtered sheep are brou.ght to 

the laboratory, split open and the whole pituitary re­

moved. The anterior lobe is Qare:rully dissected out, 

weighed., ·chopped up finely and ground with an equal 

volume at sand which bas been previously- thor,oughl.y 

cleaned, moistened and drained • .Extraction is carried 
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out by means of 1% acetic aoid, the amount added being 

li til4es the or1.g1nal wei~t . ot t.1aeue. Th1a is left 

tor· 24 hours e.t room temperature, the mixture 1s oentr1• 

tuged, the supernatant t'lut·d. ie poured off e.nd neutralised 

with 40$ NaOB until salmon-pink to phenol red indicator. 

After neutralising the .1'luid, 1t 1a again. centrifuged. to 

. remove the alight precipitate wh1ob comes down at the 

neutral point. The eu.perna.tant .fl..uid 1e etored 1n the 

ret'r1ge;rator until requ1.red t'or use. 

Tbia methOd results in l ml. ot the utract' being 

equivalent to 640 mp. ot .·fresh t.1saue • 

Ov1pos1t1on 1s .induced 1n the s ~uth Afr.lean Ole.wed· 

Toad. .by thia extract and thin 1s used ae an. indication 

that an· active OlCtract had been prepared with each aeries 

o.f oxtr&ota . made. Control preparat 1one · 0£ .brain are ,made 

up1ng the eam.e method.. 

Adrenal Cort1ca.1 Hormone. . . ... ~ 

.. The method. employed ln preparing the active 11p1d 

tx,action 1s that ot awingle and Pt'i•fi'ner ( 311 34l • 

.F1~esh sheep adrenals were brought to the laboratory 

w1tb1n an hou.r and a halt' ot colleot1on.. After removing 

extraneOl.le tat and conneotlvG t1saue the glands were cut 

len3tbWiee and 41.esected as tree as possible .fl.'om medull.ar-y 

t1ssue. The ground cortical t1ae1.le 1s then extracted 
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with 2,5 volumes of 95% et.byl alcohol 't'or 24 to 72 

hou:r.s J the material being ocoas:tonally stirred. 

Tbe ext.ractl.on alcohol. .is remo.ved by et:ra1ning through 

fflllel1n and .filtering, the gltu1d tissue pressed as dty 
. . 

· ae possible, gr01.1nd and eitraoted with two volumes 

< oalcul$t$d from tho weight o! tresh cortex) or so 

per cent ethyl alcol:101 tor 24 to '12 hours. The e:x­

tract1on alcohol .ts removed in the same manner aa b 

.the t:1ret e,ctract1on, 

The al.eobolio filtrates are concentrated 1ndiv1dual17 

in part1el vaouo to on,a-tif'teentb to one-twentieth. ot 

the1r orig1n$l volume, m1sed and e,ctraQted five times 

witb an equal volume ot benzine. The benzine wash1nge 

are combined. and tbe benzine removed 1n partial vacuo 

at '1 temperature ot 45 .. 5000. The benzine soluble 

traction :ts then extracted twice with acetone wbiob 1s 

removed and the .fraction partitioned tv,ioe between 70% 

.· alcobol and petroleum ether. · The 70'1, · alcohol la1er le 

remo-ved, we.abed three times w1tb petroleum ether and 

filtered· tJ:irough permu tit. The £1ltrate 1e concentrated 

and wator added. The final water aoluble fraction is 

1njected. 1 mi. was equ1 valent to -40 mgm. of the· oort1oa.l 

tiseue) .• The permutit removes all e:xcept a very sma 11 
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tx-a.ce of adrenalin •. 

Control injections of ..,Lipoid .tlat,etial: 

To eliminate the possibility of the ·11:2oid material 

of' the testes being the cause of .al t,erat ion in orea.tinine 

metabolism when lipoid testicular. extracts were injected, 

lipoid extraet·s of brain, liver and kidney t:issue were 

also prepared. 

The method of preparation of' the extra.ct is the 
. , ,. . 

same as that used for testicular extracts • tb.at of Gallagleer 

& lo-ch, 1929.. ·A complete series of expertmen.ts was per­

formed ana the results embodied in a. $epa.rate seetion • 

. • 
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. ELUllNATION OF. CREATINE• tf:· CREATININE IN NOR!AJ. AND CASTMTED . . -M>Y::DI~~ . . -

Normal. Ha-le. '------" .. --,.. -_, •::"":' ,-.. r/ \ I ~_.,....,-; ,-:-") .' . 

Cl'eatinine: During this series of experiments at 
. - . - - , 

1ira.:st -50-male rabbits were ,uaed. ,In each of these the 
' - . ' 'J ', - - -~ 

minimum period of time-in whi~ normal urina.17 ereatinine 

The creatinine excretion is 

remarkably constant t':rom day to d.ay., showing a. variation -of 

10$ .at the -maximwn. The -protocols of ea.ch individual rabbit 

a.re appended -at the end of the thesis • 

greatine,;. Occasionally small a.mounts -of c,:ea.t.ine 

we:re found in the· urine of the adult male .rabbi ta. On the 

i'ew day.a 'Upon which creatine was present the creatinine 

excretion remained at the normal level. 

;lfo rma.l. __ J'~male. 

g:re
1
atinine: Excretion was also remarkably co.nata.nt. 

<C,rea:tin-e:: ,. This· was pres,ent from tla.y to day in varied 

quantities. Only six fema,l.e, ra..bbite were used. 

,cast.rated Male Eabbita • 

. At least l.5 ra.bbits were castrated during the eiX• 

pR'rl:ments. th~se a.'ll ·show a post•castratfon rise as 

indicated by Sohrtre & Zwa:renstein ('32). In some case.a 
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the rabbits, after castration, were removed to the animal­

house until they ho.d. completely reooverecl from the operation. 

In other cases • more acute expe.rtment wa• pertormed and· the 

rabb.ite were placed in the metabolism cages irmnedia.tely 

atter operation. . 

The res·ui ts -are indi ca.ted below ot two ·typical cases 

of tl1e chronic and two of the acute experiniente: ... -

CBRON:n:C ____ ,. ......... ... ... -~· ; .. ACUffl,, ·_ •• JI 

P!t~' . ,po.Ti, No T5 .. -.Iii -·· . No. '1'6 
- i t.11 

i.te 
bl' • t M~ . ,. . M3 

11 ...... ifat•• J T 
ll5. 

Sl •. 6.35 66 "10 64 .l. 2. 37 5.2 46 56 

1. , .• 35 60 76 56 2. 2. 37 48 54 63 

2, 7_.36 56 64 63 3. 2. S? 41 58 48 

-' :s. 'l.$5 60 68x Glx 4. ::2 •. 3'1 44 47 56 

G. " ff 4? 40X 19 X 

9. 7.35 60 '10 60 G. ff ft 46 45 38 

.10. 1.ae 00 '10 e4 '1. H .. 48· .60 46 

.11. ,.as 56 .68 60 e." " 42' 46 64 

x T5 and !6 castrated on· 3.7,35 

Q and M5 .. 

.. 

· :tnepection ot the tables (1lhow that the crea.ti.nine excretion 

:Le onl:, impai:red for two days after operation. and although 

the animala do not recover for some time there is an .initial 

f'all in creatinine excretion for two days, this probably 
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being due. to the effects of tJie anaesthetic, shook, etc • 

ThiJ creatJ.nine excretion .remains at a constant level tor 

eome· tiJne a1ni then begins to increase in amount; the 
. . . 

· increased excretion occurring between the second and third 

or tl').e third and fou·rth months. The following tables a.re 

those· of average daily oreatinine·excretion over several 

days !)rt.or to ·the date given. The number ot 24•hour 
· ... · . ~r . .. . 

periods which ~re used /the determination of the figures tor 

that particular date are given in the last colwrm. The 

. ta'blee are those or the ores.tinine excretion ju.at prior to 

caetrat1on, and one, two three. four and six months after 

oaetration. 

n., • • ,..;,,,...",••. ••r ••i "" , -. -- .-..:-•• .-" Iii . • - ·ua~ ·. JFffli(. • Ii-. •• 
. '' ,.,; .. ;. . ·.. I Kt..., OAJJT_RATlQ,N AND.,.l,. .... . ~ A )' ,. : 
Babbit . · · Crea'tihine . · irreatlnine 
».s, • .•. _,; ..-~!;e .. "; ,ip, ms•. J! ..... -~ .. te, .. 1.n .. .ss. ~ 

lo .. of Hour' 
Per1od;s, ... 

&· 2.s. 34 
a 2.a. 34 
12 ·, 1e.10. 34 
E 14. 2~35 
Ta, · 29 •. 5.35 
T5 2. G.35 
T . a. 6.15 Ke 29, 5.36 
L 29. 5.36 
0 29. 5,.36 
:Lf 4. 2.37 . 3 
¥5 .. 4. 2.3? 

89 5. 9.34 
'10 5. 9.34 

1.01 20.11.14 
60 10. 3.35 
50 1. '1. as· 
o9 9. 7.35 . 
60 . 9. '1.35 
62 25~ 6.36 
55 25. 6.36 
58 25. 6.36 
52 a. 3.31 
50 6. 3. 3'1 

91 
'10 

101 
63 
50 
'10 
60 
61 
52 
6? 
52 
54 

5 
5 
5 
G 
6 
6 
6 
5' 
6 
5 
a 
a 

· caatration took place on the day following that date given 

1n Column a. 
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1 
I 

1 
I 
~ 

I 
I 
t 

l 
1 
' 
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-Sl·• 

J:labbit ; Bo.of Hr. 
..1:{~! r . ., . , .~tp. P.rea.\11.1. , Da.~~ .. , , . O,teat,in, P,et,ioda • 

labb1t 

6.10. 34 
6.10. 34 

19.12. 34 
10. 4. :56 
21. ?.56 . 

2. a. 35 
2. a .. ae 

20. ''1. S6 
ao. 1. sa 
20. "I. S6 

3. 4. 37 
a. 4. a? 

90 
74 

102 
58· 
51 
?1 
64 

. 65 
67 
56 
56 

.. 54 

. 15. ll. 34 
;l'5,. ll./:5;4 

·20. 1.36 
10. 5.36 

3. a.35 
29. a.as 

· 29. a. as 
22. 8.36 
19. a. 36 · 
19. 8.36 

3. 5. 3'1 .. 
,. a. i.1'1 

TABLE xv! 
qsfll _ U!_ ft _.. 

. No. , . . .. »ate • , Q,:reatin, • ... ~.te . · 

3 
a 

12 
E 
T2 
T5 
T6 
JC 

L 

0 

H3 
Mo 

12.12. 34 102 · 20. 2.$5 
12.12. 34 ·a2 20 .. 2.35 
22. 1. &4 113 l5e 3.36 
14. o. 35 '69 14, s.ss 
15. 9. 35. ·as 28.11.!5 
29 .. 9. && 81 2.12.35 
29. 9. 35 81 2.12.as 
~9. 9. 36 84 29.10.36 

( 5 mtbs) 
29, 9, S& 72 29.10.36 

(5 mths) 
28. 9, 36 72 f9.1Q.36 

5 mths) 
12. e. 37 65 .. 
12. 6. 57 .) 6'1 -
Creatin. : Creatinine in rngm t. 

" : 

98 
ao 

113 
GS 

. 52 
'15 
'18 
'12 
ea 
''11 
61 · 
65 

4 
4 
4 

.a 
4 
4 
4 
G 
6 
6 
4 
4 

lo. of iir. 
Crea.tin, Peri~ds • 

. 101 

. 81 

. 112 
'10 
59 ... 
77 
'18 

?6 

71 

10 
10 
10 

6 
6 
6 
6 

10 

10 

10 

10 
10 
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NO. Of 
Rabbit' 

t ' - ; 

·3 

8 

·12 

E 

1'2 

. T5 

1'6 

~ 

.. L 

0 

-a·3 •. 

~v '<fll 11, 

a. a1- · e.41 
1~77 2.00 

2.5$ 2.52 

a.as a~40 

1. 72 ·1. 68 

. 2. 30 a.as 
a.so 2.a2 

a.10 a.ao-
1.9'1 2.05 

a.10 a.30 

4 monthe post 
91stmt&2n, °Kgms . 

2.46 

2.10 

2. 50 

a.4o · 
.· 1. 69 

2.Z6 

;:2.,0 

.2.48 

2.10 . 

2.19 

Control_ rabbi ts increase 1n weight aJightly; on an 
· lsgms. 

average 1. 95 t·o 2. at>..(-yet the creatinine exo:retion rema:$.na 

constant. 

lt we anal;r~, each 1:es,.ilt ,eparately: . 

BIJ?b!:t NfhA produces 14%' more creat1n1ne in the urine in a 

period ot tour monthe atte1" <ttt.$tration. Thia does not occur 

imniecUately but after a latent pe:r1.o4 of two to three months; 

· during the interval of the th1 rd to the fourth month there is 

an inorea.eed elimination of creatinine. H1a·ttguree over 

thia period awing wildly and are not conetant, . ~5. 100, 90, 
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s,·, 92, 102, . being daily t-eadings; at the 'beginning· of 

November until he e'fentu.ally .1ettled ,town at the higher 

lttve1,.which i-emained constant. Fi.gurea cannot be given 

at weekly or fortnightly 1ni'P.X"Va1e as the rabbi te wore use:d 

tor lnJeotion purpoaes (&t,e later). 

jt,t.Jabi&.t ~o., B,i.. in thl• ,case_ thex-e is a l ~ increase in 

oreatinine elimination. with th.e obangt to the higher level 

occurring between the second. third and toµ:rth months. 

leJi?b&t lfo.~2.. 1~ t.ncreaee, the change again taking place 

betw~en · the second and thtrd niontha • 

Uo_e. ~ ••• X~ ~~~-- ~§· show increased. elimination of :24%, &0% 

· and 15% reapectively; the higher levtl being reached S months 

· after castration and, therefore, occurring between the 

· · eecontl and. third. month. 

!a inoreaaea 1 ta elimination between the third and tourth 

· month to the extent of. 14%,. 

'l'Ji, K e,nd. & •how a gradual increase from the second month 

atter castration onwards until tbey reach a maxi.mum ex­

cretion of .1"1%. 22% and 31}( respectively. This 1s maintained 

and is present six months after caetratiori. 
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li -eliminates in.ore oreat inine between the second. and the . 

tni:rd month·after caetration but reaches a still higher 

level of 31% at the fourth month. 

·. rpb,:t>J,t O reaches his peal< at the third .month afte:r ca$tra­

tion and this. is 24% above his normal t,re•oastration level. 

;t?is eJ.ts s,lq;n, • ., ·. 

'1'heee ti.gures ·1ndicate tha.t: 

(a) Just as shown by Scnr:Lre & Zwarenetein there is a 
definite and steady increase in creat1nine 
elimination after oa.etration; 

(b) there is ·a la.tent period betqre the inoreaeed. ex­
cretion appear&. Whi.ch var!ea trom two to four 
monthe atter ca.stration; 

(o) this increased exoret1on peraiets and 1e maintained 
lt ~s.y be a. gradual. increase or alee sudden 1n onset. 

fbe. ~norea,s,e!l, g,~eat,iqine Easgg:e,)..,19,n =~ 
The reason for thie 1ncx-eased oreatti.n1ne excretion 

ma.y be due to several. factors wblch Qhould be considered. 

It might 'be. due to a simple increase in body .. weight. 

liowe'fer, although the body weight aatua.11:, ia related to 

. the amount or. creat1nine excreted it is the muscle weight 

ot the body which determines the amount of creatinine. 

Korencheirslcy produced .both ffthin n and. *':f'at n castrates and 

ehowed the increase in weight after ca&Jtration to be due 

mainly to the alteration in fat metabolism with an increased. 
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depos1 ti.on o:t tat in•the body. lr.t Korenchevaky • e work tile 

reaults ind.!®:te a big :lnoreaae in the :n1 trogen elim1nat.ion 

A.n the athin" ·castrate. 
- . . . . 

ln Table '(, B, T2. and T5 bartlly alter 1.n weight and 
' . . ,. . . . 

yet there is an increa.ee of 24%. 1• and 1'7% respectively 

after caettatiot1. 

oastration. 

. ' ' 

Ta a.ct ually lost o. OJ ktlog:raJna after· 

;tt is, theretore. obvious that although oree.tinine 

eitoretion ie :related. to body weight, the ,marked post-. 

. . 

dependant on alte:ration in body weight~ 

Tat lat.en! R~tio.di. 
' ' 

1'hie is a ve't."y significant feature. Removal ot the 

teetits results in atropny· of the prouta.te within 48 houn 

of the operation. (Moore. Price & Gallagher; Vatna.; Heller) 

changes in.the acce,>aory sex organe ancl the formation of 

· the "X•.1one "in the .ad:rena.l.s an4 .tncrease in weight. 

But theae ca.n have little. or no bea:ring on the in .. 

creased ·oreat1ni.ne elimination for the meche.nieil'l must.be.an 

indirect one, a.a ehown by the la.tent perioci, lf it were a 

cUrect one th.er<, would ba no latent period or one which ts 

v.ery short. · 

Th1s latent period rather suggeste a alow and gradU&l 

.. change in another endocrine o).'"gan. Sohri re & Zwarenste1n 
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suggest the possibility ot the pituitaey, and ·this seems 

a relial>le hypothesis, especially as Hatai & Wolfe. 

separatei,t show tmt the pituitary h1'pertrophies three 

months after castration in males and 9 months after 

ovarlect·omy in fetr.a.les; a.nd the two tormel" workers. pro• . 

duce an. increased urinary oreatinine 3 montha after 

gonadal retnoval in males ana onl1. 9 montbs after removal 

in females. 

In the introduction to these etudiea tbe suggestion 

of a relationehip between the ante,:;1or pituitf.lry and the 

gonads was stres.sed. In View ·of our later results it has 

· been decided to regard thoae animals which. have ·not yet 

shown a rise in UX"li.nary creat1n1 ne a.ft er caetration as 

animals whose pituitary has not :vet hYpertrophied to the· 

critical level and, therefore, who are not producing any 

1ncreaae4 gonadotropic hormone. These have been called 

Rece.nt castrates ao dietinot from the ,Lonsestanding 

Oastra.tes1 which are rega.x-ded ae ra.bbito whose pituitary 

shows a d~finite h.Ypertrophy. The f'orzaer show no 

· increase• while the latter ohow the uaual post•ca.stration 

r1se. The relationship between the ino:reased c:reatinine 

el:Lm1nation a.nd the pituitary nypenrophy _with reference 

to the Recent and Longstandir,g Castrate, will be 41acuased 

more tully la.te:r; th1$ is a aignifica.nt feature as they 
' . 

' 
nact differently to different extracts and serve to ehow 

the anter1ot-p1tuitary•gona.da.l relationship. 
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Creat1ne.t 

In six.of the castrates ereatine estimations were 

made. Ocoaslonally ereatine wa.s tound but this was very 

·1nte~i ttent and cloe~ly. resembled the oeea.eio.na.l output 

found in normal males •. It, therefore, o\onfirms Rea.4•s 

o\leervation that postpuberal.ly castrated mo.lee did not 

produoe erea.tinuria. 

S um ma r 7·. 
' - 1 "ii I! 

l. The constancy of' "t:reatinine eliminated in the 
and 

urine of ad.ult malEVfetnale antmals is corroborated. 

2. The absence of creatinfl in the urine of ma.lea 

oaetrated after puberty is confirmed. 

3. After castration Of adult ma.le .~abbits the.re is 19-31% 

il1C1"8ti\S8 in oreatinine eliminated in the Ut'ine. 

. . . ' 

4. The increased ur1naey c:freat_1nine elimination is 

evident a.tt~r a latent period ot two to tour·mont.hs. 

. . . . . 

5. Those rabbits which have not yet shown an increased 

urinary creatinine aft~r castration are designated Recent 

c,ast rates .. 

-~~ Those rabbits which ·eh.ow a. definite rise in urinary 
Al'2. 

ox-eatinine a.n:d which a.re :regarded as na.vingi hYP4U'trophied 

anterior pituitary are: called Longstanding Cast~ates. ·------
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There i2 a eonsta.nt and steady .inc:.rea.se in. urinat""J' 

0,1.,eatinine aft-er· aastl"ation in male rabbits.. !1.'hls indic,ates 

some :relation to the interml secretion of the teste,s .. 

The pr-oof .or tl'1is hypotheais is affected by tra.nsplsanta.tion 

o! testes and the Nls\\lts noted. 

jzattitm·,E¥R,~~eatp:.. 

?UrHi animals VJ'.el:'e used. Of the$e onl;v t:wo gava any 

resnlta.; In ODE:~ .No. 4 •• the graft on removal· wa.s very 

vascular and the histology wa.a f'airl_y normal. · The graft· 

of lio. T4 ·w.ea also vascular and. the ve*'l:<Sels to tho g,.-att 

had to be ligatured; the hi.stology was ind:efinlte. -- . - _., 
In tl1e other four animals the gl:"aft was found ,..to be fibrooed 

- ~ -

thereto~, the only ones given. 

:aleo ra.bbit:s wnioh had. been grafted,, but :tn whiah the 

graft hn.ti not taken. (This was shown by tb.e avasculal"'ity of 

the gra:ft 8'nd con:r1,rmsd histcilogiea.lly) • 
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s.a.M: 
lV.8.34 

6. 9.34 

· 14. 9.54. 

19.9.34 

24.11. 34 

4.12.34 

ae., 2.ze 

10,12.35 

N,o,•l&- t{r.J?.,.x.~ .. o~ .. s~ 
•••ll~'..;flli.~~~-l f ~fititltrWt~,1'111!-,.,··!II;,; •• ,·,.._,.;..· 

85 

Opemtlon. 

8~ 

64 

oO 

65 

(Graft ·· 
(remoVed 

. 83 

,87 

90 · 

Opero.tton 

100 

. :99 

100 

103. 

!Graft re• 
m .. o.·· ved and.· · 
,:a'bbi.t ca&• 

· trated 
· 100. 

lOJ. 

ll;& 
( Castration 
effect) · 

- _t' ii I ,-; I .... 

a 

4 

4 .· 

.,...._·a~ y n· -

5,,,2 GO · 60 , --~~ , .. 
Oraf~t-ed-::----=o~on~t~r-0~1--~1i~~-a~ft~e-d ____ ""'"""!" ____ _ 

50 6S 60 
52 . 64 56 
61 Gl 49 

Gratt . } • Graft ) 
removed) . removed,) 
Died 66 58 

4 
4 
G 

---------------~----·-----
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~rom theae two casea we note~ certain fall in crea.tinirre 

excretion. aaJ in the one case a.nd ~ in the ether. 

(Thie fa.ll does. not oec,ir in the controls). 

. In anilfl9.l No. 4. this fall 1n ~Jtoretion comes on within . 

a m~nth .cf castration and is .. sudden 1:n onset. Thie is con• 

·traat$d.with. that of animal no.T4.·wuo only showo·a gradually 

lowared urinary· oreat:i.nine which. raacheo 1 ta lowest level 

three months after- operation. 

/t.f.te:r r«in1-oval of the graft No~ 4 shows a eudd.en l9etum 

to nonnal attar two ~cm.the, ·While No.T4 cm· tho otheti hand 

thNe months later is on).7 an.dually increasing his oreatinine 

output t.o the not'Dlal le•el. 

»i agUJ!ij&'OJl,,. 

fichri:re & Zwarenate1n gratted te~tes into castrated 

animals wh1.oh a,re. showing an increased creatin1ne excretion 

and prodl1.eed a. tall down to the normal precastrat1on level~ 

·ine. removal ot the sraftn led to the reappearance of the 

usu.al castration eff•cts • viz: an increased ereat1111ne ex• 

cretion. 'they also show a la.t~nt per1oc! or two to three 

weeks before the graft bas any effect·.·· and · they sugg·est that 

it u,: b,e due to vaacularisa.t:t.on ot the gl'attQ or elae a 

period ot time ie necEuhiary for 1p1.e secretions of the graft 

to antagonise the effects of caotra.tion. This latter is the 

more feasible, especially in view of the relation between the 



.. 

• j, . 

gonacie and anterior pi tui tar.v discu.eeed in the intro .. 

ducts.on. (Aleo it is noted that their grafts were not 

. examined histologioally. vaacular1sa.tion ,being cons1der<i<l 

sufficient. evidence of a functioning gm.ft).· 

ln these two cases ment toned here· the tall in 

urinary crea.t1n1ne where testes are gra.fted into normalmales 

rather oorr°"bomt&e the,finding of th$se two oo .... workers. 

Also return to the normal creatinine elimination on re­

moval of the gratt and the def1ni te latent period which 

occu,:a affords strong evidence in favour ()f the exi.etenoe 

o.f an endocrine relationship between the teet~s and 

creatinin.e metabolism. and, as will be fully d1scuaaed 

later, the direct rela.ttonshlp ct the a.nter.icir lobe of 

.. the p1tuitaey gland.,. and creatinihe metabolism. 

s u m :m a r y. 

1. Implantation or testes into nor.rnal adu.l t male 

nbb1 ts ¢0.usea a f'all.1-ln the rioma.l creati.n:1.ne excreti,on 

to a lower level ... 2a% in one oa.se and 18% ln the other. 

2. 1-mc:>val of t}_le gra.:tt leads to the. reappearance of 

the normal creatin1ne elimination. 

z. In both cases there is a definite latent period. 

4. . Thi& augments the suggestion o·t ·a testes ... 

anter1or pituitary control of creatinine meta'bol1,sm. 



Castration has been shown to at:feot the c:reattnine level i 

it ifi f&usgested that thia is due to removal ot the inhibitory 

action on the anterior lobe ot the pi ttd. tar,. 

Grafting of ·testes .into castrated animals and the in• 

jeotion ot different teeticular &xtracta ·produces a fall to 
the preoastration level· of urinary. creatinine. Again the 

auggeetio.n offered is that of restorillg the inhibitory action. 

of the testes on the pituitary .whicb hail hypertrophied. 

What is thi!! action of te1tioular extract on the normal animal 

however; does it act by blhibiting the pituitary. or hae it 

.an inbibitori action on the te$tes themeelve.s by aot1ng via 

the pituitary ae is shown by »core & Price? 

:Bor this experiment normal' adult ma.le J:abbits were 

·used., The amount of U)."ina.ey cr.eatin1ne of a p:reperiod. of at 

leaEtt one .month was determined before injections were commenced. 

!his enabled the ur1narY crea.tinino level to be defin1t~ly 

· esta.bli shed. 

Testicular extracts were prepared as deuor1 bed ea.rlie.r 
·. ·. . . . . ' 

and .. injecteC aubcutaneouely in the tlank. The eE.Stimations 
' ' 

were gont-1nued for at lea.et a week afterwartis, or if a · 

•ustained rise were observed the determinations were con• 

tinUod until. the level ot orea.tinine · exc~et.ion :returned to 

normal and re•ined thue tor several days. 



" Control injections ¢f l.ipoid niate:ria.l from brain:. 

liver e.nd kidney were also used. The combined. f igutea 

of contf'Ol inJections will be given sepat'ately lQter~ 

The tables of injections or testicular extraot only con-
' 

ta.in figures of the normal controls e.nd the animal 1n-

.j eoted with testicular ext.net,· as. control_ injections with lipoid 

liver extracts, etc. did not a.ffeot the oreat inine · &i..ti',lSl.t ion. 
(see later}. -

TABL'I 1. 

Dat() lio.1. No.3. No.4. No.a. Ho.9. · No.la. 
.... , -. .,..,........, .. ' "Jlft • " ij: 1it771'Ufa ... lll ···~-.-- ......... 

:Preper1o4 96 80 ?8 so ai 98 

22.4.34 90 '16 84 74 80 96 

23. 4. 34:x l35x 94x l07x ea 90x 105x 

-24.4.34 104 4S(32) 8? '17 ea 100 

25.4.34~ 10~ 1'1 9:i 83 80 9? 

ao .+. s+1t 129,;· 82 90 ?6 7a 92 

-.a?. 4. 54 98 - '16 96 

2s. 4. 34 96 -
InJeotione of testicular extract·: l ml. \>e!ng equiva• 
lent to ZOO mgms. of lipoid material.. 

23.4.34 4ml 

26 .. 4.54 4ml .. 
5ml 

-
Control l ml a ml 

- . -
These :re~ults all 1.ndica.te a definite increase in the 

u,_.inary creat S.nine ~ No. 3. shows. a fall . on the seoond. day 

after injection, but the creatine eliminated wa.8 also 

.. 



.. 

~UJ~1mated and this wac tound to be extremely- high, as 

under normal oircumstancee there: is no creatine present. 

Cr~atine estimations in the other.rabbits tailed. to 

indioa.te any oreatinuria. In several of the later 

experiments the creat1ne output was determined·, but thit. 

yielded negative results and was, ther(ifora, discontinued. 

Xn thi& table above, No. 9. (inJ ected W"1 th l ml) 

does ehow a rise ot a%. but this is within. the normal 

va.ria.t 1on. No.12, too, has a alight increase. but this 
. . 

is aleo '4.thin· normal limits. Amounte of a .ml$; to 5 mls • 

~ll produce a definite and .marked increas~ in creatinine 

elimination. 

/TAllL'E II. 



.• 

----------.
.:..-......,K,_1_0 --..-·-:tiJil-·------;t-·t-' ---· ·-------

llo. z. 
<NilUI ... t I$ .•. ... 

Preperiod 80 

· 29. 6. 34 82 

30. -6. 34 97,t. 

l.?.34 Sij 

2.7.&4 83 · 

3.7.34 84 

,. 1. :;4 1oa~ 

5.7.34 

l0.'1.34 

11. 7. 34 

12. 7. 34 79 

13. ? • 34 103:>\t. 

14.7. 34 8? 

16. 7 ~ 34 82 

No. 4~ . ...... , :, -

84 

86 

102,t 

88 

8'1 

90 

e & 

86 

84 

6'1x 

85 

so 

No.a. No.9. 
aa[B za 1-..1,:-e NFTP'-911."rnl"!dH•i:IM 

66 

60 

80"3C 

·.a1. 

82 

81 

76 

80 

?5 

16 

78 

81 

?6 

?O 

80 

'12 

97 

123-:,.. 

9, 
9o 

l.00 

·l3&.we 

102 

96 

94~ 

92 

120.:)(. 

98 

96 

Ta.ble of Injeatiorw ·in which a) l ml: 300.gm. 
of :t.meh teste11 ... 

30.6.34 2 ml a ml 2 ml Control 2 mls. 

4.7.34 

11.7 .. 04 

13. 7. 34 
, a, •• 

Control 3" 

lml l. ml lml 

.4 fl l, 5 " 4 fl 

" 3 mls. 

t,). 1 ml : 300 mgm 
l:,i;eo;.,d material. 

Control 

" 

lml. 

4 mls. 
.. ····-t·• ,.i ...... ilillMlzrrOflllllF1'i"···' 
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InJeot.1one of one to one and a half ml~ of testes 

extra.ct dissolved in olive oil have no effeot on the 
. . 

elimination of creatinine. · In Table XI. ,two mle., ot the 

ex~ract doee cause an increased creatini.ne excretion. 

As compared with Table :I, however, on~ ml.~. of the extract 

in Table II. is equivalent to- 300 mgm. ,of fresh ~est ea. 

• ~ ·- . :f 

whereas in ~he former table one ml. ot .extra.ct is equiva.l~nt 

to ·300 mgm. ot lifH>id :material. · . I.n all, the .later experi-· 

ments a atandard of one ml. being equivalent to·~oo or 300 
(' ;. 

mgm. ot 11I?o,1d. UJate.tia.l. wa.s adopted and the x-e1atton to a. 

certain weight of fresh .testes d1riH'u!Lrd.ed. 

TABLE IIX. 

WIIUl;'$s,tW 
t>ate . . No-9 ,. .J.... •. ;.a, lio. ,lt• g 

No, .~.fh.,. 

Preperiod 60 73 l.01 

12.9.34 64 73 100 

lt 13.9.!4 ?7x ·70 123x 

14.9.S4 69 69 108 

lS.9.34 G5 ?3 105 

19.9.34 56 '16 100 

X ao.9.a4 84:X '10 · 129 X 

81.9.54 '70 69 l.08 

22.9.34 63 77 1oi. 



l . ' 
II! I 

Both No. 9 arid No.1·2 Wf:lre in_,i ected with 4 .ml$.. of testes 
extra.ct. No.1~. v1a.$ the ,control on the 13th. 

On t_he 20th lios. 9 and i2.were inJ~cted with 5 1nls. ot 
tet.tes extract 

ln this case l ml. of testes extract W$s equivalent to 

200 mgtn. of :U.poid material. Again. a aignitic~nt rise is 

sh.own and a..S iu the preoed;ing tables this rise is aot,1.ta in 

onset ocourrj.ng on the d.ay ot injection. 

, ..... {W!"-*-tliil.i w ·_· .. 
·· .. .ll!te .... I . ~ lfot..i,. H~ . ~_Jf 9 •• l 2.~ .· .. No.14. . . t , 

P:reperl.od o:s 102 10 

21.11.34 '10 110 67 

28.11.34 S7x 103 ·. 90 X 

29.11.34 80 108 '17 

30.ll.34 ?4. l.08 64 

;t..12. 34 82x 91 61 

2.12. 34 64 93 54 

!.12.34 73 105 60 

4.12.34 6? · ·100 . 61 

No.~. and No.:14. reoei ved Z m1. · of T.E.. on the 28th and 
No.9.· a.5 ml&. on the let. l ml. of Testes Extract in· 
this in&tanc~ · is equivalent to 300 mgm~ lipoid material. 

. ... 
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... gg ... 

elimination 1n the urine with the same oha.racteristice 

as previously shown • 

......... & ..... ·----- ' . -·7 . ,.._.., 

.. Itl;te .., .. ... li A o., .t!.Mi'.llld Nct.""'9, .. · No D 
_i ..... ,II ~..,. ,• 

No,E, 

Preperi'lld 62 49 45,·. 56 

Z.4.36 53 60 6<!, 36 

4.4.Z6 60 46 45 35 

6. 4. 36 59 50 46 40 

6. 4.36 84x 75x 67x 39 

"I. 4.36 68 64 60 !2. 

8 • 4.35 64 fi'7 54 Z5 

Ros. A., 0 s.nd D we:re inJeotecl with 4 mls. of Testicular 
extract on the 6th, Apr11. lml • 300 mgm llpoid -material. 

~ .· 

tftllLEi _ V:I .. ,_ 

~. 

_,,J?,,te_ ·No:\ ~o.,Ja .... J!o. a~. No~D.,. . · Jlo.Ei Uo It --~. ·• . " u· a -.•1 11• 
. . . - - . . JI l .. If . . . I • 

PteperiOd .19 41 51 4e $1 67 

17. 5. 136 64., ,'' :!6 49· 41 ol 6.2 

1$.5. 36 62· 42 55 4? az 62 

19~5. 3·6 6S 40 61 4o !l os 

' .•. 20.5. 36 · 61 43 54 42 so 60 

21.5. 36 75 X 46 66x· 60 X 46x 75 X 

.... 2·2,Q_, 36., .• · __ . ,(l1, 
- ' !5 47 

- ' ,,49 42 -., .... 6g 

fable • of ln.1~otions: 
....&L..5.36 . lrnl Oontrol &ml 3ml 3ml 3ml 



" .. 

Where 1 ml. is equivalent to_ aoo mgm. · ot l,ipOid· material. 

· In both Tables V and VI. · we observe a. e1gn1£1cant 

rise o.n .• tl\~ .. dQ No:f ... !.n.te2~.i .. C?.~, ... The e~t(lnt of the increa,ed 

creatinine elimination will be discussed· ;t.a:~~r. Tbe in• 
. ' 

ore~ae is no·tably. more than any poseibie variation from the 

normal.. ·On analye;l.ng these· :results the conc.lusion oan be 

drawn that thel"e is a marked. inoreaee in urinary ereatinine 

following the injection ot a ·suff.ic1entl:-, 1~rge dose of· 

teat ietllat' extract. 

On closer emtnina.tio:n a quantttatJ.Vf;t reepon.se is ob• 

sened. Although not absolutely cl•tini te_. larger doses of 

the testicular eJCtract provoked larger amounts of oreatinine 

el.:l.mina.tion and din attempt was ma.de to obtain rt'sults which 

would lead to a. .method of a.eeay of the b.orm~ne ba._sed on tbe 

creatinine eliminated~ Accordingly. in .a new aet of expert-· 

mente in which every m<itthod _of technique. was aa accu.mte as _ 

posail'Ae. the dose of' teatic\.\la.r ·•x.tract pe.r ktlograJD ct body­

weight •ac plotted against the percentage increase in 

oreatinine excretion per ldlogiraw of body .weight. 

sults were very oonvinoing. 

Belew are tables which include the figures tor daily 

cr~atin1ne estimations at the time of injection. Theee 

ttgurea ehow the actual rise in msms. BeltJW the$e figures 

1s a detailed tab.le of the dose of .. lipoid material in tngl'l'lS. 
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t,;., ' ·! ,: 

... 101 .... 

'. 

per ktlogmm of 'body weight, 1.>btaincd from the weight 

ot the anitn!ll a.no the c.toee in :n1llil1t:res .. 

Control inJect:1.ona and rJ.Or?lml controls are o.mitted 

as being irrelevant. and oonf'ueing, 

, ..... , ... ~ta_ , • ; · ·. B!))J:>,it 7, 

Pre per 1 od ·. 

13. 6. 35 

X 14., 7. 56 

'85 

9l 

S7 

2 m:t 

.. ;_Jl@.ll.9..~.i.fo .· ... ~ .... 
.· 63 80 

74 

84 

9S 

90 

2 ml 2 ml lml :300 
------------------------. rngm8., 

Weight a. :S?kgm. .· · 1 ... 78lcam 2. 34kgm Lipoid 
-----__.;-~--~---~~~~---------~~---------material 
Dose~ Body) 
Weight ·) 253mgm 

"· :r1 ae/kgm . · ) 
_. __ :a_p.,..a,..··-· _!,,....e.1 .... &...,.h ...... t,_ .. _, _,l_,_._'1 .. ef ...... _,· .. --·-· --· ...... 131 .... zi ... _,,_,_, __ ·-·--·U.-.. _,_ .. __ _ 

/TABLE Vl?l .• 
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d · n n .,,_, sq.,_, 111::• _ 1 _::.-_·.,-& - .t 1 Pi!lill lttw• • 1 W ,'IPIR i/illfM:. -

J§te, , . 
Jiij 18'. 41r!.a-1l 1 Pl.TI 

. 3 
k a .. P.al!l-$.11 ii 1•1 •• 1J ... -~-lt ........ tt...._aM l'llii~ · ITt ·r 5 .,. 

Preper1od 

19. 4.36 

x ao. ,.ae 
21. 4.36 

Weight 

59 

61 

75 

67 

Sml 

2.l5k'$M-

4l8mgm 

12. 6tj 

51 46 

54 42 

66 60 

4? 49 

3ml 3ml 

l,90~ 1. 65"~ 

415mgm 545mgm 

18. 37~ 20 •. ai. 

•••·.o••-·•.••u" .--_, t • _au a.•• •. ·•·•-••1 
Date 2 

... · •r tT we·t II ra. - ••• 1_ 1- t YL · .• _ •a•, t• 

P:reper.iod 51 

14 7 36 ... 56 

.x15. 65 

16. 5S 

Dose 3ml 

31 

30 

.46 

42 

3ml. 

l.. 5'1 i<g-

ti~Omgm 

22.2t, 

• ., .• J 

3 • 
' • 

46 

50 

63 '/ 

55. 

3ml 

_ Weight .196~ 1. 90K~ 

' 5'7 

60 

'76 

62 

Zml 

2.lil~ 

426mgm 

1a.az 

\ -
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.... 

Pre period 51 ~..-.-.-~......,........ 

5. 4. Zt1 69 

xe.4.36 84 

7.4.36 6B 

l)ose 4mi, 

w1.1iaht 2.lGcgm 

Do&e/Kgrn · B •. w 6'11mgm 

% r1.se/Ksm DW 20% 

· 61 

4mle 

l.9$ kgm· 

'615 mgm 

24.11' 

. a. -·'"hi •*'!'* $JJt!( . 

46 

67 · 

60 

4mls 

1.aO<gm. · 

G40ngm 

a,.&% ... ( • r· •- b.l aiic"J....,..,..... • * 1 ...... -.. I :t ,· ' _,;- j 
,. I llJ•t ... 

.i_r • ;, ••-ia • itneit J r _J .r . z!_ iJil @ •• •• t 

-~ . Af.Jis. , . 

Weieht· 

- JJIJ 41.2:J 1 1111 _ t .1 

51 
52 
'17 

12 

4ml 

Dose/Ksm a.w oSlnlgm 

IS - ti: t_t 1111 •• I llit91 iS ¥ . T! ¢1 a i O:wt,J• 

... ' ' 

r rt!)~~'"" 

47 37 
48 1:i::ne, 36 -
G9 59 · 

60 45 

4ml 4ml 

1·.ao~ 1.60~ 

,6601ngm 760mgm 
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Thus we nee that.not only does the injection Qf 

testicular e;ctract produce an :i.ncrease in the creatinine 

faxoretion, but thitLin A. quantitat~ve one d~pandent upon the . ' . • _t ' 

amount of e~tmct injected • 
. ·;..· ir ' '' 

Disoussion! 
.... _ ... .,., $?q 

• - ·• • # •• "• 1 

The ri,ie occurs on the day ot injection. This 

stimulation of the torfua.tion ·of urinary ore:a.tin:i.ne if· a 

direct .effeot of the teat~s ort' oreatttrine would result 

in Q.n. altcrati~n .in the da.1 ly: a.1noui1t ot'; oree.ti.nine 

elimina.t.ed eoQ~ ·after oas;tration; ,wh~re~~ a.etua.lly there 

is a long la.tent period pr1o:r to the post. oastra.tion 

· increase. 
. , . ,r i"'" {.' ·1 - ' '· ' •_., • I :. • ~ ~ 

T11~ 1ncU.raot ottect, ther~f 01.-e, is probably one 

via another endocrine. The increased c:reatinine output 

gradually returns to the nonna.l level, wh1oh is reached. · 

within t.hree da.ys. 

The response va.ries a.eeortling to the do$c and in ,the 

series of experimentt;; in which oo.reful a.ttenticm was paid. 

to reuiponse, dose and weight of the animal; if the response 

per kilogr1,1m of body weight is plotted again.et the amount 

of testicular extract injected per kilog:ram of body weight. 

the graph represents a. stx-aight line. This suggests that 

there existe a. de:f.inite quantitative reapons~ which would 

fo m the br.i.si.s of a method o:r assay .• · 1'heee la.tar results 

also serve to eonfinn the action of testicular extract upon 

.ereatinine metabolism., producing an increz.:uJed elimination 
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tn the urine. 

S, um ma r :,;._ 

l .• Testicular e~traot into normal animals produces 

an increased elimination of creatinine in _the urine. 

2. Thia response takes place on _the day· of' injection 

a. 1'he response is a quantitative one. Vtu;•ying with 

the amount of testicular extract· injected. 

4. A methOd of assay of testicular exi;raot is 

-suggested. 

'-
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INJECTION OF TESTICULAR EXTBAOT INTO RECENT CASTRATES. (MALE). 

The ettect of castra.ttcn on the elimination ot crea.ti­

nine ha.s already been discussed. fhe oonclus1on arrived a.t 

wae that the c.r~at.1n1ne does not increase in amount until 

th8 pituitary has reached i.ta Ol'itieal hypertrophied stage. 

when there is a rise in the oreatinine level. Until this new 

level wa.e reached the animal no regarded as one in which the 

pituitary had not hypertrophied to the level requ1 red to 

affect creatinine excretion. and as ouch wall termed a reoent 

castrate.. As soon ae the urinary crea.tinine had. definitely 

risen the animal, now called a"long standing caetraten, was 
• 

regarded as possessing kPert :rophied pt tui tar;v which pi-oduoect 

an 1ncreaeed a.mount of the hormone control.ling creatinine 

metaboliam and causing this increased ou.tput. 

In the tollowing sei-ies ot experiments testicular 

ext met is inJ ected into the.ee recent caotrates and the 

reaul.ts obtained. commented upon. In the Ta.blee are included 

normal controls (ti.ninJected) and also nomal co:ntrole injected 

with testicular extract •. The extract was regarded. as active 

i:f there was an inoreaee 1n creat1.nine elimination in the normal 

control •nimal on the day o.t 111.JeotS.on. (1ml of the teetea 

extract was equivalent to 300 mgm ot li.poid material. 



. . 
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.,. 

"1, 

pate 

Preperiod 

21.8.54 

X 22.8. 34 

23.8.34 

24.8.34 

,!.njeations) 
22.s. 34 · ) 

. An~mal · •-, nt .•r• 

Bo,. 3.;_ , No.4,. 

90 '18 

8'1 80 

106x: 96x-

90 '16 

8'1 '16 

-, ~ .. R_, C 1 ~ . a ~., .;_ £,. 1-l • 

' 
No.a. 

1 1 I 
No.9. · 

J - 1:1*·-

71 5$ 

'15 65. 

Box 63 

84 61 

.a2 5f5 

3mls Control 

R1 0 1 Control • 
'. ... I rl• T 

In the above Table "R. o.·., aigrU.fiea Recent Castrate. 
"0. 1.·" • Control ittJ eotion into 

· normal. 
The animals were castrated on· the 3rd of the same month. 

late t ' • -·u . ' ~o.3, • No.a,, No.9. No.14, 

Preperiod 90 '11 58 ?3 

12.9.34 90 '13 54 70 

xl3.9. 34 99x 79:it 74.X 60 

14.9.34 93 ·75 69 7:S 

15 99. M silt 
89 

I Jill 
70 66 'll, 

I I _ I l t C - - •• 

InJ_eotiona 13th 2.5ml 2.0ml 3ml Control 

Animal,·,,· . R•V•. _R,C 1 .. Cs,: • Control 



"'.":ms~ . 
' TNWl!f III. 

" ' ' Date No.a •. No a. · . No.9 ·, N2., •• ~4; .• ~ • T 1 .. I Ff_. _I _q 1 R - 0 **Iii'·, !5' • 

Pre period 90 78 ·5e 73 

19.9.34 96 87 56 7.5 

X 20.9.34 961t ao x 88:,c ,o 
21.9.34 93 76 70 69 

22.9.34 96 82 6S ?7 

·Injections 
20th. 3.3ml 3.3~1. 3. 3ml · Control 

Ablmal a. c. R.C. c.I. Control 

'" 

TA§· IV, 
• , 

Date • No. 31 , No.a, No.9 • • No.12. 
' I 

27.11.34 92 80 70 110 

X 28.11.34 9o)i;. 80-,: 87:g 103 

29.11.34 96 84 ao 108' 

30.11.34 98 84 74 108 

!g3ections 28th. 3ml 3 ml 3ml Control 

Animal , *" ta .. R,.C._. --, RC 
- -. -· l t - .. c,l. Control 

~. 
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· From this f'i rst set · of experiments 1 t w113: be not_ed 

_ that _injections ot testicular -extract within the f'i:rst 

four to six weeks of ce.sti,1.tion produ·oe an increase in 

. crea.tiriine elimination. 

After this period. how~ver, there is a tendency to­

wards an inoroaeed daily urinary oreat inine and an 1n ... 

olinat ion towards the 1.ricrea~ed crea.tinine excretion of 

castration. Injection of testicular extracts produceo: 

little o·r no retiponse and the- creatinine level remains 

· at a nol1Jl&l level. 

When the d.a11Y l$Vel ie established at a constant· 
. . . 

level inje_ction of testicular extract does prod.uoe an 

e:f:tect, but thie is dealt with J.n the next section ·on long. 

standing castrates • 

Ra)ibi t No, :s, 
There is a aignificant r.ise to within six weekS after 

.injection. This increase, however, in the ··-uri-nary orea.tinine 

does not ·occur after this period. a.nc1 by the time the 

creat1nine excretion 1e beginning to reach a higher level 

the inj~otion ot teeticular extract produoea no response 

in the torm of an altered creatinine output on the day of 

1njeotion~ 

Anothex- feature is the quantitative response to the 

dose,whioh is less tba.rt in the normal an1ma1. 



It can be argued, therefore, that a bigger dose 1s necessary 

in the recent oastrate than in the normal to produce the same 

percentage increase in oreatinine excretion per kilogram. ot 

body weigt1t. 

No,a. presents eimilar features to No. 3. Up to oix we·eks 

after the operation injections of testicular extract produce 

an increase in oreat inine ~1,iminat ion. This· does not occur 

afttr two months, when the daily creatinine level is beginning 

to find a higher level. 

!!.2...i,. • the control animal. showa a qua.nti tat ive response to 

d1fterent amounts ot· the extract injected. 

If these reeulte are compared. on a quantitative basis, 

the results (e. gs;,tTable II) are: 

T@I.E V, 

No. 3. · No.a. .No,9. 

Weight .2.20 1.77 2.20 
•-~_ar·~'.3:~-~:.:.~...;;;_:..:._.::-.,.--.. ~.· let.x.:.::. ..Al- .............. :..·-_··.; ______ ::...-~··---"-'--:i,...;...? __ ~.J..~ 

% riee/Kgm .B. w. : 4. s;t &. 2% l.4. 0% 

I>ose/Ksm B. w. 364mgm_ · 452mgm· 409mgm 

Thus the inject.ion of testicular extract into recent 

castrates will produc~ an inorease ,in urinary c:reatinine. 

but the reoponee is not equal to that in the normal animal. 
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l>8ta.1l$ of further experiments are given in the next 

aeries of tables. 

TA)LE V,I 1 

These rabb~ts M3 and ll5 we_re castrated. on 5th Februa.~. 

·, l>ate - -- No,m. M5. :ug. K4. 

Pre period 52 50 46 -54 

25. 2. 0'1 52 52 44 55 
w , 

x26. 2. 37 . 71 x. '70K 48 '12~ 
,, 

_ 27. 2. 5? 59 62 5:5 6'1 

28. 2. '3? 53 64 50 59 

1nj ect ions ·i 26th 5ml. 6ml control ,4ti 

Animal R. C. R .• C. Control C.I. 

% rise/Kgm :a. w. 22.0% 24.0% - 10%· 

:Pose/Kem B. W • ·. 660mgm 654lggm • "Jp;tt 
· 452JnA, -· 

TABLE VII 1 

Date ll3 115 .!,a !'1 !, ' , ... d 

Preperiod 62 50 46 52 

14.3,37 45 50 . ., 4:'l 

xl5. a. 37 70~ 63 :it 4,6 175-S 

1a. a. 3? 61 52 68 52 

1.7. a. a, 58 60- .. • 50 .. , 
lib 

-· )- ' • 

Inj·eotionJJ :16th 5ml 5ml Control 4ml 

Anipl R,O,,.. R 0 
"'" •· *' •,, -.- Control c. I, 

f .. ·, 
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These two animals still give a response to testicular 

extract in that .there is a.n increase in oreatinine elimina"" 
. . 

' 

tion. but two months af'ter ~astration they tail to re-

produce this rise·· in the creat1n1ne excretion, as seen in 

Table VIIl. It will. al·so be n4ted that they a.re begi'1ning 

to .reach a higher daily· level. 

.. .... _ 

Date . .M3 J,{5·· .. g U:4 

31. 4.3'7 58 69 45 52 

l. 4.37 60 6'7 eo 55 

:x .2. 4.37 68:$t -6~ 52 69~ 

a. 4. 37 .68 55 5'7 5'1 

4. 4. 3'1 64 ea 48 56 

InJ eotions :and. 4ml' 4ml . Control 3ml 

,Aninpl RC RC Ccnt:r,o}. . hW1 0 •. I ll!1

"'11W 

-
.. • I_. , ....... :.a.. ·' ·, t .. n 1. •11 

nex-e no· response 1s· obtained with the exception · 

of, the conti-ol · inJ eot1on and the. animal• remain at the 

slightly higher daily orea.tinine level which they have 

suddenly reached.· 

Besides these two c~mplete series of experiments, 

there are several more· a.cute ones in whi oh the inj eotions 

have been _made_ into castrates two monthS after the 

• 



. 

operat.ion, e.g., in the ;folloViing table in which no 

alteration· in the amoun·t of urinary crea.tinine from the 

· 4aily level followed·:~ 

l>at_e, Tl Tg • ,- . T3 

19. a. :;7 63 170 65 

xso.a.37 56x '12x 61 X 

21. a. a, 60 76 62 

21.e.a, 61 74 08 

23~8.3? 56 70 58 

24~8.37 49 '11 60 

J\n inJection of 3 rnla. Of eJttraet ·was given on ~he 

.20th. Tl was the ·.control and .-T5 and '1'6 the anitr.als Which 

had. not yet reached a higher· level. · · 

~~Je. No, 4.•, ·,- No.12·. 

PiZ'epe~iod 86 100 

X 20.11. M " 84 104 X 

2?.11.34 8'7 112 

. 28,.;J.l. 34 90 ., ,103, 
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No.12. · received 3 mls. of te.st icula:r extract and was 

castrated on October 19th.· No. 4 wa.s the control., . . . : ., . ; . . 

There is a elight increase on the second day, but·tnie may 

not be due to the inJ eotion but to the an.ima.l :finding a 

higher level.· 

Digouas!,ow.. 

The conclusions drawn from this. data are tl'iat. if 

testiQular ext~ct .in a sufficiently large. dose is injecJed 

1nto an adult. male rabbit within six weeks of castration 

·. there will be an iru:reaeed oreatinine ei1minaticn. 

This sugg~ete thtlt-some gradual· change ie taking place 

in the animal. eape4ially as the reaponoe to an injection 

or testicular extract ia -considerably lese tlli.n the response 

or the normal animal to the same amount o:f' the extract. 

· ·nua 1norease 1.n creat,inine excretion also takee place on 

the day ot the injeQtion •. 

Injections int'o theae same animals; two to four months 

after oastra.t.ion, how~ver,. fa.i"l to reproduce the e:ffect 

obtained. and the ui-inary orea.tin1ne is not altered by the 
. . . (urinary crea.tinine) .· . · · 

inJection. lt/is in the transition period between the 

high c&$t'fflt1on level of the lo~ standing· oa.etrate and the 

.lower level of the reoont oastra.te (which appro7..1ma.tes 

normal). The oreat1nine level 1s now ra.·ther inconstant 



• 

and show& many incli vidua.l va:riation1, but injections cf 

"testicular extra.at do not··appear to have any effect and seem to 

ha.ite lost the "stimu.latory. effect on the production of 

urinary oreatinine. 
., . ~· 

If the action of the testes on crea.tinine metabolism 

is an indirect one through another endocrine, these 

reaul ts indicate .a gradual change in this tndoorine. which 

is stimulated at first by the testes to produce an increased. 

urinary oreat ini ne. As the transition following oastra.• 

tion takes place, this stitnula.to I'!/ aett.on is gradually 

diminished. Eventually the gla.nd is not aoted upon at all 

by the test 1cular extract and the creatinlne metabolism 

remains unaffected by this addition of the testicular 

preparation. unt$.l the next phase • that of lcng•standing 

castrates• appears. This will be discussed in the next 

eextion. 

s , ~- m. m !r r z ... 
JS.. Injection ot testicular extra.ct within a.ix weeks 

of castration in sufficiently large a.mount$ pi:-oduoes an 

ino.rea.ee in '1rinary creatinine • 
in the recent castrate 

2. The reeponse/is lee.a than that of the normal to 

the same doee. 

3. Injection of test .icula.r extracts two to four months 

after castration hae no effect on ere_atinine elimination., 

\ 

\ 
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4. The results suggest a transition •tase l',etween a normal 

and a high post-castration creatinine level. 

5. Thia transition· stage is probably due to a gradual . 

change. probably bi the pi ~ui taey. 
\. 

\ 
' \ 
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In the previous section a.ttentlon wae drawn to the · · 

recent oastrates, in whieh the oreat1nine level had not yet 

reached. the. high .level whioh follows withj.n tour months of 

oast:rat1on. and in which the pituitary is not regarded aa 

having hypertrophied to the "orltioal" ota.ge. Xn thie 

section· the long-standing castrate is considered an animal 

which shews. the high poat•castra.tion level and. which is re• 

garded as possessing a definitely hypertrophied pituitary. 

The new level was aocurate:lY determined ·end an aver• 

age for the period previous to inJe~t1ona ot testi cula.r ex• 

· t:ract est1ma.ted .. Contro1.in.j-ect1ons· of testicular. E,:X• 

tract into normal animals we·re made at the eame time to 

ensure active preparatione.· 

Bo com.plete series ot experiments. aa with the two 

,tagee of recent oaatr•te.s. could. be performed, as castrated 

animals did not appear to thrive too aucoessfully and the 

results obtained are only th.ose·ot isolated injections 

into healthy lons•·standing castrates. whose ·p~eperiod ot 
creatinine exoret'ion did not vary and remained very.constant 

as in the normal animal •. 



.;.11s-. 

Date No.M7· No.A. No. ua • ... ... ,· • ---------·- .. 1 ·-~ 
Pre period 52 98 45 

14.3.37 .. 4? rJ°7 4'1 

%15.3.37 75 X 96 X 46 

l.6. 3. :37 62 73 53 

17.a. 3? 60 '12 52 

18.3.37 66 ' e2 ... 

_J,_,9 •• ~,.37 _ii . ••• !l;}; 87 ... 
L I ft iii.Iii .. -· ·r ·to ~ii ,, .. .i #Cl . ... 

In~eotions: 15th, 5 mla.· or testie\iilax, extraot into A and 
· 4 mle into Jl'7. · 
(1 ml ia equivalent t.o 300 lllgm .l1po1d materia.: 

1\a.A~it A. is the long•sta.nding caeti,ite and 1!7 is the control 

inJeotion. 5 ml of testes extract was injected into A and 
in the ·long-standing castrate 

4 ml into Jl7. There .is a signif'icant drop/on the second day 

aft'er 1njeot ion. X.n the previous e~.erimente the. increased 
· in the nonnal animal 

crentinine elirninatiorv'ta.kes place on th" day of injection. 

x·2.4.3'7 

. a.4. a7 
- P 7 ·a FU -i, 

TA!L'ID II • 

52 

65 

69 X 

57 

I 5,3 Sq q 

. .... . ... No.A. 

- 11 g 

95 

90 

95 x 

70 

76 ,I· ·r .l I 

· ea 
73 

72 

63 

67 .. 
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Injection 2. 4. 3?: · No.A. a11d ·No.»4 received 3 ml of TiUstis 
Extract .1n which l ml is equi valeqt to 300 ·rngm lipoid 
-•ateriale A.el" is the lons•sta.ndina; castrate, ¥4 the normal 
control injection and M6 the normal control. · 

For the next ten days the · tigu.relil tor A are '16. '15. 

79, 82, '10. '7? • 62, S6, S2, 91 and, finally• - 97, on the 

15th of the month. Just aa in Table l. the fall was a 

prolonged one. This fall was followed up and daily ·est·~a.•. 

ti.one prove that the duration of lowered. creatinine ex• 

cretion ie twelve days. ·As.Rabbit A had a level previous 

/ to cast rat ion of a.bout 67 to '10 -end- in tl'l,is oase the tall 

of the crea.tinine excretion is to the preca$tra.tion level. 

TAU III., 

Date Tl T3 1,2. 
' 

'19.7.35 53 64 . 115 ·. 

20.7.35 56 66 120 

X 21~7.36 50 77x 9l.x 

22.7.35 51 75 89 

as.7. 35. 56 66 93 

24.7.36 49 68 113 

26.7.36 51 . 64 116 

Injection 21st Control 3ml :Sml 

,,.,, At1;1ma 1,,. Control c. I. . . L,,S. o. 
• - . J 
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a. long-sta.ndi@'J.g castrate 
N,o, 12 ... here. again, /givee $ decrea,ed oreat.inine elimination 

which. although, it is not sustained, doe• diminish to the· 

precastrat1on levei' of ! . 93. lt is noteworthy' in thia oase 

that the fall occurs on ~he day of injection and riot t·he 
' ' ' ·, 

following day, as·in the previous tables. 

9 • J:»r.. 3 5 

xlO.I1X. 35 

11.I~.35 

12. IX. 35 

13.IX1 3§ 
• 1 t;I -

T3 ·. 
r •1 -1 ••-· 

60 

64 

58 

62 

60 

? • I ililiL • I 12 •.. ' ... 
118 

115 X 

96 

99 

110· . -- . 

ia•nt 

. No~la,., a long-standing castrate •. was injected with about· 
' . 

three mls. of the standard testicular extract· uaed in all . 

these experiments. The fall '1n the creatinine level takee 

place on the second day after inJ ection and· ·1s not sustained •. 

T.·~V ~ •, 

pg.te . ·s A' B J Lt I 

Pre.pe.riod 78 '10· 58 

27.a.a5 '76 '12 66 

X 28. 2.35 ?OX '10 X 64 

l.3.35 64 86 Ga 
a.3.zs 69 '19 60 

3.3.35 63 '11 66 
. 4 3 35 so • lnJ;:oti~ '2ath· !m1· ·-· Controi ' ... 

3ml 
Ml,ig. 'I'., $ n n r tf 
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The ·above table again 1 nd_icateo a signlf'ioant tall. 
. . . . 

Abimal N.o.a •• which wae castrated on the ~rd August about 

s1x months prev1ousl1 bad an original level ot about 63 mgrn~. 

- so t_hat the tall in c:rea.tin:i.ne. although eustained tor only 

three days, tell to the precaatration l.ev~l. The decrease 

in oreat.i.nine elimination oacurre~ on the seeond day aft-er · 

injection~· 

·Date f5 

Preperiod 80 
. ' 

2:12.36 79 

3.12.35 74 

x4.l2.35 ea.,. 
5.l.2.Z5 ·ea-

-6.12.35 65 

?.1.2. 35 .65 

. -~.12.35 · 69 

i,l4e35 70 

4.12.35 3ml 

L.e.o~ 

TAlll.§_VI, 

!Ni F 

?8. 64 

75 63 

?0·· 6$ 

ao+ ea"" 
60 '18 

63 69 

oS '10. 

75 65 . 

. 72. 
C ·,: 

60 • 

3ml 3ml 

L. s. O. - .O. l. -

Al.. 

62 

61 

60 

63 

64 

64 

60 

56 

.. 64 

Control 

Control 

Precastration . 65 _ 60 , ·- • , - ,• .. , _ 
Th~ injection is followed by a. fall _in creatinine level 

in the long".'"s tandi :rg ca.st rates and the pre ca.st ration level, 
While in the· normal control animal the creatinine 
elimination increases 

' . 
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All the above results show injection of tes"eioular · . 

e.xtra.c,te ·1nto the long•st~nding castrate reduce, the high 

;poat•caatt"ation to the· normal p:reoa1ftrat1on level. 
. . . 

The duration or the decrea.sed creat1nine is dependent 

upon. the amount of extract. W1.th mod,erate dos.ea· the 

effect is trane1tl17 and with large doses is greatly_ 
prolonged .• 

D,,i,soues,i~n:, 

These lons•sta.nding castrates have t\ high urinary 

creatinine level. which fs regarded as probably due to 

a hypertrophied pituitary. 

InJ·ectione ot testio\.llar extract stimulated the 

pituitary 1n the normal animal to increase the a.mount ot 
oreatinine eliminated. . In the recent ca.at rate the pituitary 

was stimulated at tirat, but this. stimulation ot the 

teet1oular extract gradually diminished until eventually 

it produced no etfeot on the p.1tuita.ry until the definite 

phase of the l<>ng-.etanding oaatrate was reached tour to 

six months later. At this stage the testicular extract· 

produced an ibhi.biitor., effeot on the non-hypertrophied 
. •I 

J 

pituitary w1 th .1 ta altered phyeiologi ca.l statue and a 

lowered creatinine excretion resulted~ 

The· effect of ·testi oular extract on the urinary 

creatinine, on normal •. recent and long-standing castrates 
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ie one of botllet:tmulation ~ttd inhibition, the stimulation 

being on the normal gland and the ·1nh:Lb1tion on .a. gland 

'flhich l'lae definite difte,.-ent physiological. properties trom 

the normal. The re cent cast rat a, in wh1 oh · the · pit u.1 tary 

ie probably in· a· state 0£ trarteitiol),, i·s unaffeotecl. · 

·sum.m,a r1., 

· l. XnJection of teeticu.lar· extract into long•stanU.ng 

castra.tee l.eaide to a. tall to a preoastration level. 

2. This is probabl.1 due to .·an 1nhibi tion ot the 

brPertrophied pituitary • 

_,/· . 

·\ 

\ 
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GEBRAL SUlI1M,RY. 

l. ·Injection ottesttcular ,xtraot J.nto noJ'n'Ja.1 ·animals 

produoes an f.ncroase in· urinary creatinine. 

2. Inj eotion of tef:\lticular · extract into recent castratea 
5moa'2'hs · 

first prodU088 a rise,.andAlater has,no effect On the 

elimination ot creat 1nine. 

s. Injection or teatioular extract in long-standing 
' ' . 

castrates produces a.· tall in t.he orea.tinine excretion to 

the pre"'castratio.n level •.. 

4. These reaul ts are explained on the basis ot in• 

h1b1tion or stimulation ,of the pituitary, flhich, after 

caetration, gradually undergoes .hype:rtrophY, and alters 

its physiological iyyict·i otis.~y;, . 
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l;NJEO,TION OF ,SAL,I,}."'E, SUSPEJiSION Oli'. TESt!S INTO ,:tJO.RMt\~ , 
. . ,AD,Vl:,t_J{AL"E, MJ!BI'rS ,. . . ·. 

Bulle• test1 s ti~sue was ·t1nely d.:L'v:i.decl up· with a 
' . 

scalpel. the ma.cerated· liquid mass suspended in Locke• s 

'Solution and inj eoted subcutaneous}1 by means of a large 

veterinary syringe and need.le. 

The oreatini ne level of the mbbit1 used in the.se ex• 

periments ~sdetermined tor at lea.it a month. before and 

the average d.aily exc,retion eatimated. The results obtained 

tollowing injection of the suspension are detailed below:• 

- :Date . ' • - . n Ng. g. ' Ne,. e. .. , _No, Q • No,.?. lfo.10. _ No .. ll .. 
Preper1od 99 ·78 96 98 9S Bl~ 

29.4.34 105 75 93. 90 .. 90 a~, 
S0.4.34 lll '7S 90 84 90 93 

X .1. s. 34 110:x. 7? ~ 90 93~ 91 90 

2.5.34 109 "1'1 90 ' .. 91. 90 93 

3.. 6.34 104 45 85 15 '18 82 

4.6.34 92 60 88 73 '16 '18' 

,5, 6· 34 s1 .• ~- I 
_ 6,9, 89 7? 70 67 

. I I I 

Tabltl of InJectiopJ: 

• 1 1 51 Si 10~ .. 2om1 .. O, I ••• 10ml 10ml, 10ml. 
... 

Control injection • l.bl saline. 1ml - o.a mg fresh tisime. .. 

. ',wt,' ... ,......_ ,at --- .. •' • 
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In ea.oh of the animals 1njeoted there is a s1gn1f1oant 

decrease in the creatinine eliminated. 

Animal No.a.ha.ea. deorease.d u::inary c:reatinine on the 

fourth day following injection, : ... as is. found 1n No.11. 
. . 

In animo.~No. 7.and 10, which also receive lOmle.of the 

suspension, diminished output occurs on the third day after 
. . . 

injection.· The.fall va.rtes between l31band 24i in these four. 

animals~ The oreatinine of animal Ho.5. however, .-hioh received 
. . 

20 ml. of the suspension, fell to 45 mgs., which :represent.sa42i 

and occurred in the third dny after itij~ction. 

rhe control animal received 10 mls.of saline. Th1s· had 

no effect on the·crea.tinine level. 

TABLE II 

Date. No.l. Ho.3. . No.4 lio.8. No.9. No.1a •. 

Preperiod. 96 80 18 60 . 43 98 
-__....-.-.... ,----..-------·-~- .-~--

13.5.34. · 100 90 82 68 aa 108 

14. 5. 34~ 97x '84 83x Incomplete Incom. 100 
X X 

1s.s;34. 104 85 86 113 145 98 

16.5.34. 79 87 ?O. 66 78 85 

17.5.34. 76 84 69 63 64 72 

18.5.34. 67 83 60 55, 58 75 

19.5.34. 48 82· 67 40- 69 66. 

20.5~34. 84 80 67 2a·· .• . 71 81 

21.5.34. 89 84 73 67 74. 95 

22.5,34. 88 85 79 74 82 er·,, 
_!?J,je~ti~9nst '"'_ 

.., ... - ..... 
14.5.34. 20ml. o. I.· 20ml. 20ml. 15rnl. 

~ .......... 11111. . . 
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Oontrol injection was 15 ml. of saline. 

1ml. is equivalent too.a grm.fresh testes. 

The urine from No.a and No.9 en.ch measured less than E6 mls. 

on the 14th. On the following day the a.mount of urine was not 

increased a.bove the average norma~ output. but the crea.t1n1ne 

e xcret1on was extremely high. It is suggested tha.t the figures 

on the fifteenth represent almost the total creatinine eliminated 

for the two days. 

In the other a.n1mals the drop in the urinary oreat1n1ne 

occurs on the third day after the injection. Thie fall gradually 

increases until it reaches its lowest level on the fifth day 

in Wos •• 9 and 4 1 and on the a1xth day after injection in li'os.1, 8 

and 12. 

The percentage drop varies. The lowest figures on their 

respeoti ve days indicate that there is a d.eorea.se of 23i in rabbit 

No.4., 3oi in No.9, a.nd 33% 1n Nos.a & 12. ~nima.1 No.l, however, 

on. the nineteenth reaches a crtHitinine level which is 501& less· 

than normal. 

The control animal only shows variations w1th1n normal 

limits. 

DISCUSSION: 

These above results in<iicn.te thnt there is probably rui 

inhibitory factor acting on the pituitary, thus producing the 

fa.11 in the orea.tinine output. The point is again emphasised 

that 1t 1e not a direot effect of the testes. The latent period 

suggests the possibility of slow absorption and excretion of the 

~lJ. bl;l tU!,lg~ ••• 
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substance or possibly: a. rel.ativel7 low ac:tivity of the 

suspensi.on. 

· S tg m .m a ! Z•, · -~ · · 

l. InJeet~·on of se.lin.e suspension into noimal adult 

nale rabbits p:roduees a :ta.11 in urina~ CJ"eat1nine, .. : 

2. Thie decn·e~sed urinary c'.l"eatini.ne my be ae low 

as 50% ot the normal daily amount • 

.3. · Th.ere is -~ latent period ot at le:iat two days 

- before the crea.t1ni11e level. commences to tall. 
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· As with. Tellticulair extmcte,, •recent castrate• 9x­

periments are carried ,out. on t\'10 .s,te 0-f a.nillnla_, 

(a) thos~ ·that .have been castrated up to six 

weeks p:reViousl7, and 

{bl those that have bee·n caetmted for two 

t,o four months bu.t 1thicb do not al:reaoy. 

obow the post•cutration. inc:reas-e in · 

urinary creatinine • 

ti . 
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TABLE l. 

Da.te. Ta T3 T5 '1'6 Tl,. .. 
\ 

20.6.35. 49 63 68 53 50 

21. 6.35. 53 60 72 64 45 .' 
~ 

' '' 22.6 .. 35. 5~ 68 X 70Jt. 60Jt 63 ' ', ·,, 
' ', 

23.6.35. 56 66 .75 62. 56 

84.6.35. 51 62 60 40 46 

25.6.35. 42 58 57 40 53 .. 
as.s.35. 38 i 47 55 59 52 

27.6.35. 39 54 65 58, 45 

Table of Injections & type of animal. 
~.~~~.~~-

22.6.35. 15ml. 15:nL, 15ml. l5ml!' Control • 

Animal. R.O. . Normal. R.C. R.C. Normal. 
C.I. 

' ,. 

l ml. is aqu:llvalent to 0.3 gm. freeh testen. 

Thie above table consists of the results obto.ined .from 

injecting au.,;penst.on of testes into rabbits which were castrated 

on the third of th.e month, that ip, uine;teen days previoualy. 

In each instance there is n. fall in thecreatinine output; 

this drop also oooura in the norm8,l animal 1nj ect.ed with the 

same amount of testes ·Ru~pension. The :fal 1 lies within the 

limits of BO.to 83%. Thie is almost the same as that of tlle 

normal animal which shows a 27% decrease.· 
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TABLE II. 

De.te. N ,;, ..... o . .., . No.a. No.14. 
r r • 

_Preperiod 89 73 72 

19.10.34. 90 82 77 

X 20~10.34. 8Bx 75x 73X · 

21.10.34. 96 80 70 

22.10.34. 93 68 67 

83.10.34. 79 €7 51. 

24.10.34. 72. 64 53 

25.10.34. 7.7 80 65 

. Table ot;, injection~.: 
-)• - ~ . 

20.10.34. · 19)»1, •. 

Animal R.C. 

20ml. 

R.C. 

19ml. 

Normal. 
C.I. ------------------·-...... ·----------

1ml ; o. 2 gm. fre.sh testes tissue. . 

Thie: ser1es of experiments wa_s performed on anin:ie,ls which 

had been castrated oi1 the thi.rd of Aue,"USt • t\1'10 and a. half 

· months previously, but whose creatinine level remained within 

the normal precastrtition limi~s. 

Again there is e.. fttll in the ·urinary crea.tinine. 

Animal No.3. ha.e a diminishe<i creatinine output of 22%, 

and :Mo.a. of 204%. The crea.tinine of the uormo.l.anima.l No.14. 
I . b ')a~· fieorearaes y u ~-

DISCUSSIO!i; 
. . 

Injections of a. saline suspension of testes into both types 

of recent oaetrate produces a. lowered creatinine ei~m:tna.tion. 
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This again indicates an inhibition of the .pi tuita.ry. · At the 
. .· . ' 

same time it suggests an al tera.tion in the function of the 

gland, for .. the fe.11 in the crea.tinine; output in the recent.· -

oa.stra.te is not quite as great a.a that in the normal',anima.l . \ 
\ 

which received the same dose. In both oases there iB e. latent 

period.be·forP. the effects of .the injection a:r.e evident.; ·This 
·, 

latent period~ · as in the no.rma.l a.dul t male rabbit, varies·· from 

three to four days. 

The effect of testicular suspension on recent cestrn.tes 1s 

different from that obtained 'With testicular extr&,ct, fo.r this 

saline suspension .1e capable of acting 6n the pituitary and 
l 

altering the de,11y urinP.r.y oreat!.nlne level in all eta.gee of 

castration • 

SUMMARY: 

. l) Injeqtion of eia.11ne suspension of testes into both types 

of recent castrate~ is :followed by a fall in urinary oreatinine. 

2) This fall is not as pronounced H,S that obtained with the 

same dose in the normal animal. 

3) There is a. latent period after the injection arid before 

the oreatinine excretion dhr11nishee • 
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· INJECTION OF' SALINE SUSPEUSION 01', Tm3'£ES IUTO LONG STANDING 
; '. OAG'!'RATES (MA]l!i) . 

·The rabbits ueed. clearly ahoweci th.e post-oaatra.tion in-

<rease 1n urinary crea.tin1ne, and this 1e·vel was: carefully 

determined. l)l'ior 0to inj ect~on. In the tables belo\V the .Pre­

periods are given. and thes~ indicate the .level of t.he 

lnorea~ed cr•atinine eliminati~n. 

TABLE I. 

Date •. 

Preperiod 

11.12. 34 .• 

12.12.34. 

X 13.12.34. 

14.12.34. 

15.lS.34. 

16.12.34. 

17.12.34. 

I$cti.on: 

Anima,l 

. Ho.3. _:u 

. 96 
· . 

103. 

100 

103X 

81 

83 

~5 

20ml. 

t.e.o. 

no.a~ 
86 

90 

90 

8?x 

69 

70 

78· 

90 

20ml. 

L.S.C. 

.· No.9 •. 

69 

75 

70 

65x 

68 

· 48 

69 

75 

.20ml. 

Normal. 
C.I 

Animal Ito. 3. had. a. preoa.stra.tion average level of 80 mge • 

creatinine • and no. 8~ a· level of 63. Thus th.e above l.'esul ta 

show a. fall to the preou.stru.tion level in both cases. The 

la.tent per1.od hErre is only a day and ls therefor~ less than 

in the two previo'Us sets of experiments on normal and recent 

oa.stru.tea. 
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TABLE II. 

Date. No.K. No. L. No.M. 
Preperiod 78 75 75 rttn,•~~~~:&:XJ;::::::AAl*IMe' -;:c:.....,.. ~ ·~1_c:,;;.~~ ---
2.-11.36. 88 79 70 

3.11.36. 75 80 80 

4.11.38. 77x 77.X 78 

5.11. 36. · 69 sa 74 

6.11.36. · ao 58 78 
7.11.36. 64 59 70 

8.11.36. 66. 64 78 

9.11.36~ 69 74 78 
10~11.36. 7.2 •73 79 

Injections: 

4.11.36. 80ml. · 18ml. Control. 
·Animal . t.s.o. L.S.o. NormaL Preoastra.tion . . . " 

·-- a' level ·62mgms 55mgms 

· 1ml. of the suspension was ~quivalent to 0.33 gm. of 

testes tissue. The control e,niaa.l received 15 ml. of ea.line. 

· The long standing castrRtes !'fJSpond to the injection of 

r.taline. suspension with a f~ll in the creatinine excretion to 
the preca.stration level. The P..nima.ls K.& L. ,vere castrated 

six months previously, a.nd prior to ·injection the high pre­
castration levels were quite definite and.well mnintained. 

The •.• 
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~e_oreatinine output gradually returns to normal after the 

lowest point has been reached,,a.$ the -fall to the precastrat1o·n 

level does not persist. 

DISCUSSION:. 

Injection of ·saline suspension of testes into long standing 

castrates produced. n. decrense·1n the creat1nine in urine to 
. . 

the pracastration level.· This fe.11 :perst~ts for three to· four 

days when it gradually returna to normu.1. · The long la.tent ' . 

. period observed· 1n the normal a.n:iroa.la, and recent <Hl$trates, 

is diminishe<l, and the· r"Oaponse to the injection occurs on the 

day .follo•ing the 1njectlon. 

The effect is probably one of an. inhibition of the pituitary, 

thus restoring the creatinine- output to its original level. 

In 9onsidering the results of the whole of the series it is eoerj 

that the saline suspension exerts a.ninliibitory b.ction on the 

pi tui. ta.ry in ·the normal animal, and tlir<>ugh all tl1e atagea 

fo;1owine castration. 

'l'he response to the inject1on .in the normal animal a.nd 1.n 

the different cast:ratoi vurieo a.a far as. the quanti ta.tive 

resPonse, and the late1rt _ period are concerned. This a.l ter&d 

renct1on ia reaaona.biy explained on the basis of the fll tered 

physiological p:ropertios of the pituitary, du~ to its hyper­

trophy following oaetration, and thus the reraova.l of the 

inhibition of the testcis. 

SUMUARY~ •• 
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SUMMARY: 

l) Injection of saline suspension of testes into 

long standing castro.tes produces o. · fall to. the precastra.t ion 

·levels. 

2) The latent period. be-fore the cree.ttnine. falls · 1n,. 

response to the injection is only one day. 

3) The results suggest an inhibition of the hypertrophied 

pituitary • 
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GENERAL 

l) Injections of saline suepensi()n into normal a.dul t 

male rabbits le followed by a fall in the daily :urinary 

oreo.tinine • 

2) Injection into recent cf!.etrates reaul ts in a. decreased 

c:r.en.tinine output. 

3) Injections into long standing chet:r:ates leads to th,e 

high post-oaatra.tion crea.tinine level. dim1nish1ng to a. 

lower preoaatration level. 

4) TheSA results ~trongly suggest an inhibition of the 

r-tn1';erior pituitary ho:r.rnone. which controls crP-atinine 

metabolism in the normal, the reoent castrate, Hnd the 

long sta.nding castrate . 
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INJECTION · EXPERIMENTS OH 

WITH . · EXTRACTS· OF liOlUIAL 

ADULT .. J.1ALE URINE. 
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The extracte were prepared according to the methods dee• 

cribed earlier. ·. The animale ueed •ere normal· adUlt males 

which bad been kept in metabolism cages tor at least twenty, 

. one days t so that an accurate estimation of the average .daily 

creatinin~ output could be determined .• ·. The mean of these 

figures are incJuded in· the follning table,s. 

In addition to the extracts prepared in the laborator,y. 

preparations of Proviron were obtained from lleeere Schering­

Kahlbaum. The results obtained, both with these and with our 

own preparations, are detailed below and the different 

response• analysed: 

TABtD I • 

. Date . ,. Ng.g • :t!P, 5. No, 6, No;&l. 

P,repe1;:,itc\ F. P 1 
9'1 . '18 96 81 .. • .. 

4. 'I. 34 ')2 68 88 78 

7" 

X. 5.5.34 96x 69 64 X 84x 

6.6.S4 45 82 54 67 

7. 5. 34 125 75 129 102 

8.5.34 92 ?5 90 84 

9,.5 .... 3! 00 69 91 77 
• ..... - .. 

InJ 1ct ion,!,..:. 

s. o, Zi 7ml Co;qtrol ,liml 4ml 

1.m1 of the urine extract 18 equivalent to 200 mle ot 
urine. 
Note: Only adult ma.le urine is extracted. 
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On analysing these tigures 1 

!!al!b&t N9,a shows· a f4ll in the creatinine output ot ao,c, on 

the day tollowing it1J&ctlon. · fhe ne~t day the Ol'ea.tinine 

level has suddenly risen 25j higher than the nomai level. 

Thia increased. urinary oreat ini·ne then. d.rops back to. normal in 

the next tw$nty tour houra. ·· 

Bab;t>&.t, No, 61 The ·Creatinine .tall~ on the d~y of injection, 

and still farther the following day. when it :reached a 

level of 43,C lese than normal. In the next twenty tour 

hours the creatinine exei-etion had risen to 30% uev1, tll.e 

. nor.mal. and then returned to its normal. figure the next 

day. 

Babbit Rq,,12,, which received a smaller dose. givea a drop 

of 17% thQ clay after inJ ect i.on of th~ llrine e~traot . and $1'1 

·. increase above the normal of 24% · the next day. All tllis 

data. theNtore, tndiaa.tea a biphasio · reaction which 

eusgeeta, tirat, an 1nhibit1on,tollowed by a at!m\llation 

of the pituitar.v. 

/TABill II. 

\ 
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Date · No~ •.. ·. . N S. lg,4 .. Jg,12. ... ' ... ., •ry• • Q •••• I 

- P£ftper1od - .. 96, ao 
. l I 

?a -· .98 

a1.s.s4 89 84 ?8 ~l$ 

22.5.34 88 85 '79 105 

X 2:;. 5. :54 96 67x '12x lOOx 

24~ 5.34 95 61 66 80 

25.5.34 95 102 104 121 

26.6 • .34 90 89 8$ 96 

-, T a'i,§,ii 94. , ·· a2 ., I - .. /34 1 i 9& 

In.1,Eic.ti,one: 
Bon• 

23.-5.34 .injected· 14ml. 10ml 10ml 
..,., -· ... • I ·n 1 

Control 
Ml '. cl - Bl" 1• f • 

1 ml of· the urine extract is equi.valent to 200 ml.; 
urine. · 

_ The creatinine elimination in ti'o, 3, _ ta.Us on the day 

ot injection and is lower on the second. day. This la 
. . ··• 

fol1owed by a rise ot 25% above the normal· l·evel. 

. . . . 

1!,,b~1;t Hp,4., ahows a diminished urinary ci-ea~inine on the 

day follow1ng 1nJeot1on (to an extent ot l,.?:(l and a 27% 

increase above normal on the. third day ot injection. 

No,,1,a. con:ti rme t)le above results by a drop of 19%. 

tollowed·by an increase of 22% • 

\ 
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These reaUl.ts. clearly indi.cate that. inJeotionG ot 
. . 

adult · male. ~rine extract p tod.u o~ tt l>ipba.si .c et:te ct) and ~he 

· · next seriea of experirnenta are the results obtained u,EJing ·. 

Proviron (a preparation ot. »~u,ar*-1 Scherins-Ka.hlbaum whi~ 

was obtained. from the urine of adult ma.lee). 

' • 
Date 

I '·· I A, . r . . ·11T-._ 

• £:re:2.et&.21! . 9§ 
1 HI 7 '. 76 .. 

2e.a.a5 90 '12 

27.2.35 87 70 

X aa.'3 .. 35 93 X 8 4 .:, 

1 .. 3.,36 ,o '79 

$• 3,,35 80 72 

3.3.Z5 '1?. 7G 

4.3.35 lll 78 

6.3.36 S7 '75 

.... 6. 3,,35 8,9 
' 

... '19 

No.4._ .wa.s injected on the 21st with l ml. ot Proviron. 

No.A. was the non•injected.contro:i.. 

Here the fall (25%) in the amount ot oreatinine ·ex• · 

creted <>Cours on the day following inJect1on, but this is 

me.inta.ined for three days and then the sudden increase of 

20% on the fourth day 1G succeeded by a return to the 

normal le:vel. · 

; 
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Date ·13 E F 

Ptese,riod 61 63 ?4 
" I 

21. 6. ae: - 63 67 

X 22.6.35 e1~ ·· 66· 78:.I: 

23.6.3$ 50 70 Gl 

24.6.35 64 64 74 

25.6.35 60 66 90 

26.6.35 74 56 82 

2'1.6.:55 69 .. ·s, 69 

2§,§.§5 ·. ·. 6§. §9 
' a a·®e 

NQ\F. and B were injected with l·trml. ot Proviron ea.oh 

on the 22nd of June." No.E. was the dont:rol animal. In both 

ca.sea ot 1nJ ect1on W.ith. ProViron the -&f'feot obtained with 

urine extract is oonf1.rmed; in that there is • dipbas1c 

) response. · With t1rine extra.eta the rise followed within 

24 houra of the ta.ll, but with Provi~on the r-1,., occurred. 

ae'feral daya later .• 

/ 

/TABL'm ·v.· 



.. 
-.. 

, .. 

. .. 

TA!1J&. · V ·, 
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Date -- · · !1 · · .·· B,l 
_ • d _.._ • t .H lilt Nfil01*: • J t• ':?*i, 1W 

F tr rd ,,,,... 

. 10.a. aa 63 · · . 61 . ?6 

xlJ..2~35 6?~ 65x ao 

· 12. 2.·35 ?'l . sa 80 

11·. 2. 36 68 · .· . 02 '78 

14.2.35 65 75 74 

·1s;a. 3·s as . a?· · '12 

1·e. 2. J'o:- 66.. ·-,9 :' '15 

,,l? e 2,;35 I .~zq ,§,5 ,.., .... 1 70 OIi ... 

l;l. 2~ 55 2ml · . 2ml. Control 
Pro- · Pro• · (Non- . · 
Vl ton , ,vi ron · · (in.t.,ec,ted t · 

Xn · Aland Bl -the effect ia repeated in which there 1& a 

. diphas_ic response to the· Prov1ron 'injection. All the above 
. . 

re,ui ts with "Proviiron" were obtained from the first supply 

of Proviron fromSoherir,g•Kahlbaum. This was prepared trom 

adult: male urine. A. second supply, some time later, was 

al so l$.be1led. Provlron. Thie, however. was not prepared 

· tr·om adult ma.le urine but wa.e pui-e androsteron(l benzoa.te. 
. . 

It failed to reproduce the. bipha.sio results obtained in the 

· . . first instance with the extra.ct ·ot adult ma.le urine • 

/ 
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Discuesjon: 
• 4 

or 
Injections of extraots of adult ma.le urine/proprietary 

preparatione from adult male urine produced a. ibipha.e:lo effect 

on creatinine excretion. This ~ipha.sic result suggests 

that two eubcta.noes are present in the uril!e of' adu.l t males• 

one which i~1b1te
1 

a.nd the ot.her which stimul.a.tes the 

pituitary. Thus saline suspension of teetee contained the 
a 

one substance ae it caused/decrease in urin~:ry oreatinine; 

and lipoid teaticul.a:r extracts contain the other eubstance 

which atimulated the prod.uct1on of oreatininc. and its 

elimination in the urine • 

.. 

1. Injections of extnct from urine· of' adu.l t males pro-

duce a cHphasic effeat on creat inine excretion. 

a. Thia lH.phasio rein11i ooneista of a fall in uri.na.r, 

o:reatinine follolfed by a- ririe the next- day. 

s. 'Proprietary preparations f-rom urine reproduce a 

1d.tnil.ar effect, which is. however, slightly modified., 

4. !'he .re:sul ts suggest the presence of two substances 

in the urine which a.ct by (a) dep:reesing, or (b) atimul.a.ting 

anterior pi tuitat'l'• 

-

---. ·--·~-,. ----------------------~-~-----· 

,, 

I. 

j 
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ln the· introduction to .this work a short discussion 

a.ppeF,lra· on the male sex, hormones, which occur naturally and 

which ha.ve been isolated either from testis tissue/ or .from 
·, 

adult male u:rine. The.ir str:ucture was accurately deter-
. . 

min.fill and their rel.at ion to. cholest<,,rol asoertainecl, which· 

.tomed a basis for the preparatit>n .or these honnones. 

syntlleti-ca.lly. In ad.dition to the natu.mll7 .occurring 

substances,. which ha.Ve· been termed androgenic, many 

related e.ndrogens have also been prepared. 

Synthetic ·prepa.rat·ions are in pure crystalli.ne form 

and tha results on creatinine .metabolism are, therefore, 

those of t.he true b.o rmo ne. The possibility of:a modified 
. . 

,effect, due to combination wttb·some .other hormone or sub..;. 

stance, is, therefore• automati,c,:a.lly eliminated, whereas 

_ impurities ma.y be .present in laboratory J)reparatione of 

testicular or urina~ ,xt%'a.ct·s. 
. . 

Several of these crystalline prepa.rat ions w~re ob• 

ta.tried and 1nject~d in different amounts into normal adult 

ma.le rabbi ts under the same conditions as· tho~e e~ployed in 

· the tceticular extracts •. An accurate ·preperiod creatinine 

level W'ae determined and those mbbite which showed the 

least daily variations were used tor these. experiments. 
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A totally new ba.teh waG employed in the majority ·of t.he ··\\ 
' . . \ 

exper:i.rnent11, eo that aey pt"Ovious iajeotions should nsve no\"'. 
';'· 

effect whatsoe'V'er. ..;:,,." .,.,_ 

The orysta.lline p;a;-o-ctuot-• was accurately weighed out 

and the required amount or nut oil a.dded •. !'h1& ne heated 

one. eand bath. 

:Bes1des theae cr;ystal11ne prOduc.ts. the prop:rieta.r., · 

product ot androsterone beneoate (Sche:ring-Kahl.baum) was 

1nJ acted. 

Ill,l,J;lCI~lON. 011~ _· fflSTO~TE,RQ.1.1} IN;TQ,.,ADU!t T lQD» ~IT~., .. 

lnjeotions of testo1Jteroni!:I at firiiJt ga'V'e no l."esponse 

-whatooe-vor 1 n the a.mounts injil!otfd, as will be JJeen from the 

· tl :rst t~ble. 

Date 

18.l.3? 

19.1.57 

20.1.z, 

21.1. 37 

22.1.37 

23.1.3'7 

24.l.3'7 

25. l. $7 
26.l .. 37 

27.1.37 
ga,1,37 

if. 95 
rt I, ,w 

100 

96 

g 96 

8'1 

90 

X 92 
92 

-~ 88, 

94 
90 
90 I . 

B· 

i 
5?. . - $J }t 

&? 

68 

62 

46 

5o 
45 

69 

41 
5,7 

t61 
48 • ' 

/ 
/ 

( 
\: 
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X,n.1,eet ions : ao .1 •. 57. A 5mg. · 

22.1. 3'1 A o. 5.mg 

- T 25.11 $1 A 10 !fit, 

Animal B was the nonnal control. 

These resu.l ts show that testosterone in small doses · 

had no effect on the ·oreat inine meta'boliam. The tigutes 

were· confirmed by a further aeries .of ·inJections. in which 

small amounts of teatoeterone.had no ef'f'ect. Larger doses 

of teaterone did• howeve:r. have some tU'fe.ct as· shOwn by the 

following table • 

. TQil.··ll, .. 

.. Date_·. 
A , I 1t3 ~- . .. 

Prepsriod 61 ,, t 53 

s .. o.a? 62 50 

9;6.3? 67 49 

xl.0.6.37 .·?a. 69':i: 

ll. ·6. 37 63 GO 

12.s.i7 ,s 61. 

l!~ G. 3?· 64 ·60 

14. G. 'J'l 73 58 

15 6 ~'1 7'1 .. 15 
?_JI: • T ft f • 

101 e,a7· ...... -22me 

< 
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M3., ftas t~e. cont?'.,Ol animal. .22 rags. o.f testosterone 

(d.issolved',.:i.n·nut ,oil)were:.i'njected ·in.to 117 on the lOtli.~ 

T.hie resulted· 1n an irfcrease· or 3~1 on the day of in-·:.· 

jeot:lon, whicli" fe11·a.1most:1mmedia.tely to Ylithin normal 

lim1 ts~ · Tbe·,etfect. _,therefore •. or thiiJ -la.rge .,iriJect1on 

was a transient rise.without .a.1'17. prolonged a,ction on the 

oreatini.ne ·metabol1am. -,, ... · 

· The. next st~p was ~to.·take a series of animals a.nd 

inJect diftei:-ent a.mounts of' th~ ·crystalline preparation 

ibto different ·animals •. 

Date. 

. _ Prep2:r69d ... , _ .. 

-16. 7.35 , .. · 

. x l '1. '1. 35 - . 
' ... , i 

xe. 7.36 

19. ?.35 

20. '?. 3:5 

21. '7.35 

_, ~2. 1. 3§. 

l»J,pct 1 ona .. : 

,. ·,, 

' 
,.. 

·, ' 

-41 . n .. 64 , 59 100 

.3ox., . 84-x - ._G2~ .: .,94 

. 44 .·,, . ?a qG . . ,., 1Q2 
, ~ .. I i ..,. ~ ~ ~ I ·. 

38 

43, 

46 

..·32 

. 58 68 

?Q 
~ . 62 

59, 66 
1 

6.6 . "0 ,- - ,.:: 

JJ6 

95 

98 

;a r 94, ~ j 

... 
~ . ..... ~ . ., 

Control 
no 

9!lim ., ~PYER aP!sm J. n .. 
,l eqt.1¥,, 

lill 

.71 . 

'75 

77k 

14 

70 .. 

65 

62 

.. 6'1 

lgm ·-
\I 

The crystals .of testosterone are diseol ved in nut 

oi1 a& before. 

• 
------,.-- --~ .. ·-- - - -

i 
' 

·1 
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On analysing the ·results we f.ind that injection .cf doses 

of te.stosterone up to 15 mgs. produce no alteration in the 

amount of creatinine excreted. 

Ot two animals 1113 ected with 20 mgms. , one, 146. , re.s­

ponds by excreting an increased amount (20%) on the day ot . . 
·, 

inJection. . This falls to wi thi.n no.rmal limits the fo'l1·owing .· 

day. In the other, Jr'I, there ie a s+ight rise on the day 

following injection and then a return to the normal level • 

. Thia effect is not as marked as in the previous one. 

Discussion, 

If 20 mgm. of testosterone or more are administered 
. ~ - . 

there is an increase in the amount of crea.tiriine eliminated 

on· the day of injection. This rise le not .sustained as the 

crea.tinine eliminated .returns to po:nnal i~ediately. 

Te.etesterone will, therefore, stimulate the pituitary and~· 

as a result, there is an increased f311mination ot creatinine, 

'but. as pointed C>ut by Parkes Eit·ai •• exc~etionof the hor• 

mone is very rapid and this probably accounts .f.or the ,very 
, 

brief action, even in large doses •. 

Small amounts of testoste.rone do not ca,uee any alter ... 

at ion in creatinine metabolism •. · probably because the· excretion 

is too rapid to allow any otimulatio'n or the pituitaey~ 

<. 
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Supl'llArY. 

l. · Injections of testosterone .in small doses (l-15 mgs) 

are· not fallowed by any alteration in· creat ini ne meta.boli sm. 

2. Injection o.f ao. mgm of' testosterone ( or more )result 
' . :: 

in a. rise in tho urina17 creatinine. 

3. These results .euggest a rapid. excretion ot· t·estos-

terone. · 

·4. · Testoste1"one stimt1lates the anterior pituitary 

to increase the output of oreatinine • 

( 
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.INJECTIONS OF TESTOSTEROlffl ,PR;OP,lUO!fATE INTO AD~T. KALE 
. . ly\l3BITS.... . 

Parkes has shown (see introduction) that the effeot-

1.veness and action of testosterone is greatly increased an:d 

. prol.onged it. it is administered 1_n the form of an eater. 

This is due to its slower a'btlOrption and excretion. 
. . ~ . . . . 

Accordingly crystals of testoster~ne proprionate dissolv:ed 
. ' . . . ' 

in nut oil were injected into no.rma.l adult ma.le rabbits and 

the results compared with those obtained with the pure un­

esterified hormone. "Testoviron" (S ohering-Kablbaum) a . 

proprietary :preparation ·of testosterone proprionate was also 

ueed • 

:Date M4 Jl5 - g 

PreBer,iod. 54 
. ' ·w,-.i 5:1; 46 

14. 3.Z7 47 . 50 47 

X 16. 3 .. 37 "10-x. 63-X 46 

l,6. 3.S? 02 52 53 

17· •. 3.37 60 60 52 

is. ~37 56 :53 - tr 

InJ.ect ions: 
Non•· 

).5. 3.3'1 5mgm 5:mgm injected 

' 
Control. n 

.-~ ... ,, 

/ 

" . 
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MA is the normal and )[5 ,is the recent castrate.· It was, 

however. castrated lees thanitf1ve weeks previously. 
. ' . 

»4 gives an increase o;f aai. _while U5 gives a. rise of, 

22%. In these res'ult~ 5 mgm. of teeto,sterone proprionate 

increases the, elimination of creatinine. on the day of 

injection only,_in a. nonnal adult ma.le rabbit, and t.1;; a 

lesser extent in a recent castrate in.which the pituitary 

has not yet hypertrophied to the critical stage. 

'TABLE ,II, , 

Date •;· :M:3 115 

9.4.31 55 54 67 
X 10. 4. 3'11:J 55li: 60x 61 

11.4.37 43 51 63 
12. 4. 37 ''78 58 59 
13.4.37 QB :68 66 
14. 4. 3?' 58 60 69 
16.~.3'1 58 60 70 

X 16. 4. 3?. 56;;:t 60:t• 68 
1'1.4.37 53 56 -
18.4. 37 48 C 62 69 

- 19. 4. 57 54 68 '10 
·20.4.37 61 65 68 
21.4.37 52 58 66 
22. 4. 37 64 62 .60 

. , , 2a.,_4,...a, 53 60 68 

In.j,:aions : . 

10.4.3'1, 5mgm, 5mgm Control 
testos• testos- nonf 

.16. 4. 3'1, terone .. terone in-
jroprion-proprion~ected. 
ate ate. 

( 



.. 
• 

,,. 

The. finJt in.Jections were given in the nect, wh11e of 
the inJ·ectiono on the 16th, 112 waa injected on the flank 

and. Ml in the glute.al muscles. 

112 wae a nomial animal. but Q wa,• ,an adult male which 

bad been castrated two and a half monthS previouelyo 

Q give• no res.ponee at all to the injection as f'a.r as 

creatinine metabolism is concerned, 'bat M2 does show a 

alight increase in ore~tinine el1mina.t1on. The output 

on the eleventh is somewhat low, but the increa,ae the 

following day is rather too much to be compensatory. 

With the etconcl 1nJect1on there is aiso a slight 

increase on the fourth day after injection, and the level 

is somewhat raised. lt is:, however,. hardly a significant 

effect. 

from these above re~ulta little coneluaion can be 

drawn. with the exceptiori that 5 mam of testosterone 

.proprionate bas no effect whatsoever on the elimination 

ot creatinine in the adult male caatr~te of two and a 

half months, whereas it does appear to ·have a etimulatory 

action on the. normal. animal. 

I' 

/TABLE III. 
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TAlUB III, 

. Date Mg Ko 

Preperiod · 46 ·oa 

2"1 .• 4. 37 50 '12 

X 28.4.3'7. 59 ;,t '12 

29.4.37 58 68 

30.4~37 
··\ 

5'1 66 

1. 6. 3'1 61 73 

2. 5. 37 54 .'10 ., 

On the. 28th.J.12 waa injected .with 10 ,ngm. testosterone 

proprionate. ,· 

The increase in .creatinine output on the day o.f inje~tion 

1s 29$, but thi.s persists for three days. and on the third 

· . ,day has reach~d a level of 32% above the normal. 10 mgm. • of 
· testosterone proprionate · , · 

/ therefore. has increased the elimination' of crea.tinine on' 

the da.y of injection and maintained this increase for three 

days. 

146., the control. animal, does not show any alt,eration 

in c:reatinine elimination. 

/TABm IV. 

/ 
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TAB:IJC IV. 

Date :U:6 .Y 

Pre period 68 95 

15. 6. 37 72 94 

X 16. 6. 37 8'1-x. 90 

17. 6. 37 82 96 

18. 6. 37 78 95 

19.6.37 82 100 

20.6.3'1 65 89 

21.6.37 '18 96 

22. 6. 3'1 67 100 

23.6.37 6'1 100 
' 

16. 6. 3? l5J11811 B.I. 
Control 

ll6 re ce 1 Yed 15 mgm of teatoaterone proprionate and this 

resulted in an increase of 26% on the day of injection. 

Thia increase is maintained tor at least four days. On 

the 21at, that is six dayu after injection, the creatinine 

elimination ie again high, thus the effect or testosterone 

propri~nate 1• greatly prolonged • 

/TABLE V • 
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Date 113 114 ¥6 

• Pre,2eriod . :• . 6? ·, 4g 68 

a.1.a? 62 39 61 

x9.'1.37 61 39:'lt 68:,-t 
, 

· 10. ?. 37 72 51 ao 

11. ,. 3? 63 49 '16 

12.?. 37 69 53 83 

13.7.3? 64 48 .. '18 

14. '7. !'1 73 aa 66 

- l,5.,?.,3'f I 
74 . 37, 64 

I . 
InJectio?!!,: 

Nonil"' 
.9 ,_ 1._a.:, .. tn~1c1=ed 

ControL 
15 msm .. 10 §111 

.. 

Again, with the f.rtJection of the testosterone prop-

rionate, · there · is an increased excretion of creatinine • 
' . . . . 

which persists tor four to five days befor, the creatinine 

falls to the normal level. It is notable that in this 

experiment the oreatinine output did not rise on the· day 

ot inJ eetion1 but on _the fol.lowing day. and. that . thia rise 

persists, so that .five da)'s after injection 'the _orea.tinine 

level is still high • 
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TABIE VI 1 

·Date 1l6 Jll2 -· 
Preperiod • .68 65 

2.6.37 ?4 00 

xa.6.37 85lt .· '10 
\ 

' \ 

· 4. 6.3? 85 .. 
' 

5. 6. 3'1 82 .69 ·. 
\ 

\ 

6.6.3'1 '16 68 

7.6.37 ,o 66. 

8 1 61 37 61 '12 

:5. 6. 3'1. 20mgm lion• 
Testosterone injected 

• I 
' Pr.091'1.o~at!} Cpntrol, 

20 mgm. of testosterone propr iona t e inject·ed into )[6 .did not 

cause any greater increase than did 15 mge. (see Table Iv). 

but, onoe again. the increase is on the day ot injection. and 

this persists for four days. 

Dis CUBS 1 on: 

Testosterone proprionaite .• in' a dose o! f1 ve mgms., causes 

an increased output of creatinine on the day of injection 

in <.me rabbit and in two other no:nna.l animals on the.· third 

day ot injection. In the .recent· castrate ot leas than 

f"ive weekS standing it also ca.used an increased elimination· 

ot! creatinine. This, however, wa:s not apparent in the . 
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recent castrate of two and a half months standing. in which 

the pituitary is ,:eganled as .having reached the transition 

stage. 

In doees .ot 10 mgms. or more inJected into normal· 

rabbits, the _increased e11ininat1on of crea.tinine occurs on 

the da.y of i·nJec"tion in the ma.jori ty or experiments, a.nd 

· this rise ·persists for four to _five days.. The creatinine 

excretion ·then retu ms to normal • 

. If the results obtained with testosterone proprionate 

a.re compared.- with those ot testosterone, it is at once 
)llOre 

apparent t·mt not only smaller doses of' the estel:' are/effect-

ive than the- pure hormone., but this effeotiveness is greatly 

inorea.sed and: prolonged.,__ Just as Parkes et al. have shown 

_that the &lower absorption·and.excretion of testosterone 

proprionate have a greater anti more prolonged action on the 

growt'.h of accessory ·se~ organs, it seems» too, tbat the 

stimulatoxy aotion of testosterone on the pituitary to produce 

an increased creatinine excretion, is augmented and of longer 

duration 1 :f it is administered i.n the esterified form. 

S u m_ in a r Y. 

1. · Inject ions of testosterone propricnate in doses ot 

5 to .20 mgm. ·rfjGult· in an increased elimination of 

creatinine in the urine. 
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2. The. increase takes place on the d4¥ of injection. 

It ie prolonged. for three to five days if doses 

of 10-20 mgm.s are administered. 

4. The et:fecti veness of testosterone. on th.a pi tui ta.ry 

· is greatly inereaoed and prolonged if administered in the 

form of testosterone proprionate • 
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INJECTIONS OF ANDROSTERONE INTO NORMAL ADULT MALE RABBITS. 

· Crystals ot Androsterone are prepared from ad.ult ma.le 

urine. (These are referred to in the int'roduetion). 

Androsterone is less active than testosterone on the accessory 

sex organs. of t~e rat and the capon comb. , The crystals 

we;re dissolved in olive or nut oil.and injected. into adult 

male rabbi ta, the same methods be.ing ·adopted as used. in the 

previous experiments. 

• 

Date 

. ,Preperi od 

11.10.36 

x12.10.36 

13.10.36 

14.10,36 

16.10.36. 

16,tO. 36 

Injection: 

12.10.36 

TABLE. I, 

A B C F. 

·S,3 . 40 50 

80 46 45 ?3 

90. 43x 55 x 8lx 

84 40 53 75 

85 36 62 ?5 

83 · · 45 50 '10 

a~, 43 ,5& 76 

Non-

D 

45·. 

44 

46x 

41 

41 

48 

49 

·1nJecteci 5qm 14nlgm 5mgm lOmgm 
Control 

The above data .. shew that administration of 5 or 10 mgm 

of androsterone will not affect the creatinine excretion. 

14 mgm, h,owever, does result in an increased excretion of 

21% on the third day after injection. This effect ia very 
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traneitot1' and on the:f'ollowing day the crea.tinine elimina­

tion is again ·at the -a.v.erago daily level. . Thus the effect, 

which is very snort•lived •. requires two days. before the 

pi tuita.;-y i,S Stimulated. to .ill0l'8$Se the Creatinine level. 

'TABLE II:, 

I Ii • JI 
Date ...... _ ... i2 A 

Pre:geriod 4& 90 .. . [ !is ' 

1,.2.3? 45 91 

x1a.2.s7 47X 86 

19.2.~?-- 50 86 

-1?0. 2. 3'1 '70 69 

2lj 2. l'l 62 95 

22. 2. 3'1 66 91 

as. "gt !,7 • - .}JO - 87 - '.Vil 1:n:1 • .. 
»2 injected with 15 mgm an<lro,,terone on the 18th. 

A was the control animal which was injected with 6 ml saline. 

Tbe results indicate that injection of 15 .mgro of 

androsterone result in a 40% rise ott the third day after 

inject1.on. The ·following day the crea.tinine · excretion is 

still above the average but falls within the next 2.4 hours 

to ncrml • 

/TABLE III-. 
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Date R3 IO.l 

P:teae riAd · 67 '71 

a.?.37 62 ?O 

x9. ?. 3?. 67 .'79X 
., 

10.7.a7 72 63 

l.1~7.3'1 6.3 95 

12.7.37 69 83 

13. , .• 3? '64 68 

14. 7 .·~·7 13 66 

15.1.3'1 '74 69 

In.1ections :, 
Non• 

9~7.37 injected 20mgm. 
· Contro'l 

Inject ions of 20mgm p~oduce a 34 % rise on the third. 

day after injection. This riae persists for two days; the 

increase on the second day being :only 1.5%. · The :f'o'llowing 

day it returns to normal. 

11,iscussion, 

From the above results we see tl:la.t . amounts of a.ndrosterone 

from 11 mgm to 20 mgm will ca.use an increase in· crea.tinine 

elimination. Only on the third day after !njection does 

the increase in the urinary creat'inine become apparent, and 

this increase is not sustained for more than two days. 
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Doses of ·~ and 10 mgms have no effect. 

S um.ma r z, 

l. Inje,ctions of 14•20 mgm of. a.ndrosterone produce an· 

increased output of creatinine on the third day after 

1njeatio_n. 

2.. Thia increase is .only of tt10 days du.ration at ·a 

mx1mum. 

3. Administration of' 10 ngm and 5 mgm of androsterone 

has no effect on crea.tinine metabolism • 
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INJECTION OF ANDROSTERONE BENZOATE INTO NOSMJ\L J\JJ..ULT MALE 
J.Y,.,PITS 1 

Androsterone benzoate in the form of crystals was not 

obtainable but Proviron (Schering Kahlbaum) is a proprietary 

preparation ot Androsterone benzoa.te. In the tables the 

actual weight of androsterone benzoate is given. 

Testosterone proprionate was more effective than 

testosterone and, similar~, an ester of androsterone is 

shown below to have an altered effect on the creatini.ne ex­

cretion. 

Date 

Pre period 

14.7.36 

xl.5.1.36 

16. 7. 36 

1'1.7.36 

AB,7.36 

TABLE .I., 

A 

'13 

65 

82-x 

103 

88 

?5 

F 

'10 

66 

so~ 

105 

86 

5S 
1 ' 

In.1 ections: 

15. 7, ~6 10 mgm , 10 n;e._ 

There is a ·slight increase on the day of injection. 

This is greater on the following day and tb.e creatinine ex­

cretion rerrains above the average level on the third day, 

although the increase is not quite as, pronounced as on the 

second day after injection. · 
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TA13IE II. 

Date A C F 

Pre;eeriod 74 50 72 
1S.8.Z6 68 56 75: 

xl.9.8.!6 77~ 56 74 :K. 

20.e.sa 90 49 90 

21~8.36 98 44 90 

22.a.sG 91 ·50. 66 

a3.a.ze_ . o? 51 .. . , 
"Non• 

·, 1 ·, 

19 .• 8.36 14. 5mg inject- 1s·.0mg 
ed 

I I t • . .. ,contr;e.1 ... 
In this experiment 14.5 &nd 15 mgm. of a.ndrosterone 

produce an 1norea.s·e in creatinine elimination on the second . 

day after inJ e ct ion. This raised level of the creatinine 

output persists foi- three days before it returns· to normal • 

. The rise, howevert ie not as :ma.rked as wi;th.. the smaller 

dose of 10 milligrams (Tao1, l ). · 

TJ\l3L'§ I 11 ... 

Date A c· F. 

... Preperioq,_ .. ·s2 49 
' ' 

71 
I 

.. 
15. 9.36 aa 48 72 

xl.6. 9.36 ao~ 47 66'Jt 
Urine 

17. 9.36 lost 56 a2 
18. 9.36 98 48 86 

·Tl 19, 9,36 · 79 49 77 
Injections 
1e 9~.36 'I 5mu.UJ C.a,,. t T'f)' ? nnw'UI 
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Unfortunately the· urine .from A wa.s lost on the day 

following injection. but both A and F exhibit no ·alteration 

in. the creati.nine level on the_ day of inJ ect1on. · -On the 

following· day the. output ot crea.t.inine he.a risen and on the 

tb.ird day both A fil.mi F show an increased elimination of 

·c:reatinine. 

Di4cussion,, 

Injections of androstcrone benzoate in a.mounts of 

? •. 5 .- .ao ingm re'sult in an :incr~ased. amount of creatinine in 

the urine, eith.er.on the day ot injection or the day follow-

1ng. 'This rise -is l!laintained for two to three days. If 

these results are compared. with those obtained w.ith the 

pu:re hormon_e, it .is obvious that the ester is more effective 

and bas an action w.hicb. is more prolonged.; fer i:f' a.ndroster­

one b~- 1n.1ected the increase which only occurs on the third 

day after J.nJeotion ts not sustained. As with testosterone 

proprionate, the augment-ed act.ion Of androaterone, if 

a.drniniutered' in the f'o.nn' of an ester. is probably due to 

slower absorption and excretion~ 

Thus. from the whole serie_s of experiments; we see 

-- __ tha.t the ester ha.a an greater effecti Veneas than the pure 

ho:imone. and this -effeeti.veness is not onlJ' increased but 

greatly prolonged. 



-161• 

s µ tn m .a l ,Y, · 

1. Inj,ection of '1.5. to ·20 mgma of androsterone benzoate 

ca.uses an increase in the a.mount of creatinine in the urine. 

2. This increase persist.a for two to thret·. days. 

3. Androsterone benzoate stimulates the pituitary to 

a greater extent· and for a. longer period ~nan a.ndrosterone,, 

as shown by the different creatinine eliminations in both 

cases. 

1. Te.etoster,one and and.rosterone in sufficiently large 

amounts :ptimulate. the anterior pituitary to produce an 

increased amount of creatinine in the urine. 

2. Their effectivenes.s is increased and greatly :pro­

longed if administered in the form an ester. 

3. This increased and prolonged effectiveness is 

probably due to slower· absorption and exc1~etion. 
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EC»AU SE,X- HORMONES, .... ----- . 

INJECTION. OF- OES,TIVJ.)tOL BENZOATE INTO ,NOHl!,\L ;t\DULT MALE }W,BITS., 

In view of the work by Korenchevsky et al. on t·he duplicity 

in function of the male and· _f.ema.le SE!X · hormones, · Progynon B, 

O leosum, forte (6chering Kablbaum) i.e., oestra.diol benzoate. 

was injected. 1nto nonna.l adult niale rabbits and the crea.ti-

nine output following administration estimated. An attempt 

is thus ;made to c.orrelate this work o~ crea.tinine ~ith the 

results obtained on the accessory sex. organs by admini.stra.-
' . 

- tion of the female sex ·hormon~~. _ in adciition, all the . 
~ . 

hormones used in this series ha.Ve come under the bisenual 

or partially bi.senual grou.p of~ hormones in which the chief 

aotion has been either a male or t:ema.l-e. on6, or both. 

i' 

In view of this the alterations in oreatin1ne metabolism. 

if either .female or male sex b.oimonea a.re inje:cted, should 

bear ·some :relation to · one another. 

TABLE ,I 1 

l>a.te ·us r...,,... 119 10.2 

Prepe:riod .58 59 , 65 

2.·'1. 3'1 se 55. 60 

x3.7.37 48x 57:,c. 70 
4.7.37 '7,2 69 ·~.' 

5.7.37 43 43 69 
6.?. 3'7 66 ?5 68 
1.7.37 53 77 65 

· a.?. 37 __ 56 ' 64 '12 
inJections: · 

- I If i , 
N.l~C - non-

!. 7. 37 5mgm 7. 5mgm N. I. C. i8ritfe!da.nimal. 
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These results indicate• firstly. an increase in the 

elimination of creat inina on the da.y following the in• 

jection. The next day there i a a lowered -urinary oreatinine 

. which, in t'1m, gives place to another increase in the 

creatinine output. In each case the d;:f'fe:rence is s.igni• 

flcant and doea not lie within the limits of a normal daily 

variation. Th.ere ie, therefore• ti.rat a rise. above normal, 

then a fall below nolnl.al a.no. finally. a rise again above 
' ' 

.normal in the output of urina.ry crea.tinine before the 

normal level is again reached. 

TABLE ,I,I. 

Dat·e Jd3· MS ll9 mo Hll 
Prepe.i:iod ...... 67 

. 
"'_.,, ,__... 58 ,64 *""' •.• 95 : . 71 • • 

8. 7. 3'1 62 56 54 91 70 

x9.7.37. . 67 62x 60.x: 92X 79x 

10.7.37 72t 46 46 70 60 

ll. 7 .. 37 65 60 -61 105 96 
,.:\ /it 

~12. 7. 37 69 ea 74 110 83 
'' 

13. 7.'YI 64 58 64 104 68 

..... 14, '1.~7. 75 57 57 88 62, 

lnj e ct ions;, 

9.7.37 N.I.C 15mg ·15mg 10mg 10.mg~ 

In this aeries of experiments there is O'nly a biphasio 

alteration. '.No significant .rise precedes the init_ia.l drop, 

but this fall in ereatinine excretion in each of the four 
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rabbits, but tha.t ot. the control, is followed b;y-· an in.crease 

1n the a.mount of urinary crea.tinine. There is, therefore, a. 

distinct diphai;;ic rca.ctioti.. in which the c.rea.tinine output 

fi rot dimin.ishee in quantt ty and then increa~ea. 

The main results give a diphas.ic effect • .Here a large dose 

is tioed, but with injection of sn:aller doses of 6 and '7.5 

mgtn a tr.iphasi c :reaul t was obtained. These, however• only 

.represent two of the results, and although the· chief figures 
. · re . 

do indicate a dipbasic/acti.on, · more data is really neceesaryo 

This dipha.sic .reacti.on tfs.S not obtained if testosterone 

or andro:aterone or their esters were administered. 

Theae dipba.sic e:tfe.ot.e a.re veey similar to those obtained· . 

when ,extracts of adult mal.e urine or Proviron were used. 

It is ditf icult at this st.age to suggest an exp~ana.tion. 'for 

'The difficulty 1-& enhanced. by the fa.ct that .tn the 

cne case ~ pure crystalline produet of known composition was 

· used; whereas .. in the other a crude extract or urine· was 

1n;J eat,ed .. In both cases, however, ·1t ii, probal)le that the 

pituitaey- is first inbibited and then stimulated~ 
. . 

In all these e~periroents with synthetic prepara.tion,s 

confirmatl'lry expe·riments are really necessaJ'y. Work in 

this laboratory was s:omewhat limited owing to _the small 

amounts of these pure crystalline products available. 
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·:s u m m. a r l• 
t • 

l.. 10 • 15 mgm. doses of oestradi.ol benzoat~ result in 

a tall in creatinine excretion below the normal 1·evel, 

followee by a rise above the. normal level two days later. 

2. Smaller· doses ( 5..:1. 5mgm) suggest .a triphasic ef'fect1 

a rise,followed by a fall.below normal, and., finally. a 

rise above the average level. 

3. The main effect of oestra.diol benzoate on the ex­

cretion of creatinine in .the urine ia a definite dipbasio 

one. J ....__ 

4. These l"esults $how a. similarity between the effect 

obtained by oestradiol benzoate and adullt male· urine ex• 

tracts. 
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l'!,~gTION OF ANTERIO~...fITlUTARY: EXTRACTS .I~T.O NOP.MA~ 
· . . . ADULT ltALE RABBITS. . . . . 

ln the introdu.ctton, the work of several investigators 

on the pi.'tuita.ry and. creatinine metabol11:un ha.s been dis ... 

cussed. Perhaps· the first· conclusive work i.s that of 

B:raier (1931),, wno r.amoved the anterior pituitary and ob­

tained a.· dthirease in tile ~mount of cl'ea.tinine eliminated 

in the urine .. This associated the anterior lobe of the 

hypopb.ysia ·d~ reetly with creatinin~ me.tabolism • 

. Extracts of th.e anterior lobe were prepared as des­

cribed p're"Vio.t1slyana injections were made into no:rmal 

adnlt, male rabbits, of which the normal average daily 

urinary creatinine h~d been .carefully determined. 

In· some experiments Antui.t.rin was used, and. in others 

.Ambinon. The majority of experiments>· however •.. were 

performed with the extracts of anterior pituitary produced. 

by· Bellerby's method, in this· laboratory. Antu1.trin is a 
- ' 

preparation of tne anterior lobe produced by Parke,-Da.vis, 

and Ambinon an anterior pituitary extract prepared by 

Organon. 

/TULE I .• 
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11 ;t?tt.e .. a E F 

- !Ifft I ,,. I rt •• ... . .. '~Iii ' ,..,~, , .. 
- P.rei!t;1o,.d 61 

Ir 
63 ·. · '14 ; ... ' - t ,...,, Plii ~· f . • ... 

2. '1.35 

x3. rt., 35 

4. '7.35 

5. '1.35 

s. '1.35 

,. ?.35 

a. 1.35 

. 9 ? 35 
- d J - ' ..... JI:. . 

.59 52 66 

&ht 6l'Jt 75::it 

69 69 ?? 

10 '70 65 

9.l 90 102 

65 Gl 88 

61 60 85 

57 · 63 68 
°!.E.""and0 

.i' i'n"fected with 
2 mls. 3 mla ana. 3 mls 

. respectively in mich l. ml ·. 
is equ:1.valent to . 650 mgm 

. · O,f ·t&ss·U€f,• . , , , • ,,,.,,. ,• F T 

Inj.ections of anterior pituitary .extract a.re followed in 

eV€>ry ease by a definite increase in the urinary creatinine. 

Tld.s is confirmed. in several lateir sets of experiments. 

TABLm ·~l•+ 

Date A 

13. 2.35 70 

xl4. 2.36 ?5x 

15. 2.35 97 

16. 2.36 85 

58 l' 80 108 

69 J.01 

?9 

llS 

109 

114 

_ 14. 2. 35 , _:~ml .. · · 3ml-2ml . 
1 

:«. I, C. 
l. ml is equi vs.lent· to 76j ... mgm of anteriol" lobe tissue. 
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T'ne above. rest.1lts confirm those obtained in the pre.vious 

table i.n .that there is a distinct inoreaae in the amount of 

crea.tinine eliminated in the urine on the day following 

injection. In the thx-ee rabbits injected each show this 

r1se. · This varies:..: 

Animal A. showed an. increase of 42.% in response to 
the· inJeotion of Z mls of extract. 

Animal ll, which also received ·s mls; gives an 
· increased. output· Qf ~4% • 

. In Jmimal fl, which was inJected with 2 mls o.f the · 
extt"act, there was a riae of 14% on 
the day following inject.ton. 

These 11.igh levels return to normal within one or two da:,a~l: 

Date. No. -4 llo.A No.B. 

13. 3.3p so 70 68 

xl.4. 3.35 87 75')(: 46,c 

15 • . 3.35 84 9? GS 

16. 3. :55 75 ,s 56 

17. s.as '76 .?2 -. 48 . 
...... ..i..ili, 1 .. 

14 •• 3.., :5,5. lf, I .• a. 2 .ml 2 ml tn .. 

(l ml - 712 mgm. of tiss11e). -
With the dose of 2 mls there is again an increased· 

e.xcretion of crentinine in the urine. This result is 

confirmed late,r, where extracts of anterior -pituitary· are 

.injected into normal animals Which act Q$ cont;rola, 
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when the e:ffeot of the anteri,or lobe .extracts on castrated 

animal is being.investigated. An ext·raet is regard.ed a.a 

active .if an injection of 2.mls /will increase the output of 

crea.tinine in the urine of norma.l. adult .male rabbi ts. · 
; 

Besides the anterior pituitary extract, preparations 

of Ambinon and Antuitrin ha.Ve been administered in the' fo~ 

of subcutaneous i.njeotions. 

Date 
a:.- * • Ii .. 

"ll? .. 1!1)2 

11Pt,eP9riod 51. • rr 
65 ,., ............... 

2. 7.37 51 60 

x3. ?.37 55X 70 

4. 7.37 69 . .... 

5. "I. 37 67 · 69. 

6. 7.37 5? 68 

7. 1. 3? 56 
- b. 

66 

JI? was injected with 4 mls Ambinon on the 3rd July. 

TRts resulted· in an increased urinary creatinine on the two 

days followir.g in.jeetion. 

This result was repeated using cast.rates and will be 

discussed later. Injections of Antuitrin wer$ also· used,. 
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- Date, . ...AL K6 

P:reperiod 48 68 

16. 3. 3'7 53 '11 

xl'1. 3. 3'1 55x. 62x 

.1a. 'l,. 37 69 84 

19. 3. 37 59 74 

20. 3.3? 60 '16 

.21~ 3. S'1 45 69 

- 17 • • . 3.'37. · 2 mls 2 mls 

On lfarah l'lth 1'2 and :Me ~ere each injected with 2 mls. 

of Antuitrin. which resulted in an. increase in the output ot 

·. crea.tinine on the day :following the tnj eotion. and on the· 

two succeedirJS days the erea.t,inine level is still above the nozma.l. 

average leve:J.. 

... Date _ ¥4 ).{6 " 
l '1. 2.37 53 60 91 

xis. 2.37 50x o9x ea 

19. 2.37 10 82 86 

20. 2. 7:ll : 65 80 89 

21. 2. 37 54 "14 95 

22. 2.37 62 63 91 

,23, 2.:sz 63 • • 68 8'1 
•11:up 



• 

February 18th • Nos. 114 and M6 were ea.ch injected with 

3 mls antu.i trin. A· injected with 3 :mls brain extra.ct. 

In both cases the . rise occurs on the day following 

injection, persisted for another 24 hours and rapidly 

returned tonorma.l. A showed no alteration in oreatinine 
output. 

Diso.ussion. 

If normal adult male rabbi ts are injected w.ith 

anter.ior pitui taey extracts prepared in the laboratory, or 

proprietary preparation~ e.cntaining.the active Stib~tance · 

of the gland. ereatinine excretion rlses above the normal . 

leveJ. • 

Castration causes an increa:sed. oreatinine excretion,· 

but this eff.ect oomes on very gradually; being retarded. 

as it is dependent upon the bypertrophY of' the pitttita.ry. 

Relatively quicker is the decrease in urinary crea.tit1ine 

produced by hypopb.ysectomy, thus i ndlca.t ing that the 

anterior lobe ha.s direct control. over the elimination of 

creatinine. . .Both hypertropey (due to castration) and 

injection of anterior pi tu.ma.ry extra.ct~ inerea.se .the 

amount of oreati11ine in the urine. The effect of hyper• 

trophy of the ·pituitary on various organs has been shown . 

to be due to increased production and sec·retion. This 
. ' 

evidently occurs here as well, the increased. secretion 

bringing about a.n increased creatinine· excretion, as · 
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shewn by the increased elimimtion with injections ot 

anterior lobe extracts • 

. The act.ion. however, of th.es~ extracts upon the . 
" 

.rei:ent oastrate in· both stages ·should' throw more light 

on the subject. 

su. mm a. rz,· 
Ill 41 I • 

1.. . Inject.ion of anterior pituitary extracts·., 

antt.ai t:rin er ambinon, l.eads to an i narea.sed eliminat 1on 

of urinary cteatinine in norma.l .a.du.lt ma.le :rabbits • 

2. Tllis points to a direct control of creatinine 

metabolitJm by t.he anterior lobe • 
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INJECTION- OF ANTERIOR PITUITARY EXTRACTS INTO RECENT 
CAS.TSATES. ( rn) . " 

As mehtio.ried before, recent castrates are divided up 

into two types • (a) those which have been castrated tor 

. six weeks or less, and in which the pi ttti taey is not regarded 

as having hypertrophied .and (b) · those in which the pituitary 

is regarded as having reached the t 0ransition stage although 

there is no increased urinary cren.tinine. 

· The first aeries o.f experiments· deal with those· 

animals which. .have not been castrated for more than eix 

we eke. The preca.st ration level of crea.t in1ne excretion is. 

otill maintained •. The extra.eta Vlere prepared· as dis.cussed 

be£ore and control .injection'! were made into norm.~.l animals 

to determine whether the. extracts Wel"e tt.(lti ve or not. 

If an increase in a;i;ea.tinine excretion did not .follow in•. 

Jection into the normal animal,· the extract. was regarded as 

1nacti ve. (Actually, · theTe ,,as never· any occa.aion to dis-

card results for this reason in the v1hole aeries of experiments) • 

TABL'E I. 

Date I p • '/! L • 

$ 

12. a. 36 58 58 
xl.3. 6.36 62~ 50~ 

14. 6.36 73 68 
l.6. 6. 36. 64 62 
16. 6. 36 64 64 
l?. 6.36 65 56 

. 16. 6. 36 1 67 . 56 
T!,bl.e of ln,l ect ions.J.. 
13. -6.36 5ml 5ml 

A. P.E A. P,.E 

Jl 

o5 73' 
66. I 

1fif 
65:x: 72 
ez ?7 
67 • 80 
65 74 
60 '15 
61 75 

4ml ?,\ N. I. c. 
A.F •. l'.!J 

. - 60 
63 
53 
55 
60 
58 
55 
62 

Sol-utton 



~--

"' 
·• 

,-

• .. 

• 

·~ 

.. 1ao-

Animals L I - ' .· o 

•• 
·R C - R c.: Nonna., Nonna.l ·- R C . 

1 I 1• Jil I , • n ,. r - . ,::;.n Qi . • · a !rii _ II...,. 

l ml : 750 mgm ot ti,.aaue). 

In the control animal injected witb anterior pituitary 

extract there is ·an increase of urinary ere.atinine on the 
. . . . 

day following injection. The two recent castrates M and L, 

which ea.eh .received .5 mls of A.P.E. • also showed an increase / 

on the day following injection; but the urinary oreatinine 

of' both the control animal -~ one a non•injectecl rabbit_ arid 

the other, which received 5 mls. of Locke's Solution - did; 

not alter from the normal daily level. 

TABL'E Iii 

Date K L 

,l!i:eJ!.e J?J. .. ocl, .. 60 
pis, t 52 

6. "I. 36 64 67 

x'1. ,.so '73:x 64jc: 

a • 7.So 73 tS2 

9. 7.36 68 57-

10. 7i,36 57_.· 50 

Table 0£ Inject ions: 
T •• ntlk I 

7. 7.~6 6ml 4ml 
A.P.E A.P.E 

Ji 

66 

70 

?Sx. 

67 

63 

67 - -

4ml 
~.P.E 

.N .o 

.'13 60 

70 59. 

71 69 

74 GO 

64 64 

oO 65-
• .. 

N. I. C. 6ml 
Brain 
Extra.ct 

l ml -:. '150 mgm fresh anterior lobe or bra.in tissue. 

A\nirl'.la.l · R.C R.C. Normal · Normal R. c. 
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These rabbi ts were castrated on the 13th .iiay; therefore, 

. they were not yet recent castrate& of aix weeks .standing 

a.t the time or 1 n.j~ec t i en: 

: Again, these recent castrates showed an increased 
. . . ; . -

urinary· creatinine on injection of antel"ior pituitary 

ex.tract. The normal animal, tQo. has an incr~aaecl 

crea.tinineelimlnation. whereas there is no alteration in 

the creatinine· level ot non•inJected animals. 

TABLE III. >· 

Date - E .. F Yl 

, .. f,Ee;ee,:;1,od, ... .... ~§2 • ,,72, I • D t I 
96 ............... 

a7. a.55 70 ?'1 101 

X28. .2.55 aa~ 75x 90 

1. 3.36 · 86 ae 92 

a. s.:ss ,o ?9 98 

3. :3. 3S 68 ?5 96 

4. 3.35. 68 eo 100 .. 

I i s .. 3,,36 tW 71 9? ,· •• iM 

InJ a ot,:;.,9_.n.~ .. 

28. 2.35 3ml 3ml N.1. C, 
A.R,.E,, • .4.·lz.E " I • ....... 

Animal • ·.R.C _.;..C,,I,.. llorma.l 
...... - - • It 

(l ml of extract is equi Ta.lent to 712 mgm of 
tissue). . · 

E was castrated o.n 14th Februaryf 
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On the 15th l!arch. E and F were again inJected with 3 mls 

of Anterior Pituitary Extract and, as in Table III, there 

wa.s an increase in urina.r=y creatinine on the day f ollow.ing 

injection, a rise which was sustained for two days before 

the crea.tinine excretion a.gain tell to within normal limits. 

Antuitrin injections were next given a.nd the results 

are shown belo.w:""'. 

'!'ABLE IV, 

Date E. F Al 

Preperiod 62 ?2 ' 02 .. 
a. 4.35 56, 70 56 

x4. 4.35 56:iit "18~ 50 

6. 4.35 so 96 69 

6. ,4,. 35 60 70 56 

''Z .. 
'·· 35 

58 ?O 53 

~ ... 4. ZS 58 '10 60 

·'· 4.:35 3ml 3ml N. I. C. 
Antu1trin. Antu,11:.,.. 

rin 

E, _the .recent oa.strate., and F, the normal a:nima.l, were 

ea.ch injected with An·tuitrin • Just .as ·with extracts of 

. the anterior pituitary, there is an increa.eed 01.1tput of 

urinary erea.tinine on the day follov,ing injection. ln the 

.case of a.ntuitriilt injections, this. increase is not sustained, 

but rapidly retums to normal on th.e day after the rise. 

\_ -
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The second series ot experime11ts was performed on 

animals tha.t: had been ca.strl\ted for tw.o to f.our months; 

a.nd. in Whi.oh tl'!,e pituita.ry·is regarded as haVing reached 

a transition or refractory stage,. althOugh ·there is, as 

· yet, no post castration increase in urina.r:t creatinine. 

Injeotions of testicular extract tailed to produce any 

alteration in the creatinina excretion in these rabbits. 

In these animals the·avel'l\ge daily creatinine elimina.•· 

tion is estimated for a week be.fore injection. and only 

those animals wbich do not show a poet•castra.tion increase 

are used, provided they have been castrated tor two and a 

.balf months • 

Date· . T2 T6 F ,Al .. 
&teP,eriod 53 81 63 G4 

12. 9e35 ·oo 82 66 63 

,a.a • . 9.35 6lx eo~ . 62:l{_ 64 

14. 9.35 159. 71 '19 60 

15. 9.36 68 96 '76 5& 

16. 9.35 56 74 70 64 

.l ~ •• 9. 3§ . 58 '18 68 
* 

.. 60 
11*"• 

Table 
T I o.t lnJecti~ne: 

13 •. 9. 35 3ml 3ml 3ml · !i. I. C 
A?P .E A, p .:s. j\. p .E., 

Animal a. c R. c Control normal. 
.. •. " t 

1 ._ .,. ;J},a,8Q -I 

castrated 29. 5. 35 2. 6. 
35 • 

... 

1ml: '174mg 
tissue. 
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Thus the creat inine excretion increaees ~·although the 

animals have been castrated for three and a. half months. 

Using testicular extract, the pituitary,, .in its state. o.f 
. . ·· ante rt or pttui tary 

transition. was not affected. Here, however, the/extract 

appsara to have· a direct e:ffect on the creatinine meta'boliam. 

Anine.ls !2 a.nd· TG 'both show an increased excretion ot 

cr·ea.tinine, as does the normal .animal. This increase oceure 

both in 72 and I.on the day following. injection, but it is 

not appa.re nt in TG, the other castJ"ate, until the second day 

after administration of the extract .. 

__ ......,D_a..,.t .... e ..... ----·-• _...T.,lll,~""·----·--i:, ... e,,,__ .. __ ....,A-.., __ 

-· Pre1;mi:1,94 __ , 

22.8~35 

xaa.a.35 
24. 8.35 

25. 8.35 

26~ a.as 
... a! .. a, 36 

53 · 81 ~-~- .. 
50 75 

66x 80 

64 84 

5'1 88 

48 82 

51 80 

..... Gj , 

82 

70 

69 

.. 63 

T2, a recent castrate, and A~ a normal tt.?li:ma.l, each were 

inJedted with 3 ml of anterior pituitary extract (1 ml = · · 
680 JnSl1l of tissue). J3oth show a rise in the \lrinary creatinine 

on t'l-1$ da.y following injection. Th.ts .rise is suetained in 

neither case and falls to the a:vera.ge n~rmal level the next day~ 
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Date E 

Prepari~ds 62 

19. 4.35 60 

. x20. 4~36 61~ 

21. 4.35. ?8 

22. 4.35 66 

' \ I ,> ,,., 

F 

72 I 

70 

· ·salt. . 

90 

?9 

'"". 1•'7t1;o~t':1'"7'.~~Y!':<::•, ... 

A 

62 

59 

56 

60 

62 

23. 4. 55 ,· 60. 72 50 !nJeot!ons: 
20.4.55 
E & F 3mle 64 71 51 

I .. • - A, N. I. C, · 24. 4.36 . 
On the· 20th April E and F were ea.ch injected with 3 mls 

Anterior lobe extra.ct. El is a castrate of tw,o and a half 

morithe I etanding, and F is a normal animal. A is the noma.l · 

control~ The injections resulted· in an increa.se in urinary 

cr.eatinine as f'ound with the other experiments. This rise 

again occurs on the day following injection. and in.the 

l'ecent aastrate it· .is back to no~l the following day. while 
. . ' . . 

there is still a slight increase in the creatin1ne excret~on 

in the normal a.~imal the next day. This is not sustained. 

Dismtssion. 

Control injections .of anterior pituitary ext~ot int,o 

no.rmal animals con.firmed the findings discussed earlier in 

the ~cries, of an increase in urinary creatinine. 
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.Recent castrates of lea0 than two months standing, 

if' .injected tli.th these same extra.c't;s alee showed a rise in 

the creatinine level.. Th11s 0 the ~xtraot wa.s not acting 

through the testes, but d1~eetly on creatinine metabolism. 

In the normal ani.mal the pituitary can ~e stimula­

ted by te$ticul.ar extracts. The a.ninla.l is then oastra.t&d. 

After oastr.a.tton the pituitary at tirst oan be stimulated 

by the testicular extracts, but the gland $ee~e to pa.as 

gradually into a refractory stage. This pe:rsists £or 

about two to four months. The anteri,or lobe then reaches 

a stage :i.n whioh it is inhibited by injections of teat.1• _ 

cular extract. Thua the· oru.cial ,exper:b~nt he~ was 

injection of anteri.or pitu.i t:u7_ e,r;tract 1nt,o animals in 

which the pituita.17 1s in the re:f'mctory or transition 

phase. 

Animt.tls va..rying .f'rom two and .a half to fou.r months 

were used. ·But injections of the anterior lobe cont;linuect _ 

to g'i ve an increased excretion ·Of erea.tlnine on the day, 

following injection. This re:sult had also been obtained 

both in the nonnal animal and in t!le recent castrate of 

less than twomonthS' st:lnding. 

Thus it seems tmt the anterior, lobe extra.et acts 

directly on creatinine metabolism and that the a.nterio.r 

pituitary in the normal animal controls tru.e metabolism 

dlrectly and not through an action on another endocrine. 
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These expel"iments thus provide oonfitmatory evidence 

that changes in creatinine elimination .due to castration 

.and injections. are referable to pituitary activity .. 

s um m a r 1,... 

·1. Injections of' anterio.r pituitary extracts into 

recent ·castrates ca.use an increase of urinary crea.tinine. 

2. This increase .occur$ on the day :following injection. 

3. This suggests a. direet control ot creatinine 

metabolism by tb.e pituitary. 

4. - Thi$ rise o_ocur.s in any recent c,7;st1·a.te not 
. . 

ab.owing a post-caatra.tion inorea.sed urina.l"y crea.tinine. 

f>. TtiEUile results, the ref ore, indicate a d.ireot 

action on creatiriine metabo_lism by t11e extract and, there ... 

fQre; also indicate direct control of-· creatinine metabolism 

by the anterior :Lobe of the pituitary. 
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I.NJECTlONS OF EXTRACTS OF THE ANTERIOR PITUITARY 
INTO LONG-STAlIDil~G CASTRATES_, lMALE) ,-

Long•standi~ ea.strates are :rabbits whieh,l'1ave reached. 

a high creat1nine level,· considered to be due to the hyper•·. 

trophy of' the pituitary following castration. · In the pre• 

· vious eet of exper.iments, the direct action o,f the pituitary 

on crea.tinine metabolism has been indicated, and it ·rennins 

to determine t·l:le ·result of administering. additional anterior 

. pit ui ta.ry ho linone to an animal in whi ch the pi tu.i ta.ry, now · 

enlarged• is prod·ucing a na,ximum ot · the hormo.ne. 
. ' 

This will be interesting in view ot the fact that once 

the increased post•caetra.tion level has been reached it 

rennins persistently high. 

i'hat, therefQre, ie the effect of inject,it¥t anterior> 

lobe extract ,,in.to long4"-ata.nding castrates in which the high 

level, once ren.c.tied, :retains steady_? 

The erea.tini ne level was dete·rmined j.n rabbi ts. wh1 ch 

ha.d been ,Mstrated and in Which the a.Ve1"age daily out-put WAS 

definitely higher tha.n the. praeaatration level, anrl which 

remained constant at this high level. 

The oame pi tui tacy extracts wet"e used a.a 1n the 

previous experiments. 

/!ABLE I. 
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Pre}l! r1 od 

a2. 8.35 

,t23. 8.35 

24. 8.35· 

a,c::· o,. 8.35 

26. s.ss 

- ·27.,, a.so 

... . .. '. 
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TABIE 

... :-.1·1·· 

''71 
F • • -

'73' 

'15:zt 

.?S 

6S 

.GS 

70 • • 

3ml. 
A.P,·.E, • 

L.S~C • 

I, 
.. 

Al 

.. 6j. 

71 

. 66.i. 

82 

70' 

69 

6S 

3ml 
A.P,R, 
,.,..ezx. 
. .1:'t' . t t ·X -

fo ,- a 

81 .. 
?5 

so 

·84 

ea 
82 

80 

N. I,. C. 

ru 

ltere I}:, tho long-standing ·castrate. whieh wa.s castrated 
-

· on the 15th .February and. in which the average daily output 

was 60 mgm.: ot cr.ea.tinine per day. shows no alterat'ion a.t 

all in creatinine excretion in r,eaponse to injections Of 

anterior lobe ,extract. 

Babbit A,l,the normal animal, was .injected with the eame 

4o·se ot anterior pi tui ta.ry ext.ract ~ and this· produces an 

lncreEtse o:r 30% in the urinary creatinine. 

U waJ.S not inJected., 

· In the nonna.l ani~l the rise again. occurs on the. 

day following inJeetion •. 

X x No:nna.l Control Injection. 
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Date El, F Al 

, .. ,,P,repE!,.tj. od. · '11 ,. .. 63 
I 

64 -
12. 9.36 76 60 63 

xl.3. · 9.35 72x 62~ 64 

14. 9.35 67 79 60 

15. s.~5 ?8 76 56 

10. 9.35 .. '15 !'10 64 

., .,. 0 ""5 . A p E . A p 'H! N I C 
,~¥a u•t:t,1-V _· ·1 :.tjt • • -~ ., • ...,•,#;:d.t •• .,...•..:::.,,. ti: 

El 1$ the long-standing castrate (uued in Table IJ and 
F the normal control injected with 3 mls of' anterior lobe 

· extract. The other normal animo.l,A;l..~s .not inj~eted. 
The inject ion of the ~xtra.ct reaulte in a.n increase in the 
creatinine output in the normal, but not in the lcng-at·a.nding 
castrate. 

l • L - ill .Da.·t,e • No,4 .. , No·.at 
l - F I 

No.A I . No J:2 . 
- QIJ ..... 

Preperiod 80 '19 71 108 

J.3. 5.a5 80 78 ?O 10S 

xJ.4. 3 .. 35 .87 ?5x 75.x ll2x 

· 15. 3.35 84 69 97 116 

16. 3,36 ?'5 ?2 76 10'7 

17. 3.35 . '16 79 72 .lll 

~ . -18. ~. 35. ~2. .• 7i 69 .l'.l.3 
!ll'f'!. 

T§:ble of Jn..:t.!~t1 .. ons: 
, 14,, s. ~5ii, ,1. a • 2ml APE -ami AP.E &mlAP.ls 

I 

Control 
Animal· 1\orma1_ L,s,c. in,jected. L, s, C, 

P"t 
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-llo. 8. "168 oastt"a.ted. seven months. Pl"eViously and llo .12 

six months previously. and in each case tr.1.e high post-

.· castration tnerea.se of urinary .creat·inine · remained st .a 

steady level. In ea.ch instanee-inJections of anterior 

pituitarr extract., Ylhich elicit an increase of creatiriine 

in the nonz;a.l animl, ha.'V'e no effect on the level of 
. . 

creatinine in these long-standing castrateG. 

:Besidf.?8 the above expe:r~e-nts 1 Ifo.12 was i.nject·ed 

again on th;ree succeasl ve o cca.sions l'li th .3 mls of Anterior 

pituitaey ,e;xtract., nm. although there i.a an increased 

eitmina.tion-or o~eat1n1ne in the urine 1n theno:rma.1 

animal, n.o chan~e 1n the normal daily leVdl ta.kes place 
· long-standing 

in the C,l:'1:.1atinine eliminated in the/castrate, which remains 

,at its high level .• 

In addition, .,Ambinon• and11Ant'1i trin"were al£io tried. 

The figures obtained are quoted ·below: 

-

. · a. a.37 
. xz. 8.37 

,. s.37 
5. a. 3? 
6! 8 .. 37 

s. a.5? 

TABLE . IV,. 

. Jl5 .... J.17 
Iii n ' ·, 

6'1 52, 
'59 61 
59:,{_ 55x 
69 69 
64 67 
59 
" ,- •• _5*'7·. 

4ml 4ml 
·-Ambtnon • ,Ambinon 

Control 

...ma 
65 
60 
?0 -·69 
68 

Control 

-~•§,c,. inje.c,ti9n __ ,No nqa.l 

-

. 
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Ambinon produces an increased erea.tinine in Rabbit M7 

but has no effect on ll5, 'wLoae preca.stration .level was 

50 ·mgm of crea.tinine daily~ 

... 

, 

-

Date K 

1~re;ee ri.ocl · 
;)' 

186 

15.1.0. 36 78 

16.10.ae. 84 

·xl7.l0~36 84 x. 

1a.10. 36 91 

xl.9.10.36 8.1 

~0.10.36 '78 

21.10.36 '78 

22.10.ae 85 

23.10.~6 ... 

. 'Table of InJ eotion1a: · 

1'7.l.0.36 2.75 ml 
- Antuitrin 

. l.9.10.36 N.I. C~ 

L 

'12 

68 

'71 

1a· 

·75 

70J{ 

'7"1 

76 

72 

1P« 

N. l~C. 

5 ml • 
Antuit, 

_ Anima.:t. L, S. c.· .. · _ L • .§._. C 1, 

m 
I ---

?6 

'14 

-
'12 ~ 

92 

84 

79 

?S 

74 

'12 

2. 75 ml 
Antuitrin· 

N, I. C. 

Normal ..... 
In .both eases Antuitri.n produced no effect at a.ll 

upon the ·Creatinine level ·of the .long-standing ca.st·rates,, 

whereas· the same preparation eaueed an increased a.mount of 

creatinine to be eliminated in the urine or' the control on 

the first and. second ,day after inJection. Even a doee a.s 

·-
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large ae 5 ml ot antuitrin could produce no altera.t:t.on in 

th.• crea.tinine level in Rabbit No.L • 

.. Diac,uas;LopJ 

That the anterior pitu.itacy has a direct oontrc,l ,o1'er 

crea.tinine metabolism v,as indicated previously in thi,& 

particular series ot experiments. Castration results 1n 

hypertrophy of tb!! pituitary and the increased secretion 

of the anterio'.t pituita.ey honnone causes an increatH)d. ex ... 

cratien ot oreat in.ine. 

.f'orme.tion of ·cren.tine and its cllange to i.trea.tinine wbi oh 

is eliminated as ouob. 

On injection ot the anterior pftnita.ey e2ttract into 

long-standing castrates whi oh show the high oreat S.nine 

level. thex-e i.s no further i,n.c:rease .in urinary ereatinine • 

Thi$ suggests that ·a maximal effect was present and. that 

aclditional pituitary ltomone would not have .any further 

effect .. 

have noted that the gonad stitnulat ing actii.rity a.ndctill 

ohang1?$ lncra-a.s.e progressively up to a c~rtain period, 
,_,.. ~ 

after which there i$ little ohange1 and a cessation or 

hypertrophy :.lo reo.ehed ·wlli ch a.ct.a as a limiting factor. 

It i$ possibler therefore, that hypertrophy ot the pituit.a-ry 

beyond e. certntn stage results i.n exce~ . .secretion of the 

orea.tinine stimulating ho.rm.one and any fu,:·ther adminiatm.tion 

o:r the hcmone has no etfect. Tnis limiting factor will be 

discussed later. 
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1. Injection of ante:rtor lobe extracts of the pituitary · 

has ,o etfeot on th~ high post•caatmtion urinary <lreatinine 
level ot lona-stand,i.ng ca.et~tes. 

•, 

2. · '!b.ese re'-5Ulta <suggest that the l~rtroph.1ed pituitary 
produces a mad.mum amount of the hormone. whl.ch stimu.la.tes 
crea.tinine matrJ.'boliam and,. therefore. added extracte can 

have no ~£:.feet on cre$tinine ellminetion in the urine • 
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1. · InJeetion of anterior lobe extracts .of the pituitary 

. 1-sads -to,.an increased excretion of creatinine in nonnal 

adult tmaJ.,e rabbi ts-. 

2. · Ir.Ljeetion of anterior lobe extracts into ANY 

· recent castrate. not lJb.Owing a high po.st-aastration creati-· · 

nine· level, cau.see a.n increased output of oreatinine in the 

.urine~ 

S. lnjeation of anterior lobe ex.tracts into long• · 

eta.riding eastra.tes., which have an increased oreatinine 

excretion, ,due to pituitary hypertrophy,. bas no e:f.fe.ct. 

at a.11 on this high da.fly cr,eatin:ine elbni nation~ 

,. These results tndi;cat~ direct control of ereatinine 

sxcretion by 'the ante-rior pituitaey and maxina-1 pr:oo.uction 

of the hormone eontro.ll-ing creatinine metabolism .following 

hy'pertrop.."'J¥ due to ca.at.ration. f/ 
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INJECTIONS OF EXTRACTS OF ADRENAL CORTEX INTO NOJWAL 
· · . . • . ADU]dT l,W.E RABBI.TS. , 

The introduction to this .. thesis reviews the more im­

portant details with regard to the a.dr·ena.l coTtex control of 

crea.tinine meta.bolis:m. PreviotJ:s work indtaates that other 

investiga.tor.s have not obtained any definit.e results on the 

re,lation of the adrenal cortex to creatinine metabolism. 

A series of experiments were, therefore, performed with 

cortical extract.a. The extra eta used were those prepared 

in the la.bota.tor31 acoorcling to the method of Swingle 

& Ptiffer (l9Sl and 1934) and also Eueortone, n proprietary 

. preparation of Messrs Parke, Davis & Co. 

The same procedure with regard to a preperiod estima ... 

tion was adopted as in the previous series of experiments. 

TABI,i. I. 

Date No.Al A'i -d· &; • 
A4 A3 A5 A6 -"4..--.-

_PreRel'iod 54 49 . 5l. 62 .42 · 60 . I ....... 
19.7.35 50 48 50 51 42 63 

x20.'1.35 4.7x 56~. 52 49x 38:t 56}C. 
21.7.35 .. 50 48 47 56 .46 60 
22.?.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 50 48 60 48 60 

InJ e et i_ona : 

20.?.36 5ml 5ml C. I. 3ml 5ml 2ml 
·Adrenal Ad.renal Saline Adren Ad.ren Adren 
Extract Extract Ea al al al 

Ex- Ex- Ex-
tract trc£ct tract 
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Alshowc a a.light increaue on the second day afte:r 1n-

jectiion, · but this is not repeated in any o.f the other animals. 

The urina.ry crcatinine level bl a11 the other a.ni:mals is 

unaffeoted ~Y the injection of these extractt.J. with the ex• 
. ' . . ~i~ 

ception or a11g11t variations,. which ,are \Vithin normai/11m1ts. 

Date Al Az_ A4. -· 
• A5 

' 
A& 

2.S.35 52 48 55 42 66 

x3.S.35 5l 4?x 46:ic 39~ 60x 

· 4.8.35 60 51 51 39 66 

5.8.35 49 51 .5S 47 57· 

6.8.Z5 57 48 49 41 69 

7.8.35 64 66 4'1 60 65 

a •. e.as 51 6a 48 48 60 

Tabla of InJeot .. t.~A!. on 3rd!. 

A6 &: A6 .... 3 mle of adrenal cortex extract 
Al - Control 4 mls. saline 

. :• A2 ... 2 ml -ls.o.o.tt OJip,. • A4 .... l 1 §ml .. Eu,cot.t2llt?..:. 

,From ·these table$ it can be seen that extracts of' 

adre_m.l .corte,c or :tuco1-tone in the do~e& administered here 

ha.Ve .no obvicas effect on erea.tinire adminitJtration • 

The number of estimation$ after the inj(;ot ions are 

quite. suf'f'i cient to observe a.ny oha.nge should the onaet of 

alteration in the ereatinine level be gra.dual. 
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1 •. In certain etrer,gths injection$ of .extract of adrenal 

oortex have no effect on the elimination of. creatinine. 

2. Proprietary preparations of adrenal cortex 

Euoort.one al.$() show no :alteration in the· no!"ma.l amount .of 

urinary creatinine. 
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OOlrl'BOL INJECTION&. 

1 •• ;LIPOID EXTRACf', FROM LI~,R. 

As discussed in the int:rodu.ction, 1 t was necessary to 

determine whether lipoid :material itself W&$ responsible f.or . 

the altered creatinina m.eta.bolism .. · Lipoid m.'\teria.l· from liver 

and bra.in was accordingly extracted.· an¢l a series of exper1• 

ments performed with different animals. using the same metho.ds 

as thorie employed for lipoid testicular ~xtract. -

The animals used. were ·:normal adult males and the 

crea'tinine level accurately determined. 

The extracts wtre prepared using the ide·ntical met!'),Od 

employed for preparing testicular extracts used. in the ex• 

perimente discussed earlier. The final procl.u.et wa.s of the 

same strength as the teste~, vi2: ·1 ml of the extract was 

equivale.nt to aoo mgm. ·Of lipoid material • 
• 

- ~~te. i i r rvrL -,, ' : :4.. .... ••. - 8 ··~ 12 -. 
P£@!WJ:iOd. 1 BP.,. ... ~ 84 63 69 95 ... SL u. ' •••• ·-
24.7.S4 ao 90 70 72 l.00 

z25.7.35 87x 84~ 65 ,{_ 75 96:it 
20 •. 7. 35 86 85 64 62 100·. 
27.1.34 ao 83 66 68 Urine 

·1oat 
Jt28 •. ?.34 so~ 84 -ic 601' 61 93 ){_ 
a9. '1. a, '?7 Sl 65 64 100 
30.7.34 87 90 66 61 95 
31.?.34 82 85 o8 69 98 
. l.S.34 84 90 ?2 '12 94 .. _ i 8. 34' . 80 ,. 84; ti4 65 ' -fa§ii:~t;tnl~:cit,io:V~~= '' 
25. 7. 4 2ml . 4ml 2)nl l'lC 2ml 
28.?.34 1ml. 2.6ml 3ml NIC · 3ml 
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Fran this data. .it can be eoneluded tba.t the .lipoid 

mat~r1al at liver tiss-ue does, not ~lter creatinine metaboltam. 

'?hie w~,s prepared by the same me.tho~ as thra.t used, 

.tor testi eular extracts and the animals used. we re norma.1 

adult males. 

D·te ............ ,.i. . · N ?1 --rtt· .9£.: TeJ .. Tc 't4· .. _ ... - .... T5 - tr I :1;;2, 

,P~e.n.e_riofJ. .... ,57. 55 i6 69 
ti. 

56 l;l:3 rn r_:r 

·· l:Z, 4~ Z5 60 50 48 57 60 l.16 

xlS.4.36 60'11: 53x. 44x 60~ .: 56x 125 

11)'. 4. 35 56 ..-.a 50 56 55 l0S 

20.4,36 .48 50 48 68 . 50 llO 

21.4.35 58 60 50 ··56' 50 ll.2 

22.4.35 48 55 45 . . ·54 4S 110 

S3,4.36 54 ·48 51 52 56 lil 

24.4.~6 50 53 ·42 58 417 108 

... 4. go,4,.AL. 59 
ii .. Fill 

59 4j 6~ 50 11.5 . ., 

lnJ e 2~.ions..J.. 

18 435 6ml · 5ml 01111_ ,.,gml. 2ml U,.I 1 C. · • .. 1 atl • • .• - , ... &1JJ4'~¢ :•1 I r - •~ 

i ml is equivalent. ti:; zoo rugm li!,lOid material~ 

These t,,o ·tablee clearly indicat·e that it is not the 
.. 

effect of the lipo:i.d material itself which producer; the 

alteration in crea.tinine meta.bolts.in. 



,, 
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These extracts were prepared by the same method as the 

.Ballerby method for extracting the antet'.ior pituitaq., 

The animals were normal adult male rabbi.to. 

TABLE I, 

· J2ate . . ' ......... Al I·,. At' 4,3_. . . A§ t,;6 

15.S. 35 55 48 67 48 56 

xl6.8 .. 3S 53 41:lt 641t 62it '10 JI. 

. 11. a. ss 58 43 65 . 48 66 

18.8.35 GO ·50 68 53 57 

19.8,.35 .· 53 52 64 58. 6.l 

20. a. :.;5 58 56 oO 48 64 

~· a,~.a, aµ . 56 
. ..,... .. rt' --

50 .. 60· 5i 60 .. l H " 

-~blq, a,f ,I11Je,c~i,,O.D!.!. 

I 16. a ... 35 C.I 1 5ml ~1 ...... J!m,l 3ml 1/11 l .. * · ,-.... >I ' 
The control injection was nonn&l saline. 

The injection of these extracts of brain produced :no. 

effect whats<>ever on the level of u~ina.ry <:rea.tinine, and the 

efi"ect of the extra.ct· of the pituitary ce.n. therefore .•. be 

regardtt<l as a speci.f.'ic one • 

Lipcid t1ubata.noas pres~nt in 'alcohol-acetone extracts 

o:r testes are tnaotive. 
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l.. Lipoid extra.ct» of· ·tirain and, liver tissue .bad no 

eff'ect on .ereatinine elimination. 

2. Brain tis:au~ prepared by the as.me method (l:lelle.rby) 

as anterior pituital'y extraeta are prepared. had no effect 

, on ·urinary crentinine. 

s. On these .resu,lts it can be conelud-ed tb.at 11 pof,d 

m1..tter in -che testes does not a.ffeot creatinine metabolism. 
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GENERAL DISCUSSION. -
..... The Anterior Pi tui ta.r;r.;_ 

That a' direct control of creatini11e ineta.boli.sm is ~XP.rted 

by the anterior lobe of the pituitary is indicated by the 

result a of several investigators and the work detailed here. 

Although some r,eports deny the formation of urinary 

crea.tinine from znuscle crea.t ine and-, as· such, its endogenous 

origin, the majority of wo~kers confirm the ,conclusions of 

Benedict & Osterberg1 . who sh9w crea.tininc to be deriVE'ld from 

endogenous protein metaboliGm. · Thia has been fully discussed 

in the introduction. 

The hypertrophy of the enterioi· pituitary after castra­

tion is a well-established :fact. Hata.1 & l!~lfe, J;Lowe·1,rer, 

~· · descrH:1e the ex.ict latent peri.od in ·:nale and female ra.bb_i ts· 

'. 

., 

between the time of operation and_ the. hypertrophy. Schrire 

& Zwarenstein found th.at the increasa in creatinine excretion 

following .castration occi1rs after a latent pei .. ioa identical 

with that obtained by Hatai' & Wolfe. 
. . ,\ 

Inject ions of anterior pi tui tc.ry ei:tracts r1ill 1~esult 

in an increased urinary creatinine, as sno;"ln here, and these 

results appear to. associate the anterior lo be with the 

eliminat.ion of oreatinine in urine. 

Is this action· a rlir.ect. one. or an action through 

another endocrine ? 
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· :Brai,er b.Ypopby.sect omised dogs and produe.ed a fall tn the 

creatinine .level after a relatively short latent period. 

wh.ich seems· to indicate that the pituitary acts di.rectly on 

oreat ine-crea.t inine metabol:1sm. 

ln the experiments tn which normal adult ma.le rabbits 

.werE( injected. with lipoid testicular extracts there is a 

resultant increase in urinary creatinine.; if' the animal is 

castrated after two to four months the pituitary 'undergoes 

some hypertrophy and reaches a transitional refl9acto·ry phase, 

during· which inJectiona of ·testicular extra.et do not alter 

the produetio·n of u1"'in~r;y creatinine. ·The anterior pituitaey 

extracts, on the other hand~. a·ct directly on the creatinine · 

· metabolism and produoe a.n increase in the excretion .in the 

recent castrates in whioh the pit'Q:i ta.r.v has reached this 

refractory phase. 

Purther hypertl"opb.y. o.f the anterior-· lobe to a maximum.· 

leads to an increase in creatinine elimination. The in .. 

,jection of testicular ex.tract noY1 ca.u,ses a !.all in the 

urinary creatinine to a normal .preaaatration level. 

(These results also indicate that the te$tes act on 

ereat inine metabolism through the pituitary). lnje ct ion 

of anterior lobe extracts has no effect on.· the high level~. 

·this increase in ereatinine following caatration. may 

be, due to an increased transf'orma.tion in rnus.ele creatine 



•• 

to. creatin1ne, thus lowering the ~reatine content of the 

muscle,; or. it may be due to increased creatirie formation 

in -the muscle. wbieh. at the same time, gives rise _to 

increased oreatinine in the• urine. Thia'. latter seems the ·· 

more feasible if Viewed on the lines of Schr1re & Zwaren-
~ . . . . ' 

stein,· who produce an increase in muscle creatine tollowing 

chronic inj_ections ·of. smll doses of anterior pi_tui tary · 

extract in 8 • 16 _days~ 

After a la.tent period or tou1• · to ei.x ·months after 

castration the·re is a post-castration inc:rea.se in urinary 

creatinine. , 'thii1 a.tta.ins itii maximum by the sixth: month, . ·/ . . . 

and peru.11:1ts, with little alteration alJ. long as the. animal 

livee, .. ;.J~ic What is the rea.1H>n for this limit ·in oreailnine 
. . . . 

excretion. , and why is the h1gh creatinine level u.~ehanged .. 

by injection of' anterior pituitary extracts , 

ls the li.mi ting £actor referable to pituitaq · 

activity or can it 'be explained on tho basis.of changesin 

1.Jhe muscle creatine metabOliom?. Cessation ·of bypertrol)b1 

or the anterior pituitary aft,er aix months has been demon• 
. . 

stratecl by many workers. . This can hardly_ be responaible 

tor the. produotion of a steady maximum yield ot Cl"eatinine 

in the urine as inJectione of an ante1·io:r pituitary extract, 
' .· . " ' 

which produce an· 1r1c.rease in urinary creatinine in the 

normal. has no :further ef'feot on the liil!£h level o~ the 

long-standing ~strate. 
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The following hypothe&is~ -..sed on the.changes 1n 

mueele creatine meta.bolis.m, ts tentatively sugge~te4; 

A.hormone secreted by the a.n~erior lobe stimulates 

the fo;una.tion of crea.tine frotn it$ precurso:rs (see 

/' 

· Int-rOduot;ton}. Some of this creatine is deposited. in the 

muscles,, but som~s transformed. to oreat in'ine a.no excreted. 

It is fur.ther suggested. that as the.· crea.tine content cf the 

muscle ri oos the increased rate o:f f,orma tion 1.s slowed down 

and ul.tima.tely reaches a steady level.. ,.. that is; as the 

'l:treatino content of the r11uscle rises .• 1nort11 and more creatine 

.is ·trannfonned to creatin1ne and leas i.s ·atored. The creatine 

content of the mut;Jcles reaches saturation· point and tllis in• 

Mbite an increase in the mte ·of 'area.tine fo.rmat,ton.,. which 

consequently 1reacbes a maXimum. The result i& that at this 

level there is a minimum st9rage of creatine and a maximum 

excx-etion of creatinine. (Since injections of anterioi- lobe 

extracts ha-ci .po e.f.fect. on long•standing castrated ralfbi ta 

the anterior lobe h.ormone does. not affect the tt'ansf'omation 

of e:reatine to er6atinine). The main .limiting fa.et or is 
· .. 

t4us .assent.ially the inci:eased ores.tine content of. the 

muecle 11 a.nd this is brought a.bout by gradual QYpert:rophy .and 

in C:r'Gt\S<?d a.ct i Vi ty of the pi t'ili ta ry • Due t O the in orea a&d 
creatine 

muscle content of/the formation o:f c:reatine froni it-a 

precui-fH>rs is elowea down a:11d the ;increased amounts .of 

anterior lobe hormone can no1f ha.Ve no further effect. 
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In normal a.ni1r&als the. crea tine content o.f muscles is 

comparatively low, a.no inje·etions of anterior lobe e~tra.ct 

. stimulate the fonnation of creatine. ,s.ome of which 1s again 

ato red in the muscles, and some of which appears a.s in­

er~ased creatinine in the urine. 

According .to this hypothesis th.e crea.tine content of 

castrates is higher than that of nomal,. animals. and; there­

fore~ c~strates should show a low tolerance to injected . 

cree.tine as compared with normals. 1'his Schrire & Zwa.ren• r , 

stei.n have demonstrated · in that there ia a conslder$ibly 

10:wer:ecl tolerance in the castrated animal. The work ot 

Rem.en, Laschi et al.• as revi.ewed 1n the introduction, 

Gtl"ongl:y supports this point.. . (Although Shapiro was not 

able to find any oha.nge in musl}le ores.tine in the ca.&trated 

S.A~ Clawed· Toad., there are various sources of' e.rror 
\ 

possible• see introduction). 

The increase in ereat,inine excretion· due to ca.strati,on 

is, the re tore. due t.o an in ,crease .in muscle creatine re­

sultant upon the increased, secretion o:f an anterior pituitaey 

hormone •. The persistent high level is not due to the fact 

that the pituitary hypertrophy has reached a maxim~. but. to 

the fallt that· the creatine content of the muscle has reached 

a maximum. 

Uata · of similar ex :p.e .r i ment·s as these on hypoplly­

sect omi sed .animals i.s necessary to provide· final evidence 



• 

_) 

.. 

-20.a ... 

that the gona.~a.l effe}ltS on ·ereatinine metaboli.sm a.re in­

direct ones through the pituitary. At the moment no such 

data 12 available. 

Gp.nf:dS,_ 

·Man1' vrorkers. have shown the relation of the g,ona.ds 

to musole creatine. creatinuria. urinary creatinine, crea.tine• 

c·rea.tinine metabolism. Al'! _these :results supplf available 

evidence of a relation between the gonad.s and .:rea.tine• . . 

orestinine metabolism it the view that cres.tinine is endogenous 

in origin and derived from. creatinQ. is held .... Therefore, in 

the light or the results of .Buhlr, Schittennelm. Paschlcis 

& Scbwoner • ..\bderhalden & Buad.ee. Kun. & Pe·czen1k. the 

. experiments o.f Jliiblbock & Eaufzr.ann. · who deny the action of 

the ovary on crea.tine metabolism, can be discounted • 

O~na.dal hormones have. been shown to· act through the 

pituitary. a.nd in this VJay influence creatinine metabolism. -

There ba.s been either an increase or a decrease 1n the 

a.mount of·creatinine in the urine following injection of 

these :tubstancee. In two series of experiments b()th a rise 

and a fall we re produced. , Thus there is e i tiler et imula ti on 
or inhibition of the· "creatinine-stimulating" hormone of the 

anterinr pituitary, or both; that is 1 we have a monopha.aic 

(in either direction) or we hav6 a bipllasic effect. 

It is interesting to. correlate this wox1:c with that 

on the ef'fects of gona.da.l hormon~s on th.e gonadotl."'O-pic 



··" .. 

.... 

acti.vity of_ the anteri.or -pituitary. but there is no 9roof 

that it ia. the gonadotrcpic hormone which is acting on 

creatin1ne metabolism. On the contrary.,. 'the, somewhat 

different resul.ts obtained in this work on creatinins 

st"imulation, from those obtained by. other workers. on the 

gonadotropic ho:t~ones. indicates th.at th~ pltuitaey hormone 

acting directly on creattnine is different from that whieh 

stimulates t.ha gonad.a. Zondek, too. has ino.icated a re­

l~tionship between oestrin .and the growth stimulat.ing 

hormones, in th&t d:wa.rf'.lsm results following inJection of . 

oestrin; thus there is an inhibition of the pituitary • 

there 1 a no definite evidep.ce • there£o re, of a.ny connection 

between the growti:i•stimul~ting hormone and the hormone 

acting upon creatinine metabolism. On the other hand, the 

creatinu:ria. of ·children during growth does suggest some 

rele.tionuhip. 

In some experiments: the effect of gonadal hormonea 

on the pituitaey•creatinine meenanism 1.s dire.ctly opposite 

to that on the gonadatrop1c action 0£ tho pituitary. 

There is, however, no reason to-. suppose thQt if a 

testicular extract inhibits one'funetion of the pituitary, 
( . •'. : ' 

it must. of necessity, 1nhibi t the other functions. 

The posn:ibility of a etimulato:ry action on one or othe.r 

anterior lobe function mu.at be borne in minc1. 
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If -the actions ot the extracts be divided up into 

m0-nophaf!iO e.no; biphasio1 e.frect&,, 1re find that the s;nthetic 

male produetlJ as well as testicular extracts and saline 

suspensi-on ot testeill reev.lt in a. monophasle rea-et1-on. 

Thi.a monophasic etf'-ect. on the pituitary is either · 

14t,imule.to:ry or .inhibitor.,. 

On the aomal animl.9 und1."osterone and testosterone, 

or tl:te!r estera ~ and testicular e:tracts· produce .an in­

crease-a creatinine E?l,imination~. While aalirie Guspension 

ot testes decreases the creatinine excretion. ?:his eua• 

gea.ted t~t the r:osults are due to two substances - one 

which st~mul:Jtea and the oth'1t' which inbi lli ta the anterio.·r 

pituitai;v. 

Thia $Uggestion i.s quite 1"ea.si.ble. for re:f'erring 

again to the analogy of the g-ona4a.l,-st.im~at1r~ hormon~cf:S• -

we :find that. a.lthough some 1rnrestiga.tor~ o:frer tb-e 

llypothesi a tn.,"lt ti1e gonads inl'li bit the pituitary. -·ma-ny - -

workers sho• that the oestrogens ca.n st imu,la-te the 

pituitary t't:~ l)roduc-.e se.cretion of the 1ute1nising hormone. 

In addition. there a.re the re.sults of Vla.uberg With 

An4roaterone,,, and n.lso th-ose of' :Boksl~g,, who suggests that 

androeter-one or testosterone in &ingle dcser;: w.ill stimulate 

the anterior pitu.ita.ry. {Ac:tually., in one seri-e~ of 

experimon.to Dokslag did. o\Jta.in .timulati.011 of the male 

pituitary with androsterone)11 
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Arguing on the lines o.f this analogy.. it does ,seem 

poas.ible that the androgens ca.n st.imulate the anterior 

p1tuftary to produce an increased amount ~f a hormone 

whieh causes increased creatinine elimination in the. urine. 

Pure hormones aet transiently, but, as demonst.rated 

by Parkes, et a.1., the formation of an ester will delay 

absorption and excretion, and the ef:feet i veness of the 

androgens on the a.oceseory sex organs is not only increased 

but greatly prolonged.. It is reasonable, therefore, to 

explain the in.creased efi"ecti vene.as and duration of the 

esters on the pr.oduation of the hormone .of the anterior 

lobe, which stimulates creatinine excretion, on this ea.me 

- basis or delayed excretion e,nd r1bsorption. 

As f'a.r as the effe:cts on urin9,ry oreatinine excretion 

k o.re, concerned, saline suspen.sion of testes resulted in- a 

- Call. .in the -amount elimi~ated; lipnid, test ieula.r extracts,. 

when 1nj eated,,. produce? an increase in the ereatinine 

elimination, as did the pure hormones. . Thes~ results 

appear to suggest ·. the preserrne o.f' twb different su.b­

stances in the testes acting rim opposite ways en the 

pituita.r;y. !he difficulty of interpretati,on is .e,nha.nced 

l;y the fact that in tbe ,ease ·Of tlte saline suspension 

we are dealing with a. very impure p;roduct; the testicular 

extract is rather purer; and the synthetic products 

a.bs.olutely purer It is thtis d.itficult to correlate the 

results with 8\n~ certainty. 
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These monophasic effects took place in the normal 

rabbit. Besides this,. monophas.ia effects a.l,"e also obtained 

on recent and. long-standing castrat,ea. 

The pituitary of an animal. after castration .appears to 

pas.s through various at~ees. Immediately after .c.,a.stration 

it is still in a normal phase: two to four mont:n.s later· .it 

passes through a refm.otoey stage., and finally .rea.a.hes a 

stage of definite hypertropby, with a resultant l:lyper- . \ 
. \ 

Thus, as a result or castration, not only 1.s the ' 

gland ~ltereo. histologically,, but ita ph;siologicaJ. properties 

.have altJo. undergone a change • 

. In the ea.rly castrate the anterior lobe is still 

normal and the testicular extract r,eproduoes the effect 

·obtained in the normal animal; in the "la.te1t reeent castrate 

testicular extra.ct ma no effect on tha flret'nctoryn 

anterior lobe; i.n the long~sta.nding castrate the inJections 

9f testicular extra.at result in an inhibition of the 

.creatinine stimulating hormone. which is evidently (vif~ 

infra.) being produced in :maximal amounts. · Thia is per• 

:t~ctly r:oasonable pbyaiological.ly a.s the reaetion of the 

pi tu.itary to tb.e llormime is mer~ly undergoing a cnange as 

a result of the effeets of cas,tra.tion. 

The tnj,eotion of sa.l&ne suspensit>n continues to 

.IJi~press th.e antarior l,obe in both recent castrates and 

long•stand.ing ,caiitra.tes., and t:ti.ia also suggest& the ·existence 

of' two eul>eta.ncea. 
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In considering tho bipha.sic effects obtained by 

injection or extmote or :adult mo.le ur.tne, two f.lugge~t.ione 

a.re off'eted: 

Fl ntly,. that two subate.ncos are pr~sent iii the urine. 

one of which le similar in ~-c,tion to tl1Qt. of- the lipcd.d 

testlcular lUttrtM'lts. nnd · the oth~t" to th8t ot tlle ~aline 

Alternatively,, the bipha.sic effect may be due to a 

single J;JubstJoanee producing 4 ,double etfe<Jt .. 

The la.tter sugg~atf.on it:l si,pp.ort4?d by the re!.ittlte 

obtained with oestradiol ben~o~te. a pure prepa:rs.tion which 

resulted in s btphaaio :re:3,(:tiol1 _.., a. sir~e substance caus• 

tug f.nhib1t1nn followed by .ati:!!1J:latio_n of tl1e pituit.a.r.;. 

~n<;t., and later Bok:0lag. "Gugcost a dtta.l e:ffeot of 

Oe&trirl or ... the pitulta.17. f1?'1l-t ztimulatin.-::; tho producti.on 

of" f,nll.iele stimula,tir1g hormone .• and then 1nhiibiting its 

prooueti<>n. With oe-atmditll ben:toate the eft'eot on 

c~ea.t!nirH?"'*stimulat ing hnxmone was emetl;y th(!J oppoo1t~: 

tirst a depression and tht-:n a. stinmlation,_ bnt.- rv.?11ertl~­

lesa, !l. ,thral flct1on. Again an analogy 1-s used~ yet aa 

nu,ntiouea earlier there is tlQ reanon my a te8t1cular or 

ovarian substance eh-ould act in one VltlY on one t'unct.:ton 

o-t the a.nter:ior lol1e, and in. amth~?' on another. 
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l.. Tho eonsta..noy of ereatinine eliwi.ns.:tion in the urine of· 

adult maJ.€ end temnle rabbits and th~ a.b.sence or creat1ne , 

.iri the ur.tue or adult ma.lee i.a corroborated:. 

2.. A po.flt-ea.st,:ation increa.sa in cr~atinln-e elimina.tion 

·of l3~-Zl$ aft.el' a latfint per!.od of ~-4 :ri10n,ths .is shown. 

Those animals wb.1.ch do .show a d.e:finite rice in erea.tinine 

4.,. lmpla.nta.tion of teste-s into nomal. trabbit:o e:i.-used a 

On J.""emoval 

of the g:rat't there is a reappea.:rance- o:t t11e nomal creatinine 

output~ In ea.ch cas:e th.er~ is a, definlte latent period be-.· 

£ore· the c.rt!atinine e;xeration i'3 alteJ"ed. 

6. (a) lnjectiona of lipo.id ·testieulal' extracts i'nto 

normal a.dUl.t males and "into rabbits up to 5 weeks 

after castration lead_ to .fl. !"i~~. in ~rinary._ crea.t.ini'.ne. 

(b) Injecticne· into older castrates not yet showing 

a high poet-castration crea.tinine level .have no effect. 



= 

Tn1s 

to ,0btain an effect ~re, 11ou.-ever,. o:f the: oriler of 2-<. mis~ 

ot te,sti ·cular ext:raet ( l ml.. i':Ieing equ.i va..leut to SOO mgm. 0£ 

.,., l!,'Jiloid ·ma.te'rial . ..) WI.th thfl syntlietJ.e p:r.:i,duct:s the <iose WQ...<J 

,. '1. 

no.tm~l animals glves a b!phasit::: ,effect~ fi~llt. a f'a.ll and then 

a 'l'i ~e in .. the .amowit ot CN&tin:ine elit11inated,. 

( 
\ ...... , 

.·_.;.,. 
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if adrtd.niotered in the r.01.'m tMl eatE"!l',. This .ts. prtfimbly due 

to the al.ow l1y<Irol::,eis 11 abaorvtion ane. exoi"etioll of'" tlie 

~ela.tively insoluble es1;er. 

11. Admini.et~;t.ion of cestra.dlol b~nzoate also givetJ, ~­

biphasic etf.eet. (Small dose$ ind1oP.te a tripho.a1 c e:ffa.()t ). .. _ 

-· 
wi tla uri1?ce ext mete. 

l.2. (a) I-njeation of .anterior pitlrlta.ey e:i:tra.ot,s into no~l 

adult males resultec. in a. l'it-1e. in urinary creatinine., 

(bl Injection "into A.RY reoent c-a.strate. net snowing .a 

hi&h. pcH~t-~st-rati.o.n iacre.a.t.e in the erea.tinir1e level 

eau.ses :a.n increased ou.t1>ut o-r creatinin~ in the urine. 

(c) Jnjeetiona int-o long•·sta.nciing oast~af,es which have 

a.ri .incr-eaaed oTeatinine llxcretioti due to anterior lobe 

hypertro~b;y have no ef'fe.ct at a.ll on this higb dai1y 

crea. t 1n1 ne- el imina.ti·on. 

1a. The l"e&1;lts in.t:i<!a.te: (a) that the pituitary exerta a 

direct control. or oreatinine meta.'bolism. 
I - -... .~...._.. 

(b) that following castration 

there ia a persi.stent high level in creatinine .du.e to··a. · 

pe,r.sistent maximal secre·tion of the hormone of' the anterior 

lobe. which cont·rols creatinine metabolism. 
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14. ~ho reau:tts obtained with the d~ .. f'ferent tasticul3r e.x­

tractG and synth~tic no:rraones :u·t~ explicable on the hypothesis 

1:aa;t two mibsta."lces occur in the te.atee~ 

(a) one \7.bich GtimUl.ates the fo~t1c1n o.f' the hormonii of 

the ai,terier pitu.ita.ry controlling creatinine metabolism. 

{b) one which inhibits its :fo1mation. 

15. The -e:tfeoto obtained with urine extracts sugge.sct ettll:er 

giving a bi:phasic effect. The latt-er suggest.ion la supported 

by the biphaaic effe.et giveu by oe$traoiol benzoa.te. 

lG,. InJe.e.tions of adrenal. cortical ext:ra.ots ware nC1t 

followed by any altera..t,io.n in the amount '.!llf oreat.inine 
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INTRODUCTION. 
:[ ......_ ;a;.aM!)WWW 

The l.i.terature up to l9S7 is reviewed. 

On discussing the different publications describing 

the origit:1 of urinary ort:i.at ini.ne the eonelus.ion arrived at 

~s th1.1t oreatinine is endogenous in origin and is d1rectl,y 

related to muscle crea.tine. 

Tb.ts l"elationahip of urinary :creat'inine ·to 'muscle 

4reatine ia stressed on account ot· the important 1"0.le ot 

creat.ine in the mechanism ot. muscular oontra.,ct'ion. 

The signifi.ea.nce of urinary er.aatinine-.and its .importance 

e.s an .index of endogenous protein metabolism-i-s imiiea.ted. 

·the literature dea.l-ing with the relation of the endocrines 

to crea.t.inine metabolism io re·1iewad w.it.h. epecial reference·· 

to the ·testee a.nd the p1tuitaq, · Experiments t,o clarif7 

the position e;re prol)o&ed. In addition. a d.e:f'inite relation­

ship is sb.oWtl to exist between the teetes and the anterior 

p.itui ta:ry. 

Sepernte discussion on the ,creatinur-ias prov1dea fnT0 

ther evidence of a.n endocrine. creatinine metabolism inter-

relation~ -

~e literature on the male sex hormones is briefly 

cono14.ered. and indicates that there are tour naturally 

occurring hormones. 1'heGe bAvc been prepared: eynth:eti cally. · 

The effectivanens or their ecticn is inoreased and proliona;ed 
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if' administered in the esterified form. Since thia was 

d,emonst ra.ted on noceasoey sex organs, it is pitoposed here 

to ,obtain additional evidence by studying tho aotim.1 o.r the 

hormones and tb.eir esters on ur.ina.ry oren.tinine:. 

The bisexual properties of the hormones ,,g.re also 

ooneidE??'ed. 

A separate section on ·experi.mental technique dea.la w-ith 

the estimation of o-reatine and creatinine,, the opera.ti.Ve 

technique employed,,. the methoda of preparation of extracts,, 

and the housing,ca.ging and feeding of the rabbits. 

'r.he experilne-nt..al work consists of a. se.riea of experiments 

so planned as to indicate whethet" th~ pituitaey exerts a. dir­

eet control on c:r.ea.tinina metabolism or not and to demonstrate 

the relation of the gonad.s to creo.t1nine :metabolism. 

SID!'MARY . OF 'B:XPIU1I~.NTA+ DA,T,. ;_ 

1.. 'r,4e Gongde and oreat in1ne Jletabt1l.i~m •• 

i. Tbe constancy of creatinine elimination in th.e 

urine of adult male and female l"abbits. and 

the absence of ereatine in the urine of adult~ 

males is corroborated. 

ii. A poot-cn.st ration increa~e in creat inine 

eliminatiou of l3•3l.% after a latent period 

of 2""4 months is shown. 

iii. Tboae rabbits which do not yet snow an 

increased urinary creatinine after castration 
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mitm:~a tvhieh. do :sh"Ow a definite rise in 

cttt;\tinine ex.e·retion and l'l'hich alre rega.rde.d 

as. having .a. hypert:rophied anterioll' .. pi tuita.17 

a.re :c:.tlled, Long-stancang Castrates.~. 

-·-

1-v .. · Implnnta.tJ.on oz testes. tnto no?'m4l rabbits 

c1u1ztH.i a tall of 23% a.nd 18" in the urinal')" 

creatinine .. · ·On 1'\emoval. o.f the gmf't there 

ts a rea.ppea.rance ot t.b.e norma.l Ct"aatinine 

output. In each ease there is a definite 

laten;t period before the creatinine excretion 

1-s alt'ered .• · --

·v. {a), Injections. of' lJ.poid tastieul.ar o~tracte . ... - . . 

I . 

in:to- no~lJadult males and 1.nto ~b1ts 
.--:' ' 

,- . T 'f -,. ~ . 

U:P to 5 wee-ks after ~a.strat1on lead to a 
~ L _; 

rise 'in tirina.17'-4c:reatinine. 

(b} lnJee.tione -into older castrates not yet 

showing a hiSh post ... custration creatinine 

level have no effect .. 

(c} In 'long•etandi.ng aastrateG (se-vera:1 months 

a1'ter castratit1n) a ta.ll to the precao.tra·tion 

lErt°el 0£ creat~in1ne elimina.tton is produced 

by inJectiona .of lipoitl testleular extra.ct. 
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{d) 14.nQW,_ e~racts ot liver o.r brain ha:ve llO 

et.feet on urinary oreatinine. 

·The Dose-Response curve is· a straight line. 

This relati,onehip sugge.sts a method ·of a-aaay. 

ffhe doses nocessiu.•y to obtain an effect are. 

however. of the order ot 2:""'4 mla. of teeticular 

ext m.ct '( l ml. being equ1 Va.lent to 300 :mgm. of· 

lipo1d mat.eria.1.) With the $ynthet1a -products 

the dose wao of the ord.er of s-20 mp. 

vii. ln,fections of aaline suspension of' testes into 

normal lldttlt .males,,. recent castrates, and long• 

et.anding castrates result in & fa.ll in the 

urinar., crea tinine. 

Viii. lnjeo'tions of extmcts of adult male ·11.rrlne into 

nomal animals ,gives· a bipbasic e·:f'feet .; fi.rst a 

tall and then a. ri:se in the amount of clC"eat.inine 
\ 

el.1m1n.~te.cl. 

ix. Tb.e ad.ministra-tion of testosterone and androster. 

one in suf'f"i._oiently large doses J!i'esults i·n an 

increased e-xcretion o!' creatinine .in the urine. 

x. The.ir eftectivene-ss is increased and greatly 
·~, ·) 

{ 
prolonged i.f administered in the form cf' an &Gter. 
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Th.i.s is probably due to the slow hydrolysis, 

absorption and ,exe.retion er the relatively i,n• 

soluble ester. 

x!. Administratt,on of oostradiol be.nzoate .also giv-es 

a 'oipha.sie effect. (Small doses indicate a tri­

pha.sic effect). There is a. relation between these 

results and those obtained. wit.h urine extracts. 

Il. ~! Ante~io.1t,.!,i.?;tti~P.P: J?:11,d C,JZea'f.#,1,ni,.n!_ ~~ .. a}aoli§!U;,., 

1.. InJ~otion of Anterior pituitary extmctt; into 

.norrna.l adult males resulted J.n a rise in urina17 

crea,tinine. 

it. InJactions of Antei·ior pituita:ey extracts into 

.JUiY recent caatrate not showing a high po.st ... 

castration increase in the oreatinine level causes 

an increased out;1,ut of creatinine in the urine. 

iil.. InJecticno of An.terior pituitaey em;ncts into 

long-atanding -caot:ra.tes lV'hieh have an 1nareased 

crea.tizdne excretion., due to anterior lobe nyper­

trol)ll.7. have no efte,et a.t all on thia bigh daily 

crea.tinine e1iminat1on. 

IJJE. RESULTS INDICATE.: 

1. (a) That the pt tuitar7 exerts a direct cont.rol on 

creatinine metabolism. 



(b) Tnat .following castration there is a. ;pe1•sistent high 
elimination, 

level 1n · creat inine/due to a peraist,ent ma.ximal 

.,;, secretion of the hormone .of the anterior l·obe ww. eh 

~ .control*3 oreattnine metabolism. 

2. The :results obtained with. the different testicular extracts 
\ 

and sJpthetic· hormones are explicable on the hypothesh1 th.at 

two substances occur in the teates: 

(a) one which stimulates the for:mation of the·hor,mon.e 

of tb.e anteri:<>r pitni tary controlling creatinine 

metabolism, .a.nd 

(b) one which inhibits its formation. 

3. The ef'f'.ects obtained with urine e.:xtmcts suggest either the 

presence of two subatsnces as above. or one substanee givi~ 

a bipba.sic effect. The latter suggestion is supported by tlle 

bipb.asic effect given by oestradiol benzoate. 

4. Since inj eetions of' adrenal cortical extra.eta were no,t · 

followed by an;v a.ltaration in the amount of orea.tinine elimina­

ted,t it is sugges.ted that the cortex does not affect crea.ti• 

nine excretion .in the rabbits. '!his is supported. by the re­

sults of several otluu" investlg.ators. 

In conclusi,on it is suggested. that although the pituitary 

acts directly on crea.tinine metabolism.; the persistent high 

· post ... castration~ ur1na.ry creatinine level is a.ttrib-uta.ble ·to 
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the ereat.ine tH:mtent. ot' the muaq1e reacl::ti.n~ 2. m.a:.;q.mum ... · 

tt ie further suggested that a :aeries of experiments. 

on these line& be perfoxmed en bypophy,sectomised ani.ma.la 

to confirm the :resultG obtained in the course ct' this wor.k. 




