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INTRODUCTION. 

The Reproductioa Ot Xenopup LaeY.la. 

Scientific interest in the reproduction or Xenopue laevta 

was aroused over 70 year, ago. Gray (1864) described varioue 

stages in the de'fttlopment ot the Xenopua tadpole. Theee 

studies were extended by LeeU.• { 1890) and Blee ( 1904) • 

Another early obeervat!on concerning this amphibian was the 

cyclical appearanoe or n-ptial exoresceneee on the forelimbs ot 

the male (Leslie, 1890). These were •••n to make th.air 

appearance Just before the breeding 1ea•on.-

The nuptial excreecencee were described again by Blee 

(190lt 1904). In this case they were obeel"'t'ed during att empts 

to breed Xenopue laerl• experimentally by simulating natural 

weather condition1. 

The reproduction ot Xenopua laevie was investigated later by 

Hogben ( 1930) , who ahned that inJ ectio.u of ox anterior 

pituitary extracts were able to produce oTUl.ation. 

More recent wo:rkere have added much to the knowledge ot 

reproduction in Xenopue laevie. In 1914 Shapiro and Shapiro 

described the seasonal cycle in the ovaries. Thie work included 

histological atudiee ot the changes occurring in the ovaries ot 

Xenopue. The same workers postulated on experimental evidence 

that the cycle· wae under the control of the anterior pituitary. 

Subaequent i nvestigations confirmed the important rele of the 



anterior pituitary in the se~ual cycle ot Xenopus lae'fie• 

although some doubt exists as to the exact mechanism e.t work. 

~exander and Bellerby (1935, 1938); Bellerby (1939); 

Bellerby and Hogben (1938) J 

The readiness with which Xenopus responds to pregnancy urine 

and other gonadotrophic eitracte was employed by Shapiro and 

z are-natein, (1933 a, 1934, 1935) in devising a new technique 

£or the diagnosis of pregnancy. This test has the advantage of 

rapidity in obtaining re&ulte , and ease and low cost in carrying 

out the test. The degree of accuracy is superior to that or 

other tests for pregnancy. Modifications in the execution of the 

teat have been d.escribed by Bellerby (1934) and Z arenetein (1936 ,b). 

The next advance in the knowledge of Xenopus reproduction was 

the experimental induction ot coupling 111 Xenopus laevie 

(Shapiro 1935, 1936.a, 1936.b). This was accomplished by 

injections of gonadotrophic extracts prepared from both sheep 

pituitaries and from humal1 pregnancy urine. Later investigations 

by the same worker (Shapiro 1937 a) showed that this reaction 

depended on the presence of mature gonads in the experiment 1 

animals. 

The most striking results in the field of Xenopus reproduction 

were obtained by Shapiro (1936 c), zwarenstein (1936 a), and 

Shapir~ and Zwarenstein (1937). They showed that steroids 

identical with those found in the ovaries, corpora lutea and testes 
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ot memmale were capable of producing ovulation in Xenopue 

lae"fie. 

During the course of the work deeeribed above it wae 

noted that when Xenopue females were activated by simulating 

natural weather conditions or by gonadotrophic preparations, the 

cloacal labia became swollen and hyperaemic (Blea 1901, 1904, 

Shapiro end Zwarenetein 1935, Shapiro 1936). Subeequent work 

showed that this hyperaemia is a secondary sex character or the 

female Xenopue, dependent on a secretion from the OY&l'J tor ita 

appear.ance. Using this as a teat object, Shapiro (1936 c} 

demonstrated that the action of the mammalian eex hormones waa a 

gonadotrophic one in Xenopue la.evil and that these steroids were 

inactive u regarde oeetrogenic actiTity in Xenopue . In a 

e1m1lar way Shapiro (1936 c) demonetra.ted the ovulation-producing 

property of ·many eteroide cloaely related chemically to the 

meneelien aex hormonee. 

The cyclical eemal physiology ot Xenopue laen.e has been 

demonetrated both 'by observation ud experiment. Leelie (1890), 

Beddard (1894) , Rose (1926) and Shapiro (1936 at 1936 b) noted that 

mating ill Xenopue laevie 1.a seen only during th latter halt ot 

winter end early spring, a;pproximately July to September. 

Experimentally, Shapiro (1936 a) showe-d that Xenopus laevis is more 

eensit1Ye to gonadotrophic extra~te of sh ep anterior pituitariee 

during the inter months than during the swxuu.r months. The 

amount of extract required to produce coupling demonstrated thie 

fact in a striking manner•, 
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Subsequent work by Shapiro (1938) ueing methyl teetoete~one 

and Zwarenetein (1938) ueing progesterone, both •ploying 

owlation as an index. of gonadotrophic aetiritJ, confirmed 

the 9eaeonel changes in eeneitiYity described abo••· 

More recently, Gitlin (19*9) described e. cycle in the 

on.duct or Xenopue laevis, which .he demonatrated to be 1.U1der 

the control of en anterior pituitary - O'ftJ"J hormonal mechaniam. 

The preeent etudy wae undertaken to inTeatiga:te 'f'arioue 

aspects of the cyclical reproduoti'ff ph7eiology of Xenopue 

laevie. The eeoondary eex eharactera of the male Xenopua are 

in•estigated experimentally tor the first time. The seasonal 

oycle in the nuptial excreecenoea ot the male ie deeoribed in 

detail together with experiment• deeigned to elucidate the 

nature of the control of these eyelee. A ditterene• in the 

•bee of the forelimbs of Xenopua malee and temalee 1.a deeoribed. 

tor the tiret time and the pre1ence of a cyele in the size ot 

the forelimb• ot the male i• eatabliehed. 

cycle is also in·Hetigated e.xperillltntally. 

The control ot thi1 

The second portion ot thi• wort coneiete of an ineetigation 

into the eecondar:r eu charaotere of the tema1e Xenopue. u 

disoueeed a.bo•e theee are e-een to oeour cyclically whe the 

female i• eexually act1••· 

The third portion deal• with coupling, which allo occ11re 

cyclic&llJ wider natural conditiona. St\ldiee 1n the experimental 

induotion ot coupling have been advanced. 

Arieing out of theee studies on the cyclical sexual activity 
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ot Xenopus lae'f'ia are certain problems ot importance in 

the understanding of Xenopue reproduction. The nature ot 

the Xe.nopue ovarian arid teetieular hormones hu been 

1n•eatigated biologically, an analy•i• ot the mating renex ha• 

been attempted and tbe path• taken by the ale and female 

gametes from the gonads to the •rlerior bas b6en deec.ribed. 

Th• last problem diecuaaed is the role played by -.af'ioua 

factors in the production of the cyclical reproductive physiology. 

Th• relevant literature is dealt with more tully in the 

appropriate aeotione. 



S!!!!f!X• 

l). A brief' account is given or the denlopment ot the 

kno•ledg• of the reproductive phyaiology of Xenopue laevia. 

2). The ecope of the pNeent work le outlined. 



·, 

lilATERlALS AND ta:rHODS. 



MATERIALS A?v1) METHODS, 

I. Coll•ction Ot Pt,ir• Known To Couple. 

In Tarioue parts of thie work the following phraee will 

be encountered - •:Paire ot troga which coupled pre'dou•ly". To 

aaTe repetition, thi• will be explained here .. 

Large n.Ulllbera of male and female froge are eollected trom 

the ponds and allowed to eta.y in the laboratory tor at least e>ne 

day befor being ueed, Theee frogs are inJeated intraperitoneall7 

with 0.5 ml. of an extract or aheep anterior pituitary. 1 ml. ot 

which ie eQuivalent to approximately 700 mgs. of fresh anterior 

lobe. They are then plac din ernaller containers, 2, 3 or 4 malee 

and females per container, ae described b•low. Injections are 

made usually between 5.0 p.m. - 7.0 p.m. 

At 8.30 a.m • ... 9.0 a •• the following morning the first 

observations are made. Coupling pa.ire are gently removed and 

placed in separate containere, one pair in its own container. 

Tbeae containers are nwnbered and in turther experiments ea.oh pair 

ie confined to its own container. Observations are made at 

regular interval• throughout the day and on th following daya .. 

Later on in the experiments, on the baei• of the finding• 

described in the section headed "Permutation•", coupling pairs 

were transferred to e. large bath or water and thus a stock wae 

collected ·of ttiales and females which were known to reepond to a 

certain quantitJ of sheep anterior pituitary extract by 

exhibiting the mating rttnex. These frogs were used in turther 
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experiments. 

Coupling usually ceuee at the end. of the tiret day after 

injection, i.e. 24 • 36 hour:a after injeoti-on. On the aecOJ1d 

da.y attar injection, new oouplee are ~•1"1 l"ar'ely round, but 

pain which coupled on the pt'edoua day lt&J not int~uently etill 

couple. Coupliag baa not been aeen on the third day without 

reinJeotion. 

Thue frogs that couple are kept till at lea.et the 4th day' 

alter inJectton• before being used in further experiments• ia 

which it 11 neeeaaary to elim1nate the ettecte ot previoua 
. 

inJeotiona. The frogs are not fed during thia time. 
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II. Containers. 

Glass containers are uaed tor the experiments on 

coupling. These are round, rectangular, or oblong with · 

rounded ends. They are about 4 - 5 inches deep. Glaas slabs 

are used ae covers and theee are placed so that there ie a small 

opening to allow air to enter the container, but not large 

enough tor the froge to eecape. eights are placed on the 

covers to prevent them trom slipping and thus enlarging the 

opening. They are filled with tap water to a depth or 

1 l/2 i11chea. Tb• ·ater is changed daily. · 

The round containers vary in diameter and bold a 

corresponding number ot troge. 

There are 12 ! 10 inch containers holding 4 pre. of frogs ee.ch. 

" '' 9 & 9 1/2 u " " 3 " •• " " 

" " 7 ! 8 u " u 2 " " " " 

The re angular containers measure 111/4 inches x 5 1/2 inebea 

and hold 3 pair• of frogs each. 

The oblong containers with rounded ends measure 

15 1/2 inches x 8 1/2 inchee and hold 4 pairs or frogs each, 

The same containers were used tor isolating coupling pairs. 



III. Operations. 

1. Ce.stration we.a pertormed according to the method of 

Shapiro & Zwarenstein {1933 b). 

The animals were anaeethetieed with a mixture of ether 

and water, l; 5. The ventral ekin was divided by a one inch 

median incision and the ventral abdominal Illl.lSCles were divided 

by a pe.ramedian inciaion half' an inoh long. 'l'hie wae done in 

order to aToid the ventral abdominal vein which runs in the 

midline cloeely applied to the inner aurtace of the ventral 

abdominal wall. The incision in the 1111ecle ie held open ri:th 

e. ...U retraotor. 

The tat body of one eide is expo•ed and drawn out of the 

incision. Th• te8ti•, to th• upper pole ot whicb the tat body 

ie attached, 1• grasped with a torcepe end delivered through 

the wound eo that ite mesentery is expoaed. This is cut 

through with an electric cautery or a needle heated in a £la.me; 

care being taken to avoid the blood vessels supplying the tat 

bodies as these run cloee to the upper pole of the teetie. 

The intestine ie drawn aside and the second testis ie 

exposed and removed i--n the eame way. 

The muecle is cloaed withe. continuous cotton suture, 

care being taken to avoid the ventral abdominal vein. The ek1n 

is· closed by interrupted cotton sutures. 

Ovariectomy ie performed along similar lines, except that 

it is tound to be more convenient ~o grasp the ovary with the 

hand alter it hae been delivered through the wound. 
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The rroga are wa.ahed and placed in shallow water 

until they have recovered and then are transferred to deep 

water. This procedure was found to decrease the postoperative 

mortality rate and to assist healing of the wound. 

The animals stand the operation well, especially the 

females. The posi• Qperative mortality rate is low. 

2. Hypophyaectomy. (Fig. l). 

The procedure is a modification of the method of 

Hogben (1923) and is identical tor ma.lee and tor females. 

The animals are lightly e.naeethetieed as before and placed 

on their backs. The mouth ie held open by a forcepe, one blade of 

which is narrow and is held in 011e internal naria. The other blade 

is broad' and 18 held against the roof of the ~outh, behind the 

opening of the euetachian tube. 

A small hole ie drilled in the roof of' the mouth with a 

dental burr, through the mucous membrane and bone just in front ot 

the opening or the euetachian tube . The drilling is contin~ed 

until the anterior lobe of the pituitary can be 1een ehining 

through the remaining thin plate or cartilage. This is reflected 

with a thin pointed knife and th• anterior lobe is removed by gentle 

suction through a glass tube ot l.5 mm. bore attached to a water 

suction pump. If suction is too vigorous, the posterior lobe is 

removed as well. 

The animals are allowed to recover in shallow water and are 

transferred to white porcelain sinke with a running water supply. 

The removal of this anterior or or both lobes or the pituitary can 
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be recognised by th• post-operative colour changes 

described by Hogben & Slorae (1931)~ 



IV. Extracts. 

l. preparation Qf Human Pregnanc, Urine Eztracte. 

Extract• of the gonadotrophio principles of pregnancy 

urine were Dl4l:de according to the method of Ka.tsman & Doisy 

(1932). 

l 1/2 - 2 litres or urine trom an early pregnancy i8 

used. Pregnancy in the donor was usually cliagnoaed by the 

Shapiro-zw enetein tes-t (1933 a). 

The urine is acidified by the addition or a tew drope 

of glacial acetic add to pH 4.o - s.o. M•thyl red ia used 

ae indicator .. 

The acidified urine 1e filtered through a Buchner auction 

tilter ud 50 e-ca. of aoe-t.one saturated with bensoio acid 

(B.A.A.} per litre of urine 1.s added e.a followa. The urine is 

traueferred to a tall cylinder end stirred rapidly with a long 

glaes rod. The B.A.A. ie added slowly, a little at a time. 

The urine ia allowed to etancl oYernight in a refrigerator at 

about ~0 c. 

When the B.A.A. is added to the urine, the bensoie acid ia 

precipitated &nd adaorbs on to itself Ya.rioue •~betancee from 

the urine, in.eluding th-e gonadotrophie factors. 

The next morning the urine is filtered throigh a Buchner 

filter. The bensoic acid precipitate is collected and dissolved 

in an amount of acetone equal. to the volume ot B.A. A. originally 

added to the urine. The filtrate is retained. The solution is 

well stirr•d t~ dissolve all the benzoic acid and then is 
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centrifuged. The supernatant acetone solution is retained. 

The deposit is washed with acetone and recentrifuged. Then it 

is dried by means of a current of air, or is spread out and 

allowed to stand until no acetone can be detected by smell. 

The deposit is often powdery. but occasionally ie very vieoid 

and sticky. The latter type of deposit ie easily dried in a 

cur rent or air, but the powdery torm is eaeily lost. Then the 

best method is to have the powder at room temperature until the 

acetone bas evaporated • 

The deposit may be collected and stored as a powder in a 

refrigerator. Poteney is retained longer than in a fluid 

extr act. 

Solutions can be aade up immediately or afterwards frotn 

the powder. 

The dry deposit is weighed and distilled water ie added to 

it, 25 mls. of water per litre or original urine. It was found 

that adding the requisite amount of distilled water in three 

portions increased the amount or substance going into solution. 

The deposit is br oken up into fine particles in the water and 

then the solution is centrifuged and the supernatant fluid is 

collected and measured. The water is removed from the insoluble 

residue of the deposit by the e.dditon of alcohol and centrifuging 

and then the alcohol is removed by ether. The ether is allowed 

to evaporate off and the deposit is weighed again. '.rn this way 
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the amount of deposit that went into solution ie determi.J1ed 

and the amount ot deposit or pOYder i,er ml. or the extract 

can be eetiuted. 

The acetone in which the ben1oic acid precipitate was 

dissolved ie resaturated and added to the urine from which the 

benzoic acid precipitate has been filtered. A second 

extraction of the urine proceed• along the lines laid down 

above. It is tound that the second extraction often yield• an 

extract as potent ae or so1Jl8times more potent than the tiret 

extraction. 
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2. Pr•Raration or Acid Extract• Of Sheep Anterior Pituitro. 

Acid extracts of sheep anterior pituitaries are prepared 

according to the method of Bellerby (1933). 

Sheep heads are obtained from the Maitland abattoirs which 

are situated halt-an-hour by motor car from the laboratories. 

Anything from l - 111/2 do1en heads are collected ae the 

animals are slaughtered. 

Immediately upon arrival at the laboratories the heads are 

eawed open, the brain is moved aside and the pituitaries are re­

moved together with and encloeed in the dura mater lining the 

eella turcica, and the diaphragm& sellae. The pituitaries are 

immediately placed in a clean dry dish which 11 surrounded by 

ice. 

The pituitaries are carefully shelled out of their dural 

investment and the posterior lobea and the intundibula are 

removed, care being taken to leave only anterior lobes. 

The•• anterior lobes are now dried and aa much blood ae 

possible is removed from their surfaoes. They are weighed. cut 

up into fine pieces and traneferred to a mortar. An equal 

volume of clean, dry, coarse sand is added. The pituitaries are 

ground up until the sand is a tine powder and no large pieces ot 

anterior lobe tieeue ar• recognisable. 

The mash ie transfer red to a small beaker and 1% aoetio 

acid is added, 1.5 mls. for each gramme of anterior lobe. The 

mixture is stirred well and lert overnight in a cool dark: place, 
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witb the mouth of the beaker covered by a small glass elab, 

The following morning the mixtur is centrifuged and 

the supernatant fluid is collected. It is found that 

etirring or the depotit in the tube and recentrifuging yields 

a small additional quantity or extract. 

The extract ie made neutral to litmus by the addition, drop 

by drop, of a~ solution of NaOH. At the neutral point a 

tine flocculation occurs. Thie is removed by centrifuging the 

extract. The volume of the supernatant fluid is measured and 

is uaed tor injection. 

The extract is kept in small Erlenmeye flasks in e. 

refrigerator. The main body of the extract ie kept in the ioe 

chamber of the refrige.rator where it treesea. Smaller portions 

requir d tor immediate use are kept liquid at a temperature of 

about 40c. 

These extracts are designated in this work by the letter "S", 

e.g. s. 3., s. 18. The strengths or the extracts are given in 

protocol I. 

3. Preparation Of PYr.idine Extracts or Sheep Anterior Pituitary 

( Rowlands 1937) • 

The anterior lob4le of sheep pituitaries are collected 

according to the method described above. They are dessicated in 

acetone. Three changes of acetone are used. and the anterior 

lobes are kept tor two to three days in each change of acetone in 

a refrigerator at 4°c. The acetone is then poured off and the 



-18-

anterior lobes are dried in a current of air and ground up 

into a tine powder. 

The powder is extraated with 507- solution of pyridine in 

distilled w8."ter for two hours. 250 mla. of the pyridine is 

ueed per lO gramme, of powder. 

The extract h centrifuged and the eupernatent fluid ie 

collected. This is precipitated with tour volumea or 96i 

alcohol and recentrifl.Jg•d• The precipitate ie collected and 

dried in a current or air until no pyridine ie lett and then 

ground up. 

The powder is dissolved in the required amount of 

distilled water which hat b&en slightly alkalinieed by the 

addition of a few dropa of 40% NaOH. The extract ia 

neutrelised with concentrated HCl and stored in the upper 

compartment of a refrigerator so that it freezes. 

Each l.O ml. ot the extract was equin.lent to 534 mgs. ot 

fresh anterior lobe tie•~•• 

4. Preparat1op or Ox Agterior Pituitary Extp.cte. 

Ox beads were alao obtairted from the Maitland abattoirs. In 

the case of these, however, the heade were sawn open and the 

pituitaries were removed at the abattoirs, immediately after the 

ox wee killed. The pituitaries wer~ traneported on ice to the 

laboratories. 

The shelling out or the anterior lobes and the extraction 

with 1% acetic acid is identical with the method of preparing an 



extract of sheop anterior pituitar ies deacrib&d bove. 

Three ext met & were made, called O .1., 0. 2., and O. 3. 

Th were snall in amount end ere usod almost imrr~diately 

e.rt r preparation. Therefore they ere not froien. Their 

etrengthe are given in protocol l. 

5. Xenopua Pituitaries Prep rations. 

Method or C9lleotin,g fiituitaries. 

l. When Xenopua pituitaries wer~ required the animals were 

hypophysectomised by the method described above. The 

hypophyseetomised frogo were then retainsd for further 

experi nts. 

A frog is anaesthetised by i ersion in a mixture of 

ether and water. It is placed on its back and its mouth held 

opeb by a specially designed forceps. A hole is drilled in 

the kull by means of a small burr, in the ciddle line, just in 

front of the opening ot Eustachian tube. .. en the hole is 

sufficiently deep the anterior lobe or the pituitary can be 

seen shining through the remaining thin cartilaginous base of 

th skull. Thi laye~ io oor fully reflected by means of a 

sharp - -pointed knife and the pituitary is thus clearly exposed. 

A narrow glass tube is u ed to collect tho pituitary. 

This tube has its one end drawn out to a fine tip of sufficient 

diameter to take the Xenopue pituitary, i.e. the boro of the 

tube at this end is l.5 mms. About on i nch from the pointed 
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end of the tube is a small bulb, 2.0 inches long and 0.5 

inches in diameter. The other end of the tube is connected 

to a water auction pump. 

The anterior lobe of the pituitary ie now removed by gentle 

auction through the glass tube described above. Gentle aucrtion 

results in only the anterior lobe coming away. 

The anterior pituitary is trapped by the bulb on the glass 

tube, from which it is easily washed out by disconnecting the 

glaas tube and aucld.ng up water by mouth. The pituitary is carried 

out ae the water is allowed to drain on to a piece of filter paper 

lying on a porcelain slab. Thus the pituitary is collected on 

filter paper. · The moistness of the latter prevent• the pituitary 

from sticking to the paper. It the whole pituitary comes away 

the anterior lobe is separated off easily with the point or a fine 

forceps. The pituitaries are used almost immediately ao that 

very little lose of active principle by solution in the water i8 

likely to occur. 

2. A more rapid method of collecting pituitaries is ueed when 

the hypophysectomised .animal is not required. A frog is pithed 

from the level of the cervical vertebrae downwards and then the 

head is cut off with a sciescre, one blade of which is held in the 

mouth or the animal. The ee·vered head ia held upside down and 

steadied by means of a lung forcepe clamped across the nose. With 

a aharp pointed scieeora the cranial caTity is opened by two 

incisions, o~e on each side, through the base of the skull, starting 

at the severed end of the spinal column and ending in front of and 



le.teral to the opening of the EuJ1tachian tube. Th& base or 

the skull is reflected forwards and the pituitary is &%posed. 

The anterior lobe can now easily be lifted off by means of a 

fine torcepe. 

The pituitaries are kept on moistened tilter paper for a 

few minutes until used. 

Method Qf Implantation Qf Anterior Lobes. 

The skln on the dorew of the experimental frog is held up 

by a toothed forceps and a small 3 mm. incision is me.de. The 

anterior lobes are carefully lifted up from the moistened tilter 

pap•u· by meane of a fine forceps and placed in the dorsal lymph 

sac of the frog through this incision, as far from the latter ae 

possible. 

The incision ie closed by a single cotton suture. 

In the female, the 1ncis1on is ma.de ae far anteriorly e.e 

poeaible ao that. the ligature will not interf'el"e with the 

application of the male to the dorsum or the female in any 

coupling that may take place. 

In the male this precaution is not neoeeeary and the 

incieion ie made lower dOWll on the dorsum or the frog where the 

skin is looser and the inlplantation is thus easier. 

6. Dogfish Pituitar!es Preparations. 

Dogfish a re obtainable in Table Bay, Cape Town; in large 

quantities. A trip we.e · ma.de into the bay. The dogfish were 

caught by hooks baited with mackerel e.nd killed as soon as they 
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w re taken out of the water by a bl-:>• on tho back of the 

cranium. 

The he dis removed immediately and the base of the 

skull ia reflected . The pituitary is located easily and 

removed by cutting through its attacbmente to the base of the 

bra.in. 

The pituitariee are transferred il!L':lediotely to a tube 

eurrounded by ice in a thermos tlaek, where they aI"8 kept 

until used about three hours later. 

The dogfieh pituitaries were implanted under the dorsal 

skin in eaM& manner aa deeeribed above in the case of the 

Xenopus pituitaries. _ 

• 



SW!Jmary. 

1). The method of collecting "pairs of froge known to 

couple" ie described. 

2). The containers used in the experiments on coupling 

are described. 

i). The operations o.f castration and hypophyae.ctomy are 

described. 

4), Methods are described tor preparing extracts of the 

tollowing eubstancee,-

Hwnan pregnancy urine. 

Anterior pituitaries ot 1heep, ox, Xenopua laeTie and 

dogf1eh. 



mg SECONnARY Sli:X CHARACTERS OF 

THE IUl,E XENO,PUS . 
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THE Sli.CONDit.FY SEX CHARACTERS OF THE 1lALE AEhOPUS 

Introduction. 

The development or nuptial excrescences on the forelimbs 

of male Xenopus ltt the breeding season has been noted by 

te~lie (1890), and Blea (1901 and 1904). Acco rding to Leslie 

(1890) the excrescences cover the palmar aspect of the fingers 

e.nd hands and the ventral aspect of the anna as far as the 

elbows. Blee (1901) considered tbe.t the excrescences developed 

on the dorsum or the fingers end hand and extended up th ve~tral 

aspect of the forelimbs aa far as the axillae. He also described 

the excrescences as consisting of clo•ely set spikes. 

uptia.l pads consisting of bl cl'. epidermal spines covering 

a swelling produced by acinoue glands with granular cytoplasm. 

occur in the prepollex region of each hand of many frogs and toads 

(Uoble 19Sl). Pigmented .spinea also occur on the ventral 

surfaces of breeding males in eom.e discoglosside, pipids and 

ranide and in a few d1scogl-0esida, pelobatids, butonide and ranide 

these spikes extend to the chest and chin (Noble 1931). 

Pope (1931) has shown that some species of Rana, breeding in 

mountain torrents in China, have spines developed on their chest to 

assist the male to maintain his position on the back of the temale. 

The eituation of the epikee in eome species, however, is not 



always correlated with this type of advantage in mating and 

the spikes develop in almost any part of the body. 

These epi.kes assist in eex recognition in some species 

where the latter occurs by trial embrace, ae in Rana Sylvatica 

(Noble and Farris, 1929). 

Studies in Rana ha•• shown that the tbumb pads described 

aboYe grow as a resalt of testicular activity. The role of the 

pituitary in this rea.ction hae not been investigated. Also, 

nuptial pads have been made to develop in cutrated female toads 

by teeticulRr transplantation (Ponee 1923; Welti 1925). The 

presence of nuptial pade tbw, appears to depend on the action of 

a testicular hormone. 

In the present work the nuptial excrescences or male Xenopue 

have been studied anatomically as well as hietologically. The 

eeasonal cycle in their appearance and the factors controlling 

this cycle have been studied . The question of the identity of 

the amphibian sex hormones is diecuseed. 

For the sake or convenience the nuptial excrescences are 

referred to here e:a "pads". 
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SEASONAL CYCLE IN THE PADS OF XENO?US LAEVIS UNDER NATURAL 

CONDITIONS. 

Uale&. 

All the fr.ably-caught lll8.le Xenopua brought into the 

la.boratory betweeu September, 1937, and September, 1938, were 

examined for the pr&Sence of pe:da. From the beginning of 1938 

up to and including May no pads v.ere eeen. The first mouth in 

1938 in which f'ully•deYeloped pads were seen was Jutte. By the 

firart week in July all animals showed tully•deYelope-d pads .. In 

September pade were still eeen in all the males, but in NoTember 

the pads had disappeared for the :most part. BJ January the pads 

were absent. 

Thus there are four phases in the eeaaonal cycle in the 

presence or pads. 

l. January to a.y. No pads are preeent 'during this phase. 

II. , May to July. Duriq then two months the pads be­

come fully-developed. This phae-e i mediately precedes the onset 

or the breeding season. 

III. J~ly to September. This is the breeding season 

during which the pads are maintained at their full deTelopment. 

IV. September to J:a.nuary. The pads gradually disappear 

from. the forearms of tha males. 

Females . 

'111• _ forelimbs or female Xenopus were examined at all times 

ot the year. No pads were ever seen on the f'orelimba of the 



.. 27-

female frogs. 

A fuller coneide~ation ot tbeae o'baerYtltiona is given 

below. 
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A2pearance,...2f the Fo:relimbe of £!lie.le Xenopus during the Cycle. 

l. January to May. No pads are seen on the fore•arme of 

Xenopus males. The ar&a on which the pads later de,velop is 

recognisable. eepecie.lly on the ventral aurface of the forearm. (Fig.2). 

Rather more than half of the re.dial side of ventral surface of the 

forearm has an opaque appea:rance, contrasting markedly with the 

smooth pale colour of the remaining 11lnar side of the ventral 

surface of the forearm. This patch extends on to the palmar 

aspect of the hand and o.11 tour fingers. Proximally, it ie not 

always seen on the arm. When it is preeent it ie a narrow strip 

comprising betwcten a quarter and, a third ot the ventral surface· 

of the arm, running down the centre of this surface from the 

junction of the arm and the trunk to the elbow, where it joins 

the patch on ~he forearm. Two thin blood veeaels can~ seen 

on the forearm. One runs Wliier tbe pad area and the other rum, 

at the junction of ~he P;&d area with the rest of the ventral skin 

of the for•arm. Theee vessels are rather blue in appearance and 

end by supplying the fingers . This patch, in addition, !eels 

rough to the touch. It lacke the &limy feel of the skin of the 

rest of the body and remaining parts of the arms. 

II. Jiay to July. The pads are first aeen during this period. 

No"t. all the arms show pads . The pa.de that a.re present differ 

markedly in appearan~e. Three distinct types can be distinguished. 
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(a) In the early part of this ~ha.ae mont of the 9ads seen 

extend from the finger-tips as far a& the wrist. This area 

is bla.ck in contrast with the pale colour of the rest of the 

ventral eurrace of the am, and feels rougher to the touch than 

the pad area of the forearm and arm. Thia pad area on the 

forearm is either similar in appearance to that seen between 

January and May, or it may assume a grey colour, when the 

vessels become red and wider in calibre than those seen in the 

firs~ phase of the cycle. The pad are& on the arm is either 

not seen at all or has the esme appea.rance as before. 

The features described are the 88llle on the two forelimbs. 

In the early part of this phe.se the majority of s.nimale show 

this type or pad. At the breeding season approaches this type 

or pad becomes rarer e.nd in the last stage or the cycle only a. 

tew frogs show this appearance. 

()) In the second type of pad, the dark area covers the 

forelimb from the tips of all the fingers as far ae the elbow, 

where it ends sharply. This dark nree.. replaces the pad area 

and obecuree the ~lc<XI •easel~ deeeribed aboTe. In some of the 

animals this patch is jet black tmd shiny and •ery rough to tb.e 

touch,. In these animals the pad area o.n the arm is grey to 

light brown in colour. In other enimal.s the pad area is dark 

brown 111 colour and the arm shows a grey pe.<i area. The two 

forelimbs of the animal show the same appearance. 

Thie type ot pad aocounte for most of the pads that do not fall 
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into type (a) at the commencement of thie phase of the cycle. 

As the phaee progresses this type of pad becomes more £requent . 

In the late part of this phase this type ot pad again is eeen 

lees freq12ently. 

( c) The thi rd type of pe.d extends the whole length of the 

arm from ringer-tips to axilla, lying in the position ot the pad 

area described above. (Fig 3 ) • In most of the animals it 

ie dark black and shiny in appearance and V8rf rough to the 

touch. In others the portion on the arm is dark brown, rather 

than black. · Again the two forelimbs show the·~ appeare.!lcee. 

The third type of pad is aeen only occasionally at the 

beginning of the second phase ot the pad cycle• but increases 

progressively throughout the two months, until in the last part 

ot thi1 phaee it ie the type ae~n moat frequently. 

II~. During the breeding aeaaon the pads seen are mainly of 

the third type, extending the whole length or the ventral 

eurtace of the arm, black in colour, ehilly and rough to the 

touch. Pads extending ae tar aethe elbow are also eeen, but . 

frogs with pad1 on the fingers and palms only or with no pade at 

all are infrequent. 

IV. Between September and January the pads are seen 

progreeeively less frequently. In the e rly part or the phase 

the extent of the pads is very little changed • but the shiny 

appearance is lost. The colour is not as dark as before and. 

the pads, in addition• are easily dislodged and peel off the 
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A Uninj cted male. Note t blood ve•sels ot the forearm. 

B Injected male ehowing pada. 
' 

C Female. 

Fig. 3. 

Flllly dev loped pads. 
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forelimbs in a complete sheet when the animals are handled, 

leaving behind an area lighter in colour but still rough to 

the touch. 

Ae this phase goee on the pede are eeen to extend for the 

most part only from finger-tips to elbow and become 

progressively paler in colour; brown, then grey, and at the end 

of thie phase, ope.qua and pale in appearance aa in the first 

phase of the cycle. 

Throughout, the t wo forelimbe show the same appearances. 



A,ppee.re.nce of t,h! rorelim'be of' Female Xenopus during the 

Cycle. 

The appearance or the forelimbs of f'emal. animals is 

eonetant throughout the year. They never show pads or an 

opaque area. The skin of the ventral surface ot the females• 

forelimbs is smooth, pale and slimy and differs in no way from 

the skin on the ventral surface ot the abdomen. The two blood 

vessels described above are not teen. 



Discusaion. 

The pads, clearly a aeoondary sex character of the 

male Xenopus. develop juet prior to the breeding aeaeon. The 

three different typee of pads seen suggeat that the develop• 

ment takes place in the tollowing etepai 

(1) The pads develop on the fingers end hands. During 

thie time de•elopment of pads commences on the fofearm, ae 

shown by the grey colour. 

(ii) The pad on the forearni progreeeee and becomes brown, 

while the pad on the fingers and palms i• maintained in a fully• 

developed condition. 

(iii) The pad now reaches completion ae tar ae the elbow, as 

evidenced by the black shiny appearance, the portion on the arm 

commencing to develop showing a grey colour. 

(iY) The pad ae far a.a the elbow continues at full develop·• 

ment while the development of the portion on the arm progreeHI 

and becomes dark brown in colour. 

(v) The pad ie completely developed when the whole area from 

finger-tip to axilla is black, shiny and rough. 

After the br.eeding season the pads disappear, probably 

by aucceeeive exf'olie.tions, which occur in the ca•e of the thumb 

pacle of Rana (Rostand 1934). The readiness with which the pads 

peel off makes this suggestion most likely. The point ie 

discussed again later~ 



SWDDlfU'I. 

l) The eeasonal cycle in the pads of male Xenopua ie 

described. 

2) Four pha.see are recognised. 

a) January to May. The pade are abeen"t. 

b) May to Jul7. The pads develop. 

c) July to September. The pads a~• maintained at their 

full development. 

d) September to January. The pads disappear •. 

3) Three types of pade are described •. 

a) .~ade coTering the fingers_ and palms. 

b) Pade covering the f'oreliml> ae far as the elbow. 

c) Fade covering the forelb1b aa rar' ~. the axilla. . 

4) FiYe etagee in the deTelopme.nt of the pads are described . 

The ahief etagee are as followea• 

The pa.de ere developed first ae far as the wrist. Neat the 

rorearme ehow pads and finally the pad is completed. 

5) The pads dieappear a:f'ter the breeding eeaeon by eucce sai ve 

exf olie:Uons .. 

6) Pads are neYer aeen on the forelimbs of female Xenopua. 
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EXPERIMENTAL INVESTIGATIOM OF THE.FACTORS CONTROLLING 

THE SEASONAL CYCLE I N THE PADS. 

In all the experiments on the pads, large number• ot 

male Xenopue were collected from the ponds and their arms 

inepected. Only those which ahowed conaplete absence of 

pads were ueed. 

Animals with traces of pads were nat injected and were 

ueed as control,. To avoid repetition• it may be stated here 

that no development or pads occurred in uninjected animals. 

On the contrary, the traces or pade which were present at the 

beginning of the experiments were lost and complete abaence 

of pads was round a.t the end of the experiments. The 

experiments were perfonne4 between November 1937 and February 

1938. 

I. THE ROLE OF THE ANTERIOR PITUITARY AND THE TESTIS. 

Becauae ot the fact that the nuptial pads are a secondary 

eex character of the malt .Xenopue, it was thought profitable to 

investigate of the roles ot the teetia and of the anterior 

pituitary in their development. Attempts were thue made to in­

duce the development of pads by injections and 1mplant~t1ona of 

anterior pituitary and testis preparations. 



A. The Effect Of Acid Extracts Of Sheee Ante ti or Pituitaa 

Qn The Development Of The Pads. 

Experiment 1. 

Injection .Into Normal Males. 

Four males without pads were selected from a batch ot 

freshly-caught frogs. They were irijected daily intraperi­

ton&elly with O.S ml. of an acid extrQct of $heep anterior 

pituitary for five days. The forelimbs were examined daily 

throughout the duration of the experiment and on the day after 

the last injection. Four control males were uninjeeted. 

Date Dose per Frog. Equivalent in 
fresh tissue. 

31.10.37 o.s ml. s. 20 330 mgs. 

1.11. 37 o.s ml. s. 20 330 mge. 

2.11.37 o.s ail.. s. 17 325 mge. 

3 .. 11.a, 0.5 ml. $. 17 325 mgs. 

4.11.37 o.s ml. s. 17 325 mgs. 

Total , dose: 1.6$5 g:trumnee. 

Table I. Injection or acid extract of sheep anterior 

pituitary into normal rnales . 

Results. - . -

5.11.37. Each of the tour injected males showed pads i"ully 

developed• extending up the arms ae far as the axilla. 
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Injections 'ere discontinued on the sixth day of the 

experiment when the pads were complete. 

Discussion. 

Sheep anterior pituitary extracts prepared according to 

the method of Bellerby (1933) contain a substance which causes 

the uevelopment 0£ pads on the forelimbs of Xenopus ma.lea, 

either 'by a direot or en indirect etion. The amount or 

e.nterior pituitary required to produce the pads in this 

experiment was 1.635 grammes, divided into 5 daily doses. The 

rate of development of the pads in this experiment ngrees with 

the findings of Bles (1901), who observed the formation or pads 

under simul ted natural conditions. 

The above experiment w s repeated on a larger number of 

animals., A larger dosage of anterior pituitary was used and 

the mode of administration was altered • 

.m!pel"imgnt . 2. 

Injsction Into Now&ll Uales. 

50 males were ueed in this experiment.. 25 of' these were 

injeet'ed 'wlth o.s ml .. ot an acid extract or sheep anterior 

pituitary intraperitoneally on alternate days for 4 injections. 

The forelimbs were- examined .on the 9th day of the experiment, 

the second day after the last injtction. 

A control eeries was run on the remaining 25 males . These 

frogs reeeived no injections end their forelimbs were examined 
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on the 9t.h day of the experiment. 

Date. Inj•ction per Frog. Equivalent {mge 
fresh tissue. 

14.12.37 o.a m1. S 2S 528 

16.12 • .3'1 o.a ml. S 23 528 

18.12.37 0.8 ml. · S 22 456 

20.12.37 o,e m1. S 19 528 

Total doee1 2.04 gumm,s. 

Table II. Injection of acid extract of sheep anterior pituitary 

into normal males • 

R&$ulta and Discussion. 

22.12.37. During the course or the experiment the injected 

animals becamtJ ul'lllealtby. They ••re •luggish in their movements 

and felt stiff and dry. In addition, many of the injected 

anil!lals developed ulcer$ on the dorsWll of the t h ighs and several 

fatalities follo ed. On the ninth day ot the xperiment there 

were 16 survivors and ~he experiment was stopye<i • 

The controls remained healthy and no deaths occurred. No pads 

dev~loped on the foreli.mb8 of the control animals. 

The find.inge 1.ri the inje~ted animals explain one of the 

discrepancies betw•en the statements of Le lie ( 1890} and 

Blee (1901, 1904). Only 8 or the animals sho ed pads covering the 

fingers, forearms and arms. In 6 of the e.nimals the pads 

extended only as tar as the elbows and in the remaining two 

' 



animals the f'inger alone were covered with pe..de. It 

appears, th refore, that the develop ent of the pade occurs 

first on the fingers. Next the pads develop on the forearms, 

the pe.de on the fingere being maintained in the meanwhile in 

a complete state. Lae"tly, the part of the pad which ie . round 

on the arm ae far ae the a.x1lla is developed and the pad 

becomes complete . Bence, while Blee (1901, 1904) observed 

fully-developed pads, thoae seen by Les1ie (1890) were only in 

an intermeclie.te stage of their dev lopment. 

Thie finding explains, also t the difterence in appearance 

of the pads on the forearme or th pond mo.lee examined between 

May and July. The three types represent various stages in the 

development or the pads. 

The results recorded here ooni"irm the conclusions of the 

previous section, namely, acid extracts of she p anterior 

pituitary contain a substance which oaueeo the development of 

the nu tial xcrescences. In this c a the total dose receiv•d 
lobe 

by each frog was 2.04 grammes or fresh anteriox,z, in four divided 

doee e on altEffnate de.ye. 

The results of injection of sheep anterior pituitary 

extracts show that 'the pads can develop at any time of the year; 

provided the appropriate stimulus is applied. The first 

e~periment was performed at the beginning or November, and the 

second at the end of December when the pads in the ponds are 

either already lost or are in the proc e of being shed. 
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The role of the tor.tie in the deTelopment of the pads 

wae next inveetigated. 

Experimen~ 3. 

Injection Into Castrated ?la.lee. 

12 males ot a batch of troge caetre.ted by the method 

deecribed above were injected ~nto the dorsal lymph aac with 

o.8 ml. of an extract of sheep ant•rior pituitary on alternate 

day1 W1til 4 injeotiona had been made. 

The forelimbs were examined eTery day during the course 

of the experiment and on the 2 days following the last injection. 

Results: 

F.ach frog received a total of 2.016 grammes of fresh 

anterior lobe. There was no development or pads whateoever. 

Mo bl,.acknese or roughnese of the palmar skin, or of the inner 

surface of the fingers, occurred. 

occurred in these animals. 

~cui,eion. 

Very little ill-health 

Thie experiment was performed between the 22nd and 30th 

of December, 1937, the week following the previoue experiment. 

It ie unlikely, therefore, that there was any alteration in the 

sensitivity of the tissues of the animals in this experiment to 

the eheep anterior pituitary eub$te.llee. The total doee re-, 

ceived by each animal we.e the etime as thnt giTen to the normal 
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rrogs and the injections were divided up and spaced out in 

the ewne way as before. Aleo, the animals were kept under 

identical oonditiona. 

Thus it can be concluded that the :testis is essential for 

the development of pads on the forelimbs of male Xenopus. In 

the absence of the testis the anterior pituitary is unable to 

induce pad development. The action 0£ the anterior pituitary 

on t he arms, therefore, is not a direct one, but an indirect 

effect through the testis. The nuptial pad of the male 

Xenopus is a true secondary sex character, dependent for its 

appearance on a secretion trom the testis. The testis, in turn, 

is activated by the anterior pituitary, which acts in this in­

stance by virtue ot its gonadotrophic properties. 
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B. The Effect Of A Pyridine Extract or Sheep Anterior Pituit!£Y 

0~ The Development Of The Pade. 

A large quantity of pyridine extract of sheep anterior 

pituitary was prepared according to the method or Rowlands 

(1937) described above. l ml. or extract wae equivalent to 

10.3 mgs. of powder or 534 mgs. of fresh anterior lobe. 

Experiment. l. 

Injection Into Normal ales, 

15 ma.lee selected as described above were injected into 

their dorsal lymph sacs on alternate days with o.s ml. ot the 

pyridine extract until 6 injections had been given. 

The forelimbs were examined on the 1st, 5th, 8th and 

13th days of the experiment• care being taken to avoid 

touching the forelimbs since the developing pads are easily 

torn off. 

A control seriee consisting of 15 females was treated in 

exactly the same way. 

,Resulte: 

Males. 

In thie experiment more caref'ul observations on the 

extent to which the pads had developed were ma.de. On the fif'th 

day 3 animals showed pads on their fingers and hands only; 8 had 

pade extending as far as the elbow and the remaining four trogs 
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already had complete pads. By the eighth day of the 

experiment each of the 15 males showed pade extending up as tar 

as the e.xillae. In all cases the e~tent of the pads wae the 

same on th• two e.rme. 

Females. 

OYUlation occurred but th•ni was no de'nllopment of pads on 

the forel,imbe or the female frogs . 

The animals remained in good condition until the laet two 

days of the experiment, when ulcers developed on the dorsum or 

the thighs in a few of the animals. 

Dieeuseion. 

Pyridine extracts of sheep anterior pituitary also contain 

a substance which is capable of oaueing the development of pads 

on the arms of normal male Xenopue . No such effect iseeen in the 

females. It is noteworthy that in 4 ot the 15 males the pads 

were completely developed 4 days after the first injection, after 

only SS4 mgs. of fresh anterior lobe tieaue had been administered . 

In the remaining attimale 7 days elapsed before the development ot 

pade was complete and in this case each animal received extract 

equivalent to l.068 mga. of fresh 1heep anterior pituitary. 

Once the pads reached full development they were maintained 

in that condition until the end of the experiment (13th day). 

The results confirm the find i ngs in the previous sections, namely, 

that the denlopment of pads occurs first on the fingers and palms, 

then on the forearms, and finally the arms show pads right up to 

the axillae. 



Experiment 2. -
Injection Into cutre.ted Males. 

A batch or padloe.s males selected as described above was 

castrated by the method described previously. 

A batch of females was ovar1ect.omieed and collected in 

the eame way .. 

15 castrate males and 15 castrate :females were injected 

into the dorsal lyJDPh eac with o.s ml. of the pyridine extra.ct of 

sheep anterior pituitary described abov on alternate daye tor 

6 injections. 

The torelimbs of all the frogs were examined on the 1st, 

3rd, 5th, 7th, 8th, 9th, 10th, 11th, 12th and 12th days of the 

experiment .. 

fiesult~t 

There was no development of pads in either the males or the 

females. These animals also remained in good condition. 

Discu.eeion. 

The reeulte in thie experiment confirm the findings in the 

previous sectione. The injections were identical in amount and 

were injected at the same intervals of time• The anterior 

pituitary acta indireetly through _ the agency of the testis. 

The female Xenopus hae never been observ•d to develop pads. 



Experime11t a. 

InJootion Into Hypophyeeotomieed Malee. 

A batch of selected males was hypophysectomised by the 

method described by Hogben (1923). The animals were kept tor 

several days after operation in containers w.ith white sides and 

white bottoms. 15 black frogs from this batch were used in 

this experiment. Thus these had only the ant rior lobes ot 

their pituitaries removed. 

A control group of 15 anterior lobe hypophysectomieed 

females wu collected in the e8Jlle way. 

Each animal in th two groups receiTed injections of o.s ml. 

or the pyridine extra.ct into the dorae.l lymph sac on alternate 

days for 6 injections. 

The forelimbs of both group were examined on the 1st, 3rd, 

?th, 9th, 10th, 11th• 12th and 13th days of the experiment. 

Results; 

alee. 

Readings were mad ·of the extent of development of the pads 

in each animal. The results ar s ariaed in table III. 

r 
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Total Ne. or D~y t,f No. of Males showi ng pads on the 
injection.a Experim•nt . ringers As far as Up to 
giveu. and bands. Elbow. Axilla. 

0 l 0 0 0 

l s ' 1 0 

3 7 2 5 0 

4 9 5 9 l 

5 10 3 2 10 

5 11 0 5 10 

6 12 0 0 15 

J.8 0 0 1S 

Table III. Injection ot pJridine extract of aheep anteriof 

pituitary into hypophysectomieed males. 

No pads developed on the forelimbs of the females. 

Ovulation into thtr we:ter did occur. 

The enimale again remained in good condition until the 

laet two daye of the experiment. 

Diecu.eaion. 

In the abeence of the anterior lobe in the male, pyridine 

extracts of sheep anterior pituitary are still capable or causing 

the development of pads. The development or pads, howeYert 

eeeme to be delayed 1n the anterior lobe hypophysectomi•ed f'roge, 

as compared nth the normal.a. Thus, on the 5th day of the 

experiment, after ~34 mge. of fresh anterior lobe, no animals 



showed completely-deYeloped pads, whereae in the normal 

animals 26.7~ or the animals had pads extending as far as the 

a:dlla•. Again after the adminietration of 1.068 grammes of 

fresh sheep anterior lobe tia•ue only 1 of the animals with 

their anterior pituitaries removed showed completely-developed 

pade (6.7i h whereas in the normals all the animala (100%) 

showed the full response. The different rates of deftlopment 

ot pads in normalt hypophyeectomieed and castrate males was, 

therefore, analysed in. the following way , 

l point was scored tor each animal showing pads on the fingers 

and hands onlyJ 2 points for each animal with pads extending as 

tar aa the elbowJ 3 points for animals showing pads completely 

developed. The figures are given in table IV below and are 

repreeented graphically in Fig. 4. The maximum score for each 

group is 45. 
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' PAD §,CORE. 
Day or 
Experiment. Normals. Hypophysectomieed. Castrates. 

l 0 0 0 

3 6 0 

5 31 0 

7 12 0 

8 45 - 0 

9 45 26 0 

10 45 37 0 

11 45 40 0 

12 45 ' 45 0 

13 45 45 0 

Table IV. Injection of pyridine extract or sheep anterior 

pituitary into normal, hypophyaectomieed and castrated males. 

The graph shows very clearly the delay in the development 

or pads in hypophysectomiaed animals. 

The animals own pituitary, therefore, plays an essential 

part in producing the full effect ot the injections ot the sheep 

anterior pituitary. The nature or thie essential role is 

diff icult to understand. It may be that the Xenopus anterior 

pituitary p-oduces some substance which is necessary for the 

maximum effect or the sheep anterior pituitary. Or it may be ~hat 

the animal' a own pituita.ry maintains the state of sensitivity or 

.. 
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the arms to pituitary injeetione. The normal and 

hypophyeectomieed aniJUals were kept in the laboratory tor the 

same length of time before the experiments were commenced 

(approximately 2 weeks). It has been shown that captivity 

results in diminished anterior pituitary activity in Xenopue 

laevis (Shapiro a: Shapiro 1934), but hypophysectomy i:emoves the 

remaining portion of the pituitary activity and hence a lessened 

sensitivity of the animal•s tissue might be expected in the 

bypophyeectomised animals. i.e.; it is possible that atter two 

weeks in an anterior-lobe-less condition, the testis or Xenopus 

laevis ia lees sensitive to injected sheep anterior pituitary 

substance than the testes of normal animals kept in a laboratory 

for an equal length of time. 

The delay in the development of pads appears to occur in 

the early part of the experiment, since the score reaches 12 in 

the hypophyseotomieed animals only on the 7th day, whereas the 

normals pass the 12 mark between the 2nd and 3rd days. After 

this the two cunee run more or less parallel, so that the rate 

of development from 12 to 4S takes 5 days in the hypophysecto.miaed 

animals aa compared with 5 - 5 l/2 days in the normals. 

Thia finding is in keeping with the second suggestion 

above Tis: that the aensit1vity of the testis ot hypophyseotomiaed 

animals ie lowered, eo that when identical doses of sheep anterior 

,pituitary extract are administered• a · smaller reeponae occurs, as 
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Judged by the development ot pads. In the hypophysectomieed 

animals it appears that during the f'irst seven days the lowe,-ed 

eensiti"lity of the testis is increased, arter which development 

of pads proceeds at the same rate as in the normal animals. 

The role of the animal's own pituitary seems, therefore, to be 

the maintenance of the testis of the animals in a state of 

sensitivity to injected anterior lobe substance. rather than to 

provide a substance which acts together with the sheep anterior 

pituitary. 

The findings in thie ection agree with the results of 

similar xperiments on the arm size of male Xenopus {see later). 

Again the pituitary is seen from the g~aph to act because 

of its gonadotrophic properties. 

The ill-health of the animals that occurred with repeated 

injections of the acid extracts or sheep anterior pituitary 

appears to have been due to the fact that thie extract is cruder 

than the pyridine extrac.t and thus probably contains more toxic 

substances then the latter extract. 
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c. !he Effect Of Xenopua Pituitar~es On The Development 

or The Pada. 

ptaeriment l~ 

Injection Into Normal alee. 

'l'be pituitaries were removed from male frogs by the method 

ot refl•ction ot the base of the skull previously described. The 

donors had been kept in captivity for 2 ... S months. They were 

fed once a week. During their captivity they displayed no 

sexual behaviour. No croaking was ever heard and no coupling 

took place. Each injection was prepared as tollowez 

Four anterior lobes were collected in a small flat­

bottomed tube contai ning 0.5 ml. ot distilled water. The 

pituitaries were then macerated by crushing them with a glass rod 

with a. flat base slightly smaller then the inside of the tube. 

Cruehing was continued until no particles of tissue eould be 

seen t1ith the naked eye. An opaque solution is produced-. This 

ie taken up into a syringe through a needle witb a large bore 

and injected into the experimental animal. o.s ml. or 
die-tilled water ie age.in added to the tubet taken up into the 

eyringe end injected. 

Anterior lobes from female frogs were prepared and injected 

in the same way. The femalee had alao been kept in captivity 

for 2 - 5 months, during which time they were fed onee a week 

and displayed no sexual behaviour. 
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four animals were used in thia experiment. T\fo re-

ceiv•d injections of male Xenopue anterior lobe aqueous 

a epeneions and two received injectione of female .anterior lobe 

aqueous suspensions as followea• 

Into the ventral lymph aac on the lat day of the experiment. 

" 

" 

0 dorsal 

" ventral 

" .. 
" .. 

.. .. 3rd It " " 

" " 6th " " " .. 
The ventral and dorsal lymph eaca were used alternately to 

provide an adequate emount of surface for absorption of the 

macerated anterior lobes. 

The forelimbs were examined daily until the eighth day ot 

the experiment. 

Results, 

On the eighth day of the experiment the pads reached full 

development in each or the four animals used. Ulcers 

developed on the dorswn of the tbighe or the injected animals. 

Diecueeion. -
Xenopus pituitaries contain a substance which it capable or 

producing pads on the forearms or male Xenopus. This result i• 

confirmed below. This factor is present in tbe anterior 

pituitar-iee or both ma.le and female frogs. The third significant 

point ia that the donore of the pituitaries had, themselves been 

in captivity for periods ranging from 2 • 5 months. During this 

time no sexual behaviour was observed to take place. Although 
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the male• and females were kept in the same tanke there was 

never any coupling, the females ahowed no hyperaemia ot the 

cloacal labia, nor did they ovipoeits the 1Xl8.lee were never 

heard to croak and no pads were preeent on the arms of theee 

male donors. 

Thus the pituitary substance that induces the development 

of pads shows no ,ex epeciticit7, the anterior lobes of both 

male and female Xenop\ls pituita.ries being potent in this 

respect. 

The inhibition of the anterior pituitary of Xenopue 

laevis in captivity has been described by Shapiro & Shapiro 

(1934). The tact that active principles can be demonstrated in 

the anterior pituitaries of animals captive tor 2 • S montha 

shows that hormone production by the gland doea not cease in . 
captivity. The l.lpaet a.p ;eare to be the laek of the appropriate 

atimu.lue for the release from the gland of actiTe principle• 

which is, therefore, stoi:-e d in the gland. Ita presence can be 

demonstrated by implantation ot the gland into the lymph eaca of 

oth,r anillals. The latter finding ia abundant~y contirmed later 

in this t,ork. 

A to'tal dose ot 12 such pituitaries from tither male or 

female frogs is capable of causing the deYelopment of pade. 

The crudeneee ot the adminbtered pituitary again seem.a to 

to account for the deYelopment of the ulcers on the thigha. 
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rQ5periment 2. 

Injection Into Caatratcpd 1lales. 

Five males were used in this experiment. Each in .. 

jection consisted of two me.le and two female Xenopue anterior 

lobes, prepared according to the method described above. 

Each frog received 4 daily injections. These were all 

given into the doreal lymph sac, on account of the operation 

wound on the ventral surface of the body. 

Observations were made daily for five days. The forelimbs 

were examined tor pade. 

Results: 

There was no development of pad whatsoever. 

Diecues1on1 

In the absence of the t estis, Xenopus anterior pituitaries 

are incapable ot producing pads on the torelimbe of male Xenopus. 

Thia finding agreos with the results of injection or acid or 

pyridine extracts of sheep anterior pituitaries. The total dose 

received by each frog in this experiment wa.e 16 anterior lobes, 

collected, prepared and injected in exactly the srune way as in 

the case or the normal animals. The negative result 'here must, 

therefore. be explained on the lines laid down above. It is not 

likely that it is due to insufficient dosage with tbe anterior 

lobes. Thus the pituitaries or Xenopus laevie contain a 
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gona.dotrophic hormone which atimulatea the teetie, which, in 

turn, stimulates the production or pads. 



D. The Effect or The Injection Of Testis Suspensions 

Into ale Xtnopus On The Development Of The Pads. 

Twelve males were injected with a suspension of Xenopus 

testes prepared in the fol.lowing way1 

Eaeb day 90 testes were collected fro~ animals fr8ffllly 

brought in trom the vleis end pithed immediately before bein~ 

opened up. These 90 testes ••re collected in 30 mls. of watf)r 

end ground up in a morie.r until ell the large p rtic.lee nre 

broken up. The at1speneion was taken up into 10.0 ml. 

syringe through needle withal rge bore and injected into 

the peritoneal cavity of the e~perimental animals. 

Each frog received 2 ml . or the suspension( == 6 testes) 

daily for 6 days, commencing on the 22/12/37. The arms were 

examined daily until the end of the 7th day ot the experiment~ 

Results. 

The fourth day of' the experiment 2 frogs di d; 4 died 

on the 6th day of th-e experiment and on the 7th day ther was 

only one ~urvivor. The frogs died of acute peritonitis due to 

the presence of the particles of injected testis, which could 

be seen post-mortem in the peritoneal cavity and which were 

deeompoeing and very foul-smelling. 'l'he laat survivor we very 

ill with acute peritonitis. 



On the eecond day of the experiment there waii eome 

greying ot t.he pad areas .or the forearms but no further change 

took place. 

Rtgcuesion. 

The greying of the pad areae indicates commencing 

deYelopment of pads, but owing probablf to the sick condition or 

the animals, further activity of the injected euapension was not 

seen. 

Thua there appears to have been eome slight development 

ot pads starting• but no definite conclusions can be showntrom 

thia unaatiefactory experiment. Atte11:1Pts should be made to 

extract the active principle or the testis and to produce pads 

with the extr cted hormone injected in eome easily absorbable 

torm. 

II. ~he Mode Of The Development Of The Pads. 

The mode of development ot the pads has already been 

deeeribed. In the experiment below the ma,roeeopical obse~vations 

were repeat•d and analysed and, in addition, the fully-developed 

pad and the eta.gee throu.gh wliioh 1 t passes to nach full 

deTelopment were investigated hietologically. 

Fourteen male frogs were used in this experim,ent. These 

were chosen becai.aae th49ir forelimbs •ere entirely without pads. 

T1to of these were pithed and their forelimbs removed . The 
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ekin and muscle was remoTed from the arms and forearms or 

each forelimb of each frog and hietologieal eectiona cut in a 

tranaveree plane. Thus no decalcitication was necesea.ry. The 

two middle digits were also aectioned transversely . Here 

the skin is closely edherent to the underlyir.ig structures and 

the bone, and could not be removed. Th• digits,therefore, were 

decalcitied before being pl'epared for section. 

In thie way numerous aectione 'f!IN cut or each. ot the 

four arms, forearme and digits and stained with haematoxylon and 

eoein. The histology is deecribed below. 

The r emaining frogs recei 't'Eld daily injectioru, into the 

doraal lymph aao of 2 male and 2 female Xenopus anterior 

pituitaries prepared e.nd injected aceording to the methods 

described above. 

The forelimbs were txamined daily. 

Ea.ch day 2 ot the froge were pithed and histological 

eeotions of their arms, forearms and middle two digits were cut, 

in the manner described above. 

development or pads was complete. 

Regults1 

(i) Uacroe9opic Findings. 

Thie was continued until the 

On the day ittJectione we.re started there were no aigne ot 

the preaen.o• ot pads, th6 troga being •p•oi.ally selected from a 

batch coll ected at the end ot January, to eliainate all doubt e.s · 

regards the initial condition. 
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let day after inJect1ons were commenceq. The fingers and 

palms showed a brown colour on t heir palmar aspect, while the 

two veeaels ot the forearm bec6me red nd ewollen and the pad 

area. of the forearm became grey and hyperaemic. 

showed no change. 

The arms 

_g nd dy. The fingers and palms were dark brown on the 

second day after injectione cownenoed. The forearme were brown 

in the pad area and the arms showed greying of the pad area. 

3rd day. The fingers and hands became black and shiny, but 

the parte ot the pads on the forearms had not yet reached full 

development. The pad area on the arm had become darker. 

4th day. The pads were fully-developed ae far as the 

elbow. The portions of the pads on the arms were now brown in 

colour. 

~ th da:y. The pa.de reached completion on the firth day 

alter injeetions commenced. They extended trom tinger-tipa to 

axi.11 and were black and shin,. 

These results are summarised in table V and reproeented 

grephically in Fig. S. 

The scores were Judged as follows: ~ 

0 opaque. 

l grey. 

2 brown. 

3 dark brown. 

4 black and ehiny. 
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Day after SCORE. 
injections Fingers and 
etarted. ,Palma. Forearma. A.nns. 

0 0 0 0 

l 2 1 0 

2 s 2 . l 

3 4 a 2 

4 4 4 3 

5 ' 4 4 

T§.ble v, Injection of Xenopue anterior pituitary euepene1on 

into normal males. 

J!iecuedon= 

Two iDlportant confirmations a.re made by this experimeht . 

First, the ability ot Xenopus pituit~ries to cause the 

production ot pads, i.e.• t.heir gonadotrophic activity, i• 

con_tirmed. 

Second, The mode of development or the pads is confirmed. 

The graph 11 ot value from two points of views First, 

it is easy to read oft th• appearances or the ar-..s at any time 

during the experiment. Thia will be ueetul in correlating the 

histology •1th the macroecopioal findings. Secondly, the 

graph shows that once development of the pad etarta in one ot 

the tllree area,, the rate ot development in that particular 

area is the same e.e in the other two areas (the \inee being 
I, 

parallel). Thus ln thie experiment the forearm is one day 
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bebind the fingers and palm.a and one day ahead of the arm, 

development 1n each area proceeding at the 1uune rate., 

(ii) Histologi.cal FincU.ng1. 

The histological appearance ot the ekin of the ventral 

surface ot the forelimbs before injections were begun differs 

in e.eYeral important reepecte from that of' the dorsal skin 

described below. (See ttSecondary sex characters of the female 

Xenopue")~ 

Only three layers a.re seen, since the m.elanophore layer 

of the ~oraal ekin stops short at the Junction ot the lateral 

and ventral aspects of the forelimb and is absent trom the 

ventral surf ace. ( See fig. 6). 

l) The atratitied squamous epi tbeliwn ta siinile.r to the 

epithelial layer of the doraal skiri, except that on the pad area 

ita surface .shows a tbi~ layer uniformly etaine~ with eosin -

a etra.tu:n corneum. Thia layer ie interrupted by the ducts ot 

•kin glands. 

2) The glancbll.ar layer is entirely different. from that of the 

dorsal skin. The connecti._ tissue is greatly increased in 

amount and containe n~rous capillaries. There is only one 

type of gland present beneath the pad are,, and this differs from 

the glands seen on the dorsal skin and the r est of the ventral 

skin of the forelimb. The gland is simple saccula.r in type, 

composed of a eingle layer ot large colw:nnar cells which rest on 
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A 

A Strat corneum. 

B Str titied epithelium. 

C Glandular layer. 

Fi • 6. 

Histology ot the pad area. (x 100) 
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a base nt embrane. The celle contain irregularly-shaped 

ba&ally•eituated nuclei end are filled with larg eoeinophil 

grq\llee. The glands open on to th surface of the skin 

through duct lined by cuboidal cells with large basal nuclei. 

3) A smooth muscle layer is present, similar in appearance to 

that or the dors 1 skin. 

In the loose areolar tissue conn cting the skin to the 

mueelee of th arm, the large blood vessels described above can 

be seen. 

OD th fifth dSJ aft r injections ar& begun• the pads are 

complete macroscopically. Changes occur especially in the first 

two leyere. (Se Fig. 7). 

l) The epithelial layer appears entirely different. It is 

thrown into closely set papillae. The cells torming the papillae 

are arranged in the form of cones. Each cone is surmounted by 

A - shaped black spines• the point of the /\ projecting 

beyond the .surface ot t.he skin. As many a.e :four saperimposed 

spine may sunnount e. single cone. The limbs of the pine 

completely encir cle the cone, so that in thoeepapillae that are out 

transversely ring of black pigment can be seen enclosing a f8TI 

epithelial cells. The stratum eorneum persists and the spines 

· appear to be developed on this layer. In some parts of the 

sections this layer has become detached from the re t of the skin, 

the spines remaining attached to the former. 
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A 

E 

A Spines. 
B Stratum corneum with spines. 
C Stratified epith lium. 
D Smooth ele layer. 
E Congested blood .vessel. . 

B 

F Des r ted stratum corn um with spin s (Surface view). 

Fig. 7. 

Histology of th fully-developed pad. (){ l DO) 



-63-

2) The glandular layer also shows marked changes. The 

connective tissue becomes hyperaemic, and numerous congested 

capillaries are eeen between the glande. The cells of the 

glands have lost most cf their granular material and are 

• reduced to a small basal atrip containing the nuclei. The 

lumen of the gland is correspondingly increased. The vessels 

beneath the muscular layer are markedly congested. 

The intermediate stages of these changes are clearly 

seen in the sections of the limbs on the first four days after 

injections were commenced. Thus, in the akin of the forearm 

the following changes are seen. On the first day after 

injection the increaeed vaacularity ot the glandular layer is 

evident. Some or the glands show the cells breaking down, 

the granular material being lost and the lumen becoming larger. 

The vessels below the muscular layer show some congestion. The 

epithelial layer shows a few cones surmounted by a single spine. 

On the following three dayt these changes progress . More spine­

capped cones are seen and more spines are laid down on 

previously developed cones. The glands continue to lose their 

granular material and a.re gradually reduced to the appearance 

described above. 

In the fingers cones and spines are seen on the day 

injections were commenced, the appearance being similar to that 

seen on the forearm on the first day after injections were begun. 

The changes proceed in the same way as in the forearm. 

The skin on the arm shows the same series of changes. The 



changes, however, begin only on the second day arter the 

commencement of the injections. 

Diecueeion. 

The histological findings confirm the macroscopic tindinge 

except in the case ot the fingers at the time that inJectiona 

commenced. From the curves in Fig. 5 it seemed likely that at 

that time the fingers •ould show a grey appearance. Histologically 

this probability is borne out by the tact that the fingers show 

the aame appearance u the forearm.a and arms ehow when they are 

grey in colour. 

It seems likely that the changes in the colour of the pad 

area, grey, brown, dark brown and black are due to the laying 

down of euccessiYe spines on the epithelial cones. It is 

difficult, howe·Yer, to determine whether the succeHiTe colours 

follow the addition of each layer o.f black spine, accurately. 

It is a.lao difficult to undel"ete.nd the part played by the 

changes in the glands in the development or the pads. The 

increase in spines occurring together with the loee ot granules 

from the glands euggests that the 1ecretion from the glands 

proTidee the material from which the spines are derived. 

The histological appearance or the pads explaine adequately 

their rough character. 



III. !flE EFFECT OF CAPTIVITY ON THE PAD CYCLE • .. 

At the commencement or the investigation ot the pad 

cycle under natural cond!tiona (September 1937). large 

numbers ot JJ12.le and female frogs were collected and kept in 

captivity in large galvanised iron tanks. The frog were fed 

t•1~e a week with raw minted meat and the water of the 

containers was changed three timee a week. 

On each oco sion when frogs wer collected from the ponde 

for the study of the naturally occurring cycle on the pads, the 

forelimbs ot tbe captive animals were e:1.amined tor the pree•rrice 

of pad&. The experii:n~nt ended in September, 1938. 

R.esu.l"\s t 

At th commencement or the experiment the forelimb• 

ehowed the appearances seen in the tourth phue or the pad cycle. 

(eee above). By January 1938, all traces of pads disappeared 

from the forelimbs of the males~ th forelimbs remained pad~ 

leas throughout the remai.J'lder ot the axperiment. 

No pad were seen on the forelimbs of the females. 

Discussion • . 

Captivity in Xenopue laevis has been ehown to inhibit .. the 

ant rior pituitary .. (Shapiro & Shapiro 1934) _The reeults above 

show,;that the anterior pituitary, acting via the teetia, is 
,:,, ~!( -.: ', < 

capable of inducing the developm nt of pads in Xenopus me.lee. 
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Thus 1n the absence ot uter1or pituitary activity no 

pads deYelop and injections of -anterior pituitary cause padl 

to develop. It is likely, therefore, that the action or 

the anterior pituita?Y is an hontional one. It is turther 

likely that the pad cycle occurring under r1a.turo.l conciltione 

ie lillder the control ot th& anterior pituitary. 

On the ba.sie or these reeulta, t.he tour phases in the 

naturally oce11n-in,g eyel& can be interprried as follows:-

( i) In tbo firat phase the a.11terlor pituitary is quieeeent 

and do s not etimulete the- t.eet1s to praduee its androgenic 

hormone. (Ja11uary to ilay). 

{ii)Bet1r&en thea and July the anterior pituitary ae~ivity 

commences, causing development of th-e pads to the breeding 

seas-on level. 

(iii) During the breeding see.eon, the climax of ttnterior 

pituitary gonadotrophic activity, the pads are maintained in 

a fully-chtveloped. condition. 

(iv) After the br•eding eeason the anterior pitui'tary activity 

diminish•• and the pads disappear from the: forelimbs of the 

male frogs. 



THE FUJ:CTIONAL SIG:IFICANCE 0. THE .PADS. 

The pads would appear to play a role in helping the male 

to intain a firm grip on the female during ting . The 

pads are developed Just prior to the breeding season and are 

maintained until the end or the breeding season and then 

gradually disappear. The frogs are always kept moist and 

slightly slimy by the water in which they live and by a certain 

amount of secretion of mucus trom their skin glands. In 

addition• the application of some foreign body to the ekin 

evokes an increased secretion of mucus, eo that there must be 

considerable difficulty for the ma1e to maintain his clasp 

around the female. The pads seem to be constructed to 

facilitate thie procedure . Their distribution coincides 

accurately with the portions cf the arme in contact with the 

re.male, the palmar aepa.ct of the fingers and hands being in con­

tact with the anterior abdominal wall, th Tentral surfaces of 

the forearms being applied to her tlanks and the ventral side 

ot the upper arm touching the female along the dorso-lateral 

borders of her lumbar region. Furthermore, inspection of a 

histologic&l section of the pad gives the impression that they 

would tonn en efficient eans of assisting clasping. A male 

with well-developed pads con easily be lifted up by one fore­

limb, the forelimb being held Yery lightly and against the 

struggling of the animal. Laatly, it the finger ie passed 

along the pad the dry roughness of the excrescence contrasts 
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markedly with the elimy character of the skin elsewhere. 

Thie theory, however, is upeet by the fact that coupling 

can be induced experimentally in Xenopus laevie at all times of 

the year (Shapiro 1936 and eee below). Even between the 

montbe of January and May, when the pads are almost non-exiatent, 

the male is still able to manifest the clasping reflex and mate 

with the female. The injection •hich is given to induce the 

mating reflex cannot produce pada in the 10 - 12 hour latent 

·interval before coupling commencee, eo that the ma.le r-emains 

padless. The claape on these occaeions are as tenacious ae 

those the.t are induced when the pads are fully developed and 

coupling lasts for the same length ot time. The pads, therefore, 

appear to be totally unneoesaary ainoe the male manages to claep 

the female and to maintain that clasp without their aid, even 

though hie braehial musoulatu:r ie emaller than at any other time 

during the year (•M below). 

On this account no eeeential functional significance can be 

attached to the pa.de. At the most they may play a minor role as 

a refinement in the mating reflex under natural conditions. 



IV. THE ACTION OF CMRTAIN STEROIDS ON XENOPUS JALES. 

It ha.a been shown above that the pade develop as a result 

of the androgenic activity of the testis. The testis, in turn, 

can be activated by gonadotrophic eubate.nce~. Thue, using the 

development or pads as en index of androgenic activity. or ot 

gonadotrophic actirlty in suitably-arranged experimente, varioue 

subetancee may be tested for either ot the two properties. 

The eXperimente were performed during January and February 

1938. 
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Y•thyl Testoeterone. 

Efperim&nt 1. 

Intramueeular InJe~ion Ot Methyl Testostsrone Into Castrated Males. 

Fi•• padlees males were castrated according to the method 

described previously. 

A dilution or the stock solution of methyl teetoeterone ( 5 mgs 

per ml) was made eo that there were 250y itt 0.2 ml. 

Four daily injttctione of 0.2 ?Ill. were made into the gaetroenemii, 

uaing the lert leg for the 1st and 3rd injections and the righi leg 

for th 2nd and 4th injections. 

The forelimbs were examined daily. 

Results: 

There was no sign of pad development in thee flllimala . 

Pieoua8ion. 

One mg. or methyl testosterone administer d intramuscularly is 

incapable of producing pads in castrated males. Thus, in the dosee 

given m thyl testosteron• is not androgenic 1n Xenopua ales . The 

doee aed in each injection produGes a 45 o'ftllation in female Xenopue 

(Shapiro, 1938) ·. ~ ·n January• and is thus fairly potent in the 

female. The intr u~cular route of injection ensures a high percentage 

of utilisation of the injected hormone. The inactivity or the hormone 

in castrated males appears to be due, ther fore, t~ the lack or ability 

of methyl testosterone to stimulate pad development. 
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!t!peri.nt 2. 

Intraperitoneal Injection Of Methyl Testoeterone Into 

Normal Male t. 

A dilution ot the stock solution of methyl testosterone 

was made. The strength of the stock solution was 5 mge. per 

ml. l ml. of thie ,ru added to 19 mle. of nut oil. The 

strength of the diluted solution thus we.s 250 y per ml. 

18 males were injected intrnperitoneally on alternate daya 

for 5 injections with l ml. of the diluted solution (250 y). 

250 y of methyl teetoeterone produces a 45% ovulation in 

January. the month during which the experiments were pertonned. 

The forelimbs were •xamined daily until the second day 

arter the last injection. 

Reeulta, 

There was no development of pads whatsoeTer. The fingers 

and palma were eepecially carefully examined• but no trace or pade 

could be detected either by dgbt or by touch. 

Diecussion. 

ln doaes ot 1.25 mgs. methyl testosterone producee no pa.de in 

normal animals. The horm.one, in the doses given, is not 

gonadotrophic to the male Xenop~a. 
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Experiment 3. 

Intramuscular Injection Of Methyl Testosterone Into 

Normal ~ales. 

The solution her• was made up as follows,-

1 ml. of etock was added to 3 ml. of nut oil, thus 

making the strength of the solution 250 yin 0.2 ml. 

Intramt1scular injections of 0.2 mls. of diluted 

eolution were made on 7 occasions, the let, 3rd, 5th, 7th, 

9th, 12th and 14th days or· the experiment . The solution ie 

injected into the gastrocnemius or th trog, the needle 

entering through the tendo caloaneus. The ma.xi1m1m dose 

which can be injected into a gastrocnemius is 0.25 ml. In• 

Jections were made into alternate legs, starting with the right, 

to allow sufficient time for absorption. 

Six padle88 males were used and daily observations ot the 

torelimbs were made until the 16th day of the experiment. 

Resultu 

There was no development ot pads. 

Discussion, 

1.75 mge. of methyl teetoeterone was administered to each 

animal in this experiment. This is a larger dose than that used 

in the previous experiments and, in addition, the injections 
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were made intramuscularly to ensure a high utilisation of the 

hormone. In spite of th:l..e, no gonadotropbic e.etivity was 

demonatrable. 

The results obtained with methyl teatoeterone contrast 

markedly with the results ot injections of this steroid into 

mammals er.1d into female Xenopus. 

In mammals methyl teetostororie is a bisexual hormone. It 

has an androgenic and qeetrogenio activity and is progestrational 

in high doses. In the Xonopua male it is inactive 

androgenically. 

In Xenopue female, methyl testosterone is gonadotrophic 

(Shapiro 1936 c), whereas in the male it ehowe no gona.dotrophie 

actinty. 



Testosterone Propt ionate. 

ExP!rimcmt l. 

Intramu cul.ar Injection or Testosterone Propionate 

Into Ca§trated lialee. 

5 padle s males were castrated aa d eeribed previou ly. 

Each received daily intre.muecular injections into lternate 

legs of 0.25 ml. (250 y) ,of the stock solution (1 mg.per ml.) 

of testosterone propfionate for 4 day, 

The for limbe were xamined daily. 

Results, 

There waa no dev•lopment ot pads. 

Discuaeio?!_.. 

l.O mgs. of esteritied t stoeterone is inactive 

androgenieally in the male Xenopus. Intramuscular injection of 

esterified honnone ensures maximum utilisation or die olved 

substance (Parkes, 1936}. Thus it is likely that most of the 

injected honnone was made use or by the animals, but no p de 

developed. In the doses given testosterone propf ionate ie net 

androgenic .. 

~eriment 2. 

Intramuec~lar !njeetion Ot Testosterone Proeio~~te IAto 

~ lalee. 

The strength or the stock solution or testosterone propionate 

was l mg. per ml. Thus o.25 ml. contains 250 y and, therefore, 
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no dilution wae required for intramuscular injection. 

£0 pe.d.l e males received intramuscular inJectione of 

0.25 ml. of the stock solution on altern te days for 5 

injections, a sixth injection on the third day after this and 

a seventh injection 2 days later. Left and right legs wer 

inj cted alternately. 

Ob ervatione were made of th forelimbs daily until the 

16th day of the experiment. 

Results, 

No development of pads occurred. 

Discussion. 

Teatoaterozie propionate is not gonadotrophic in the male 

X nopu. Gonadotrophioity in the male Xenopus is manifested by 

the develop ent of pads. Thia failed to occur under the 

influ nee of 1.725 mgs. te•toaterone propionate. 

Testoeterone propionate has a aimil!U" action in mammals to 

that or methyl testosterone. Its action, however, is greater 

and more prolonged thl!lll that of testosterone, due to the delay in 

absorption and excr ticn by the animal. The intramuscular route 

of administration further delays absorption and thus prevents 

rapid excfetion of the hormone. 

In Xenopus males, bowe•er, • n the intramuseul rly­

injeoted esteritied testosterone is inactive both androgenically 



•76-

and gonadotrophically. This contrasts nmrkedly with the 

gonadotrophic action of testosterone propionate in Xenopus 

temalea {Shapiro, 1936 c). 
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Oestradiol Bensoate. 

Exeeriment l. 

Intraperitoneal I:nJectlon Of Oestradiol Ben:zoate 

Into Normal Ualee. 

"Progynon B oleoeum torte'' prepared by lle88rs. Sehet'ing­

Kahlbaum was used in this experiment. lt ie eet up in 

ampoules of l ml. of oil coi:itaining 5 mgs. of oestradiol 

ben1oate. l ml. of this wa.e added to 19 mls. of nut oil, the 

strength of the dilution thus was 250 y/ml. 

19 padlese males were injected intraperitoneally on 

alternate daya with 1.0 ml~ of the diluted eolution, until 5 

inJectione had been made. 

The forelimbe were examined daily until two days after the 

laat inJection. 

Resultsc 

There was no development of pads in this experiment. 

niacued.on. 

1 . 250 mgs. of oeetradiol bensoate ie inactive in male 

Xenopus. The esterification of oestradiol results in greater 

activity of the hormone in ma.mrnals, but still no effect is eeen 

in Xenopue males. It can be concluded from thie experiment 

that cestradiol benzoate shows no gone.dotrophic or androgenic 

activity in mnl.e Xenopus. 



Experiment 2. 

Intramuscular In.jection or Oestradiol Benzoate Into 

!ormal !ales. 

"Progynon B oleosum Forte" was gain used. 1.0 . wae 

added to 3.0 mle. of nut oil. The stren"th of the solution 

uaed was thus 250 yin 0.2 ml. 

6 padless males were injected intramuscularly with 0.2 ml. 

or the diluted solution (250 y) on alternate days tor 5 

injections. The 1st, 3rd and 5th injections were made into the 

right leg and the 2nd and 4th injections into the left leg. 

The arme we~~ examined daily until the second day after 

the last injection. 

Reeultss 

There was no development of pade. 

Discussion. 

Further delay in excretion of injected oeetrad!ol ben1oate 

by intramuscular administration fails to produce androgenic 

activity of the hormone. This reeult confirms the findings 

above, namely, that oeetradiol bensoate is neither gonadotrophic 

or androgenic to the male Xenopus. 

Oeatradiol ben1oate in mammal• is a bisexual hormone with 

mainly gynaecogenic activity. In Xenopua malH there is no such 

actiTity. The action or oestradiol benzoate in Xenopus females 

is coneidered in a later section. Shapiro & Zwaren&tein (1937) 
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found that it had no gynaecogenic activity in Xenopus females. 

It would appear, therefore• that o.estradiol bentoate is inactive 

in Xenopus laeTis. 
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Pl"og sterone!.. 

Experiment l. 

Intramuscular Injection or Progesterone Into Castrated 

Hales. 

"Prolut n" prepared by Messrs. Schering•Kahlbaum was 

~sed. Each ampoule contains 5 mge. of progesterone dissolved 

in l.O ml. of oil. l.O ml. ie added to 3.0 mls. of rtu\ oil, 

the resulting dilution containing 250 y of pro eaterone in 

0.2 ml. 

FiYe frogs castrated ·acoording to the method described 

previously received daily intramuecular inJectione tor 4 daye. 

The forelimbs were examined daily during the experiment 

and on the day following the last injection. 

Results a 

There was no development ot pads. 

Diecussion. 

l.O ml. Progesterone in divided doees ov•r 4 days i s 

inactiYe androgenically in Xenopue males. The intramuscular 

route wae again chose.a to increa:se the effectiveness of the 

hormone, but no activity resulted. 



-81-

Experi~nt 2. 

Intra.muscular InJection ot Progesterone Into · 

Normal Mal$a. 

•proluton" diluted aa described aboYe wae ueed again. 

Ea.ch injection consisted of' o. 2 ml. ot the diluted solution 

{ 250 y ot progesterone). 

250 y or progesterone were injected in this oily 

solution intramueculr1rly into 20 padless ruales. Injections 

were me.de on, alternate days on five occasions into alternate 

let•• 

250 y of prog•eterone ie a dose •hich produces· ovulation 

in 50 % ot animals in January, the month in which these 

experiments were performed. 

The torelimbe were •xamined daily until the 11th day of 

the experiment. 

Reaultsa 

There waa no development or pads. 

Discussion. 

The i-esults obtained in this experiment confirm the tinding 

above, that progesterone is not androgenic in male Xenopue . Aleo , 

no gonadotrophic activity was demonetrated with the doee ueed, 

which was 1.25 ings. The longer time allowed tor the action ot 

the progesterone by injection on alternate days did not alter the 

results. 
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Again the ditferenee between the ef£e4te of prQgeaterotte 

in mammals and Xenopus females on th& one hand, and Xenopu-s 

malea on the other, io striking. Progesterone in manmmla 

is the only purely uni.sexual se.x hormone. It ha& a 

progestational eff•«· on the fem.ales. In Xe:nopus temales 

pro&&sterone is gonadotrophic (Z:waren-stein• 1931} and co.uses 

ovulation and through the agency of the ovary it produces 

hyparaemia ot the female eloaeal labia. (Sbapir'o ! Zwarenstein 

1937}. ln X.enopus males progest•rone is inactive.. Then is 

no gonwi-0trophic activity~ 



S):l!IDl8l7 Of Reaulte, 

The results obtained with the steroids ueed above ar. 

eummarieed in table VI below. 

Steroid. No. and typ• 
of el'lUlS.lG~ 

Injectiona. Route of Total Pads. 

T•eto­
eterone 

Testo­
sterone 

Propi• 
onate. 

5 Ca.etrate 

18 Norme.l 

6 Normal 

5 Castrate 

20 Normal 

Oestre.• 19 Normal. 
diol. 

Ben,10• 
ate. 

Progest­
erone. 

6 Normal. 

5 Castrate 

20 ?~onnal 

administration. dose per 
frog 
(mgs). 

De.ily· for · rntf&llluscu.lar 1.00 
tour days. 

Alternate 
de.ye for 
f'ive in• 
jectione. 

Intraperitoneal 1.25 

lst,3rd,5th, Intramuscular 1.75 
7th,9th, 
12th and 
14th days. 

Daily tor 
four days. 

Intramuscular 1.00 

lst,Srd,5th Intnunuecular 1. 75 
7th,9th, 
12th and 
14th days. 

Alternate , Intraperitoneal 1 . 25 
days for 
five in-
jeetione. 

Alternate 
daye tor 
f'ive in­
jections. 

Daily for 
tour de.ye. 

Alternate 
days for 
five in­
jections. 

Intramuscular 1.25 

Intnunu.scular 1.00 

Intramuscular 1. 25 

Table VI. Injection of certain steroids into Xenopus males . 

.. 

... 

-



Discussiop., 

From the results recorded above it appears that the 

male aex hormone of Xenopus is different trom the testicular 

hormone or mammal.a• testosterone. The results ot 

injection with sheep and Xenopus anterior pituitaries indicate 

that the testicular hormone of Xenopus is capable of producing 

the development of pads on the arms of the males. Tee~oeterone, 

on the other hand, has no such action in males, ewn when more 

potent deriYatives are ueed, or when the hormone is eaterified 

and injected intramuscularly to ensure a high percentage of 

utilization or the Ml bormon•. Prorlded that the dosage 18 

not too low, this affor ds definite evidence of a difference 

between the two hormones. 

In mammals it has been ehOlfll that testosterone exerts en 

itJhibitory effect on the OYary. (Zuckerman 1937). In Xenopua 

temalest on the other hand, testosterone ie gonadotrophic and 

actiTates the ovary {Shapiro. 1936 c), causing ovulation and 

hyperaemia of the cloacol labia. This work demonetrat•• a 

difference in the reaction of the male and female Xenopus to the 

eame substance. This difference may take one of two toJ'll'IB; 

(a) the tamale may react to testosterone, whil• the male does notJ 

(b) it 1a poesible that a very much l arger dose ia required to 

stimulate the male tban the.t n• ded to stimulate the :fem.ale, i.e., 

that the dosage used in the experiments above are too small. 



. Confirmation of the first suggestion would support the 

view that the Xenopus and mam.:na.lian testis hormones are 

different. 

It the second suggestion is valid, it ie a gonadotrophic 

effect that 1e to be expected end it is extremely unlikely that 

the Xenopue teetit boNone ie eape.ble ot stimulating the Xenopus 

teetia. 

Thus, on the basis of this evidence, it seems fairly 

apparent that the Xenopue teetie hormone ie not t•stoaterone • the 

mammalian testis hormone. 



SW1mary. 

l). Acid and pyridine e1tracte or sheep anterior pituitary 

induce the development ot pads in normal but not in castrated 

males. 

2). Pyridine extracts or sheep anterior pituitary induce pad 

development in anterior lobe hypophysectomieed es, but the 

rate or deYelopment of the pads is slower- than in normal U1ales. 

3). The aboye finding is probably explained by the loss ot 

sensitivity of the bypophysectomised animals to gonadotrophic 

injections. 

4) . Anterior pituitaries from both male and femal.e Xenopue 

produce pads in normal lenopue males • 

.S). Xenopus e.nteri~r lobes do not cause pad development in 

castrate males. 

6). CaptiTity results in the abolition ot the pad cycle. 

V).. The evidence pr•sented indicates that the pad cycle under 

natural conditian.s ie under the control of the anterior pituitary 

acting via the testis. 

8) . The development of the pad is deecr-ibed macroscopically 

and microscopically. 

9). The inhibition of the anterior pituitary by captivity 

(Shapiro 1 Shapiro 1934) consists in 'the prevention or the pouring 
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out ot the glsnd of ita gone.dotrophic prinoiples . Secretion 

is not inhibited. 

10) The pads play no eosential role in the mating reflex in 

Xenopus laeT1s. 

ll) Using the development of pade an test-object for 

androg nie nnd gonndotrophie activity in the me.le Xenopus, methyl 

testosterone, testosterone propionate, oestradiol benioate and , 

progostGrono are shown to posseso neither of these two properties . 

' 12) The evidence presented euggeato that the Xenopue testis 

hormone diff'frs from the merm:nel ian test ie hormone t e atost erone. 

' 

' 



II. Tho roroliinbs. 

Introduction. 

Sexual ditlorphiem in the forelimbs of emphibia is a 

·ell known phenomenon. (Ca1.tpp 1886; 011 1926; l oble 1931; 

1 ostand 1934). In addition in the ouse or Rann it is known 

that this difference ie due to the fact that the flexor carpi 

radial.is muscle and the upper head of the extensor carpi 

radialis muscle are very much la~ger in the ~ale than in the 

female. Associated rith tbia difference in these muscles ot 

the forearm, there is a ridge on the medial side of the humeru1 

in the male from which these muscles take origin (Gaupp 1886). 

Thie ridge is not preeent on the humerus or female frogs. 

It has also been noted by many workers (inter alia Gaupp 

1886) that there ia a cyclicFll change in th sise of the fore­

limbs of male i'rogs, the largest aize being aesocinted in point 

of time with the breeding eeason. Gaupp(l886) also records 

that the ridge on the medial eide of the humerus is enlarged at 

the time of the breeding season. 

Smith (l9S8) has tollowed the course or the hypertrophy 

and decline of the brachial musculature in frogs and toad by 

measuring the strength of, cllapps; artificially produced at 
1.. fl. 

different times of the year. He hes also traced a correlation 

between the cycle in the strength or the arU.ticial clasps and 

the cycle in the interstitial tissue or theteetis. 



The invcetigetion here was undertaken ith a view to 

deterr:dirl.ng whether a similar cycle exiets in the forelimbs 

of the me.le Xenopue laevie. A dietinot differenc• in the 

tore.limbs of male and female lenopus can be aeGn, the male 

forelimb being somewhat larg r than that of the female. The 

studies of the forelimb site in Xcnopue laevio ere, therefore, 

placed on que:.nt te.tivei b~.zie by estimoting \l"hat percentage 

the forelimb are of the total boy weight. 

D•ter.raination Of The Are/Body Weight Ratip. 

The frogs are killed by immersion in a mixture or ether 

and ,rat.er tor S to 10 minutea, and are then dried and weighed. 

The weight is read correct to the neal"est 0 . 5 gm. 

Both arms are r&moved and are weighed separately on a 

torsion bala.ace. The mean of the two readings ie the "arm 

weight" and is dinded by the total body weight to give the 

arm/body weight ratio . This figure is expressed as a 

percentage. 

Technique or Removing The Artn9. 

The blades ot a scissors are placed against the 9ide of 

the frog, one abovo and one below the rudlla. 'Ibe arm is cut 

otf by approximating the blados ot the ocissors, keeping them 

agai.ast the aide of the body all the tim • 



Weidht 

Seaeonal Cganges In The Arm/Bod~atio or Pond Animals . 

Male and female frogs freshly collected from the ponds 

are kept for 2 days in the laboratory before being used, to 

allow the intestinal contents t.o be passed. On th third day 

the arm/body weight ratios are estimated according to the 

method described above. 

Readings were taken during the first week of every second 

month - November, 1937, January, Karch, May and July 1938. 15 

males and 15 females were used on each of these occasions. 

In addition, in November, 193'7, large numbers of male and 

female frogs were collected and kept in captivity tor l year. 

They were fed with raw trdnoed meat once a week and the water of 

their containers was changed twice a week. 

The arm/body weight n:tios ot 15 "captivity .. me.lee and 15 

"captivity" females were estimated at the eame time as thoae of 

the freshly caught troga. 

Results: (Protocols 2 • 19) . 
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l,lonth. 

Nov. 

Jan. 

ilar. 

llay. 

July. 

-91· 

6£!/Body Weigh~ Ratio.(~). 

Ile.lea. Females. 

l.'78 1.08 

1.46 1.04 

l.70 1.16 

1.69 1.14 

1.73 1.00 

table VII. Arm/body weight ratios or pond animals 1937-1938. 

Mal:••· !•lU.lee. 

Nov. 1.78 1.08 

Jan. 1.72 1.21 

Mar. 1,93 1.32 

May. 1.95 1.25 

July. l.88 1.40 

Table VIII. Arm/body wtight ratios of captiYe animals 1937-1938. 

These results are represented graphically in Fig. a. 

Discuaeion. 

In The fond. 

The first striking point is the marked difference in the 

arm/body weight ratioa or the males and the femalee. Thia 

difference can be seon ·with the naked eye {Fig. 9). The female can 

be recognised by the p~eeence ot the cloacal labia. Each ot the 
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frogs in Fig. 9 weighed 38.0 gms. Th photograph was taken 

in January, hen the difference between the forelimbs of the 

males and females is at its lowest level. The ratio, however, 

forms a quantitative means of.studying this difference in the 

ee-.x.es. 

Thu 1 t can be seen that this sex ditterence is maintained 

tnrougbout the year, being moat marked during the breeding 

season and lea.et in January; midway between two breeding eeasone. 

Another prominent feature is th well- rked seasonal 

variation that occurs in the ratios of both the ma1 sand the 

females. 

Seasonal Cycle Of Arm/Body eight Ratio In ale Xenopus. 

The curve for the arm/body •eight ratio ot the males can be 

conveniently divided into 4 phaaea1• 

(i) In January, the mid-point between the breeding seasons, the 

forelimbs a.re em lleet, r•lative to the weight of the whole animal. 

(ii) From January o:owarde there ie an increase in the forelimbs 

until the breeding eeason (Ji.lly to September}. 

(iii) During the breeding season the ratio is maintained at a.high 

level. 

(iv) Then a decline occure to the eummer value. 



Seasonal Cycle Of Ars/~odt Weight Ratios In .\lemale Xenopua,1, 

In the female arm there are 3 phases to be aeen. 

(i) The forelimbs of the females are smallest during the 

breeding season. 

(ii) During the next phase .of the cycle, the arm/bcdy weight 

ratio ria•s to a eomewbat higher level until January. · 

(iii) From January until July, the oneet of the breeding 

season, the t'orelimbe or the females are etill further increased 

relative to the total boar weight. 

Thus the highest point of the curve tor the forelimbs of 

the males corresponds with the lowest part ot the curve f ,or the 
the 

females' f'orelim:ba .. · The lowest. point on/ males' forelimbs curve 

occur at the same time a& .the slightly increased phase ot the 

cycle in the forelimbs ot the female. The second phase in the 

males' for limbs is aesociated Yi.th the highest position of t he 

curve repreeenting the arm/body weight ratios or the females. 

lg CaptivitYr 

The effect ot captivity on the arm/body weight ratio 

cycles in the male and female i discussed in a later section. 



Factors Influencing The Arm/Body eight Ratio. 

An increase or decrease in the arm/body weight ratios 

can occur in many ways • 

.An increase can be due to an increase in the aise of 

the arm, while the total body weight remains constants or an 

apparent increase in the arni can occur when the total body 

weight falls and the arm weight remains constant. 

A decrease in the ratio ia produced by the opposite 

changes i.e. a decrease in the weight of the arm, or an increase 

in the total body weight ot the a.nimal. 

Various combinations of the aboYe factors may occur and 

the effect on the arm/body weight ratio will depend on the 

degree of change in the arm weights and in the total body weights 

relative to each other. 

The most important factor that affects the total body 

weight is the state or nutrition of the animals. Thus during a 

p•riod of lowered food intake and assimilation, the ratio may be 

expected to rise and when food intake and assimilation are 

increased, the ratio will fall. 

The amount of food and faecee actually in the gastro­

inteetinal tract will also affect the total body weight of the 

animals. Since this may emount to 2 to 3 grammee, each animal 

was opened up after being weighed, and the contents or the stomach 
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and intestine were weighed separately and subtracted from the 

previous reading to give the true total body weight. 

Bellerby (1938) hae reported that starvation ot the animals 

tor a week previous to . the weighing eliminates this dif ticulty. 

Observations of another worker {Gitlin ,private communication) 

show that even after a week without food the gastro-inteetinal 

contents may weigh up to 2 grammes. 

In the female an important factor is the weight of the 

ovary, which itself undergoes marked aee.sonal variations in 

pond animals (Shapiro and Shapiro 1934). Since the ovaries 

eonsti tute about one tenth of the t ,otal weight of the females , 

this b an important consideration. In the male the testis 

accounts for much less ot the weight of the animal and any 

variations which may occur a.N not detectable by inspec~ion. The 

testes thus are unimportant in connection with the arm/body weight 

ratio. 

Wasting of the musclee of the forelimbs is a factor that 

may produce a decrease in the arm/body weight ratio. 

The difference in the am/body· weight ratios or the males 

end females indicates that the larger arm aize of the male is a 

secondary sex character of the male . Theretore, an investigation 

into a possible pituitel7•gonadal influence on the arms of the 

males was undertaken. 

Experiments were performed to determine the role ot the 

factors mentioned above in the seasonal cycles in the arnv'body 

weight ratios of the mal.es and females. 



SWllm8.fJ'.• 

l) The method ot calculating the arm/body weight ratio is 

described. 

2) The anu/body weight ratio of the male is larger than that 

ot the temale. 

3) Seasonal cycles are eeen in the arm/body weight ratios of 

both male and female Xenopus. These cycles are deaeribed. 

4) The cycle in the .mal• ahowa four phases. 

!• The arm/body weight ratio ia eme1leet in January. 

~. The ratio inoreaaee until July. 

!• During the breeding aeaeon the ratio is maintained at a 

high level. 

!· A decline to the eumrner level follows the breeding season. 

5) 3 phases are seen in the arm/body •eight ratio cycle in 

the female. 

~· The lowest level is seen during the breeding season. 

~. From then until January the ratio ia higher. 

!• The highest level is seen between JW'luary and July. 
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Experimental In•eetigatiog Of The Factors Controlling The 

Seasonal Cycle In The Ang/Body Weight Ratio. 

I. The Role Ot The Anterior Pituitaty And The Testie. 

Expea,iment l. 

!he Effect Of The Injection Of Acid Extracts Of Sheep Anterior 

Pituitary On The Arm/Body Weight Ratio Of The Male Xenopue. 

This experiment w.ae commenced on the 14th ot December 1937. 

32 freshly caught males were used. 16 of these were injected 

with a single dose of o.8 ml. of acid extracts of Sheep Anterior 

Pituitary intraperitoneally on alternate days until 4 injections 

had been made. On the tenth day (23/12/37) the frogs were 

killed by immersion in a mixture ot ether and water and their 

&;rm/body weight ratios were estimated. 

The remaining 16 males were used as a control. They were 

kept in a bath identical in shape and size with that containing 

the experimental frogs and filled with tap water to the ea.me level, 

but they received no injections. 

At the end of the experiment the frogs were killed and their 

arm/body weight ratioe were determined. 

Neither of the two groups of frogs was fed during the 

experiment. 
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Date . Extract. Ec'ui valent O t 
Number. Vol. Freeh Tiesut• 

14-/12/37 S.23 o.a m1. 528 mga. 

16/12/31 s.23 0.8 ml. 528 mgs. 

18/12/37 s.22 o.a mi. 45-6 mgs. 

20/12/31 S.19 o.a ml. 528 111gs. 

Table IX. Injection of acid extract ot ehe-ep anterio~ pituitary 

int-0 normal meJ.ea. 

Injected lfales. 

Control Uales. 

Pond Males. 

Resulta. 

Pretocole ( 20 & 21) • 

Ann/Bodz eight Ratio. 

1.8-4 

1.69 

l.63 

,:able 4• Arm/body weight ratios of normal males injected with 

acid extract of sheep anterior pituitary and of uninjected controls . 

'l'tlese results are represented graphically in Fig. lo .. 

The ernvbody weight ratios ot pond males are read off the graph 

in the previous section. A significant rise from 1.63 to l.84, ie 

seen in the injected animals. This represents an inerea:ee of 0.21 

or 12 .• ,,:. The control uninjeeted males show a slight increase 

in arm/body weight ratio, 0.06 er S.7%. Thie 

.. . ). ; 
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1• not a significant change. 

Diecuelion. . 

Va.lee inJected intraperitoneally with acid extracts ot 

sheep anterior pituitary extract show a rise in the arm/body 

•eight ratio. Control uni'nject•d anima.11 fail to show thie 

rise. Thus an increase in the ratio is produced by the 

anterior pituitary. It is clear also from the absence of a 

riee in the control animale that the increase in the ratio ie 

not due to a decrease of total body weight, therefore, anterior 

pituitary injections either directly or indirectly produce an 

increase in the weight of the arm.e ot the male. 

It is remarkable to note the rapidity with which the weight 

of the arm rises - 12. 91! in 10 daya. 

During the course ot the experiment the injected animals 

were eeen to develop pads on their forelimbs. Thie fact 

demonstrated that the ext~act was gonadotrophically active. 

!XR•riment 2. 

Tbo Elfoci At Tht Injagtiop ot PYridine Extract Of Sheep Anterior 

Pituitary: On The ArJll/Body Weighi Ratios Ot Normal Halee And Normal 

Fetu.l es • 

6 males and 12 temalee were used in thit experi ent. '!'hey 

came from a le.J"ge batch of fr.ogs collected between the l.t;th and 19th 

of January, 1938. 

A pyridine extract of sheep anterior pituitary prepared 



f-
+

+
-t

+
+

 I
 

! 
-

, 
~
 
'
l
 

1 
1 

1 
1 

, 
1 

· 
1 

L
J 

1 
· 

1 
• 

1 
• 

• 
1 

: 
1 

I 
I 

,-
-

,-
~-

-~ 
t 

.... 
· 

r 
, 

-
f
-

-
-

t it·-
J::-

~~ 
. 

1\
R

M
 IP

l'f
fl'

lf'
GH

TII
V11

,1oi
 I 

,-
~

 -T
- -

l 
l 

I 
'--±

i l 
t l 

L
' 

I 
. 

I 
I 

I 
I 

I 
j 

I 
I 

-
-

->
->

-
_ 

,
.
,
,
 

~
R

T
 1

 Bb-6
tf

't't
fJ

H11
 f{

-~
119

 
-·

-
,-

-
--

~ 1:-•
 

l 
--1 

~I
I 

1 
i-

-
--

-
~

1 
t 

~
 

; 
~
 

_,_ 
~
 

<J
 

C
 

C
 

CD
 

-
T

 
r 

1 
n 

T
 
-
-
-
H

-
-

1 
I 

I 

L 
+

 -1
-

-1-
t· 

. 
l 

...,__ 
---

' 
I
I
 

. 
-1-

+
 

+
 

t 
t 

+
 

4 
+

 +
 +

 
l 

J_
 

NJ
 

• 
-

>
-1

--
>

-
H

 
+

 f +
 ..

. 
I 

!" 
+

 
t .

 
. .

 
(!

) 
-l 

O
 

I 
, 9

 1
1 

---
r::f

--H
- r 

+-
-

: 
l 

, 
· 

· 
t 

c 
T

, 
, r

1
1

r 
1 

..
 ,.

..
 ..

. 
rt

 ..
. f

t1
. 

IT.... .
 + 

; 
f 

~ I
 

I 
I 

l 
J 1\

1 J.
 L

L 
W

-
[ 

L 
-

t 
... 

1-
+

 
-1-

-
I 

-. 
-

-
-

_,_
,_,

 .
 

t 
'~

1-
-

-
-
-
-

-•
--

-
. 

I 

I-
+

 
• 
~

:
 

-
...

 ~ 
·=_

 
+t

; 
; 

J-i'·J
u~

 J4 
r 

.. +'-
::::

:: 
;:::

:: !
-L

 T~
=H

-i-m
B f..

• 
-v-

--
tr

 .. ,.
,.,_

,_,
_,_

'"::
:: 

_:
-~

 --
--~

 
--

' -
4-

. -
-

. 
,, 

,- -1
-

\ 
. 

-t-
_, 

r-
- -

t..
L:

 
-

\-
__

 ._
._

 -
. 

--
-

n 
r 

:,=
 .-

.. 
-:

--
' 

r= 
-

t1 
-

\ 
-

- -
.. -

z 
-+

-
.. 

j 
_ I 

J 
t -

. 
. 

' 
. 

>
-
-
1

-
>

-
-
--

L
 

,-
I 

i 
-

1.
 
~
 

-
·-

-
-
~
 

. 
-
-
-
-
-
-
-

-
-
-

-
-
-
-
-

-
~

-
~

-
~
 

f 
I 

8 I 
I 

L 
.. 

\ 
\ 

,..
 

-_
 _

 
_ 

_ 
_ 

. 
_

_
_

 ,
-

le
i 

-
-1

• 
_,_ 

~
 

+
+

-
-
-

' 
1 

~
 

·t E
fj: 

-/
 
~
 C>

{· 
-

· 
--

' 
-=!J

 
~ 

u 
, 

--
..

 
-

-
. .

.:
-:

 -
--=

= 
1 -l

t-
·-=

 
1 0

 
! 

-
.l 

f 
, 

I 
,
-

,-
,
-

,·
 

-
..

 ,
-

• 
.._

 
' 

r-
..

 
=

 
Q

 
I 

·-
•.

 
-

-I-
+-

+-
, 

_-
,
,
 

,--
-

'.P
 

T
 

[t-
. 

--
' I

 
, ~

 
I 

\ 
I 

j-
. 
t :J: 

· -
~ 

-<
 

f 
0

-
,..

1 
I 

' ~
 

IJ
 

n 
~ 

1'
 

, ..
.- -

~
o 

,-
I 

''<
 

i,
1

' 
I 

[/,
 

::
 

~ 
-

(J
, 

-
-
-
-
+

 -
, 

, 
1..

P
 
r-

1 
1 

1 
r
t
 

-
E?.

 -
d 

, 
,_

.._
 

f 
>

-
~
 

.,
-,

--
. 

..
..

 
I 

a.._
 

~
 

o 
,

1 
+

A
 

. 
R

 
, ;:

 
I. 1 . ~ 

f 
--

.q
 H

-
t 

tr
 

+
 

_ 
I 

' 
1'

" 
...

 
1 

I
-

t 
r
-'

 
_J 

1 

I.. 
~
 +

 
. 

+
 i

 .I 
-

0
:)

 
,_

[ 
(J

 
ct

 
_g-_

_ 
--

i-
• 

• 
• 

• 
J. 

. 
-

·\ 
T

 
~
 

q 
r-

+
--

•-
+

 
. 

tt
 

. .
_ 

I 

J:
 

¥,; 
r 
f·~

 f: ,..
:-

l=
[(c:

 r 
J 

, 
9S

r "'"-
--

-~
w

 
.LY

 
j_

 
. 

1-
-+

 
. 

l 
... 

-
-

rt 
r 

; t
 

T
T

 
-

L
 

_
,.

..
._

 -
-

...
. .

...
...

 
-

i.
. 

. 
..._

 
-,

 
h 

~
 

..
 

J 
I 

f 
. 

\ ~
 

. ,-
--

-
,-

- .
... ,

__ ·
1

 . 
-

1 
-t

-·
·-

r-
J 

. 
-

t 
-

1-
1 

-
~
 f

-
1-

-1
-

-
,~

 -
t 

... 
-

,-
-

-
' 

-
--

j_
 +

 
-
-

t--
l 

-
t
-
-
1

-
-

-
I-

-
-

I-
· 

. 
r
-
-
r
-

...
...

. 
-

~ t
 + 

--
-
t-

-
1 

,-
i + 

j ~
 q

 
-

--
Fl-

-
' .

..
..

.
.

. 
' 

...
 '

 .
..

..
 ' 

..
 .

 
+

 
-

-
·
-
-

+
 

r
-·

 
.

. 
+-

• 
r
·-

-

, __ 
·•

-
. 

·-
+

 
• 

+
 

-
1-

-
. 
,:

. 
-

,.
. 
-1

 
-

I 
b 

K
" 

\ I
 

I 
. 

-
,-

, 
1-

... _
 +

-
-
1

-
r
-

-
-
t
-

-
+

 
2

..
 

N
 

-
·f

-
+

 r
-1

-
r-:\

 .. -
i-

-r
-

-
i=

-::
r
-
r
-

'""
' 

\ 
-..

-H
 

,f"
b 

ij
 

I 
'b

 
~

+
 

-
·
 

+
-j

 
r 

t
-

t
-
,-

'. 
r,

 
\ 

\ 
I 

'-
1

-
-
·-

· 
,-

...
. 

i H
 

I 
~-

~-
r-

1 
.\ 

i::-
: .

..
 

1 
I 

..,
 +

-
I 

·-
.,

. 
µ 

I 
t- +

 +-
t 

r-
· 

, .
. 

-
!. 

. 
~

. i 
+

 .... f--
~
 

+
 

,_
. 

:"
 

~ 
-

=:::
: 

. .
-

- -
-

t 
-f

 
.-

-
-

..-
+

 
.. 

+
 

-
-

--
,-

1
--

r-
-

,-
-
r--

H 
-t

--
--

r--
-t 

--
---

- 1
--

t
-

I-
+

 
t-

--
-

-
- .

 l-
-

1
--

1
--

I
-

t 
+

 
. 

t
-

1-
,-

+--
,--

-
•-

-
- 1

--
1

--
t.

-1
-
f-t

--r
t 

,--
i-

-.
._

 i
--

....
. -

1
-
~
 

I 
.-

-+-
r-

--
- -
t ~

--
t
-
t
-

-
-
-
~

 
I 

f+
• 

-
-
-
·
.
.
 

+
--

-
t 

+
 

,_
 -

• 
. 
+t 

j 
-

t-
j-

+
--

-
-

,...
.. 

-
r
-,

-
-f 

, 
-

T
 J

 
~
 
-1

 
J 

J 
J 

J 
J 

J 
J 

J 
J 

J 
J 
J
I
~

 +
-+

+
--

1
 

,r
f~

 re I \ 



... 100-

aceording to the thod of Rowlm:ads (193'7) was 1.1sed. l.O ml. 

was equiftlent to 10.-3 mgs. of powder or 534 mgs. of treeh 

anterior lob. 

0.5 ml .. { -a 26'1 mge. il"esb anterior lobe) of the extraot wae 

inj-eeted into tho dorsal lymph sac of each frog at two ... day 

interffl.e on 6 oecal!:Lons, commencing on the 3le:t Januo.ry. · -· . ·, 

On the 13th day of th experiment (12th Feb.) all the troga 

were killed by immersion in a .mixture ot ether and water an4 thei_r 

e.r.m/body weight ratios determined. 

Pond. 

Resulte. 

( Protocols 22 & 23) • 

Ualea . 

1.84 

1.52 

Females. 

l.04 

1 .. 07 

Table XI . Arm/body weight ratios 0£ normal males and normal 

females injected with a pyridine ext~act or sheep anterior 

pituitary,. 

The arui/body weight ratios of the pond animals were read off· 

grapha (Fig. 8). It is the figure tor the beginning of the thir_d 

week in January, the time at which the animals were collected. 

These figures are rep.resented g-raphical1y in Fig. U. 
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Mel.es. 

Th& injected males show an increase in the arm/body 

weight ratios tro l.>2 to l.84. This is a rise of 0.32 

or 21% and ie significant. 

Females. 

There is a slight d•.-reas-e in the an:v'body weight ratios 

or the inJect.ed femal•s, t.rom the pondve.lue of l.07 to 1. 04. 

This i o.os or 2 .. s,: or diff-erence and ie not outside the 

Q1scuss1on. 

e.les. 
weig,t 

The rise in the arm/bodyf n.tio of the wuea pl"Odttc&d by 

injections of pyridine extract or sheep anterior pituitary con• 

tirmsthe findings in the previous -eection, nam iy~ that the 

anterior pituitary produces an increase in the 1reight of the 

forelimbs of the male. 

The route of administration or tho e-rtract. in this 

experiment (dorsal lymph eae) did not alter the result ot the 

injections . 

Again, th&r-e is a remarkable rapidity in the in-crease in 

the weight of the arms .. 21% in 13 daye,. 

Also, the1>e animals have developed pads on theil" forelimbs 

and thus the extre.ete conta\ued gonadotrophie subst nces. 
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Females. 

The arm/body weight ratios of the female animals 

undergo no change ae the result ot injections of pyridine 

extracts of sheep A.P.E. ,The ma.lee and females were kept under 

identiee.l conditions during this experiment and the same extract 

was used in each case. Also it is unlikely during the short 

course of the experiment that there was aloes of .total body 

wei~ht and a proportional· lose ot arm weight, leaving the ratio 

unaltered. The anterior pituitary, therefore, seems to have no 

effect on the forelimbs or the female Xenopue. 

Ovulation and hyperaemia of the cloacal labia occurred 

during the experiment, so that the sheep anterior pituitary 

extract definitely contained gonadotrophic substance•• The lose 

of weight due to extrusion or ova, however, is not large enough 

to alter the arm/body weight ratio significantly. 

There was no development ot pads on the femalea' tor•limbe. 

Experiment 3. 

The Effect Of The Injection or A PYridine Extraot Of Sheep Anterior 

Pituitary On The Arm/Body Weight Ratios Of Anterior Lobe 

H7poph:ysectomieed Males And Females. 

15 males and 12 females from the eame batch of frogs were 

hypophyeectomised by the method described by Hogben (1923). Only 

the anterior lobes were removed. 
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0 . 5 ml. of the extract described in the previous section 

was injected into the dorsal lymph sac of each frog at two-day 

interTa.l.s for 6 injeetion1J, commencing on th-e lat of February, 

1938. 'l'he frogs were killed on the 13th day (13th F bruary) 

end the arm/bo~y weight ratios estimated. 

Results . 

Protocols 24 & 25. 

ales-. Femalee. 

Inje~ted. 1.69 1.05 

Pond. l . S2 1 . 07 

Table XII . Arm/body weight ratios ot hypophysectomised males 

and females injected with .a pyridine extract or aheep anterior 

pituitary. 

The aruvbody weight re.tioa or poitd mrl.mals ere read off 

the graph (Fig. 8) in the same ny as described above. 

Theae results are represented graphically In Fig . ll . 

alee. 

The hypophyeectoiaieed injected males show a rise in the 

arm/body weight ratio of O. lV or 11.~ u compared with the 21 · 

ri.se that ie found in normal injected males collected and inje.cted 

at the 881118 time . The same doses of the seme extract being used . 

(eoe above). 

Females. 

Again the drop in the arm/body weight ratio 1& too small to 

be of any significance (0.02 = 1.9%). 
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Diacu9sion. 

ales. 

The animal.a used were kept under exactly the same 

conditions as the normal animals in the preTioua section. 

Hypophyeectomised male injected with pyridine extracts show a 

rise in arm/body igbt ratio, but thi rise is about half 

ae large ae th rise that occurs in normal animals treated in 

exactly the same way. 

Aleo pad deTelopment occurr d, but a longer ti elapsed 

before they were complete then in th case of the normal injected 

animals. 

Thus the male Xenopua is dependent upon its own pituitary 
~it11',tor~ 

tor the .full effect of th pyridine extr ct or sheep anteriorAon 

its forelimbs. The hypophyeectomieed animala aho ed full 

expansion of their lenophoree on a white background, thua only 

th anterior lobes were removed from thee animals. From this it 

may be concluded that the terior pituitary ot the le Xenopua 

contains a substance which assists th action of the injections 
. 

or -1i• p anterior pituitary in incr sing the weight ot the 

forelimbs. Thie aubetance is not e enti l tor the action of the 

sheep e.ni rior pituitary extract, which, therefore, doe not exert 

its effect through the mediation ot the anterior lobe of th 

animal's pituitary. 

The results recorded in the section on the pads support the 

conclusion that the sheep anterior pituit ry xtract does not act 

through the animal's own pituitary. In addition, they show that 
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the action of the sheep anterior pituitary injections 1a 

retarded by the absence of the anterior lobe of the animal'• 

own pituitary and thus confirms the conclusion that the latter 

assists the action or the former. The lack or acceleration or 

the effect ot the sheep anterior pituitary accounts for the 

smaller rise in the arm/body weight ratios of anterior lobe 

hypophyeectomieed males as compared with a rise twice ae great 

in the normal animals. 

Females. 

In the females there 111 again no change in the arm/body 

ratio, which supports the concluaion that the sheep anterior 

pituitary is without etteot upon the forelimbs of the female 

Xenopue. There •as no development or pads, also no inhibition 

by the anterior lobes of the pituitaries of female Xenopua of 

some poeeible action of the sheep anterior pituitary injections 

on the torelim~ ot temalea occurs. Ovulation and hyperaemia 

or the cloacal labia occurred in thi• experiment, a.gain 

demonstrating the gonadotrophicity or the injection•• 

It is interesting to note here that injection of acid 

extracts or sheep A.P.B. into hypophyeectomieed male and female 

Xenopue induced the mating retlex after the usual latent post­

injection inte"al or 10 to 12 boure. The percentage response 

waa also unaffected by hypopbyaectomy (Shapiro 1937 a). On the 

other hand, repeated injection, of pyridine extract• ot eh .. p 

anterior pituitary oroduced a largctr riee in the oviducts in 

nonnal female Xenopus than in those that had their anterior lobes 
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removed. (Citlin, 1939). 

Experiment 4. 

The Effect Of The InJection Of A Pyridine Extract Of Sheep 

Anterior Pituitary On The Arm/Body eight Ratios Of Castrated 

Males Ani Females . 

13 ma.lea and 11 temalee from the batch of" frogs collected 

between the 14th - 19th of January, 1938, were castrated 

according to the ioethode described above; 

Injections were .made into the dorsal lymph sacs of the 

animalJ to preTent loss of extract through the operation wounds. 

Each an1mal received 6 ~njectiona of the extr ct preTiouely 
·' 

described. o.s ml. was injected e.t two•da.y intervals, 

commencing on the 2nd of February. The fJ"Oi• were killed on the 

13th day of the experiment (14th Feb.) and their arm/body weight 

ratios estimated. 

InJected. 

Pond. 

Results . --
Protocols 21 & 'Z1. 

Males. 

1.59 

1.52 

Females. 

1.20 

Table XIII. Arm/body weight ratios of castrated males and females 

injected with a pyridine extract of sheep anterior pituitary. 

The arm/body weight ratios of the pond animals were again 

read orr the graph in an earlier section. (Fig. 8). 

These figures are represented graphically in Fig. 11. 
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Males, 

There is a slight rise in the arm/body weight r atios of 

injected male castrates. Th• ai1e of this increase is o.o, 
or 4.6% and is too emall to be of any significance. 

Females. 

A larger increas•• 0.13 or 12.1% ie seen in the castrated 

injected female.a. Thie is a significant increase. 

Disgusaion. 

Males. 

There is no significant change 1n the arm/body weight 

ratio or castrate males treated in exactly the same way as the 

normal and hypophysectomieed animals. Thue in the absence or 
-

the testis, injections of sheep anterior pituitary extracts fail 

to produce any change in the forelimbs of male Xenopus . 

Injections were made in this experiment, as in the normal and 

hypophysectomised animals, into the dorsal lymph sacs of the males . 

This precludes the possibility ot the loss of the injection through 

the ventral abdominal wound. There was no development of pads. 

The sheep anterior pituitary injectio~s thus a~, on the 

torelimbs by stimulation of the tee~ie. Thia stimulation ot the 

testis can be produc.d by the .a.beep pituitary injection.e alon&, 

bu't it is facilitated and accelerated iJ:l the presence or the 

anterior lobe or the ardmaJ ' s own pituitary. 

Femal'Bs. 

In the females the ano/body weight ratio rises ~Y 12. l~. !t 

has been shown before that the sheep anterior pituitary injections 
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do not produce any change in the arms or the t male Xenopus. 

Thus eome alteration in the total body weight must have 

occurred. The oTaries of female Xenopus at the time that 

they were caught (about the middle ot January) form 7 ot the 

total weight of the animal. (Shapiro & Shapiro 1934). The arm/ 

body weight ratio at the eame time of the year in pond females 
a.a 

is 1.07. Thuej a result ot castration the expected arm/body wei(~t 

ratio is 1.15. Thie value ie .05 different from the Talue 

recorded in the experiment, i.e. a ditference of 4.2~ between 

the c culated result and the figur obtained in the xperiment. 

This ditf erence is too small to be ot any significance and thue 

the high figure obtained for the castrate females is due eolely 

to th removal of the ovaries. 

There was no development of pads. 

Age.in the experiment ehowa that there 1 no inhibition by the 

ovaries ot any po eible action ot the injections or sheep anterior 

pituitarr on the rorelimba of the female. 

Thue it can be seen that the torelimb weight of the mal• ie 

under the hormonal control or the anterior pituitary acting by 

etimulating the testia which in turn cauaea an increase in the 

1i1e ot the forelimb of the male. 

The female for limb is unaffected by the secretions of the 

anterior pituitary or the testi. 
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II. The Effect Of Captivity. Starvation, HYpophysectomx, 

And Castration On The Arm/Body Weiraht Ratio . 

A. The Effect Of Cqptivi.ty On The Seasonal Cycles Of }le.le 

An6 Female Frogs Under Natural Conditiona (See Fig.Bl. 

Males, 

In captivity the normal cycle in the arm/body weight ratio 

fails to occur. Instead a curve with two phases ia obtained. 

(i) In the first two months of c pti\rity there is little change 

in the arm/body weight ratio. 

(ii) For the next four months the arm/body weight ratio rises to 

its highest point, which is the highest value yet recorded for 

81'1 arm/body weight ratio in Xenopus laevis, and is maintained at 

a high leYel. 

Females. 

In the captive females, also, the normal eycle ·ie not seen. 

The curve commences to rise immediately and continues to rise . 

All the animals were observed to become progressively 

thinner, in spite of the £act that they were fed with raw minced 

meat twice per ,reek throaghout and were kept in large containers 

with adequate amounts of water to avoid oYerpopulation. 

B. The lffect Of StarTation1 Hypophyeectom, And Castration. 

The factors mentioned in connection ,rith the seasonal cycles 

influence the arm/body weight ratios .of . captive animals also. Thus 

experiments were devised to deal with each of these separately as 

far ae poeeible. 
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Large numbers of males were collected betw n the 14th 

and 19th of January. These were divided into four group&. 

Group I. 

The frogs in this group were kept in large tanks and were 

fed twice a week according to the methods or Alexander & Bellerby 

(1938). 

Group II . 

The s cond group of animals was kept in tanks these.me size 

as those containing the frogs of Group I, but they were never fed . 

Group III. 

These animals were bypoph.y,sectomis d according to the ethod 

or Hogben {1933). After reaovery from th operation they were 

plac din baths with white bottoms and white sides. Only those 

animals showing maximal expaneion ot their melanophores were used • 

. 
These thus had only the anterior lobes of their pituito.ries 

romov d. The animals in this group were fed in the same ay ~ 

those 1n Group I. 

Gro9p IV. 

The last group or troga was c strated according to the 

method described above. These animals wer fed during the course 

of the experiment in th same way s the trogs of Group I and III . 

The frogs of Groups III and IV were aloo kept in tanks th 

same size as those containing Groupe I and II. · 

5 months later 12 frogs in each group were killed by 

immersion in a mixture of ther e.nd water and their arm/body weight 

ratios were estimated. 
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Group I. 

Group II. 

Group III. 

Gzooup IV. 

•lll­

Resv.ltQ. 

Prot.oools 28 - 31. 

'l)pe of.animal. 

Normal Fed. 

Normal Starved. 

Hypophyeectomieed F•d. 

Castrate Fed. 

Pond males 14th to l9'th January. 

Ratio. Change. 

l.66 9.2~ 

1.83 20.4% 

l .. 82 1g.. '1ii, 

1.45 4.6:t 

1.52 

Table XIV. Arm/body weight ratio or f d,. starved, 

hypophyaect.omi.eed and castrated male'S after 5 months .. 

Gro.up I. 

These figure• are represented graphically in Fig. 12 

Discussion. 

'lbe Normal fed animals show an increase or 9.2:,:. in 

their lU°m/'body weight ratios over the value for frogs collected 

from the ponds at tM same time. This tigure is just within 

the highest limit~ for the readings in any particular aet of 

arm/body weight ratios and thus mu11t be considered to represent · 

a very alight riee. 

A rise of similar magnit• occurred in the arm/body weight 

ratios of the males after 5 month of ~aptivity as shown on the 

graph in an earlier aeetion (Fig. 8). The iner•as• in that case 

was 9.0% and the fact that the ratio increased further with 

continuance of captivity makes the rise in tbe first 5 months 

aignific:ant. 
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Thil ri•• cu be explain•d bJ the taot that the 

an.imale 'bee aomhhat thinner in •pite ot the feacling. A 

larger rite in the ratio waa probably preYented by th• drop 

in the ei1e of the forelimb. The eT14ence tor the latter 

atat nt ie ae fcllowa. Captivity baa been hon in 

Xenopua laevin to re1ult in depreesion ot the anterior 

pituitary of the oapt1ve animale (Shapiro and Shapiro .lS34). 

In a prenoue aeotion it hu been demon•trated tha't inJectione 

of anterior pituitary produc• an increa•• in the weight of tbe 

forelimb• ot the e Xenopue . ua 1i 1• probable that the 

dep~es•1on of the p1tu1taiy eauaed by c ptivity re~ulted in a 

d oreaa in the torelilab wei t. 

Tbua taking the \wo factor a together• a very alight rte•• 

oocure in the arm/body weight ratio clw. to c ptivity. 

Gro@ u;. 
Starvation of the anilllllle reeulta 111 a aenre loH of 

body eight, which o be •••n eaeily by illepection of the 

animle. Ar.y drop in the forelimb weight ia too emall to ott• 

,et the deer• ... • in the total body eight, and the ratio thue 

ri••• in S aontha by 20.41'. 

Taking the reeult o i~ Oroup I and G~oup II. we find that 

the ana/bocly wei ht ratio of the ete.rvecl n ls ie 10. 3 abo•• 

th• r i'iio of the ted. animal•. Since there ie no r•aaon tor a 

different d•greo of drop 1n th• forelimb weight• in the two 

group•, the difference mu.et be explaineci by a drop in the total 



body eight. 

Group III 1 

Hypophyeeetomieed animals that are adequately ted 

become thinner than the captive red animals, being approximately 

as thin aa the starved animals . Thus in spite of the tact that 

a slightly larger drop in forelimb weight than in the captive 

fed or starved frogs ie to be anticipated because of the total 

absence of the pituitary, the ratio cu be expected to be similar 

to that of the starved animals. The rise of 19 . 7% ia about the 

same as the rise in the starved animals. 

The thin condition of the animal in spite of regular 

reeding can be explained by the fact that in hyphophysectomised 

animals the food intake is greatly decreased. (Bellerby 1938). 
' 

Hypophyeectomy thus is complicated by the tact that the animals 

are in a more or less starved condition, and the effect on the 

arm/body weight ratio cannot be detected. 

Group IV. 

The castrates show a slight drop in arm/body weight ratio . 

This drop is only 4.6% and thus i• not significant . Theee animals 

also become somewhat thinner than they were before, being eimi.le.r 

to the fed captives in appearance. Thus a corresponding drop in 

the weight 0£ forelimb must have occurred . It is to be expected 

that a large drop in the size of forelimb will occur when the 

teeti•, which ie the last link in the pituitary-gonadal control of 

the forelimb eise of the male, is removed. There is the further 



-114 .. 

evidence that the ratio for the normal fed animals ie 14. 5% 

abo•e the Talue for the cast.rates . The food intake or ti. 

ca.strat•e i• wiaff-ected, thus this dittereuce in the ratios 

must b& due to a drop 1n the size ot the forelimb or the 

caetratee. 

Castration there1'ore results in a drop in the size of 

the forelimbs ot mle Xenopua. 

This finding tit• in with the Naults ot the injections 

ot anterior piiuitary extracts into normal uld . castrate animalil . 

These data auggeri- that the anted.or pituitary - testis 

mecheniem i1l a hormonal one, controlling the aize of the 

rorelimbe of the male. 

.. 
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Summary. 

l) Injections of acid or pyridine extracts of sheep anterior 

pituitary into normal male Xenopue re ults in 

weight of the forelimbs. 

increase in the 

2) Under identical tr atment, hypophyaectomised alee also 

show an increaa in the weight of the forelimb, but thi incr ase 

isl ss than in the case of the normal es. 

3) This difference is probably due to the loso of sensitivi~ 

toll01ring bypophysectomy. 

4) Ant rior pituitary injections fail to alt r the weight of 

the forelimbs of caetrated males. 

5) From this it ie concluded that the anterior pituitary acte 

on the forelimb of the males through the interm diation of the 

te tie. 

6) No change ie produced in the weight of the forelimbs or the 

fe lee by the injection of anterior pituitary extracts. 

7) CaptiTity alters the naturally occurring eaaonal cyole in 

the arm/body weight ratio of male and te le Xenopus . 

8) Sta" tion of the c ptive animals leads to an incre a in 

the arm/body w ight ratio of males du• to loes ot total body 

weight. 

9) The effect of ata"ation due to decreased food intake eke 

the effect of bypophyeectomy on the arm/body weight ratio. 
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10). Caetration results in a decrease in the size or the 

forelimbs of the me.le frog. 

11). An hormonal anterior-pituitary-testis control or th• 

forelimb size in Xenopus male is postulated. 

12). The 1.aportant factor• influencing the ana/body ight 

ratio are as follows. 

~.In both eexee und.ernutrition causes an increase in the 

ratio. 

}.In the female, changes in the oYary weights are important. 

s_.In the male, the anterior pituitary-testis mechani&m 

controls the si1e ot the for&limbe. 
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OF THE S SONAL CYCLES IN THS AF.WBODY IGHT 

RATIOS OF 

CONDITIONS AND I CAPTIVITY. 

I. THE CYCLE IN THE A1UVBODY EIGHT RATIO OF CAPTIVE FE.ilALES. 

There is a steady increase in the arm/body weight r tioe 

ot captive females. It hae been ebo that no change is 

produced in the arms of the female by the hormones of the 

pituitary or the teatie . Thus thie incr a e in th ratio must 

be due to progreaeive decrease in the body weight or the 

females. 

During capti'Yity the ovaries or the female retrogr es 

(Shapiro end Shapiro 1934). The xtent to which this lowering 

ot the total body weight changee the arm/body weight ratios can 

be worked out from the figures tor the gonad ratio in captive 

females giv n by Shapiro and Sh piro (1934). 

(i) 7 .s = the gonad ratio at tr b ginning of captivity. 

(11) Let y ,,. the gonad ratio etter • month of captivity. Then 

at the beginning of captivity animal weigb11 92. 7 -+- 7. 5. Arter m 

months of captivity animal weigh• (100 - y) + Y• 

If there were no oTc..rian atrophy, the animal after m months 
' 

ot captivity would eigh (100 • y) + 7.5 = 107.5 - Y• 

Let 1 = the arm/body weight ratio after onthe or 
capti'Yity and let 100 ==- the total body weight after• ontbe of 

captirtty. 

en body weight is 100, arm/body weight • 1 . 
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• 
• • if body ·eight were 107.5 - y,i.e. if no ovarian 

atrophy took place arm/body weight ratio 

= ,I x 100 
107.5 • .,. 

Using this equation the arm/body weight ratios of 

oapti ve females cnn be corrected tor loss in total body weight. 

)lonthe or Gosad Anlfbodx · eight Arm./bog1 Weight Ratio 
ea:eti vitz. Ratio 1 Ratio. R1tio Corre~ted For 

.U!l fil ii1 Ovarian Atro:ghI. 
ii X 100} 
(107.5 - y). 

0 7.5 1 .• 08 1.08 

2 6.2 1.21 1.20 

4 5.2 1.32 1.29 

6 4.4 1.25 1.22 

8 S.6 l.40 1.35 

Table XV. Correction of the arm/body weight ratios ot captive 

temalee tor the lose 0£ total body weight due to ovarian atrophy 

in captivity. 

The corrected figures are represented graphically in Fig. 13. 

Discussion. 

The progressive atrophy ot the ovaries or captive females 

thus contributes to the progressive fall in the total body weight 

in these animals. Thie factor, however, only accounts for a 

small part ot the total fall and thus the remaining portion ot the 

_: _. 
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fall must b$ due to a atate or relative u.ndernutrition . The 

captive aniinale did, in fact become recognisably thinntr 

during the cours• of the exp•riment . 



-120-

THE CYCLE IN THE AFJ&/BODY Wll;IGHT RATIO OF CAPI'IVE UALES. 

In the males only two factore of importance influence 

the arm/body weight ratio, These are. 

(l) The effect or the ,,tate of nutrition on the total body 

weight. 

{2) The effect of the pituitary and the testis hormones on 

the forelimbs. 

{l) The State Of Nutrition, 

The males also became thinner during the course of the 

experiment and since the males and females were kept together 

in the same tanks and were thus subJect to the same conditions 

throughout the course of the experimsnt; it is reasonable to 

conclude that their total body weight dropped proportionately 

the same amount ae that or the females. 

From the corrected curve or the captive females' arm/body 

weight ratio it is possible to determine the amount of increase 

in arm/body weight ratio during the period of captivity caused 

by the fall in total weight. It is thus poeeible also to 

correct the curve tor the a~body weight ratio or the captive 

males, in order to allow for the decrease 1n total body weight 

due to the state of nutrition of the animals. 

Let s = the arm/body weigh"t ratio of the mal• capti vee 

n months atter commencement of captivity. 

Let y = the percentage increase in the arm/body weight 

ratio 1n the female captives due to loss in total body weight 
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due to tho lowered state of nutrition, e.tter n months of 

ca.ptivi ty. 

Then z :o true ratio -f '1 x true ratio. 

100 1 = 100 (true ratio +(y x true ratig). 

: . True ratio : !QQ1 
100 -t- Y• 

The arm/body eight ratio of the males at commencement of 

captivity was l,os. 

onths Ot Captivity. Actual Increase . 4 Increase. 

0 o.oo 0 

2 0. 12 11.1 

4 0,21 19.5 

6 0.14 12. 9 

a 0.27 24. l 

Table XVI. The percentage increase in the arm/body weight ratios 
weig-1-rr 

of captiv females due to loee in total body/ caused by undernutrition. 

o;tss of Uneocrected Arm/BodI Percent!Se Correctg~ A~odI 
CaptivitX,• 1Je1,t latio ~ Increase in eight Rat iu • 

1) Arm/bod! (lQO 1) 
Weight Ratio. (100 ..- y) , 

(y) 

0 1.78 e.o l.78 

2 1.72 11.1 l.55 

4, 1.93 19. 5 1.61 

6 1.95 12.9 l.73 

8 l.88 24.l 1.s1. 

T/4'JLE. )(VI I . _ _ __ "t.t\~LE "- V I/ 
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Table XVII, Correction of the arnv'body weight ratios of 

captive male s for the decrease in total body weight caused by 

undernutrition. 

These figures are shown graphically in Fig. 13. 

Dilouasion. 

The curve now repreeents the changes in the weight of the 

arm with eaptiYity and hence it ie an index of anterior 

pituitary and testicular acti'fity during captivity, i.e. the 

state ot relatiYe undernutrition hae been eliminated. 

The curve shows a definite tendency to decrease to that 

with captivity ~here ia a decrease in the she of the arm due to 

leeeened anterior pituitary action. Thie oupporta .the findings 

of Shapiro and Shapiro (1934), who also concluded that captivity 

lead• to depreaeion of the anterior pituitary, as judged by 

progressive atrophy of the oTaries. 
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THE SEASONAL CYCLE IN THE ARUS OF FE:ilLE XElmPUS. 

Three factors influencing the arm/body ight ratio must 

b considered. 

l. The pituitary~gon de.l mechanism. 

2. The seasonal cycle in th ov iee. 

3. The tate ot nutrition of' the animals. 

l. The Pituitary-Gonadal Aech,.S.am. 

This has been ehow, by injection to play no part in the 

control of the arm/body weight ratio or the female Xenopue. 

2. 

This factor can be allow d tor in the following way. The 

ovaries are lerg st in July (Shapiro & Shapiro 1934). The ovaries 

at this time of the year ffflt 11.3% of the total body weight. Let 

the total body eight in July be loo. 

en gon d ratio is x, total body eight is (100 - x) -t- x. 

If no chan e had occurred in the ovary, then the (body - ovary) 

vould still be 100 - x, but the ovary would be 11.3, thus the 

total body weight would be 100 - X-i-ll.3 = 111.3 - x: 

• 
•• 

Let the arm/body weight ratio bey. 

No When tot l body weight i 100 (uncorr cted.), ratio - y~ 

en total body weight is lll.S • x (corrected), 

ratio = y x 100 
111.3 - x. 

Ueing this formula, the curve for the arm/body weight ratio 

can be corr cted for the change in the ovaries, using the curve 
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tor the ovary/body weight ratio ot Shapiro & Shapiro (1984). 

Uonth. Arm/BodJ: Weig!!t Gonad Ratio Corrected Arm/B24X 
,&atio Y, ----'· Weight Ratio 

Y x 100 
111.3 - x. 

-,. 

J'an • • 1.04 7.S 1.00 

Mar. 1.16 6.4 l.ll 

May. 1.14 9.3 1.12 

'July. 1.00 11.3 1.00 

NoY. 1.oa 7.0 1.0,. 

Table XVIII, Correction or the seasonal cycle in the arm/body 

weight ratios of pond females tor the change in total body weight 

due to the ovariu cycle, 

These figures are -represent~ graphically in Fig. 14. t~gether 

with the cycle for pond animols. 

3. The State Of nutrition. 

A cycle in the arm/body eight ratios of the females is 

obeerved after allowance has been made tor the change in the weight 

ot the ovaries. This cycle must be due entirely to the change in 

the total body weight, since the arm weight does not change. Thue 

there is a drop in the total body weight on two occasions in the 
.. 

year. (a) From January to July. Thie occure during the pro•oeetro~s 

phase (Berk 1938) or the sexual cycle. 

(b) A smaller drop in November, eoon after the breeding 

season. The change in the arm/body weight ratio here ie only 4~ 

. . . 
•: 

.... '+ 
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and thus is not significant. The drop during pro-oestrous 

corresponds in point of time with late summer at the Cape. during 

which time the ponds contain very ~ittle water and veg tation. 

Thus it is quite easy to see hOY the food intake of the animals 

is reduced, since Xenopue laevis is totally aquatic and thus 

depends upon the foods in the pond for its nutrition . 

The cycle in the arm/body weight ratio o! the female 

&enopus in the ponds is dep~ndent therefore mainly upon the state 

of nutrition of the animals, the l rgest increase in the ratio 

being l2 {in y~ The part played by the cycle in the ovaries is 
we.i g'ht' 

never more than 51' of the arm/body / ratio, but it appears to 

account for the second phase in the cycle of the arm/body weight 

ratio, i.e. the slightly increased level during anoestrus . This 

latter increase is abolished by allo ·ing tor the change produced 

by the cycle in the ova't'y. 
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The Seasonal Cycle In The Arm Of' Male Xenopus. 

The mal Xenopus also is purely aquatic Md thus i 

eubject to the same varying conditions ot rood supply ae ie 

the femnle Xenopus. 

In the male only two factors are or importance in the 

control of the cycle in thee.rm/body weight ratio. They are:• 

l. State of nutrition. 

2. The anterior pituitary•gona.del chaniem. 

l . St te or Nutrition. 

Due to reduced food eupply the arm/body weight ratio of the 

female is increased. Since th food supply for both sexes ie the 

same , the ratio of the male is increased proportionately. Thus, 

using the curve or the cycle in the arm/body weight ratio of the 

females corrected for the ovarian cycle, the curve for the an.rvbody 

weight ratios or the male can be corrected for the change in the 

state of nutrition. 

Let x = the increase in the arm/body weight ratio of the 

female produced by a poor state of nutrition •~pressed as a 

pei-centage of the true arm/body weight ratio. 

Let 100 == the true arm/body 11'$ight ratio or the female • 
• 

• • 100 T X =the arm/body weight ratio ot the female corrected 

only tor the ovarian change. 

Let ratio uncorrected for nutrition = y. 

i.e. when 100 + X=- "I 

atio corrected for nutrition : l x 100 
lOO + x . 
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Using this formula, the cune for the arm/body weight, 

ratio ot the male C8ll be corrected for undern.utrition. 

~. Une-orrected f!:l!LBodI 
!;eight Ratio Ct). 

Jan .. 1.46 

Mar. 1.70 

Kay. 1.69 

July. i.'73 

Nov. 1.78 

rror In Ffll8.le 
Ratio Due To 
State Qt 
Nutrition (xl-

(From tabl.e 14). 

0 

ll 

12 

0 

4 

Corrected Male 
Arii7Bod! Weight 
Ratio. 

lOOV 
100 + :z. .. 

1.46 

1.53 

1.51 

l.'73 

1.71 

Table ill• Correction ot the arm/body weight r tios of pond 

males tor the chenges due to undernutrition. · 

The corracted cuM'e is sh~wn in Fig .. 14, together with the 

cune tor the nv'body weight ratio of pond animals. 

2. Pituitary-Gonadal Mechanism. 

After corr ction of the curve of the arm/body weight ratio 

for the state of nutrition in the males, a well-marked cycle is 

eeen. The only remaitting factor that can account for this cy-cle 

1e the anterior pituitary-gonadal mechanis-m. 

The cycle shows se-.eral phases. 

l. There ie a high level during the breeding season and shortly 



after it. (July to November). 

2. Then the curve drops to a low level. (November to Jauunry). 

3. Thie low level ie maintained until May. 

4. The ann/body weight ratio now rises between Uay and July to 

the high breeding season level. 

The curYe is corrected tor changes in the total body weight 

and thus it represents the cycle in the size 0£ the forelimbs of 

the males. Forelimb size in the males ie increased by the anterior 

pituitary, which acts l.,y stimulation of the testis. ·Cast.ration 

leads to a fall in the size 0£ the arms. Captivity abolishes the 

seasonal cycle in the for$limbs of the male, and causes a pro• 

greesive drop in the forelimb weight due to diminished anterior 

pituitary activity. 

Thus it is probable that the cycle in the arms under natural 

conditions ie under the control or the anterior pituitary, acting 

through the testie. 

During the breeding season the anterior pituitary ot the 

male appears to be active in the production of gonad~trophic 

hormone. This results in the maintenance or a large forelimb. 

The mating reflex. also occurs during this period due to a 

pituitary•gonadal mechanism. 

Arter the breeding seaeon the activity of the anterior 

pituitary diminishes and the forelimbs decrease in eize. I.n the 

ma.le anterior pituitary activity only commences again ar-ter May, 

and produces the rise in the arm to the breeding season level. 
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The discrepancy in the eurvoe for the incidence of pade 

and for the arm/body weight ratios of pond males is thu.s 

explained. The fact that the arm/body weight ~atio of the males 

in the ponds eommences to increase from January, whereas in the 

case of the pads development starts only alter Mny seemed to 

indicate that there are two pituitary-testis mechanisms at 

work, one producing an increase in the forelimbs and the other the 

development of pade . After correction or the arll)jbody weight 

ratio curve tor the state of nutrition, it can be seen that in 

both cases the curves start to rise after May. It ie likely, 

therefore, thnt both the increase in the forelimbs and the 

deTelopment of pa.de occur as the result of the same mechanism. 

This mechanism is the hormone of the testis produced by stimulation 

of the testis by the anterior pituitary. 

It is difficult to decide whether the changes in the 

to#elimbs end the development ot pads on the one hand and the 

clasping reflex on the other hand are produced by the same 

mechanism. In both cases the changes are a function or the 

anterior pituitary, acting by causing the lib•ration of a hormon• 

from the teatie. The difficulty is that the forelimb and pad 

changes occur du~ing the two months previous to the onset of 

coupling. Thus several posaibilitiee arise. 

l. There may be one pituitary hormone liberating one testis 

hormone. 

i 



(a) The testis hormone may be liberated between y and 

July in doses too small to produce mating, and thf)n from Jlll.y 

to September an increased production of the teetie hormone 

occurs. 

(b) There may be varying thresholds to a constant amount ot 

testis hormone. 

2. There may be one pituitary hormone liberating two 

different testis hormones, one from May to September, producing 

pads.and an increase in the forelimbs, end one from July to 

September, resulting in coupling. 

3. Two such testit hormones may be liberated by two different 

pituitary factora. 

The evidence presented below on the factors controlling 

the cyclical reproductive physiology ot Xenopus laevia tavoure 

augge•tion l above. 
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s~t 

l) The arm/body ~ eight ratio of captive females ri es 

progressively because .of undernutrition. Ovarian atrophy also 

contributes to the rise. 

vve.i·gi,r 

2) The arm/bodyj ratio of the me.lea riees progreeively because 

of und rnutrition. 

3) Elimination of this factor reveals that the forelimbs or 

Xenopus males decrease during captivity. 

4) Thia deoreasa ie due to diminished anterior pituitary-

testis activity. 

vve;g-hr 
5) After correction or the arm/body) ratios of pond females 

t'he 
for the changee in)ovary, a cycle still exists. 

6) This cycle is due to state of relative undernutrition, 

causing an increase in the arm/body weight r tio during pro-oeetroua . 

weif,1'" 

7) Correction of thG arm/body}ratio or pond males for the 

state ot relative undernutrition results in a curve showing four 

phases. This curve repreeente the eee.eonal changes occurring in 

the weight of the forelimbs ot the male. 

~.The arms are l rgeet during tho breeding season. 

~.A decrease follows until Janunry. 

!-From January to May the arms remain at their a llest ei1e . 
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~. The increase in the ei1e or the forelimbs to the 

breeding eeaeon leYel of the males occure between May and July. 

8) This cycle corresponds with the cycle in the pads. 

9) The 07cle in the forelimbs or the male• ie controlled b7 

the anterior pituitary acting through the teatie. 



Tl:IE SECONDARY SEX CHARACTERS 

OF THE FDIALE. 
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The Secondary Sex Characters Of The Female, 

The Cloace.1 Labia And The Oyiducts. 

Introduction. 

In the female Xenopus the eloaoa is guarded by three 

cloace.1 labia. There are two large lateral labia and one 

small one situated dorsally in the middle line, interpoaed 

between the two lateral labia. This labium is much thinner 

than the other two labia end also projects a shorter distance 

from the body of the frog. In the inactive state the labia 

are in contact with one another, the two lateral la.bie. 

touching each other ventrally, at their tips and in their 

distal part dorsally. Proximally in· the dorsal part the 

small dorsal labium ie interposed between the two lateral labia. 

The oviducts of Xenopua laevis, one on each side, can be 

divided into three portions. The first half inch is a straight 

slightly red-coloured tube, the pars recta. The second 

portion is the longest portion of the oviduct, extending from the 

pars recta to the pars ut•ri. Thie portion is pale and con­

voluted - the pars convoluta. The third portion is the pare 

uteri, or ovisac, which opens into the cloaca. 
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Hietologicel Study Ot The Secondary Sex Characters ot 

Female Xtnopus. 

The Cloacel Labia. 

Sectione ot inactiYe labia from U!linjeoted animal.a wer• 

out together with sections of the dor9al skin of a temale frog 

for the purpose ot comparison. 

Sections were cut also of labia activated by endocrine 

preparations (see below). 

Histolosx Of The Skin. 

Histologically the skin showe the following layers {Fig.l&). 

(a} A stratified epithelium. This layer ia 7 • 8 cells deep 

and its continuity is interrupted on the surfaoe by the openings 

of the skin glands. 

(b) A layer of mele.nophoree interposed between the stratified 

epithelium and the next layer. 

(c) A glandular layer. Two types of saceular glands are 

present and both types have ducts which open on to the surface of 

the skin. The commoner glands are mucous, showing different 

stages of activity (Fig. 16). The other type of gland is lined 

peripherally by a single layer ot flattened cells, the lumen ot 

the gland being occupied by a mass or pink staining material which 

consists of granules and of long needle-like crystals. (Fig. 17). 

Gunn (1930) observed that the secreting glands are of a simple 

eaccular type, lined with one layer of columnar epithelium. 

(d) A well-defined smooth muscle layer forms the third stratum. 

Thi• layer ie interrupted at interYals by fibrous septa ~ 
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iiiiL---A 
B 

----c 

E 

A. Str tified epithelium. 
B. Uelanophore layer. 
c. Glandular layer. 
D. Smooth muscle l ¥ r. 
E. Sept carrying blood ves l 4 

Fig. 15. 

Histology ot the dorsal skin. (x 60) 

i g. 16. i g. 17. 

ucous gland. (x 14-0) Granul r glond. (x 140) 
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b:lood vessels. Tbe septa run at right angles to the skin 

surface. The septa are generally situated opposite granular 

gl.ands. {Fig. 15). 

Below the muscle layer is the lymph space with loose 

areolar connect!•• tie1n1e running from the skin to the masculature 

of the animal' s body .. 

Hietolog; Ot The Inactive Labia. 

'lbe labia show the same fundamental histological characters, 

the epi-thellal, the melanopbore and t-he glandul.ar layers being 

similar to those in the skin (Fig. 18). The cloace.l aspect of 

-each labium, hownar, is lined by a layer of ciliated epithelium. 

A striking ditteren-e:e is the marked increase in the 

vascularity of tbe emooth w.acle layer,. which, in addition, 

containe large amounte- of' fibrous tissue. The smooth muscle 

layer in the distal portion or the labia is no-t continuous a& it 

is in the skin, but it is broken up into f-eirly thin irregular 

blmdlee (Fig. 18). Pronmally at- the base of the labia the 

emcot.h muscle ia gathered into a sphincter consisting of thie.ker 

bundles (Fig. 19). 

Distally the labia ue very thin and filamentous. The 

smooth contour ie lost and the outline ot the tip of the labia is 

markedly irregular. 

When the femsle is sexually activated, the labia become 

swollen e.nd red and no longer hang limply. They proS-ct distally 

and the canal between the labia is seei'l to be opened up. Active 

labia were removed tor histological section and the following 

changes were noted. 
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A 

A. Irregular bundles of sooth muscle • 

• 18. 

Histology of the in ctive eloacal labia. ~ 33) 

Fip: . 19. 

The cloac 1 sphincter. (x 38) 
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Hietology Of Activattcl Labia. 

There i• no change in the epithelial, melanophore and 

glandular layers. The important change is in the blood 

supply ot the fourth layer. (Fig. 20). The ·na&ela are markedly 

oongested and, in addition• many capillaries that are cloeed itt 

the inactive etate are opened up and are tilled with red blood 

corpueclea. In the active state the lining endothelium or the 

blood -reesela can be seen clearly. It consists of a single 

layer of flattened cells with flattened nuclei. This 

endothelium forms a continuous lining to the blood vessel. The 

red blood corpueclee are all intravaecula.r, no diapedais 

occurring. The congeation is especially well marted at the tip 

of the labia. 
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Co .. t 

g. 20. 

Hist. lo ot th• ae.tivated labia. (Cf. 

(x 3 8) 

• l ). 
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B. The Q,viducta •• 

The pars convoluta of inactive oviducts from uninJeoted 

females and of oviducts activated by endocrine preparations · 

were removed for histological section. 

Histology Of. The Inactive Oviduct. 

Hietologically the pars convoluta shows the :tollowing 

layers from without inwards. (Fige. 21 & 22). 

(a) A thin smooth mueele layer invests this portion of the 

oviduct circularly. 

(b) A glandular layer. Thie consists of simple tubular glands 

bound together by septa or connective tissue carrying blood 

veeeels. The cells of these glands contain basophil granules and 

the nuclei are emall and irregularly-shaped and are situated 

basally. 

(e) A layer of ciliated columnar epithelium. This l~er is 

interrupted by the openings or the glands, .the ciliated epithelium 

being thrown into folds opposite the interglandular aepta. These 

folds lie at right angles to the long axie of the oviduct . The 

blood vessels from the interglandular eepta run into the concavity 

or these folde. 

In the inactive state only an occasional red blood 

corpuscle is seen in the capillaries. 
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OVIDUCT. 

.\YI.W----Coi..1,,tMN,I«, Cu .. 1A1'1, 
E?.-t>rf•u,:LIVt'VI 

..-<~'tl:;:::,~,1\o Jl~oaJI Co01•.sc•£S 

INACT JVE ACTIVATED 
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A 

\ 
C 

A. Epithelial folds. 
B. Empty capillaries. 
c. cous gland. 
D. Smooth muscle layer. 

Fig. 22. 

D 

Histology or the inactive oviduct. (x 175) 



-138• 

Histology Of The Activated Oviduct. 

In the active state the chief change in the oviduct 

again takes place in the blood eupply. {Fig. 23). The inter­

glandular capillaries, many of which were preTiouely closed, 

are opened up end are filled with red blood coJ"pusclee. The 

concavity of the epithelial folds are also filled with 

numerous red blood corpuscles. In the interglandular septa 

in such preparations the lining of the capillaries ie eeen 

clearly. It consists ot a single continuous layer of tlttttened 

endothelial celle with small flattened nuclei, slightly wider 
. 

than the cells, so that they bulge somewhat out of their celle .. 

Again the red blood corpusclee are all intravaecular and no 

diapedesis occurs. 

The increased vascularity of the oviducts can be recognised 

macroeeopically. 
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A.Rd blood corpuscles. 

Fig. 23. 

Bietology or the activated oviduct. (x 175) 
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II. Experimental AetiTation Of The Cloaeal Labia And 

The Oviducts. 

Hyperaemia or the eloacal labia of female Xenopue has 

be•n observed during sexual activation induced experimentally 

by the injection of gonadotrophic substances (Shapiro & Zwarenste1n 

1935; Shapiro 1936 o; Zwarenstein 1936 a). Blee (1901, 1904) hae 

also noted labial hyper aemia when the mating reflex w s induced by 

simulating natural conditione. 

Shapiro & Zwaren tein (1937) also reported that certain . 

steroids have e. gonadotrophic action in temale Xenopus at present 

indistinguiehable from the action of anterior pituitary 

preparations. It wae e.leo shown in this work that activation of 

the female cloacal labia occurs through the mediation of the 

oYaries, since no hyperaemia of the cloaca! labia occurred in 

animals that had had their ovaries remoTed. 

Thus thi11 hyperaemia. of the labia may be used as a test• 

object tor the detection of gonadotrophic eubstancee. In 

testing substances for gonadotrophic activity it is important 

to specify clearly the natur e of the test-object empl:oyed. Many 

apparent differences in gonadotropbic pceparatione may be due to 

the different biological test-objects used. In the preaent 

section the test-object ~e rigidly standardi ed. The hyperaemia 

of the cloacal labia and or the o~ducts was used as a c1iterion of 

gonadotrophic activity and various substances were inveatigeted in 

this way. 
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All injections in this section were me.de into the cephalic 

end ot the ventral lymph eecs of rema.les whose l aboratory age 

did not exceed two week:e. This route or adminietration wne 

chosen because intraperitoneal injections or injections i nto 

the dorsal lymph sacs may in some cases produce labial and 

oviducal hyperaemia by reflex irritation. Since captivity 

results in pituitary inhibition in Xenopus laevie, animals were 

ueed within the firet two week• after they were brought in from 

the ponds to eliminate a possible loss of sensitivity to 

gonadotrophic substances. 

The experiments were pertorm~d during January and February 1938. 
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1. Actintion Qf The CloacalLabia BY Human Pregnancy Urine Extract. 

Extracts of human pregnancy urine from cases l • 3 month• 

amenorrhoea, diagnosed by the Shapiro & Zwarenstein pregnancy test 

and confirmed by later clinical evidence, were prepared according to 

the benzoic aoid/acetone method of Katzman & Doiey (1932). 

16 freshly-caught females were each injected into the ventral 

lymph sac with O. 5 ml. of the above extract ( 20 mle.. origine.l urine). 

Thie dos produces coupling in 70% of pairs at this time or the year. 

(Shapiro 1997 a). 

The animals were placed· in glaea containere, 2 - 4 8llimale per 

contEiner• with sufficient tap water to eover them. 

Injections were made at 6.00 p.m. and readings were iaken the 

following morning at 9.00 a.m. and every hour after that throughout 

the day. 

Results. 

Hyperaemia ot the labia was observed in 11 animals in this 

gr.oup after the usual overnight latent inte"al. Ovulation also 

occurred. 

DJ1ou1d.on. 
Human pregnancy urille contains• substance which causes 

hyperaemia of eloacal labia ot the female Xenopue, i.e., a substance 

ie produced in man which is capable ot stimulating the ovari•s or 
, .. . i. 

Xenopus. The gonadotrophic action is rurthel' demonstrated by the 

ovulation that took place. This ovulation reaction ia the basis or 

the Shapiro & Zwarenstein test tor pregnancy (1933 a). 



2. Activation or The Cloe.c"1l Labia BI Extracts Of ~alian. 

Anterior f!tuit1rie•~ 

(a) Sheep Anteri~r Pituitar,: Extra.et. 

10 females rroshly brought in fro~ the ponds in January 

were injected with 0.5 ml. ot sheep anterior pituitary extract 

(• 365 mge. fresh tissue) into the ventrnl lymph sac. Injectione 

and readings were made at the same times as before. 

neoults .. 

After 14 hours hyperaemia of the labfa was well marked in 

5 animals. 

Af't•r 28 hours 7 animals showed marked hyperaemi of the 

labia and the remaining 3 ehowed slight hyperaemia. 

Oviposition into the water of tho containers wae well-marked. 

(b) Ox Anterior Pituitary; Extract. 

10 females collected at the smne time as the animals in the 

previous ection were injected into the ventral lymph ao with 

0.5 mls. of an xtraet of ox anterior pituit ry ( ss 3$5 mgs. 

treah tissue). Inj ctione wer-e again made at 6.00 p.m. and th• 

animals were kept in glass containers, 2 • 4 f .rogs per container 

with sufficient tap water to cover them. Readings were mad every 

hour on the following morning, starting at 1.00 a.m. 

· Results. 

4 of the animals showed hyperaemia of the labia after the 
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usual overnight interval. Ovulation occurred in some or the 

containers. 

Discussion, 

Th& anterior lobes of heep and bovine pituitary both 

contain ubste.nces gonadotrophic to the female Xenopue. Judging 

by -the fewer number of females showing la'bial ·byperaemia and the 
' p ;t vito-rj 

emaller amount of ovulation it appean that the o~ anterior;(i• 

less .active gonadotrophically than the sheep anterior pituitary. 

The emall number• ot anima.ls used do not warrant any definite 

conclusion on this point. Th• queation is more fully dealt ~ith 

later. 

The o'f'Ul.ation produced by ox anterior pituitary confirms 

the re ulte ot Hogben {19SO). 

3. Activation O:f The Cloe.cal Labia BY Amphibian Anterior Pituitariee . 

The flllterior lobes of the pituitaries of mal and female 

X•nopus were collected according to the method described previously. 

Varying numbers of anterior lobes were implanted under the dorsal 

skin of treehly•cm.tght females, at the level ot th forelimbs . The 

donors of the pituitaries were animal that had been kept in 

captivity for approximately two onths. Tbe e animals never 

ovulated, nor did any ma.ting take place in the l boratory . The males 

were neTer h•ard to croak. 

Implantations were me.de at 6.oo pm. Bnd observations were 

me.de on the following morning ae in the previous sections. 



No. ot 
Females. 

5 

,8 

No. of 
Females. 

4 
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No. of Ma,le 
Pituitarlff 
Inmlan:ted. 

3 

No. or Female 
Pituitarlea 
Implanted. 

2 

l 

Number lbowi.Ag 
Hyperaemia. 

5 

3 

Number Showing 
Hyperaemia. 

s 

2 

Table xx,. Implantation or Xenopua anterior pituitaries into 

Xenopue re11Ullea. 

Hyperaemia of the labia 1a produced by the i~lantation 

ot 2 - 3 anterior lobes from male pituitaries, or by 1 - 2 

anterior lobes from fea,ale pituitaries. Ovulation occurred 

both with male and with female anterior lobe implants. 

The anterior pituitary of Xenopue laevie males and females 

contains aubetancee -gona.dotrophic to the female Xenopus. There 

ie thue no aex specificity in the action or th• amphibian 

gonadotrophio bonnone. 

It een also be eeen that while all sexual activity of the 

female ceases in the laboratory, the production ot gonadott--ophic 

hormone by the pituitaries of the animals does not cease . Th~e 

the inhibition of the anterior lobe of the pituitary ot Xenopus 

laevie in captivity (Shapiro & Shapiro 1934) does not consist in 
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the inhibition or s&cretion by the gland. Captivity results in 

the preYention ot r elease from the gland of the hormone• which 

is thue retained in the anterior pituita17 and. can be absorbed 

when the gland is implanted su:bcutaneouely. Gonadotrophie 

substances are still detectable biologically in the anterior 

pituitary of both male end fel?lale frogs after two months captivity. 

These results confirm the filldinge in a prerlous section. 

4.Acti•ttion 0£ The Cloaoal Labia BY Fig Anterior Pituitaries . 

'1'he anterior lobes of the pit\litaries of d-o-gfish collected 

a& described previously were implanted under the dorsal skin of 

Xenopue females at the level or the forelimbs. Varying numbers 

of dog.fish anterior lobea were uHd and the implantations and 

observation• were made at the same times u in the case or 
Xenopu:s anterior lo'b$s~ 

Results. 

No . or No. or dogfish No . showing 
Femal•s• Pituitaries Hyperaemia. 

Implanted. 

2 s 0 

l 4 0 

l 5 0 

Table lll• Implantation of dogfish anterior pituitaries into 

Xe.nopua females. 

No ovulation occurred. 
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Discuee!!s.:_ 

In the doses given the dogfish pituitary is not 

gonadotrophic to Xenopus females. This is furthe~ borne out 

by the absence of o'fUlation. The fact that the pituitaries 

were remoTed from the animals as eoon as they were killed and 

that they were kept on ice from that time until they were used 

(2 - 3 hours) precludes the possibility ot decomposition ot any 

possible gonadotrophic ractore which they might he.Te contained. 

1th hyperaemia of the labia as a criterion or 

gonadotrophic activity in Xenopus females, it is round that 

this gonadotrophic factor has a wide distribution in the 

vertebrates; amphibia, eeveral mammals including man, are found 

to produce substances gonadotrophic to Xenopus laevia. It is 

noteworthy that attempts so tar to detect a gonadotrophic 

substance in the anterior pituitary. of an elaemobranch fish 

have been uneucceeeful. 

5. ActiYation Of The Secondary: Sex Characters Of Xenopus Females 

By Certain Steroids. 

!• Methyl Testosterone, 

16 females were used in this experiment. Each was 

injected into the ventral lymph sac with 500 y of methyl 

testoeterone, a dose which produces e. 70'f. ovulation i n J anuary, 

the month in which the present experiment was performed. 

(Shapiro 1938). The reasons for injecting into the ventral lymph 

sac have been stated above. 
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24 hours atter injection the animals were pithed and the 

following observations were made,-

Tbe labia were examined for the preeence of hyperaemia. 

Then the abdomen of the frog was opened from the front and the 

ovaries , oviducts end oviaace ••re ex8Jllined for hyperaemia. 

Lastly, the condition ot the oTary was noted, i.e., the pretence 

or absence of large mature ova was recorded. 
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fiesulte . 

No. Hyperaemia Hn•r!!emie. of Condition 
of Labia. OYariee Oviducts Ovisace of Ovaries. 

l - - --
2 + - + - + 

3 + .. + - + 

4 .+ - + - + 

5 + .. - • + 

6 .... - - • ·-
7 + - - - + 

8 + • + - + 

9 + - + .. + 

10 ++ - + E - + 

11 + ... . - - + 

12 .. - + .. + 

13 + - - + E + 

14 - + - + -
15 + .... + E + 

16 ... • + - + 
Total 
Positives 1.2 0 10 l 14 

E = Eggs. 

Table XXII. -· ·InJection of methyl teatoaterone into Xenopue 

f .emales. 'j' 
~;.-

Labia. 

Hyperaemia of the labia occurred in 12 of the animals 

injected. Of the remaining 4 animals 2 showed atroohic ovaries, 
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i.e., th animale were "hypogonadal". (Shapiro, 1937 a). 

Qvaries. 

There was no hyperaemia ot the ovaries. 

animals had atrophic ovaries. 

Oyiducts. 

2 of the 

10 of the eime.la showed hyperaemia of the ov,duc.t3, 8 of 

these animals had, in addition, hyperae:nie labi. In the 

remaining two animals the labia were inactive. Two of the 

animals (Nos. 10 and 15) had eggs present in the oviduct. 

Ovisace. 

One animal had hyperaemic ovi11e.c11 containing eggs. 

Ova were seen in the water or the containers. 

Discussion. 

Methyl testosterone in doeee of 500 y produces hyperaemia 

ot the labia and oviducts and thua 1e gonadotrophic. The two 

negative results in the hypogonadal animals is in keeping with 

the tindinge or Shapiro & Zwarenstein (1937}, who showed that the 

activation of the labia oocure through the mediation or the 

ovaries. · The poasibil\ty ot a direct irritant action on the 

labia and oviduets is eliminated by the tact that the injections 
-

were made into the ventral lymph sac. The action of methyl 

testosterone is thus a hormonal one. 

Thie result contraats markedly with the actions of methyl 

testosterone in the male Xenopua and in mammals. In the latter 

this steroid has androgenic, oestrogenic and progeatational 

activity, but no gonadotrophio activity bas been demonstrated. 



-150-

In the ale Xenopue methyl teatoeterone ia 1nacti ve, both aa 

regards gonadotroph1c and androgenic aetione. 

R• Teatoaterone Propionate. 

16 females were injected with 500 y testosterone 

propionate into the ventral lymph eace. 

24 houre af'ter injeotion the labia were examined for 

hyperaemia and the frogs were returned to their containers. 

24 hours later, i.e., 48 hours after injection, the 

animals were pithed and the eame aeriee ot obaerYations were 

made as in the previous experiment. 

Results. 

14 hour reading. 

9 of the 16 animals showed hyperaemia of the labia. 



-151-

48 Hour Reading. 

Hyperaemia _ H7pen.em1a or 
or the Labia. Oyariea. Oviducts. 0Tieace. 

l 

2 

s 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

+ 

+ 

-
-
-
.. 

-
-
+ 

+ 
+ 

-

Total s 

+ 

-
-
-

-
-
-

-
.. 
-
-
-

Dead, 

1 

• 

+ 

+ 

-

+ 

.. 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

10 

.. 
-
--
. .. 
.... 

-

-
-· 
-
-
-
-
-
0 

Condition ot 
Ovaries. 

+ 

+ 

+ 

+ 

-
+ 

+ 

-
+ 

+ 
+ 

+ 

+ 

+ 

+ 

13 

Table XXIII. 

Xenopus females. 

Labia. 

Injection of testosterone propionate into 

24 hours after injection 9 ot the 16 animals ga•e a poeitive 

response with testoaterone propionate. 24 hours later there were 
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only 5 positives (out of lS). Again there was no hyperaeJlia 

o t the labia in hypo gonadal animnl•. 

OYari.ea. 

Only one animal showed hyperaem1• ovariee 48 hours after 

injection. The O'f'81"1es ot two animals were atrophic. 

Oyiduote. 

10 of the 15 animals showed hyperaemic oviducts. No eggs 

were eeen in the oviducts. 

Ovieace. 

There were no egge present. nor was there any hyperaemia. 

0.-ulation occurred in this •xperiment. 

Diacuesion, 

Teetoaterone propionate in doaee ot 500 y has a 

gonadotrophic action in Xenopus females, resulting in jyperaemia 

of the oviducts and the labia. In the case of the labia, hyperaemia 

was more ilarked on the first th.all on the 1econd clay. The oviducts, 

however, eeem to be acti•e:hd more powerfully and for a longer time 

than the labia. 

Testoeterone propionate in mamrnale has the 881118 aotiona as 

methyl testosterone, except. that its action is greater and mor& 

prolonged due to the eateritica:tion. In the male Xenopu& it is 

inactiTe. In the female Xenopus it is gonadotrophic. In mammals, 

terioeterone propionate has been shown to inhibit the ovaries., on 

account of its inhibitory action on the anterior pituitarJ. 
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ftogesterone. 

16 females were ueed in this .experiment . Each received 

an inJectJ.on of 500 y of progesterone into the ventral lymph sac . 

Thia dose of progesterone produces ovulation in approximately 50% 

ot tross ~ January, the JDonth in. which this experiment was 

pertorm.e4 (Zwarenste1n 1938) . 

The •niumls were killed 24 hours after injection and the 

eame series of obaeM'atior;te were made as in the two previous 

eection~. 



l 

2 

3 

4 

5 

6 

7 

8 

9 

l 0 

11 

12 

13 

14 

15 

16 

]:otal. 

Table µIV. 

Labia.. 
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}\e111lte 11 

Hyperaemia of .• Hneraemia of the Condition of 
L§bia. ovariest Oviducts. Ovieaca. Ovaries. 

.. - + - + 

- .. + - + 

141111' .. ... -
+ - + + 

+ - + + + 

+ ... - - + 

+ • + - + 

Male 

- • + + 

- - + E - + 

+ - + + + 

+ ... + - + 

+ - + - + 

- - • .. -
+ ... + - + 

.. ... + - + 

8 0 12 2 13 
E = Eggs . 

Injection of progesterone into Xenopus females. 

13 animals had ovaries in good condition. Of these 8 showed 

hyperaemia ot the labia. 
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Ovaries. 

No hyperaemia wae seen. 

Oviduct,1. 

12 animals showed hyperaemia or th oviductQ.o These animals 

all had mature ovaries. Of the remaining three animals 2 had 

atrophic ovaries. Eggs were present in the oviducts of 

Number 10. 

Ovisacs. 

2 animals had hyperaemic ovisace. 

There was on.position into the water of the containers. 

Discus.eion. 

Progesterone activates the labia and oviducts ot female 

Xenopus and produces ovulation. It is thut gonadotrophic to 

Xenopus females in 500 7 doeee in 24 hours. 

Progesterone in memmeJs is the only sex hormone with a purely 

female activitJ . It is progestational, but is not oestrogenic or 

androgenic. Further, it has been shown that progesterone is 

gonadotrophic in the rat, stimulating the formation of corpora lutea 

(McKeown ! Zuckerman 1937). Corpus luteum formation does not 

take place in Xenopus females, so that no progestational activity 

can occur. The gonadotrophic activity of progesterone in rats and 

Xenopus females, however, suggests some similarity in action in 

the two species. 

On the other hand, there is a striking difference between the 

action or progesterone in the male and female Xenopue. In the males 
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progetterone shows no activity at all. Progesterone is also 

inactiTe in the fomnle Buro Arenarum (de sllende 1988). 

Oeatradiol Benzoate, 

A batch of females treshly caught f'rom the poncle in the 

second week or July were examined tor hyperaemia ot the labia. 

40 animals llhowi~ inactive labia were ustd in this experiment 

Group I. 

20 animals. Each animal received daily intramu11cular 

injections ot 500 y ot Oestradiol Benioate on 5 successive days. 

"Progynon B oleosum Forte" (Sehering-Kahlbaum) wae used. Each 

ampoule contains 5 mge. Oeetradiol Benzoate in l.O mls. of oil. 

Each Bllimal thus received 0.1 ml. of the solution in each 

injection. The gaetrocnemii were used alternately. Injections 

were made at 5.oo p.m. and readings were taken at 11.00 p.m., 

9.00 a.m. and every hour until 5.00 p.m. on each day until the 

' third day after the last injection. The labia were examined 

for byp raemia. 

Group II1 

20 animals. Each animal received daily int ramuecular 

inJectione into alternate legs on 5 succeesi ve days at the same 

ti.nes as the animals in Group I. The control solution consisted 

or 19.0 mgs. of sodium benioate dissolved in 10.0 mls. or 
distilled water. The concentration of' the ben1oate radicle is 

thus the same as in the oaee of "progynon B oleosum forte". 



water 
Distilled,.(was used because sodium benio te is insoluble in 

nut oil. However, the effect of the oil CWl be disregarded. 

since zwe.renetein (private conmtUnication) ha shown that ,even 

large intraperitoneal doe e or nut oil do not produce hyperemia 

of the labia. ObserYattons were made at the same times as in 

the case or Group I. 

Resulte. 

There was no hyperaemia of the cloacal labi of any of the 

animals in th two groups . 

No nulation occurred. 

Diaoussioni 

0 atradiol benzoate in doses of 2.5 mga. giTen 

intramuscularly oTer 5 days ie inactive in female Xenopus . 

Again th re ie a marked differenc• between the actions of 

oe tradiol benzoate in lllaUlmals tu1d in Xenopus. In memmale 

oestradiol ben1oate is a bieexuel hormosl1e with mainly female 

activity. In Xenopus females oeetradiol bensoate is inactive. 

The injections were made intralnusel.llarly and, in addition, an 

ester was used, so tha~ very high utilisation ot fr e oestradiol 

must have occurred. Also the experiment was performed in July, 

when the sensitivity of the animals is high. Yet there was no 

production or hyperaemia · or the labia. Hyperaemia of the labia 

in Xenopue ha.e been shown to occur as a reeult of ovarian 

activity in Xencpus (Shapiro & Zw renstein 1937). Thus the 

experimeit above forme definite evidence that there is a 
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difference between the ovarian hormones of mam;:als and or 

Xenopus lae-ris. 

In Buro Arena.rum de Allende (1938} showed that oestrone 

has no ef fect on the genital tract of the female. Thie 

finding, howe..-er, does not permit the conclusion reached above to 

b generalised to include other amphibian female oex hormones, 

since the same author showed that th~ anterior pituitary-like 
'\out 

factors of human pregnancy urine were also witht etfect on the 

genital tract of Bufa Arene.rum females. The effect of the 

mammalian sex hormones has not been investigated in any other . 
amphibians. 

ETidence presented in en earlier section shows that the 

mammalian and Xenopus t6stie hormones also_ differ from e eh 

other. 

6. The Effect or Xenop~s Ovaty Preparations On The Secondary Sex 

Ch,ractere Of Xenopue Felll81e!_:. 

.!• Ovary Suspensions • 

Th• ovariee were removed trom 25 freshly-caught females in 

JulJt 1938. This ie the breeding season in the life of Xenopue 

laeTis, during which the OYariee re ch their largest size and 

are most mature. The ovaries were ground up with sand, and 

50.0 mls, ot distilled water was added. The mixtur• was stirred 

well and allowed to stand in a cool plae overnight. The 

following morning it was centrifuged and the supernatant fluid 

wu collected. Thie was very viscous and was recentrituged. 
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The eupernatant fluid was age.in collected and its volume 

measured. Almost 75.0 mls. of a dark som~what viscous 

suspension was obtained. Ea.ch millilitre, therefore, re­

presented 2/3rde of s.n ovary. 

10 treahly caught female& were castrated according to the 

method described previously. All the operated animals 

recovered. Each was injected into the dorsal lymph sac with 

2.0 mls. (equivalent to l l/3 ovaries) of the suspension 

prepared ae described above. The labia were examined at 

hourly intervals tor hyperaemia. 

There was no hyperaemia ot the labia. 

D1scue1!op 1, 

2.0 mle. of a watery euepeneion of xenopus ovaries tailed 

to actiYate the cloacal labia or castrate fe~es . 

Xenopue Ovary Extract. 

An attempt to extract the active principle of Xenopus 

ovaries was made as tollowe1 

Ovaries from 27 Xenopue were collected in acetone tU1d 

allowed to stand for aome time. Th& e,cetone wa.s cent rifuged off 

and retained. The acetone soluble material ttas collected by 

ev6.})orat1on ot the acetone and was dissolved in about 15. 0 mle. 

nut oil. Each millilitre of nut oil solution thus represented 

3 1/2 ovaries. 

2.0 ?Qla. of the nut oil solution were injected into the 

t 
.• 

. 

•. 

. 

. 
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ven:tre.l lymph sac of each of 4 freshly-caught females 

{equiv&.lant to 7 o'Variee per frog) . The labia were examined 

every hour e.f'ter injection fo.r hyporaem.a. 

Reeul'h, 

There was no hyperaemia of the labia. 

Discueelon. 

The tulure to produce hyperaemia ot the labia may be 

explained in many waya. The doee of the final eolutioa may 

have been too small. The active principle may not be soluble 

in nut oil, or it may be ineoluble in acetone. The hormone 

content of the ovaries may haYe been too low to produce any 

effect on the injected animals. These appear to be the ma.in 

sources of ditficult7 in this experiment and the work should be 

repeated, keeping these raotore in mind, 
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SUlnJ'lUU"f• 

l) The anatomy of the cloacel labia and of the oviduci• of 

Xenopus fem.alee ia described. 

2) The histology ot thi,: dorsal skin ot female Xenopus is 

described and the cloacal labia are shown to be a more tibro~s 

and more Yaacule.r modif'icntion or the skin. 

3) The histology of the para convoluta ot the oviduct ie 

deaorlbed. 

4) Activation of the cloacal labia and of the oviducts consists 

in the production of a capillary hyperaemia. 

5) This activation of the secondary sex ch.e.raoters baa been 

used as a test-o'bjeot tor gonadotrophic activity in Xenopus temales. 

In this way the following preparations were shown to be gonadotrophics­

Human pregnancy urine, sheep and ox anterior pituitary, 

Xenopus anterior pituits.ri1JS trom both males and femaleet methyl 

testosterone, testosterone propionate, and progesterone. 

6) Negative results were l'ieeorded in the case or dogfish 

pituitaries and oestradiol benzoate. 

'l) From the last finding it ie coniJluded that the Xenopue ovarian 

hormone differs from that ot mammals. 

8) Attempts to extract the Xenopue ovary hormone were uneuocesstul. 
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EXPERI'JE!ITAL INV:.STIGATION OF THE UATINC RF.FLEX OF X.: WPUS LAEVIS. 

Introduction, 

Observations on sexual behe.dour in froge and toads were 

made as long ago ae the 4th century B.C. Aristotle in his 

"lliatoria e.nitJal.ium" gi.-es an account of the f'e.ctors reoponsible 

tor the congress of the sexes. Aecording to him the croaking of 

the males is the stimulus that attracts tho females . In 

addition he states that the eyes shine through the open oouth ot 

the male like lempe, directing the female to the male . Aristotle, 

however, erroneoualy stated that the male performs the act of 

copulation with "an orgel'l in which the c1ucte converge" . 

More recently Linnaeue {1707 • 1778) and Oliver Goldsmith 

(1776) added to the existing knowledge. The g'1rl.talia were 

described correctly. Aleo the thwab pads of the males were 

described. The onset ot rut was aecribed by Goldsmith to the rise 

ot temperature at the beginning or Spring. Goldsmith aleo 

described the axillarr cl asp ot Rana. 

The olaborate ·pattera ot motor behaviour ma.king up the 

mating reflex in e.inpbibia suggests that the nervoue system is in• 

timetely involved in the reepon&e. 

Golt1 (quoted by Schrader, 1887), Tl'l:rchanotf {1887), 

Steinach (1910), Baglioni (1911) and Lindeboolll (1928), have 

indicated the importance of the central nervou eystom in this 

connection. Venrora {1897) has dt-awn attention to the fact that 
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th• etate ot tonic imobiUty which aan be induetdin amphibian• 

ie re marked in the f8lllnle than 1n the male. obl• (1931) 

hu eu.gg•ated that thie aexue.l difference i.n the neul"o•daetilar 

apparatae y baYe some eipdficuoe in the ting proo•••• the 

YigoroWJ grip ot the male induc1 in the female a state ot tonic 

1.mobility which prevents her esccp•• Sh piro (1936 ) doee 

not consider thi• to be the caae in Xenopua laevio. Kahn (1~21), 

~cbolder (1923) and Lulliea (1923) ban drawn attenti.on to 

ch~es 1.u el.ectriul •xcitabil1ty of' &oga• tiBBlle du-ring 

olaepiog, while Linde'boom (1928) baa ehcmi marked u:ter•no• in 

muscular excitability 1n the amphibian forel1Dlba (tlexor carpi 

ra.dialia muecle) before and after Nt. 

St•inach (1910} con•id.ere that the claoping renex ie 

normally inhibit• by fll'1 inhi'bito17 centre hieh he located between 

tbe d.\llla oolongata and tbe mid•'bl"ain. Langhet1.s, orking in 

Stoinach'a la'bonitory, local! ed this 1nb.ibitory centre more 

accurat ly in the dia1.al porliooe ot the corpora bigemina tnd tbJ 

bind. bn:.in. During tbtt breading eeaaon, the inhibitory centr• 

ie itaelf inhibited by an endocrine secretion, poasibly iroi.'1 th• 

teetee,_ :.n4 the olaeping reflex ~us B!)pee.ra in the Glf.\.l frog. 

Thie hypothe•itt also e.xplein the appearance ot th retl .x in a 

anhnel which ha& had ite medulla. divided experiment lly 

(BWi~UEti: 1910) • 

Shapiro (1936 b) 11uggeete thnt in Xenopus lcc.wis tu1tet-iol" 

pitui: e.ry-lilce ubdance extracted fro, pregn ey \lritie acts by 

inh1b1ting the centre in the carpcra 'bigemina and the hind brain, 
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thua reln.eiog the cla•piJll retlex in the tale toad. In the 

remal• \he mode of action of tba extract appears to bo quite 

ditfer•nt. She 1e pb71iol.01i·Ct:l.1ly depr••••d wh•ren the male 

ta atin:ulated. 

It appeara turiher, that the erln.ct doe not act direcrtly 

on the olaapi~g nf'lex 1ma1bitorv eesitn• but does eo only 

through the 1ntereed1ation of the gonada. 

Th& role of tbe endocrine glands in th~ t:ating retlu bu 

only been reoognieed in the prettent cerrt.ury. Nuaabawa {190'1), 

stsinac:h (1910} and Broete.rd and Gl•y (1929) rMoant.aed the clo•• 

tela-tionsl<J.p of the gonada to tibe mating r-etlex. Osima (193'1) 

produo•d a.mpl•xua 1n Rru:ta vi.th Rua teat.le extrec.t w 

The part ple.yod 'bf the 1.u1t•rior pituitary 1n coupling forms 

the most recent advance in the knwl•dge of the eating refl.x in 

utf'h1bla.. Rugh (l9S5) produced ooupling in ••veral eped.•• ot 

Rana with anterior pi:iuitartee troz:t ftf'ioua epeciee or Rana and 

nuto. Antuitrin • s (pngrumey Ul"ine ennct) produced co1Jp:U.ng in 

rana ce.t•ebiana. and wto towler1 out no't 1n other aped.ea ot ,Sana. 

ole sheep pitut~a.ry extraota produced coupling in buto towleri. 

Shapiro (1936 a, 1936 b) induced coupU.r.c in Xenops l•••i• 

'by mormt ol sheep anterior pituitary extract and. extr ots trom 

mmat1 pregnancy u~. 

Oait:a (1937) prcduoed coupllq in Rua Japonioa and Baa 

negromaculata by u•lng the anterior pituitaries from ei~h•r ot 

th••• two speoi•s• 
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1:>een 

The anterior pit~itarie1 have.,.{ahown by hapiro (l 37 a) 

to act in couplin by Tirtue ot their gonadotrophic properties. 

Xenopua laevi•t howev r, occ1itpie a rather unique poeition with 

regar to the effeotiv•n••• of mammalian gonadotrophic pr• ratione, 

aa can be eeen tro the accou.nt given below ot th work ot 

eeveral uthora. .Ad a (l9SO a, 1930 b, 1930 Ot 1931 a, 1931 b, 

1932, 1933, Ada & Grayer (1938), Bardeen (1932), Beller'by (1929, 

1933), Croa er Gorboan (1935, 1936), Creaser a Seholnek (1937), 

'oble A Bicharde (1930), O'Neil (Quoted b7 Adams Granger 1938), 

Rugh (1934, 1935, 1937), Will• t al (1933), olt (1929 a, 1929 b). 

Ovulation ie the ind x ot onadotrophic activity in ch 

oue. 

ie at ulated by preparationa trom · , to d, urodele 

pituitarie• and phyone, but not by pregnm1t •'• urine or eerwn, 

h pro rumcy urine ,placental extract• or hole aheep pituitary. 

Beef pituit ies are active in ao •peel ot Rana(••&• 

vul ari•) but not in others (e.g. Rana pipien•)• Conflicting 

evidenee exiate with regard to the effect or fieh pituit ri•• ln 

na (pipiena). 

foad9 an acti•ated. by preparations trcm toad pit it riea, 

but e.r not ati lated by Rana pituttariee, pregnant usare•e urine, 

bu pregnanoy UJ"ine, beet pituit riee or rabbit pituitari •· 

Vrodelt• bav be a used to ovulate by means of Rana and 

urodele pituitary preparation and also phyon• and bebin. 
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,lenopue ,lg.evi1, however, hGI IM!ren de to ovulate b7 

means of pituitaries from male and female Xenopus, Rana, Sheep, 

ox and human pituitaries. In addition, human pregnancy urine · 

end ••rum are also oepa'ble ot inducing ovulation in Xenopua 

females. As bt:.e betn mentioned above, th• hormones ol ti. 

mammalian teetie end corpus lut•wn, namely te•toaterone and 

progesterone ar• gonadot.rophie to Xenopua fomal•e, ae well as 

certain synthetic compound• closely related che cally to thee• 

two steroids. 

In the work 011 eoupUng d•acribed above, injeetiona were 

made into both the male and female partners 112 order t• procluce 

the -~ting reflex. Shapiro (1936 'b) induced coupling in Xenopue 

laevie in 30j ot oa.oes by iajecting only the female pa.rtnere 

with hUlll&ll pregnancy l.U'ine extract,. 'i'he dose used ga•• a 75j. 

reeponee hen inJected into 'both partner-a. The ett•at ot '\hie 

dose thua ie roughly th• &Ulft aa that ot an amount of .._..P 

anterigr pituitary extract equiYalent to 360 e. of fresh anterior 

lobe tt,sue. 

The experiments 4esor1bed below were undertaken to 

elucid t.e eeTeral ol t.- probl•• conc•ru1n:g tho :ting re:tlex ta 

.X:enopue la...-11 • 
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I. Tr§ EX.I: ::ntKNTAL rn~UCTl<~ OF COUPLING n~ XENOPtJa UEVIS, 

A. Is• EJc.e•rire!ntM I5ductloa gt Coupling Bt •tr1ct1 

I( Ox And,.Sbfg &tte:rior Pituit.ar1y. 

IU•riment l .. 

The effect of the inJeation o( acid extra.eta 0£ aheep and 

ox anterior pituita~ 

l.25 paire ot frogs. freshly brought in trom the vleia were 

divided into 2 groups. The.re were 47 pairs of frogs in the tiret 

group and. 78 pain in the eeoond group. 

The frogs were placed in the container• previously 

described, 2, Sor 4 pure per container. 

Each trog in. the first group was inJeoted with an amoW1t of 

ox pituitary extra.ct equivalent to S&S ma•• of fresh anterior lobe 

tiseue. Commencing 10 hours after- injection, obeorY,.rtiont '1J&N 

made •••rr half hour. Coupling pairs were rett10ved ed placed in 

separate oontainere tor further ex~rianta. 

D!,te .. 

10. 9.37 

17. 9.37 

s.10 .. s1 
Tota+• 

§!ault9. 

I!, or f•ira InJeoted. 

14 

18 

15 ·-
'' 

fair! gouplipg, 

2 

s 

:J:1ble MY• Injection ot ox. anterior pituitary extract in Xenopua 

laevie. 



-168-

Coupling occurred in •aoh ot the xperi ate 10 to 12 

hotU"a after injection. 11 po1ra of ~h• 47 pair• injected 

coupled. a re•ponee or 23.4%. 

rertilbed ova were nu11o•ed and r eared to the t ndpole 

etage, 

Group :q. 

In the eecouci group each frog received an amount ot extract 

of eheep anterior pituitary etiulvalent to 360 QC•• ot freah 

tieaue. These experl.1anta were carried out •t tho ,a.me time •• 

thoee or Gro'lp It ao that al-1 the condition• ot the ex~ri nt 

were the aame. Ob1enatione were made in the ... way. 

Dill• 

10. 9.3'1 

17. 9. 37 

8.10.37 

Total. 

. o, ot Pair• !nJected, 

9 

16 

53 -
78 

Paire Cougli9a. 

5 

15 

58 

Table.~. Injection or eheep anterior pituitary extract irrt.o 

Xenop~ laevie. 

Coupling occurred in eaah of the experiinento after a latent 

int.en-al ot lo to 12 bo ..1rs. 58 pairs out of t he '18 paire injected 

coupled.1 i.e. there waa a '14.4 . reeponae. 

e , til11ed ova were reco-ntred and reared ~o th• ~adpole etage. 
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Qiecu•a199. 

O.x and sheep anterior pitu:ltari•• both eontain aubetenc.s 

gonadotropblc to X1nop~e. Injection ot acid extr eta ot th•• 

gland• iherelora leade to coupling and cwlation, with the 

production ot fertilised egga. The r ult• obt ined with 1baep 

ant•rior pituitary ext1"8.0te confira the finding• ot Shapiroo (1936 a). 

11:le troga that did not eoupl• were killed and examined. 

Em1••• 
The labia were eu.ad.ned for hypen.aia and then th• troga 

were opened up and the on:riea were oained tor tbe preauce ot 

Th• teat•• of the ma.1 .. are oruatbed on a gla e elide and a 

drop of water ••• add-4. \be emur waa examined. under a 

miorosoope tor the preaenco ot motile aperma. Th• latter wu 

tnkell u a oriterion ot teot:lcular maturity and ability to IDllU. 

No, or rsre• 

Gr+ I 36 

Gr. II 20 

4 

s 

33 

18 

YJlt• Ghow!nl 
Motile 0Rttl!, 

15 

IM!:• ,XXVIt. Pott•mortem tindinge in '\he uimale which. tailed to 

couple. 
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Thus the ditterenee in the reeponeea to ox and sheep 

anterior pituitary cannot t. explained on the baaie of 

bypogonadiaa of the animal•. 

A marked ditt'erenot in the ability ot the two extraota to 

induce mating in Xenopua laevie 1eehown. In experiment• 

performed at the eatl'le time with the aame doae11 ot fresh anterior 

lobe tiea1.1e, ox anterior pituitauy extra.et produce• a al.4' 

reaponae. whereu sheep anterior pituitary axtraat i~J•ctiona 

reeult ·1n coupling in 1,.4~ of the paire \laed. Sh••P anterior 

pituitary thus baa almon 3 1/2 time• ae much gonadotrophic 

act1Tity ae ox anterior pituitary ~hen doeee of 365 mga. ot 

treeh t1eeue are used. The &Yar'age weight of the ea anterior 

pit~1tar1ee used wa.8 1.95 gmt. and that of the ah•op anterior lobea 

YU o.573 S-• 'I'bue th& ox anterior lobe i• approxi tely 3 1/2 

time a a.a be Yy as the eheep uteri oz- lobe. Roughly epea.Jdng 

therefore, one aheep anterior pituitary ha• the same gonadotrophic 

activity aa one ox anterior pituitary. 

Exp9r1MD.1, 21 

'lb! Gopadotropb3,c Potencx Of Sheep Ant1r;1or Pituitario!• 

Within a ••ek ot the completion ot the above experiment, 

attempt• wer macle to produce coupling with amaller doaea ot acid 

extracta of aheep anterior p1tuit ry. 100 pd.re of troga were 

collec_ted from the ponde and diYided 1nt4 two groupa oontail'llng 

50 pin in each. 
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y[O':!R !1 

Saoh animal in t.hia group wu inJect•d intraperit<lneally 

with l.o ml. ot an extract ·ot eheep anterior pituitary diluted 

eo th :t 1.0 ml. wu eqrAiv~ilent to 50 mga. of rreeh e.rrter1or lo'btt. 

InJecUon1 were made at thOO p.m. and mdtuge were tak•n th• 

following day •••17 ho hours, darting at 9.oo a.a. 

group II. 
Each animal roc•1wd l.O ml. of the eame extract, dilu.te4 

in thte ce.ae eo that 1.0, ml. wu equivalent to 100 .mg. of original 

tresb tiaau•. InJectlone and o'baer'Y8.tione were •d• at the -. 

time as in Croup I. 

Group I. 
6 ptd.re coupled on the day following inj•etion - a 12% 

reeponee. 

Otpup II. 
ll pair& coupled on the day following lnjection • a 29% 

retpona•. 

Th•e• reeults are npreeented graphically in. Fig. 24 tog•tber 

with th• result. ot aheep ut.•l"ior pituit-ary extract iuje.ction1 

recorded 1n the last eeotion. (Table llVIlt). 
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~uiv!lent Of Pai[S 
Fresh Anterior" 

InJected. Paire Coupling. es2ons•. 

Lobe1 gs1 

so so 6 127! 

100 so 11 22i' 

360 78 58 '74.4% 

Table XXVII;t. The response to different doses of sheep anterior 

pituitary extracts. 

It is noteworthy that lOO mge. ot sheep anterior pituitary 

produces approximately the &BIile responee {22t) ae 365 mga. of ox 

anterior lobe {23.4~). i.e. it requires about 3 1/2 time• a.a much 

ox pituitary anterior lobe a• sheep anterior lobe to produce the 

same reeponee. Again, the comparative gonadotrophio etrengthe 

of the ox and ehMp pituitaries are about 3 1/2 to 1. This confirms 

the findings recorded above. 

Sheep anterior pituitaries appear to be very potent 

gonadotTophically, as little ae 50 nga. ot fresh tiseue producing 

coupling in~ of inJeeted pairs of Xenopue laevie • 
... \•, 

'!be nature of the dose-response curve is doubtful since it ia 

difficult to get the correct slope without one or more points in the 

neighbourhood or a so% responee. 

From the point ot view ot assay or gonadotropbic preparations, 

coupling in Xenopue is not satiefActory tor s&Teral reas~ns. 

Firstly, · large quantities ot material would be neeessary to carry 

out the teete adequat•ly and secondly, the intei,-al between the 

. .. , ...... .,.. . 

' ... 
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illjecUou and the firtrt obaeMatlona should be about 10 • 12 . 

hour•, i.e. the poet•injecticn latent int• · l before ting 

occar,. Thi• ia e.wkward tiule to fit into 1 boratory routine. 

Th• owle.tion na.etton ia mon euite.bl•. It red.\icett ta amo'Wlt 

or material needed by halt ud readi.Qge can be take12 a.tter longer 

latent irrten la. The animale would ha•• to t e killed to 

eumine for intra• oviducal ovulation, but tbie ta no d.iaadvantago 

aomparoci with coupling te•ta, •ince in the latter the ani la 

ebo\lld not be N•l.lt•d until all poaeibl etrecta ot the firn 

injection ha•• diaappeared, 'by ,rhich time the eenaitivity ot tlui 

animal• would be coneiderably lowered by the period of captivity, 

and the 11nSmals would no longer 'be eu1t ble tor aaeay ot 

gonadotropbic prinoipl1e. 
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The kp9riment al 

Ipduction Of Coupling B7 Means Of Xenopua Anteri8t 

Pituita!J" I~plante. 

The frogs from which pituitaries were taken for 

implantation (eee above) were animals which had been in 

captivity tor varying periods up to one month and which had 

never coupled apontaneou•11 in the laboratory. 

Th• frogs into which impl9l1tatione were made were rroge 

that had pre'Yioualy ooupled. 

Varying numbers of Xenopua anterior pituitariee were 

implanted into th• males and females ot these paire according 

to the method described abov•. Anterior lobes trom males were 

ueed in eeparate experiments from thoee in which female anterior 

lobe, were employed. The results are given below. 

No, Qt .&nterior; Lobes 
Implanted Into s 

Malt Fgalea, 

3 s 

• 2 

2 2 

Results. 

No. Of Pairs. 

5 

l 

7 

13 

faire Coupling. 

5 

l 

2 

8 

Tabl• XXIX. Coupling induoed by anterior pituitaries from male 

Xenopus. 
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0wlation end hyperaemia of the clo11cal labia of the 

females occurred. Fertilited ova were recovered and reared to 

the tadpole stage. 

No, Qt Anterior Lobfe 
Iglanted Into: 

Male · Female 

2 

l 

2 

l 

No, Of Pairs. 

6 

Pairs Coupling. 

3 

l 

4 

Table XXX, Coupling induced by anterior pituitaries from female 

Xenopua. 

Ovulation and hypera4Plia of the female cloacal labia were 

marked. Fertilized ova were recovered and reared to the tadpole 

atage. 

Xenopue Male Anterior Pituitaries, 

When each partner received Smale anterior lobes, coupling 

took place after 10 to 12 hours in all 5 pairs. 

When the male received 4 anterior lobes and the female 

received 2 anterior lobes, the pair coupled after the same latent 

interval. 

Only 2 pairs out or the 7 pairs in the group which received 

2 male anterior lobes coupled. The latent interval was again 

10 to 12 hours. 



Xenopue Female Anterior Pituitaries. 

In the firat group, where each partner had 2 female 

anterior lobes implanted into the dorsal lymph sac , 3 ot the 

4 paire ooupled arter the usual latent interval. 

Coupling was also obtained after 10 to 12 houre in lout 

ot 2 pairs in which each frog received l female anterior lobe. 

Altogether 19 pairs of troes had Xenopue anterior lobes 

implanted into their dorer:.l lymph sace. 12 or these paire 

coupled. 

Diecueeion. 

Eight ot the thirteen pairs implanted with 2 - 4 Xenopus 

male anterior lobes coupled. Thus the mating reflex can be 

induced in Xenopus laeTi.a by implantation of male Xenopue anterior 

pituitaries. Thie indica.tes that the Xenopue anterior lobes 

contain gonadotrophic eubstances. The male pituitaries 

stimulat e both the male and female gonads. This confirms a 

finding in an earlier section. Again, the anterior lobes came 

from animals that had been in captivity to~ about one month, 

during which time they evidenced no eexual behaviour. Thie 

eupporte the conclusion in an earlier section that in captivity the 

gland secretes and stores its gonadotro phic principle, but there 

is no releaee of' it into the circulation. 

4 of the six pairs implanted with 2 terea.le Xenopue . 

anterior pituitaries coupled. The female Xenopue anterior 

pituitary thus also conte.i·ne substances gonadotrophic to both the 
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male and female Xenopus. The absence ot sex•specificity in 

the gonadotrophic principles of the anterior pituitaries of 

Xenopua laevis is tbue confirmed. Againt the donors were 

captive frogs ot one aonth•s standing. 

The anterior lobes of Xenopus pituitaries are able to induce 

coupling in Xenopue laeTis. Hypophysectomy leada to cessation 

of asexual activity and in captivity, when the anterior pituitary 

of the animals is inhibited (Shapiro & Shapiro 1934) no coupling 

has ever been observed~ Thus it seems likely that the normal 

stimulus to coupling under natural conditions is an hormonal one 

from the anterior pituitary Qf the animals. 
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c. The Effect Ot The Implantation Of ~ogfieh Pituitariee On 

!}le Mating Reflex. 

Four pairs of froge known to couple had dogfish pituitaries 

implanted into the dorsal lymph eace in the samo way as in the 

case of Xenopue anterior pituitaries. Three to five dogfish 
.. 

pituitaries were impl.anted into each pair at 6.00 p.m. and 

obeerYationa were made the following day at 9.oo a.m. and eT&ry 

hour atter that throughout the day. 

No, Of Pituit,ries. 

Implanted Into 1 

Reeulte. 

I!!:!! Fresh F,eale fresh 

3 

3 

5 

Tissue. T1esu,. 

17 mge. 3 

26.5" 

64.0" 

87.S" 

3 

4 

5 

23.S mgs. 

13.0 " 

68.S " 

69.0 " 

l 

1 

1 

l 

Paire Cou2ling, 

-
-

Table )QC.Kl. Implantation of dogfish pituitaries in Xenopua laevis. 

No coupling took place in any ot the pairs used in thie 

experiment. No ovulation was seen. 

Discuaeion. 

In the doees used the absence from the e.nt~rior pituitary ot 

an elasmobrancb f'ieh of eubetancee gonadotrophic to Xenopue laevie 

ie confirmed. 
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D. I!!• Experimental Induction Of Coupling In Xenopus Laevie _ 

BY Means Of In.ieet1ng The Female Partner Only. 

Shapiro (1936 a, 1936 b) ha.a sho~'ll that coupling in Xenopua 

laerle can be induced ellperimentally by the inJection of only the 

female partner ot a pair ot troge with sheep Bl'lterior pituitary 

extraote. Thie work waa rep•at•d and extended. 

il'P!d:Mat 1, 
Injection Ot Sheep Anterior Pituitar;r Into Thf Female Only. 

25 paire of froge freshly brought in from the ponds were 

injected with o.s mls. or s.23., ea.ch frog thus receiving x:traot 

equivalent to 528 mga. or fresh anterior lobe. InJections were 

made at 6.00 p.m. end o'blleM'ationa were made throughout the 

following day, starting at 9.00 a.r.a. Thie experiment wae performed 

on the 14th and 15th day of December, 1937. 

Results. 

One pair coupled. Ovulation occurred in moat 0£ the 

containers. 

e9nclusion1. 

The re1ttlt conri..,_ the tindinge ot Shapiro {1936 a, 1936 b), 

that when the f•mal• i• inJected • coupling occura, but the naJ)onae 

la smaller than when both the male and female partners are 

injected. The response in the present experiment (4%) is much 

smaller then that of Shapiro (1936 b} who tound a 30% response 

ueing doeee of human pregnancy urine extract equivalent to 360 ~·· 

of freeh sheep anterior pituitary tissue. The latter experiment• 



-180-

were p•rformed in July, during tht breeding eeaeon. It 

appeare, therefore, that the animale undergo a marked loss ot 

sensitivity during the period of aestivation. 

Thie lose of sensitivity to injected gonadotrophic 

eubetanoes during the summer months has been demonstrated clearly 

by Shapiro (1938) using methyl teetoeterone, and by Zwarenstein 

{1938) using progesterone . 

owlation. 

The test-object in each case being 

Experiment 2. 

The Role or The Apterior Pituitaq or The Male In The Establishment 

Of The Mating Refitx. 

The role ot the pituitary of the male Xenopus in the 

coupling produced by injection ot the female partner only was in­

vestigated using testosterone ae etimulue . 

A large number of male and female frogs were brought in from 

the ponds during the last week ot June 1938. Half of the males 

were hypophyeectomieed according to the method described above. 

The troge were then divided into two groupe . 

Group I 1 

Consisted of fifty pairs, the male and female partner of each 

pair being normal. Each female received an intraperitoneal 

injection or l.O mgs. of testosterone dissolved in l .O ml . of nut 

oil. The pairs were placed in containers. Injections were made 

at twelTe o ' clock midnight and observations were made at 8. 30 a .m. 

and eTery hour after that throughout the following day. 
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Group II, 

There were 50 pairs in thie group leo. Th temale were 

normal and were injected with 2.0 mg. ot teetosterone in l.O ml. 

of nut oil in the same way as the animal.a in Group I. The males 

were eeleoted from the hypophyeeotomieed animal,. Only troge 

that were black on a white b~ckground and which, therefore, had 

only their anterior lobes removed were ueed. The males were 

not injected. The animals were placed in containers , these 

being similar to those in which the animals or Group I were kept. 

Results . 

Paire ith. No . ot Pairs. '), 
Used. 

No. Of Pairs. 
_goueling. Response . 

Male Normal 

Male Hypophysectomieed 

50 

so 

6 

2 

12 

4 

Table XXXII. The effect of hypophysectomy of the male partner on 

coupling induced by the injection of the female partner only. 

or the animals in Groupl, eix pairs or 12% coupled. 

In Group II, two pairs or 4% coupled. 

Discussion. 

From previous studies it was not expected that any of the 

animal• in Group II would couple on account of the important part 

played in coupling by, the anterior pituitary. It ha.A, h01r8'Hf, been .. -:: 

noted in previous experiments that an hypophyeectomised me.le eoon 

aft r the operation will couple with a female that hae been 
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inJected 24 - 48 hours prerloualy. It .,, " thought probable 

'\hat that coupl1 could be uplained on the theory 'lh&t a 

portion of' tbe anterior lobe uy be left behind duriag the 

operation, th t thia wu beorbed aubeequently and the preeence 

of th• hormones in the blood induced co1.1pling. Thi• llltlJ be 

th• explanation in the pree~nt. instt1nce, in which case the 

results are to be interpreted•• 1nd1oating th t t e actiYated 

te.ial• timulatee the anterior pituitary of the 1 am that 

uaplexw, oooure u a re•ult of tb1a. A ertce ot the ant ior 

pituitary in the male partner inhibit• thia r.action aacept in 

aaae• :where a portion of tb.e anterior lobtt is left behind at 

operation. Thie oonclue1on ·1• perhaps eupported by th• fact 

that the female• in Group II receiYed a dose of te&toet.eron• 

t ce ae large aa that ueed in Group I. 

On the other band the difference in -the re ulta in the two 

gro11pa it not Yery large, and may be anti.rely •plained on th• 

baeie that the operation diaturb4Mi the ma.lee sufficiently to 

preYent coupling. 

Tb egperimente ought to be repeated -uaing larger n bers ot 

tr • and a etronger gonedot.rophic etiaalue, euch as hut00t1 

pregnancy urine ext!"aota, which are cepable ot producing a 30% 

response in o.s ml. doeea (Shapiro 1936) when inJeoted into the 

f•J&al• partners only during the breeding eeaeon. 

It ta intereeting to note tba.t teatoaterone, the lDUl, ian 

testis hormo12e, ie capable on ita own of producing coupling in 

Xenop1.1• laevie. Thie ie a reault ot its g~nadotrophio action on 

tha. female. 
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Swnmao:·· 

1) In dosea or 360 • ox ant rior pituitary produces 

coupling in 23.4% of pairs inj ote:d nnd sheep anterior 

pituitary in 74.4%. 

2) 100 mgs. of sheep anterior pituitary produces coupling in 

22% 0£ injected pairs. 

3) Thus sheep enterior pituitary is 3 l/2 ti as potent a o.x 

nterior pituitary. Since the weight . of the aT rage ox anterior 

pituitary uaed was 3 1/2 times as gre t as that ot the average 
p;ruit-0.9 

sheep anterior lobet one ox anterior} hae approximat ly the same 

gona.dotrophic activity a.a one sheep anterior pituitary. 

4) Coupling is not a aaiistactory test-object tor the assay of 

gonadotrophic hormone. 

5) Coupling can be induced in Xenopue laevis by anterior 

pituitari e from aale ~d f male Xenopua but not by anterior 

pituitaries from dogfish~ 

6) Coupling can be induced by the injection of aheep anterior 

pi tui tery extract into the temale partner only. 

7) Testosterone, the mammalian testis hormone, induce coupling 

when injected into the female only. 

8) A arked loss of enaitivity to injected gonadotrophic 

substance occurs during aestivation in Xenopua laevis • 
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9). Coupling occurs under natural conditions as a result 

of an hormonal stimu.lu:s .from the anterior pituitary. 
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II Experimental Analysis or The Mating Reflex. 

Introduction. 

Sex recognition in frogs and toads has been studied in many 

species. 

In Salienta, eight and chemical sense play no part in the 

correct orientation of the partners in the mating reflex. The mal 

clasps all objects, releaeing those which have not the silence and 

stoutness of the f'emale (Banta 1914, Cummins 1920, Miller 1909, 

Hineche 1926 and Lullies 1926). 

In Bombina variegata the mechanism is more comple x 

(Savage 1932). In this species the male alternately cal.le to and 

searches for the l1111&le, but the adoption of the correct amplexue 

position ia regulated by a special eound produced by the female. 

Each partner produces a note that ie a sexual stimulant. 

In the toad, also, the ale maintains hie clasp only on 

females. According to Rostand (1934), the eyee are most 

important at a distance. In dist :nguishing between ma.le and 

female the important factors are that the female ie quiet, does 

not struggle, has a longer and tinr.er body, a coarser and more 

w~rty skin and a peculiar vibre.~ion or the flanks . In addition, 

Rostand considers that there is a special chemical sense that 

aesists in sex recognition. 

Rugh (1935) observed in artificially induced e.mplexus, that 

the male toad Bufo fowleri is indiscriminate when sexually aroused, 



going into amplexue with male toads or rell:!8le f'rogs or various 

species ~hen female toads are not H'ailable." Noble and Farris 

(1929) describe a similar lack or discrimination in Rana 

sylvatica. This lack of discrimination is not seen in Rana 

clemitens, catesbiana, pipiens and paluetris. (Rugh 1935). 

In Rana temporaria the male ia attracted to any other frog 

by means of the sense ot sight, but sex recognition occure by 

means or the tactile sense (Savage 1934), the female poeseseing 

"pearly granulations", described by Huber (188'7). 

Savage (1934) has observed that eex recognition in bufo 

bufo depends on the voice poseeeeed by the male, who chirps when 

clasped, &1'ld on a dodging, repulsive action shown by the males 

when seized. Liu (1931) describes a similar mechanism in Buto 

asiaticus. In the latter species the male is also capable of 

distinguishing between the gait or a male and female. 

In Xenopue laevie, Shapiro (1936 a, 1936 b) hae emphasised 

the i•portance of the passive role of the tamale in the adoption 

of the embrace. The male ,does not e1es• its partner as in the 

species described above, but approaches her slowly and tightens hie 

grip around her very gradually. Thie finding of Shapiro (1936 a, 

1936 b} tails to confirm the observations or Blea (1901) who 

eta.tee that the male makes a sudden dash at the female trom about 

six inches behind her. 
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lode or Adoption Of The Norm,l Embrace In Xenopus Laevia. 

In Xer.opue l evie th• clasp ie lumbar (Shapiro 1936 a}. In 

this respect it resembles that of the tailless Batraehiens, 

Pelobates, Discogloseus, Alytes, Pelodytes end Bombinator 

(Kostnnd 1934) and Cyotigne:thidae (Boulenger 1890). It differs 

therefore from the embrace of the toad Bufo, the common frog and 

the tree frog, which is uilla.ry. Thomas has suggested that 

there is a ~ol'lll8ction between the pupil and the modo of embrace. 

The horizontal pupil corresponds with the axillary embrace and 

the vertical or triangula:r pupil with the lumbar embrace. In 

Xenopue laevis, however, the lumbar er:tbra.ee is associ ted with a 
" 

circular pupil. 

In order to etudy the mode of adoption of the lumbar 

embrace, coupling pairs are isolated and the partners are 

separa.ted. After a Tarie.ble time of five minutes to eeTeral boure, 

atteutte at coupling recommence, and ob,ervations can be made . 

Absolute silence and stillness a~e necessary, since the animals are 

easily disturbed and coupling may be delayed tor several hours. 

Shallow glaae vessels are be•t tor this work. 

In such pairs the female lies motionless, while the male croaks 

almost continuously, gradually approaching the female. The approach 

ie towards the lumbar region. The male approaches the female more 

orten from her lef't side than from the right. 

In the first place the male loosely clasps the left thigh of 

the female in the case of the usual approach from the left. His 

left forelimb is round the left lumbar region of the female and hie 



-188-

right rorelim'b lies between her thighs. The body of the male 

ie thus at an angle to the long axie of the female. Soon the 

male begins to moYe into line with the tamale. Hie right fore­

limb moYee up and down, i~•· towards and na.7 trom the right 

thigh or the female, a.t the same time approaching her body. 

Finally the right forelimb reaches the right lumbar region of the 

female. 

If disturbed at this stage, the pair separate readily . 

Tl':lus it appears that the clasp is etill a looee one. From 

thie time the clasp gradually becomes stronger until the reflex is 

complete. The embrace now is Yery tirm end the partners are 

separated only with co?l8iderable difficulty. Coupling pairs haye 

been transported ae tar as 5 Iii lee by motor car 11'1 th out 

separating. 

The male croake almost continuously throughout tbie 

manoeuvre. 
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A. Departures From The Normal Lumbar Fabrace. 

Nine different abnormal clasps haYe been observed at various 

times during t he exper iments on coupling. 

Of these, two clasps are merely stages in the adoption of the 

normal embrace (land 2)-

1. Left Femoral. (Fig. 25). 

The left forelimb of the male is in the position normally 

adopted in coupling, but the long axis of the male is at an angle 

to that of the female and the right forelimb is between the 

hindlimbs of the female . 

This position has been noticed on quite a .number of occasions 

and is a stage in the adopt14n of the normal embrace . It is soon 

discar ded in fayour or the normal embrace. The frogs when in. an 

abnormal clasp separate rapidly when dietur.bed . This made it 

difficult to obtain photographic records of abnormal positions . 

2. ,Right Femoral. (Fig. 26) . 

Thie position is the mirror image of the left femoral . The 

right for elimb of the male is in the normal position, and the 

lef't forelimb is between the hindlimbs of the female. 

This position ie seen lees frequently than the left femoral 

and is also a stage in the adoption of the nor l embrace and hence 

is also not maintained for any length of time. This clasp also 

is not Yery firm and the frogs separa't.e at the slighteet 

disturbance. 
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Fig. 25. 

Left femoral clasp4 



189. b. 

Fig. 26. 

Right femore.l clasp. 
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3. Pectoral. ( Fig.. '27) • 

This position is further away from the normal clasp and 

approaches the axillary elaep of Rana. The forelimbs of the 

mal.& are tightly cl.asped around the upper part of the trimk of 

the female. 

Thia clasp ie. ae firm as the normal clasp and may be 

maintained for seTeral hours. It ie seen fairly frequently. 

4. Re-reree Axillv:c. {Fig. 28). 

In this position the long axea of the partners a.re in the 

•ame line, but the frogs are facing in opposite dire-ctione, the 

forelimbs of the male being round the axillae of the female. 

This clasp is seen fairly tr~uently, and is not a Yery 

firm one. It is not maintained tor any length or time. 

The remaining five clasps are extremely rarely seen. 

5. Reverse Lumbar. (Fig .• 29). 

The frogs race in opposite directions. 'l'he forelimbs of the 

male ar clasped round the lumbar region of the female. 

Thie clasp has only been nen on two occasions and is an 

extremely firm one. In one of the pairs the embrace was obserTed 

to be maintained for six hours, after which the frog& separated. 

Later the nonual position wae adopted. 

6. Double Clasp. (Fig. 30). 

Here another mal• is clasping th male or a normally eou.pling 

pair. The clasp of the second male is the sate aa that of a male 

nol'Dlally clasping a temale. 

This claep has been seen fiTe times end is firmly 
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Fig . 27 . 

Pectoral cl.asp. 
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l 

. . .. 
_ ... .. 

Fig. 28. 

Reffrse axillary clasp. 
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Fig. 29 .. 

Reverse lumbar clasp. 
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Fig. 30: 
Double , c1asp. 
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maintained tor eeveral hours. On both occasions another 

female was present in the same container. The non-eoupling 

f«nale in each case wae coxnpletely no 1 and hero ries 

were in good condition. 

At post-mor tem the three frogs in the clasp were all anatomically 

normal. 

7. Left Reverse Lumbar. ( Fig. 31). 

Thia clasp is similar to the reverse lumbar. The long axis or 

the male is at an angle to that o.r the female and the frogs are 

facing in opposite direction•• 

The left forelimb of the male is around the dght lumbar 

region of the female, but the right arm is around the left flank of 

the feaale, about its middle. 

This clasp has been seen once and was not a firm one. · It was 

soon relinquished as a result of a slight disturbance. 

8. Right Cerri.co-AXillarY. (Fig. 32). 

The frogs are racing the same way, but their long axes are at 

an angle to each other. The right forelimb of the le is around 

the right axilla of the female, and the left forelimb is around the 

head of the female, 

This position was seen once. The clasp was fairly firm and not 

relinquished in spite of considerable disturbance. It was maintained 

for some time. 

9. Right Subaxill ary. (~~g. 33). 

The male frog lies on his right side, clasping the right side of 

the :female, his left forearm being on the fair.ale• e ck and the right 
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Fig. 31. , 

Left reverse lumbs.r clasp. 
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Fig. 32. 

Right cervico-axillary elasp. 

\ 
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Fig. 33t 

Right subaxillary clasp. 
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forearm on the front of the !emalet near the level of the arms. 

Botll frogs are facing in the same direction. 

This clasp was also seen on one occasion only. It •as not 

yery firm and was eoon given up in. favour of the normal embrace . 

Diacussion. 

From the obsern.tions described above, it appe-are probable 

that two factors of importance in the adoption of the lumbar 

embrace are the passiveness of the female (as described by 

Shapiro, 1936} and the tactile sens~ of the male. The significance 

of the croak is not clear. The latter question is discussed again 

later. 

The importance of the paseivene.as of the fe.male is further 

emphasised by the followi ng observations. Males haYe only been 

seen to embrace other males when the latter are moribund or dee.d or 

are alre dy embracing a female. Only one exception to the abo'Ye 

statement hae been observed, both male s being perfectly healthy and 

eh wing no anatomical abnormolities at poet-mortem exe:mination. 

The -importance of the tactile sense of the :ia1-e ie perhaps 

supported by the fact that abnormal clasps are seldom maintained for 

any length of time. except in those caeef' where the contol.lra of the 

portion of the fe ale clasped resemble tho e of the normal position, 

e.g. the reTerse lumbar clasp. 
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B. The Movements or The Sexuallt Acti ve.ted Male And Female Xenowa. 

The investigation below v,ms undertaken to determine bow the 

ales end femalee ere brought together before the actual clasping 

ref lex is exhibited. 

For these experiments a special tank wae constructed. 

(Fig. 34). The tank wae me.de or galYanised iron and measured 

a• x 3 1
• The depth was 12 inches. A plug was inserted in the floor 

of the tank for changing the water. The tank was divided into two 

equal parte by a partition. The two halves being completely 

••parate ond water-tight. i:i&Ch halt was again divided into two by 

n partition at right ngles to the first partition. This second 

partition had a small hole, measuring 2° x 2" in the centre of its 

lo er part, called the •aperture". Thue there were tour 

comparl nts, A, B. C and D. A co.mn;.unicatea ith B through an 

aperture but these two re entirely separate from C and D which 

communicate only with each other. Th compartments ere closed tor 

3 inchee from the tops or their walls by heets of metal to prevent 

the frobe from e8ce.ping by jumpin out of their compartments or 

from leaving their compartu.nt8 by any way exc.ept vi the aperture. 

The tank was filled with tap water to a depth or 1 - l 1/2 inches 

and the apertures were closed by blocks of wood. 

The tank we kept in a quiet place and the experiments ere 

carried out during the night to ~lude noise and other external 

disturbances ae far as possible. 
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Froge ich bnd previously coupled were divided into two 

equal groups, each group containing mal s nd females in equal 

numbero. The frogs in one group w r e injected 1th 0.5 mls. of 

an extract of sheep• B en'terior pituitary. The males were pleced 

in compartment A and the females in compartment B. The frogs in 

Group II were the controls and were not inje-ctad. The males of 

this group were pl e•d in compartment C and the females in 

compartment D. The tank was covered with sheets of black paper 

to exclude extraneous stimuli f'urther. 

opened and the time was noted. 

The apertures w re then 

Twelve hours later the aperture were again closed by the 

wooden blocks and the numbers or males and females in each 

compartment were counted. Three such experiments were carried out 

and the results are recorded below. Large numbers or pairs were 

used in all cases. 

It was anticipated that these experiments would shed 

considerable light on the question as to which or the t wo sexes 

attI'aeted the other to it self for the purpose: of rt.ating. The controls 

would indicate how much of the movement taking place wue random 

movement. 

Compartment 

llalee 

Females 

Results. 

Experiment l, 

4t The Time 0£ In.1ection. 

A 

l'I 

0 

B 

0 

17 

C 

17 

0 

D 

0 

17 

. . ' 
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Males 

Females 
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12 Hours After Inj ction. 

A 

7 

12 

B 

10 

5 

C 

6 

5 

D 

11 

12 

Table ·XXXIII. The positione of the frogs before and 12 hours 

after injection with sheep anterior pituitary extract. 

The results obt ined in Experiment. 1 are ehown graphically 

in ig. 35. l pair coupled in compart1DBnt A and 2 pairs in 

compartment B. There was no coupling or ovulation in C and D • 

Compartment 

Kales 

Females 

Compartment 

Vales 

Females 

.Experiment 2. 

At Time Of Injection. 

A B 

31 0 

0 31 

C 

31 

0 

12 Moure After Injection. 

A B C 

5 26 5 

12 .19 4 

D 

0 

31 

D 

26 

27 

Table x.xxrv, The positions ot the males and the females. 
. ... _. 
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The results in Experiment 2 are shown graphically in 

Fig • . 36. 4 pain coupled in A and 5 pairs in B. No coupling 

or ovulation in C or D • . 

Compart nt 

Ue.lee 

Females 

Compartment 

Vales 

Females 

Table XXXV. 

Experiment 3. 

At Time Of In.iection. 

A B C 

45 0 45 

0 45 0 

12 Hours After In.fenion. 

A 

11 

16 

B 

29 

29 

C 

6 

5 

D 

0 

45 

D 

39 

40 

The positions of the male• and the females. 

The results obtained in Experiment 3 ·are shown graphically 

in Fig. 37. 11 pairs coupled in A and 13 pairs coupled in B. 

There was no coupling or owlation in C or D. 

. 
.; 



-- I I 

' > r, I i 
ll; ... ,\ I 
~ ' - I I 

· -t T ; - u I 
I 

I h: I I-

-. 
~ 

I -
I 

1-<--+~~-ll-+--+-...... -+--+---+-....... -+--+--+-1--+-+--+--+->-+-+--+--+--•--+-+-..._.._._-+---V''/ +-1r-+-+-' _ ...... -+--!1-i-,.-t--t-t-+ I \ , 
I -- • I 

~ , 
I 

\ 'T i,, I , 
~ 

/ \ , >- 1 )(H--+-+-1--t-+-+-+-1--t-+-+-+-1--t-+--+-+--ir-t--+-+-1--t--+-+-- - -+--+-+-,,1 
I I 

I.I i/ ' ., I 
I 

>-=t_~ H-1H-H-t-t-+-t--t-t-t-t--HH-H-t-t--t--t-+-t--¥t--t-t---Hrt-H-t-t--t--t-+-t-~ I • , 
i.t \ I L I = I/ ~ - 1 L 

~ I/ ' I l 
J I.J' \ I I I I .J \ \ , 

-' \ ,. 
-' ' , 

I/ 

l-+ H - µ -+ -+ -, 

>­>- - - ;l-+-+-+-t-t-+-+-+-t-t-+-+-+-1--t-+--+-t-i~ -+-+-ll'-l--+-+-+-1--t-t--t-+-l-- -+-+-1-t-+-+-+4<-+ U)--4 : 

l-+-~ ~ft++-+-+-++-+++++-+++-+-Hf+-l---1'!--H·-+-H-1-+-i-+-+-+-+-+~ +++-++-1-++++-+-+1+-+- ~ t H -f"-._.~ H-+--+-H-+-+--+-H-++-+-M -l--i:al''r-1H-+--+-H-+-+--+-H-i-+H-+-~ -.-H-++-++H-++ --..-:9 -+r-t-t ;= 

/ ,, 
' 
' \ , ,. 

I / \ 
/ 

, 
X , 
" 

·-~ +-H O -::::::::::~:::::::::::::::::::~::::::::::::::;1~:~~:::::::::::::::::::::~:::::::::::::::::::::::::::::::::::::~:::::::::::::~~:::+-,1-H, i-+l ---t-
, , 

' I 
1 I 

' - -l , I/' 

I~ 
:/ 

I 
--t I I I 

M=+, I 

I 

- . 
I 

-< I 

! r i 
! I 

' I I I 
I 

f-, 

.. L ~ +--



•197-

Table XXXVI & Fig. 38 represent th total results or the 

three groups. 

Compartment 

M.ales 

Fem~les 

Couroartment 

ales . 

Females 

At Time Of Injection. 

A 

93 

0 

B 

0 

93 

C 

93 

0 

12 Hour After InJection. 

A 

28 

40 

B 

65 

S3 

C 

17 

14 

D 

0 

93 

D 

76. 

79 

Table XXXVI. The positions of the malee and females in the 

obstruction experiments. 

piecuesion. 

The graphs ehow the moyements of males and females injected 

and controls in and out of compart nt A anol c. 

Mal s. 

Experiment l. 

or the tif'teen males in compartment A only 7 remained 12 

hours after injection. 6 or the 15 controls were left in compartment 

C after the same time. Thus there ie no significant difference 

between the movement of injected and control les. Thus all the 

ove ent of the injected males can b ascribed to rando moYement. 

-
J • • 
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Experiment 2. 

Here there ie no differenee at all between the mov ments 

or the injected and control malee , 26 or the 31 les moving 

into the female compartments in each caae. Thus again all the . 

movement of injected males appears to be random movement. 

ExReriment 3. 

In this experiment there is a difference between the curves 

for injected and control males. 16 of the 45 injected males are 

lert ai"ter 12 hours, whereas only 6 of the 45 control males 

remained in compartment C, i.e. 29 injected ma.lee left their 

compartment as compared with 39 males in the control group . Thus 

it appears that the injection of sheep anterior extract decreased 

the oTement of the mel.es. 

From Fig. 38 it can be seen that 76 males moved into the 

female compartment in the control experi nt, 'l'herea 6 5 of the 

injected males moved out, i.e. ,of the total number of me.lee used, 

approximately l~ less injected males than control male& left 

th ir compartment . The injection thus eee to tend to keep the 

males in their original compartment. 

F gles. 

Experiment l .. 

A :marked difference ie see:n in th ovementa of inJeeted and 

control fe lee . 12 injected fem le~ oved into th le 

compartment, but only 5 eontrol temales ere found in th me.le 

compartment after 12 hours, i.e. a 71% mov-ement of injected 
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females and a 29~ movement of control females. This suggests 

that the injection ot sheep anterior pituitary extra.ct increases 

the movement ot the femal.es into the male compartment. 

Experiment 2. 

A similar result ie seen in Group II. Here 39% or the 

injected females moved into the ma.le compartment, whereas only 

1ai or control females left their compartment. Again the effect 

of s.heep anterior pi t~itary injections appears to increase the 

move nt of the females into the male compartment. 

Experiment 3. 

The results here eonf'irm the finding of Group I and II. 

36% of the injeeted females moved into the male compartment compared 

with the ll;Z response obtained in the uninjected controls. 

Fig. 38 clearly demonstrates the difference in m<>"¥emente 

betw•en injected and control fems.lee. 151, of the control females 

were found in the male compartment after 12 ho-urs. 43% was the 

figure obtained in the ease of injected females. · Thus it may be 

concluded that sheep anterior pituitary injections increase the 

movement of females into· the male eompa.M,ment. 

The correlation bet-ween the results obtained with injection 

of sheep anterior pituitary extracts into le and femal.e Xenopus 

i obviou,,. When the, female is acti ted she eves towards th6 

male, The male, when activated moves less, and thus appears to 

await the arrifll of 'the female. Coupling is also obtained. in 

the female compartment (B) because if a male by rando movement 
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reaches compartment Bt there ie no reason why he should not 

couple there with an activated female .• 

It is noteworthy that in Rana the males reach the bre1'ding 

grolll1d first. A few days lat.er the females arr ive, attracted, 

it is thought, by the croaking ot the males {SaYage 1934) . In 

Xenopus the activated male alao croaks so that it u possible 

that the e~oak ot the male plays an illlportsnt pa:rt in attracting 

the temale to itself. The femal• never croaks. 

Thia experiment shows that the role of the female in the 

sexual behaviour ot Xenopus ~snot entirely passive . The female, 

in faet, plcye a most important part in the bri nging together of 

the t wo s exes. Later, in the act.ual adoption ot the lumbar 

embrace by the males . the role of the femal& is passive (Shapiro 

1936 a). In the bringing together •of the saxes, the male appears 

to be the paseiTe parineT. 
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c. The Sele.ction Of Partner& For Coupling: In Xenopue Lae'f'ia. 

Pairs of frogs were injected with o.s 111. of an extract 

of sheep•s anterior pituitary. After a l atent ittterYal of 

about 10 - 12 hours, t.h• usual response was obtained, i.e. about 

70% of the pairs coupled. 

Coupling pairs were gently removed and placed in separate 

containers, one pair per container. In this way a stock was 

collected of pairs of frogs that were known to couple. The 

containers were llW!lbered. The females of Yarioua containers were 

interchanged and then all the frogs were re-injected with 0.6 ml. 

of the extract of sheep anterior pituitary and left ov&rnight. 

The results are recorded in table XXXVII below. 

• 

• 



l X 

2 Jt 

I X 

4 X 

5 X 

6 lt 

' X 
8 X 
9 X 

25 X 

11 X 
12 X 

14 X 

15 X 

16 X 
17 X 

18 X 

19 X 

20 Jt 
·21 X 
22 X 
23 X 

24 X 

-202-

e le. 

2 
l 
4 
3 
6 
7 
5 
9 
8 

10 
12 
11 
l5 
14 
17 
16 
19 
18 
21 
20 
24 
22 
23 

Injection. 

o.6 al. s.2. 

Coupling. 

C 
C 

= 380 mge. C 
fresh tissu_e. C 

C 
C 
C 

0.6 ml. S.4 C 
C 
C 
C 

S 3S0 •• C 
fresh ti au'e. c 

C 
C 
C 
C 
C 
C 
C 

T ble XXXVII. Coupling a.rter the firet interchange or partnera. 

or the 23 pair injected, 20 coupled. 

The remaining thre pairs ere re-inject d with 0.7 ml. of 

s.2 {Table XXXVIII). 

__l!. 
1 

23 
24 

X 
X 
X 

Results. 

Fe ale. 
2 

22 
23 

Injection. 
o.7 m1. s.2 

:::320 mgs. 

Qoupling. 
C 
C 
C 

Table XXXVIII. Injection or pairt1 which failed to couple after the 

first interchange or partners. 

All three pairs coupled. 
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A further change ot partners was de in the 20 pairs th t 

coupled &tter th firat injection and these frogs were re-injected 

in the eem w ya before. (Table XXXIX). 

ale. ,- X 

3 X 

4 X 

5 X 

6 X 
7 lt 

8 X 

9 X 
25 lE 

ll X 

12 X 

14 Jt 

15 X 

16 X 

17 X 

18 lt 

19 X 

20 lt 

21 X 

21 X 

Results. 

e ale. 
7 
1 
6 
3 
5 
4 

10 
12 

9 
8 

14 
17 
11 
15 
18 
21 
16 
19 
24 
20 

Inj ction. 
o.6 mi. s.2 

Coupling. 

C 
=380 mga. • 

fresh tie ue. C 
C 
C 
C 
C 

O.S ml~ S.5 C 
C 
C 

::320 s. C 
C 

fresh tiaaue. C 
C 
C 
C 
C 
C 

Table XXXIX. Coupling af'ter the eeeond irtterchange of partners. 

ot these, 17 psi.re coupled. 

The three pairs th t dicl not couple after the second interchange 

ot partner were re-injected. (Table XJ.). 

~. le. Injection. Coupling. 

2 lt 
.,, 

J 
0.1 ml. S.3 C 

4 X 6 ;; 360 •• C 
22 lt 20 0.5 ml. S.6 C 

::;; 360 mge. 

Table XL. Inj ction of the paira that tailed to couple after the 

second int rchange ot partn re. 
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The experiment was repeated using extract of hwnan 

pregnancy urine as stimulus. 6 pairs of frogs we~o used. 

(Tabl• XLI)., 

Kale. 

26 X 

2:1 X 
28 X 
29 X 

30 X 
31 X 

Results. 

27 
28 
29 
30 
26 
32 

Injection. 

0-. 5 ml. P.U. 2 

= 2.25 mge. 
Solide. 

Q_oupling. 

C 

C 
C 

C 

Iable !!!I. Coupling e.tter interchange of partnera. 

Four .Paire ccu pl.«!. 

Th• remaining 2 pairs and another pair made up or male 32 and 

female 28 were re-injected. (Table XLII). 

Reaulte. 

!!!Y:.t• Female .. In.iection. Coupling. 

2:1 X 28 o.s ml.P. U.2 C 

ao X 26 E. 2. 25 1Qg8. C 

32 X . 28 Solids. C 

Table XLII, Injection or pairs which failed to couple after 

interchange of partners . 

All three pairs coupled. 

Altogether 50 pairs were injected aft.er interchange ot 

partners.. 42 coupled. or the remaining 8 pairs, all e<>upl•d after 

a third injection.. Thus all 50 pairs coupled after interchange of 

partners. 



Discussion. 

20 or the males used coupled with t hree different females 

(original partner and two interchangea}. 10 males coupled with 

two dif!erent fenalea ( original partner and one interchange). In 

the femalee also, coupling took place with two or three different 

males. 

Thus there seems to be no e~cial selection or partners for 

c~upling in Xe.nopue laerle. Animals that are sexually activated 

and r.ady to mate, do so indiscriminately, the actiY&ted male 

clasping any aeti Te.ted female, e.nd the sexually active feinale 

allowing any male to clasp her. However, apart from the exceptions 

noted abo~e, Xenopua males clasp Xenopue females only. The lack 

of discrimination observed in Rana, wher~ the male clasps all objects, 

is not seen. 
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D. The Role or The Distance Receptora In The Establishment or 

The Cla.spi!)S Reflex. 

1. The !Nee. 

Thirty-three pairs of frogs that coupled previously were 

collected and divided into three groups. 

(a) In the first group (fifteen pair s) the eyes of each male 

partner were removed. 

(b) In the second group (thirteen pairs) the eyes of each 

female partner were removed . 

( c) In the third group ( fiYe pairs) the eyes ot both the male and 

the female partners were removed. 

In order to remove the eyes the animals were Bl'.laesthetised 

by immersion in a mixtur e of ether and water. The eyes of Xenopua 

are Yery prominent and can easily be dissect ed out.. Great care 

was taken to remoye the retina completely. Very little bleeding 

occurred after the operation. A second injection of the pregnancy 

urine extract ( o.5 m.l.) was given intraperitoneally immediately 

before or after the extirpation of the eyes. 

Results. 

(a) EJ'elese lea P§ired With Hormel Females. 

The animals remained in good condition and showed no signs of 

shock. Haemorrhage was minimel and gaTe no cause for concern. 

Attempts at coupling, accompanied by vigorous croaking on the part 

of the male, were observed within l - 2 hours after the operation, 

and on two occasions the non1al lumbar embrace was adopted by the 

eyeless males within 40 minutes after the injection had been given . 



•207-

lt • s noticed that a considerable number of abnormal 

positi ns of coupling was adopted. These abnormal positions 

are aeen only Yery infrequently when both partners are normal. 

The eyeless male frequently embraced a hindlimb or a for elimb or 

even the head of the female. Ultimr tely, however, such positi ons 

were relinquished and the normal lumbar embrace adopted in each of 

the fifteen pairs injected within the usual 10 - 12 hours. 

Fertilised ova were recovered and r eared to the tadpole stage. 

(b) Eyeless Females Paired With Normal Uales. 

The female toads appeared to withstand remoYal of the eyes 

as well as did the males. The normal lumbar embr ace was adopted 

without difficulty within 10 - 12 hours after injection in each of 

the thirteen pairs injected. 

Fertilised OYa were recove red and reared to the tadpole stage. 

(c) Efeleee Males Paired Jith IJeless ~emeles. 

Abnormal positions of coupling as described in group (a) 

above were again obeerved.. All five p•ire used in this experiment, 

however, coupled in the normal way within 10 - 12 hours after 

injection. 

Fertilised ova were recovered and reared to an advanced tadpole 

stage. 

Diecueaion. 

The fact that the normal lumbar embrace can be _adopted by the 

eyeless male suggests that the eyes do not play en important role 

in the orientation of the male during clasping. It i likely that 

the eyes facilitate the adoption of the normal lumbar embrace, as 
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o ad tion or normal rec s (ae abOve) ,, treguent.ly 

o'bs neci 't c •• or t)le e,elea lea. During nch an 

embrace the e wou execute th forward ve nta char&cteriatio 

ot c-ouplillg, &Yen though th l.: r re · on ot the Ii • wu not 

1n clasp • Th eyee, therefore. act u a retimJ nt which aaeieta 

in h eat bli&hmeot of the nor brace,•• They are not at all, 

h evo , es e tial, aa the total t.1 ken did aot diff•r tr that 

p r • Thia 1e turth r 1.1b ti ted by the experirmatal 

rea1.&lt.a obtai d ·it the ni.mnl& in gr up (c). 

• eive role of the t e 1n th-e actual ting ( Sb 1ro 

1936 } is sin haaiaed int e uper-i nt& in group {b), hen 

•yelu t es wen pa.ired with nor • The bnor-

po•itions c an.cteriat1c ot tbe eyel .. • re not ob erved. The 

t.ime taken for the atablis nt or the reflex • normal .. 

In all cases I rtili e .~ er• recovered rared to an 

advmt1C11C1 tad ol stage. 

2 •• Th .. • ....................... 

7 paire of frogs tb t h CCtlpad pr vi.a ely W&l"8 U8ed in thie 

t,cb!:i:que Ot Remoripg Har@• 

re cnaoetheti ed by 1 reion in e. mixtur ot 

ethecr and w ter, l r 20. The a were re ed. by eeotion -1th e. 

pair of acia or along imagi ary line drawn tf'O the posterior 

part ot 't.he anterior (external) area t.o th• po erior limit of the 
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posterior (internal) nares. Plasticine was rubbed over the 

expoaed eurtace, and eacb pair waa then returned t-0 its con­

tail:ler. Malee end females stood the operation equally well. 

Bleeding was minimal, and there were no signs of' shock. 

The animals were divided into three groups. 

( a) In tbe firat group { 31 paira) the nare.s or each le partner 

wer re oved. 

(b) In the second. group (20 pairs) the naree of each female 

partner were removed. 

(a) In the third group (25 pairs) the 11 res of both the male and 

the f«aale partners were remoTed. 

Parallel aeries, 5 p.air eaeh, were run in the Cvnt rol 

experiments. 

en the animals had recovered from the anaesthetic 2 - 3 hours 

lat.er, the members of th& experimen"tal aeries were injected, males 

as ffll aa femelee, wita o.s ml. ot sheep anterior pituitary extract. 

The animal.a in the control eeriea were 1nJected ri th 0..5 ml. 

or Brain Extract. l., prepared in the same way ea the 1heep extract. 

Obsern.tions were made at 2 hourly intenale during the p()st­

injection interval. from 9.0 a.m. until 6.0 p.m. and then again at 

midnight. 

R9:eult&. 

(a) Noeelees llale• Paired With Normal Female•, 

'!be mating reflex wae established in the normal maimer in 

8 • 10 hours. In a few cases the response was eYoked in 40 • 60 

minutes, but thie 'was d1etinctly urtQeual and may have been becauu 
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the second post-operative injection was given within 1-2 - l.S 

hours of t-h-e first pre-opera.tiff one. All the pairs coupled• 

and fertilized ova nre recovered ud reared to an advanced 

tadpole ai\;age. 

(b) lormal Males Paired With Noetleas.Femalea. 

All the pairs coupled in the norul manner and in the usual 

time. Fertilised eggs were recoTered end reared to an adnnced 

tadpol• stage. 

(c) Noeelese Males Paired With Noseless Females. 

23 out of the 25 pd.rs coupled. (Fig. 39). The remaining 

2 pairs were re-injeqted on 3 successive oceaeions but et.ill tailed 

to couple. Th.ese two pairs and 8 which did couple were killed and 

their gonads exeDlined. In the pairs that failed to coupl• the 

ma.lee appeared to be normal, but 'the females showed absence of 

large mature ova in their ovaries. The ovaries only contained a 

large number or immature or atrophied eggs. 

The ovaries of the females f'rom th& 8 coupling pairs were all 

in good condition. 

Fertilised OT& were recovered and reared to an adYaneed 

tadpole stage. 

One pair (a noselees ale mated with a normal female) coupled 

in the control experiments. 
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g. 39. 

·o elea• pair coupling. 



The normal lumbar em.brace was adopted by the noaeleas 

me.lee with considerably less difficulty than was- the case with 

the eyeless males described above. The large number of abnormal 

postures obeened in matings at-temptud by the eyeleas 1i1ale.s did 

not o~cur in the course of the present experiment. It, therefor•, 

ap~~s that tbe portion of th& neres removed in this experiment. 

is unimportant as a receptor organ for some olfactory stimulus 

which may be provided by the quiescent female, after injection 

with tbe pituitary extract. Thie 1r1a7 be interpreted to mean that 

the .olfactory receptor area may be neglected as a. factor pron.ding 

sensory dat& to assist in the correct orientation or the male 

preparatory to and during coupling. The coat of plasticine rubbed 

oTer the denuded area a.f'ter excision of the ne.res rend.era it 

unlikely that'there could have been eny olfactory reception on th• 

part i>f the male. It eeeme unlikely the.r~fore that olfactory stimuli 

play any role in the :ne-ch.aniem whereby the male is etimulat~d -:to. ··. · 
. ...~ .. -

perform the very complex · ntniro-muscular response of coupling with 

the female. 

In all cases fertilized eggs were recovered and reared to an 

advanced tadpole stag• .. 

It is necessary t-o •:XPlain the fact that one pair ot animals 

in the control series coupled successfully att&r a post•operative 

injection with brain extract. It has repeatedly been 

aemonstrated that the brain extracts do not stimulate the gonads. 
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It has also been observed. that occasionally eni.mala 

whidl couple arter injection with anterior pituitary extract 

may, after h&Ying been separated deliberately, begin to couple 

again within 24 • 48 hour s without further injection. The 

apparent exeeption in the control eeries may be explained on this 

basis . 



!• The mode or adoption of the normal lumbar embrace is 

described. 

,g. Nine departuree from this normal embrac• are described. 

1• The passiTe role of the temale in the establishment ot 

the ting renex ie confirmed. 

!• It is euggested that the tactile sense of the male ie ot 

importance in the adoption of the clasp • 

.2• The acti'Ya.ted female mons towards the me.le. 

§.. Act! vation ot the m.ale diminishes the amount ot mOYement 

normally perfoniled by the male. 

!• ActiTated ma.lee mate indi•criminately with activated 

females. The reYerae al so holds true. 

!• The f11•e and n-aree play no esnntial part in the 

eatabliehlllent of the normal lumbar embrace. The eyes, however, act 

as a refinement which may facilitate the adoption of the normal 

lumbar embra.ce. 
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III. THE TRANSPORT OF. THE GN:$l'ES FROM THE GONADS TO THE 

EXTERIOR. 

A. 'llle f!th Of The owm, 

The path of the ovum from the time of maturation to 

tertill1ation can be divided into four stages. 

1. Releaa~ from the ovary. 

2. Passage from the o•e.ry to the oviduct. 

3. Passage doe the .oviduct t-o the ovi.sac. 

4. Release trom the oYisac. 

1. ljelease or The O'fWll From The oyary. 

The theories of release of the ova from ripe follicles 

haTe been classified by Rugh (1935). Rugh considers that 

localised degenerative changes. possibly encouraged by 

usymatic action are the cause or follicular rupture. 

Contractions ot the ovaries or pithed ~rogs were described 

by Pfluger (1859), Aeby (1861) and Rugh (1935). In Xenopue these 

contraC'tions occur also. They cea be seen at any til!le of the 

year both in healthy and in atrophied ovaries, but are especially 

••ll marked after the frog has been injected with some gonadotrophic 

preparation e.g. extract of eheep anterior pituitary. These 

contractions serve to increase the blood supply to the oyary and 

thou portions of the on.ry with the be.et blood supply release their 

oYa earliest. (Rugh , 1935). 

In Xenopus also ovulating OYaries show marked hyperaemiat 

r•sulting probably from the increased contraction,. 
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Prior to follicular rupture the mature ova heve the 

appearance of being covered only by peritoneum, the grO\fth ot 

the folliciee be.Ying brought them to the eurtaoe of the ovary. 

The next stafi•, macroecopically, ehowe the ova tree from 

peritoneum but .till attached to the ovary. Lutly, on. are 

found tree in the abdominal cavity. Zwarenstein (private 

communication) has deeot,ibed that in iaolated Xenopus ovaries 

the follicular wall retracts over the 0'9Wlt. This finding explains 

why oya before being shed from the ovary appear to be attached to 

the ovary for aome time although they are no longer within their 

follicles. 

2. QYaft To Oviduct. 

In order to unde1 stand thie portion of the path, a 

description of the anatom,y of the abdominal carlty of the femal.e 

Xenopus is necessary. (Fig. 40). 

The peritoneal cavity of Xenopue is divided roughly into 

two eynmetrieal parts by the gastro-inteetinal tract and its 

meaentery, which is attached in the mid•line dorsally. On each 

side near this attechment lies the kidney, from the tront of which 

the ovary hangs by the mesovariumt filling the lower part of the 

abdominal cavity. Attached to the anterior part of the ovary 

at its. upper pole is the rat body. Late wal to the kidney llee the 

oviduct which is suspended by a mesentery from the dorsal wall. 



A. 
B. 
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Thie mesentery becomes shorter in tho upper pa.r t of tho cavity 

until it disappears and the oviduct lies under cover or the 

lung and the liver. Posteriorly the oridu.ct ends in the ovisaa, 

( pare uteri of the oviduct) whic-h opens i nto the cloaca. 

The lung projects i nto the abdominal cavity from behind the 

heart and. the pericardium, forming a double shelf of peritoneum 

which is attached to the dorsal we.ll and extends from the lateral 

abdominal wall t cthe et..omach. This shelf gives the lung ita 

peritoneal inYeetment. The liTer peritoneum ie continuous with 

this shelf laterally and with the peritoneum on the pericardiwn 

and anterior abdoxninal wall medially. In the latter fold the 

abdollinal vein rune to enter the liver. Anterior to this shelf is 

a recua in each halt of the abdomh1al cavity, occupied by the 

liv:er, occasionally the portions of the fat body and more rarely, 

by portions of the ovary. The heart and pericardium t-ogether 

with t ho fold of peritoneWll enclosing the abdominal vein, separate 

the recees of one side lre>m that of the other. The receeees 

comc:iunicate OY-81' the front of the shelf with the geDeral peritoneal 

C&Tity. 

In ord•r to trace the path taken by the ovum, it was decided 

to ,0betruct some known section of the path, so that the ova would 

be dammed back am thus demonatrate the route taken. 



12 female frogs wore ana.eethetised by illnera.ion in a 

mixture of about l part of ether and 5 parts of water. The 

frog was laid on its back end the skin opened by a median 

incision l inch long. The mecle was divided by an incision 

l/2 inch long to one side of the mid-line in order to avoid 

cutting the abdominal vein which lies in the mid-line and to 

prevent its being tied off lat•r in sewing up the incision. 

A loop of oviduct was lifted out of the incision 8.l'ld held 

by a small clip. A piece of cotton was securely tied round 

this loop, so as to obliten.t& the lumen of the oviduct. In 

this way the continuity of the peritoneum was not disturbed.. 

Both orlducts were tied off in thie way. The muscle incision 

was closed by contint.tous cotton suture, care being -taken to 

avoid the abdominal vein. 'I'h• akin incision was closed by 

interrupted cotton sutures. The frog was t.hen turned over am1 

pla~ed in shallo water until it recovered and then wes trans• 

ferred to running water. 

The troge stood the operation Yery w.11. There was no 

ha.el'llOrrha_e ed all the operated animals suniyed. The fr~gs 

were divided into two groups. 

10 hours later each frog in the first. group received 0.8 mle. 

or a potent extract ot ehe$p anterior pituitary- (S.23) equivalent 

to 530 mgs . of fresh tissue (approximately one anterior lobe). 

This was injected into the dorsal lymph •ac, since intraperitoneal 
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injection might result in loes of extract thro~gh ti. 

operatio11 wound. 

The frogs in the second group were uninje-eted controls. 

12 ho-ura after injection all the frogs were pithed and 

examined. 

In the injected am.male, the oviduct proximal to the ligature 

wa.s distended with ova and an opaque jelly-like substance. The 

distal part was empty and noru..al in appearance and size. At 

the anterior end, the oviduct, ae shown by the eggs, began to get 

wider. Thie upper funnel-shaped part continued up under the 

liver and the ro.ot or the lung. 

On pulling the liver down, the receS8 was eeen to be tilled 

with eggs. Egge were also eean free in the general peritoneal 

cavity in large numbers, lying :mostly in the ventral part, in 

front of oyary, stomach, lh·er and lung. These eggs were 

collected and kept in trog'a Ringer solution for later experiments. 

The region of the top of the oviduct was now more carefully 

exudned., The recess was emptied and the oviduct below tbe 

peritoneal shelf wee squeezed. In this way eggs were pushed back 

into the recee.s. A probe inserted into the oviduct near ite 

up~r end appeared in the recess at the lower dorsal border ot the 

liTer. Similarly, a probe paased down trom the recess entered 

the oviduct. .Pulling on the oviduct below the peritoneal shelf 

gave the recess a tunnel-like appearance. 



Dissection from behind. removing the urostyle showed the 

eggs lying .in the recess, dorsnl to the liver and ventra1 to the 

peritoneum, from wbere they could be sque&zed into the ovidu.ct. 

These .findings were pr-e11ent in all tho injact.ed frogs. 

The results in the two groups are refened to again below. 

All this evidence clearly demonstrates the fact that the 

ostium of the oviduct li~s d-0real to tho liver, in th~ recess iu 

the upper pa.rt of' the peritonetl cavity (Fig. 41). Thie was 

confirmed oy dies-ection of e. normal uninjected female Xenopue. 

Th& oetium was found as e. narrat1 slit, 4 mns. long and l mm. ,i.de, 

lying obliquely behind the liver, its enterior end being nearer 

the mid-line then the posterior end, &mi facing ventro-anteriorJ.y .• 

Through this a probe was passed into the oviduct . 

This ostium opens into a peritoneal fUnn-•l w~ich in tut"n 

opens i~to the oviduct proper below the level of the peritoneal 

shelf. 

Thus after releaae from the onu-y, the egge- travel into the 

recess, then into the peritoneal funnel andthen into the oviduct. 

Mechanism Of' Transport Qf The Egg From The Oyal:Y. To The On.duct~ 

SeYeral fe.etors must be eonsid.ered of importance in th• 

carriage of the oya from the ovary to the oviduct. 

(a) Cilia. 

(b) Contractions of the abdominal muneles .. 

( e} UoYement s of viscera. 

(d) Gravity. 
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lewport {1851) cunsideretl thut body and vis~eral ove­

ments ere ade ·uate to ~ove th£ eggs from the ovary to th ostium. 

Smith (1916) con idered that the cilia (in Cryptobranchua end 

Hana pipienn) are not eufficiontly powerful to carry the ggs to 

the ovidu t. Le ·b run (1891), rJuesbaum (189S.),. Morgan (1897), , 

Kellieott (1913), Noble (1931) end Rugh (1935) re opposed to th1a 

vie e.nd believe that the ciliary action is ufficient on its OffD 

to tren port the cilia. 

According to Rostand (1934) both factors are of i portance. 

Several experiments ere devi ed to i.nv atigo:te th 

. 1mportence of the factor& mentioned above . Fir t it was nee esary 

to find out whether cilia ere or w r not. present in the 

periton cavity. 

During all these experi nts the temper ture was more or 

less constant, never falling below 21 oc or rising above 23°C. 

Four groups of frog& wero examined. 

l. Freshly caught females with good on.rie • 
h 

2. Freshly caught females with atropj.c ovaries. 

3. Freshly caught lea. 

4. F males kept in captivity for three onths. 

The frog was pith'&d and its abdomen opened by two incisions • . 

One transversely at the l0'7er end of the abdomen and .one longitudinally 

in the midlin-e extending from the first inciai011 to the xiphisternum 

and branching fro there laterally and upwards on the two sides to 

ope the recesee • The two flaps were reflected and the frog was 
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placed under the dissecting @1eroacope, o that the light was 

reflect d up th barrel of the instru nt, and xa.mined. The 

surfaces of the peritoneum and viscera ero kept slightly 

oistened ith frog Finger solution. 

l. In this ay ciliary movement was observed on the whole of 

the abdominal all in the freshlx; caught females nth p-ood ovaries. 

Cilia ere also present on all surface or the liver and on the 
the 

peritoneum lining the recess, but were beent £romfteritoneal 

covering ot the gaa.tro-intestinal tract. ovaries, oviducts and 

lungs ru:1d from the me enteriea of the gastro•inteetinal tract, 

ovaries end oviducts. (Fig. 42). 

Th distribution .of the cilia in the peritoneal cavity of 

female Xenopus was confirmed histo1ogically in the fol.lowing ways 

A fr ably-caught fe ale with good ovaries w s pithed and the 

liver and oviduct, together with portion or the ventrel abdominal 

wall were removed tor histological eect..ion. 

LiYer. The s rou cot or t.he peritoneum consists of a 

single layer of :flattened cells with flattened nucl 1, closely 

adherent to the underlying liver parencbyma. Thie layer i 

COTered with 4ili • 

Oviduct. No cilia are ee&n on the pe-riton um covering the 

. on.ducts. 

Al!dominal all. The serous mbrane, -..i th the s_ame 

histological structure as that cove-ring the liTer, is een to be 

coY~ed on its peritoneal surfacew1th large numbers or closely-set 

cilia. 
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2. Freshly caught fett?alee with atrophied ovaries also 

showed active cilia. 

3. Freshly caught male frogs, examined .in the same way 

showed no cilia present. . 

4. Female frogs kept in captitlty tor three months showed 

cilia present and active. These frogs had severely atrophied 

ovaries. (The experiments were performed in December, the 

middle of the non-breeding season). 

Thus cilia are preeent in the female t; t all times in the 

sexual cycle but are never present in the male Xenopue . The 

cilia, therefore, are a secondary sex character of the female 

Xenopus. They are probably dependent for their development on 

the anterior pituitary, acting through the ova:ryt but once they 
' 

a.fe complete, they are no longer dependent upon any hormone !or 

' their m intenance •. 

Next the strength a.nd direction of ciliary action were 

investigated. The eggs collected previously were used, because 

they are in the condition that on normally are <\uring th•ir 

transport through the peritoneal cavity. 

Frogs were prepared as for examining for eilia, and eggs 

were placed on the reflected flaps . These 'eggs w-ere carried at 

the rate of about l inch per minute, and consistently a.long 

definite paths .. Ova placed on the posterior part of the abdominal 

wall were carried proiimally to the level ot the liver and then 

t~rned inwards and entered the recess. , These o.va were recovered 
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lat.er in the oviduct. Similarly, ova placed anywhere on the 

flap first travelled anteriorly to the level of the recess and 

then into the recess and were found later in the orldu.c.t. This 

is represented diagrammatically in Fig. 43. 

Next the flap& were arranged so that the ova, if they 

were to reach the recess, had to traTel uphill. This they 

accomplished without appreciable loas of speed up fairly steep 

inclines. 

Thus the act.ion of the cilia is extremely powerful and 

fully capable or mo.Ying the egge without the &-esistanee of 

abdominal contractions. 

Thie coneluaion is supported by further experiments that 

were undertaken in order to eliminate abdominal contractions. 

Freshly caught females were anaesthetised in a mixture of ether 

and water and placed on their backs. A median skin incision was 

made, l inch long. The muscle was divided by a 1/2 inch 

incision and 12 eggs collected previously were placed on the 

exposed ovaries and. fat bodiee. The muscle and skin were sutured 

with cotton aid the frog turned over and placed in shallow water. 

l/2 hour after the operation and before they had recovered at all 

from th.e anaesthetic, the .froge were pithed and carefully opened 

up. The eggs that had been placed in the abdominal caYity at 

the operation were found either in one or other oviduct, i.e. the 

ova reached the oviducts l/2 hour after being in the ventral part 

or -the l ower ablomen. 



- 223. a. -

CILIARY CURRENTS. 

L ,vo.1' 

£lg: +3. 

'1!e:F1-£cr€:l> 
-I-----+- A:iJ><>,.,r,AL. 

WII'-~ 



-224-

The •am• waa done in pithed frogs and the findings we.re 

exactly the same. 

These results demonstrate eeveral points or importance. 

(1) The fact that the animals -n•ver recovered from the 

an-aesthetic and therefore never. moved, ehows that the contractions of 

the abdominal muscles .are unneeeeaary !or the transport or the ova, 

hence the cilia alone can transport the oq. Abdominal movements 

may be an accessory factor:but this is not very proba~le. (See 

section below on the rate of travel or the ovwa.) 

(ii) The distance travelled by the ova wu approximately 2 inches. 

In the experiment on t~e reflected flaps, the time taken by the ova 

to cover this distance wae 2 minutes. In the operated animal•, 

the time taken we.a 1/2 hour. Thus the rate ot travel was a~owed 

15 times. The cause of this slowing obviously must be the viscera, 

aasiated probably by the preBBure of the weight of the frog, since 

the en1ma.ls were reeting on their ventral surfaces. 

{iii) The operated frogs were fresh from the pond and never had any 

inJeotione. Thus the cilia are probably active all the time and 

are not 41pendent on any hol"JBOnal stimulus for their action. 

When eggs were placed in the abdominal cavity on one or other 

aide, e.f'tet" 1/2 hour both oviducts may be found to contain oYa. It 

ie thus likely that on may travel fr-om one ovary to either oviduct. 

ln all these exper·iments the ova found in the oviducts could 

not have been there previous to the experiment beeaue.e Xenopus ie 

inactive sexually unµer the conditions present in the laborato17 in 

which the experiments were done. Also, all frogs are allowed at 
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least one day in the l boratory before uee in exper nts, ao 

that eny on. that might have been liberated from the oTaries 

while the frogs were in the vlei would ha.Te been extruded be­

fore the time or the experiments. 

In 11 the experiments already described and .in those to 

b& described later, it was round that most ot the eggs fre• in 

the abdominal cavity after injections of she p anterior pituitary 

extracts, lay in close relation to the ventral abdominal ·all. 

Tb~s it appears that the ova, after being shed from the ovaries, 

gravitate to the anterior abdominal wall. Gravity, however, 

does not prevent the ova fro tn.Y.ellirtg do r eally over the liver 

to the mouth of the oviduct. 

Thus, of the tacton concerned in transport of the ova 

from onry to oviduct, the cilia are all•important and entirely 

capable of carrying the egge without assista1;ee. C-ontractione or 

the abdominal mt1scles are unnecessary. The presence of the viscera 

sl ows the rate of transport. Gr vity brings the ova to the 

anterior abdominal wall, but has no further influence. Even this 

action of gravity is not essential, · sinee the entire abdominal wall 

is covered by cilia. 

leeha.niem Of Entn: or The Ova Into Oviduct. 

S veral factors are of importance here. 

1. Cilia. 

2. Contractions of the abdominal scles .. 

3. Suction. 



4. Gra'Yity. 

Newport• s (1851) view is that the oetiwn gapes open at 

each heart beat., eince its :margins are attached to the 

pericardium. In thia way the eggs are sucked into the ostium. 

Noble (1931) eupporta this opinion, bu.t considers that the 

movfilents of the female also tend to a.queeze the eggs into the 

oviduct. 

Rugh (1935) opposes this view. He considers that the 

c,ilie.ry forces are adequate to carry the eggs into the oviducts, 

the oatium acting as a trap. 

In Xenopus there is no gaping of the ostium to receive the 

eggs and as in Rana (Rugh 1935) the ova enter the ostiwn against 

the alight tension of the ostial walls, carried only by ciliary 

action. This is borne out by the fact that in the experiments 

previously described, the egga entered the oviduct in compl•tely 

anaesthetised and in pithed animals. . Gravity does not hinder 

the process in any way. 

3. Oviduct T~ Ovisac. 

The histology of the oviduct forms a valuable guide e..s t-<l 

its functions. 

Para Re-eta. 

The histology of the pars r&cta of the oviduct diftera 

considerably from that of the pars convoluta (see above). The 

smooth muscle is thicker, the glandular l syer is narrow artd. the 

epithelial layer is thrown into folds that are considerably longer 
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(x 125) 
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then those found in the pars conToluta (Fig. 44). 

In i.he exl-' erimenta where eggs were watched as they entered 

the mouth of the. oviduct., it was noticed that the eggs traTelled 

Yery rapidly don the pare reeta of the oviduct . During the 

time taken for the li?er to be replaced in the perihepatic recess 

in order to e_xpose t he pare recta, the eggs had alr&ady 

traTelled down this portion of the oviduct and were seen o.t the 

Junction o! the pare reeta and the pare convolute.. This rapid 

rate or •rogress was attributed to peristalsis of the thick 

muscular coat assisted by ciliary action. 

accordingly investigated. 

The smooth muscle was 

The pars recta waa carefully treed trom its surrounding 

structures and attachments and suspended in f rog Ri~er soluti~n 

tbro.ugh which oxygen was bubbled ( Fig. 45) . The lower end of the 

strip of oviduct wa.s connected by a cotton thread to the glue rod 

(J ) and the upper end was connected by a cotton thread to the 

leYer (B) . The point or the lever was in contact with a smoked , 

•lowly-revolving drum (A) . No spontaneous excursions of the 

lever took place. 

Acetyl choline was added to the Ringer solution, but no 

contractions occurred. The tissue wae ashed with fresh Ringer 

solution and eserine was added and allowed to act for 20 minutes. 

Acetyl choline administration after this still failed to produce 

any excursions of the lever .. 

In spite of the fact that no peristalsis could be obtained in 

the isolated pare recta, end that acetyl choline failed to 
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produce contractions, even after eserinisation of the tiesue, 

the theory put forward abne still appears to be the .most likely 

one4 A positive finding 11ould, of course, have added 

con iderable weight to th• s~g.estion made above. 

Pars Convol11ta.. 

The histology ot this portion of the oviduct clearly 

demons-trat es . it a functions ( See above) • 

Cili • Observations of the travel of the ova down the 

oYiducts she that the ova are carried in a spiral wmner, i.e . 

they roll in an axis oblique to the l ong arla ot the oviduet.s. 

The rolling of the ova suggests ciliary action and. this is fully 

borne out by the hiatology.. The spiral motion is probably de­

termined to. oome extent also by the fold of the cous mbran• 

of the oviducts. 

2. Smooth muscle . It is doubti'ul if the smooth eele in the 

wall of the oviduct· pla1• m1.1ch part in th transport of the egg 

down the oviduct . Three fe.cte support .this statement . 

( a) The quantity of amooth muscle is not very large and thus the 

mu&cular coat is not pow•rf'ul . 

(b) No perietaleia or the oviducts ean be seen in ovi.duc'ts which 

ere full of eggs and dovm which the ova are mori.ng. 

( c) A section or this portion er t1'lie i,H"+tior.. of oviduct, care-

fully freed from its mesent~ric a.t.taehment and straightened out• •as 

tested in the same ay a.e the par-s reeta. Again no peristalsis ..-as 

ob erv d and no contractions were obtained with acetyl choline, 



even aft•r eserinisation. 

3. !(ucoue Glamis. The function or these is t o furnish the 

egg with a gelatinous envelope. 

Frogs which had their orlducts tied off by the method 

described previously, were di'f'ided into two group-a. The frogs 

of the first group were injected with sheep anterior pituitary 

extract and those of the second grotlp were uninj&cted contr-ola. 

At autopsy the unin.Jected frgs showed slight distention with 

jelly proximal to the ligature. Thu finding allows that the 

glands e.re constantly active. 

The oviducte proJd.mal to the ligature in the injected animals 

were distended with eggs. and a very large amount or jelly. Thue 

it appears that the !llllcoue ,glands respond to the presence or the 

o•a. by increased activity. The nature of the stimulus is 

mechanical because drape of oil or other foreign bodies injected 

into the peritoneal cavity of f emale f'rogs a.re eliminated through 

the oviducts covered with Jelly in the same way ae the eggs . 

The oviduct& of frogs injeeted wi tb gonadotroph-ic 

prepara~ione show hyperaemia. The increased actlvi ty in the 

mucous glands in the inj•cted . frogs must be dependent upon , but is 

not necessarily :due to this inereaa•d blood supply, i.e . the 

e.nterior pituitary may act directly on the- oviduct causing dis­

integrative changes similar- to those seen in buto a:renarum {de Allende 

1938). SpauL, (priftt e communication) bu also des,eribed a direct 
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action of the anterior pituitary on the oviduct in Rana. 

Thus the ova reach the o'fieae enclosed in jelly envelopes. 

Here they are held up for eome time before extrusion. 

4 . Release From The Ov1eac. 

Histologieally the ovisac presents three layers (Fig. ~6). 

(l} A smooth mueele layer. Thie layar iB 3 - 4 oells thick and 

encloses the 'Whole of the ovieao. 

(2) A layer of loose connective tissue. Thie layer contain• 

muscul bundles irregularly placed in th,e etroma.. The layer is 

about twice ae thick aa the muscular layer. 

(3) single layer o.f columnar ciliated epitheliUJll. In the 

empty ovisac the epitheliWI is thrown into folda. 

Strips of oYisac were tested in the same way ae the oviduct . 

No peristalsis was obtained from the ovieac end no contractione-were 

elicited by adding acetyl choline to the Ringer's solution in which 

the tissuee ware suspended, even after eeerinisation tor 20 minutes. 

Diecusaion. 

In considering this portion or the path of the ovum, the 

hist-ology of the cloac.al labia must be borne in mind . The important 

tacts are that the cloace.l canal is lined by columnar ciliated 

epithelium and that a cloacal sphincter is present . 

In otlpoeition the cloacal ephincter ust relax. Two 

factors must pl y a role 1n the trans-port of the egg to the exterior . 
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Histology ·or the orlsac. (x 125) 



l. oth ecle layer ot e ovi .. 
2.. The cilia lini.QfI the ovinc and cloucal l .. 

~•ab o e of contractions 1n the isol ted ovia c doee 

not ex.clud tho posaihilitr of atretc reflex 

the ovisnc c ntracti · -when it ie at.retched to a cortaitt egree. 

The cili C."l.J" aa31.ot 1n iptyi ~ the ovi c f e ., • In th• 

.c • of' the cloacal caael tma cilia a peer to t• t. only ·ti.m bJ' 
. 

which the egg CM be paesed on. 

sevar«l diffic-wltie& are pre nted by a theory or atnteh 

r•fiex. In th isolated injected r.-ie Yipo 1 ti-on t ea place, 

e are laid .eitlily' or in 1 groups. There le no 

•udd• c lete ptyiag of th ovia c eudl u i8 to. be expected 

if ihe ovieac is st.retcb.ed t.o a cert.oin oint at:d t • cont ada. 

In ition during cou.pling •- a are extruded a~ t • ell of . 

t.h• timw.ation ot tho fems.a by tbe • · {S ir 1936 a). I~ 

ie ditficult tc ee.e how the lattel" finding co\lld t h re tilt ot 

oripoeitio during ec\lpling a mecbaniai:i euch u tho ou below woul 

han to porit1lde. At the ell of the -ti re le.x, tbe 

!ea.le ni forward (Shapiro 1935 a}. .Part of -th reflex up 

by th stimulation by the mle y be a n•nouo impul&e tot. 

orl.aac wall cau in{& .a to cont. ct. Thi 

that iaol t.ed r •• ov1posit. 

, th n,fore, tbat th ogca are pae ed fro 

ovi.e-ac to th xterior by the action of both the e oth cclo cf 

the ovisac and the cilia of 



the orlsac and the cloaeal canal .• The exact mechanism ancl 

the stimuli.ls that giiree rise to it• however,. are obscure. 



!• Pendular movements of t-he ovary increase the blood supply 

to that organ. 

l• At ovulation the follicle wall retracts over th~ ovu.:n. but 

the latte-r remains attached to the ovary for a while. 

!• The an.etomy of the abdomen of tl1e f'emal• Xenopus is deecribed • 

.!• Cilia cover the perit.o»ewa on the liver and the entire 

abdominal wall. They -are e. Sf1condary a-ex character of the female . 

I • The cilia are the most important factor in transporting the 

ova from the ovary to the ostium of the oviduct which lies in the 

perihepatic recess or the p•rito11eal cavity • 

.§. Ciliury action is also responsible tor the entry of the ova 

into the oviducts .. 

1• The · scular perist.al.sis or the pars recta conveys the ovum 

rapidly do· ;n that portion or the oviduct. The histology of the 

pars recta is described. 

§. Ciliary actiO'n ie the most important factor- coneerne-d in 

propelling the ovum down the pars ~onvoluta of the oviduct . 

l • The cloacal sphincter relaxes to allow the ova to leave the 

ovieae. 



!Q. The cilia lining the ovisac and the cloacal canal 

are t.he most importent tactore i1'1 this p-ortion of the path of 

the owm. 



B. The Rate Of Travel. or Tho Ovum. 

Thia investigation was carried out during December, l 37. 

60 £emale frogs were kept in the labor tory for 2 days before 

being used in the experiments to allow any ova which might have 

been present in the abdominal ea.rlty. on.duets or ovieacs to be 

eitruded, although the 811:imale were anoeatrous and not likely 

to have ovulated in the ponde. 

The animals were divided into two groups, consisting of 

25 and 35 froge each. This was done to prevent overlapping ot 

injections and ~bservatione. 

Group I. 

The animals were injected intraperitoneally with o.e mle. 

(equivalent to 500 mgs. fresh tissue). One· animal was iajected 

eYery fi Y& minutes. The time of eae-h injection w.ae car-ef1.1lly 

noted and each frog was placed in a separate container. The frog• 

were divided into 5 sub-groups, 5 frogs in each. Each animal in 

the firet sub-group was pithed 3 hours after inJection. 

Each animal in the 2nd sub-group was pithed 3 1/2 hours after injection. 

n ti " " 3rd " " " .. 4 ff tt " 

it 
It " " 4th .. ti u " 4 1/2 " II " 

ff " ft .. 5th " .. " ft 5 tf " .. 
The labia wer first examined for hype emia. Then the 

abdominal cavity was opened from the front and the ovaries examined 

for pendular lllOV&ment t hyperaemia and for ova which had ruptured 

through the peritoneal cevering of the ovary but were not yet free. 
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Then the abdominal cavity and receeeee were thoroughly 

searched tor free OYa.. The orlduete and ovieaee were next 

examined for hyperaemia. and ova. 

GroupII. 

The 35 frogs in the second group were divided into 5 sub­

groups of 7 frogs each and each frog was injected intraperitoneally 

with 0.8 ml. of S.19. (equivalent to 500 ~·· freeh tissue). The 

troge were killed after the same time intervals as those in Group I 

and the same series of obsenations were made. 

The temperature of the water of the frogs' containers we.a 

taken at regular interYale throughout the experiments. (Table XLIII 

! XLIV.) 

Results . 

The results recorded below awmnariee the findings in Group I 

and Group II. 

Notet Animals with atrophied ovaries are not included here. 
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Hours aft•r 
In.iection. 3 3 1/2 4 4 1/2 s. 

Pendular ) 100,; 100,: 100% 100% 100;( 
.lloTements } 

Eggs ) 90% 90:l, 100;! 100;{ 100% 
almost free ) 

Eggs free ) 10% 20j 27'/. 55~ 89 ~ 

Eggs in 
J 

0% 20% 36,. 451, 44j. 
OTiduct 

Egge in ) 0% 0,. 0% Of. 22% 
oTaries. ) 

. 
Table XLV. '11te rate of travel of the owm. 

These results are represented graphically in Fig. 47. 

Group I. 

Time Temp. (OC). 

12.30 22.0 

3.0 22 .. 5 

3.45 22.s 

4.18 23 .. 0 

4.50 23 .. 0 

s,so 22.7 

:lean: 2215 6°c 

··· · ,t 

Table XLIV. The temperature of the we:ter or the containers. 
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Gro2a II. 

I!!!! I!!P.• (OC). 

12.00 p.m. 20.2 

1.00 p.m. 20.s 

2.00 p.m. 20.6 

s.oo p.m. 21.3 

4.00 p.m. 21.9 

s.oo p.m. 22.4 

6 .. 00 p.m. 22.0 

7.00 p.m. 21.S 

8,00 P,ma 20.6 

emu 21 •. 2 OC 

Table XLIII. The temperature of the wa.ter of the containers. 

Discussion. 

3 hours. All the ove.ries showed pendular movements and in 

90% or animals follicular r.upture had already occurred. Egge 

were free iri the peritoneal cavity in only l animal (10%), but no 

eggs had yet reached the oYiducte. Follicular rupture commences 

within three hours after injection and three hours after injection 

eggs are free from the ovaries. 

3 1/2 houre. Again all the OTariee showed pendular 

.m~ements, and in 90% or the animals follicular npture had occurred. 

2Q%ot the animals now showed eggs free in the peritoneal cavity and 

the egge had reached the oviducts in 20% of the animale . Thus it 

ie halt-an-hour from the time of shedding of the eggs from 
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ruptured follicles to the time the eggs reach the oviducts. 

This finding grees with the experimental placing o-t eggs in 

the peritoneal cavity on the ovary as describvd above. In 

each case the eggs reached the oviducts in halt-an-hour. In 

the pre ent xper1ments the animals were alive and unanaeathetiaed, a.nol 

moved around rreely, so that the contractions ot the abdominal 

musculature appears to play no part in the transport of' the egg 

from the o"lary to the oviduct. Ae has been stated before,. the 

distance between these viscera ie about 2 inches and th rate or 

travel of the ovum is thus 4 inches per hour in this part or its 

course. 

4 hours. Pendular movements wer seen in all the ovaries. 

Thy were more marked than in the earlier observations. All the 

ovaries showed ruptured follicles andt in addition, each ovary 

showed more ruptured follicles than those in the earlier readings. 

An increased number of animals had eggs free in the peritoneal 

cavity and more animals showed eggs in the oTiducta. These eggs 

had progressed a considerable distance down the oviducts but none 

had reached the ovisacs. 

4 1/2 hours. Pendular movements and follicular rupture 

were again prominent features. The number of animals with eggs 

tree in the peritoneal caTity re ched a still higher leTel (55%) 

and more animals had eggs in the oviducts ( 45%). The eggs had 

progressed a further distance down the ortducts, but again none 

had as yet reached the ovieacs. 
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5 hours. Pendular movements ere very marked and the 

ovaries showed abundant ruptured tollieles. Moat or the 

animals had eg s free in the peritoneal cavity (89%), but the 

number showing •gge in the oviducts was very little altered. 

Ill 2 animals, howner, the egga had reached the odeaes (22%) • 

Thus it i• l 1/2 hours from the time that the eggs first reach 

the oviducts to the time that the oviaacs are first f'ound to 

contain eggs. 

To determine the rate or travel of the eggs down the 

on.duct, the length11 of the oviducts of eenral animals were 

meuurecl. 

The Length or 'lbe Oviduct. 

10 frog& were e-hosen at random from the previous experiment 

and the on.ducts were carefully dissected out, cutting through 

t.he meaenteries close to their attachments to the ond.ucts. In 

this way the oviducts were straightened out as tar as possible. 

The "ostium•ori.eac" le.ngth was measured with a ruler correct to 

the ~arest hall-inch. 
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Ostium-Oviduet Length {Inches}. 
No. Lett o·dduc:t Right Oviduct. 

l 14.S 15.0 

2 14.0 14.5 

3 14.S 14.0 

4 16.0 17.0 

5 12.0 13.0 

6 17.S 18.5 

1 12.0 13.5 

8 16.5 15.0 

9 2a.o 19.5 

*° 13.Q 12.0 

eane 15.3 15.2 

T&ble XLVI. The length or the orlduc:t. 

In 4 of the animals (-3, 8, 9 and 10) the lef't on.duct ia 

longer than the right. In the remaining 6 animals tbe reverse 

holds true. Thus there appears to be no constant ditference 

between the lengths of the oviducts of the two sides, the 

difference being easily accounted for by the difficulty in 

straightening out the oyiduct completely. The aTerage length 

of an oTiduct thue is 15 1/4 inch s, altho· gh some oviducts may 

be a short as 12 inches, and others may re ch a length of 

23 inches. The remarkable degree of coiling of the oviduct 

becomes apparent when it is eeen that the direct di tance between 
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the mouth or the oviduct end th& oYisac is approximately 

2 inches. 

Tllus the ovum telr:ee l 1/2 •ours to traTel a distance of 

15 1/4 inches, i.e., it travels down the oviduct at the rat& of 

about 10 inche per hour. 

At the temperatU-ree at which the experiments were performed 

( ± 22°c) ovipo.eition first occurs about 10 hours ft r injection, 

so that the OTI:i ar retained in the ovieac for a considerable 

length or tim.e. 



l• Pendular movements occur all the time in tbs 011ariee of 

Xenopus laena (thte confirms the findings above.)., but bec<>roe 

more marked 4 - S bourit atter injection with an acid extract ot 

sheep anterior pituitary. 

J.. Follicular rupture occurs within the first 3 houre after 

injection and the a.mount of follicular rupture increases in the 

next 2 hours. 

l• Eggs are ee~ tree in the peritoneal cavity i hours alter 

injec'tion. 

4. TraYelling a distance of about 2 inches through·the 
rhe 

peritoneal cavity into the pe-rihepatie recese at/rate of 4 inches 

per hour they reach the oviduct a half'-hour later. 

S. They pass down the first 1/2 inch (pars ree"ta) 0£ the 

oviduct in a few seconds and then continue downwards at the rate 

0£' 10 inches per hour to reach the ovieac l l/2 hours- later. 

6. Then they ar& retained for 5 hours and then th-ey are 

passed to the ~xterior. 

7. The average length of the oviducts is 15 l/4 inches .. 
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c. Tbe Path or The Sperm. 

It ie a wellknown fact that in troge and toads the vasa 

efferenti a. from the testis pa.as into the kidney. According to 

Noble {1931) the site of ooanunication between the TUa 

efferentia and the kidney tubules nries in different sp•ciea. 

In some the vasa efferentia Join the renal corpuscles, and in 

others they open into the traneTer&e collecting tubules. 

Rugh (1937) was the first to demonstrate the pr esence of 

spermatozoa in the kidney or an amphibian , Rana pipiens. A 

coupling pair in ~ilich amplexus bas been induced bJ anterior 

pit11itary injections is separated and the male ie kill ed. 

Histological study of the kidney shon sperma'tozoa in the Bowman•• 

capsule and in the tubules. The anterior pituitary injection 

releases matur e epermato-soa from the Sertoll cells ( Rugh 1937) . 

Shapiro ( 1937 b) working on Rana teaporaria, found that 

prolactin - containing extracts or the anterior pituitary which 

contain some gonadotrophic principle injected f or six aucoesaiv• 

days caused an almost complete disappearance or apermatids from 

the testis and very few spermatosoa remained visible in the 

lumina of the seminiferous tubules. 

In Xenopus laevis the urogenital system resembles that of 

other frogs and toads .( Fig. 48 .) The testes are suspended rrom the 

front or the kidneys by a meeentery. In this mesentery nan the 

Tasa efferentia, disappearing into the kidney. Attached to the 
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upp•r pole of each testis is a tat body. The ureters 

commence near the upper poles of the kidney and descend on the 

lateral side ot the kidney, closely applied to the latter. The 

uret r& join together short distance abov-e the cloaca, into 

which they open by a eingle orifice. No seminal vesicle is 

round in Xenopua males. In rane. this consists of a dilation of 

the lo er pat~ or the ureters. Another difference is that in 

Rana the ureters op•n into the cloaca ep-arately. 

The Path or The S1>er:m In Xenopus Laevis. 

The pa.th or the spena in Xenopus l evis was investifat-ed in 

t-he following way. 

Paire of frogs were injected with sheep anterior pituitary 

extra-ct . 10 ... 12 hours later the mating re£lex was est blished . 

Coupling pairs w-ero removed from the containers and allowed to 

embrace for seTeral hours. Then the p rtners were separated . 

The males were killed immediately and their abdo ens were opened. 

the gen1to-urinary organs were examined and then the kidneys 

were removed for hiatolog1cal section. The ureters were removed 

fro eo of the animals e.nd opened with a tine- point d. scissors . 

Then they ere crushed. a drop or water was added and the smears 

were examined under a microscope. Control un-injeeted frogs 

were also opened and examined. 

Result • 

T stis. 

The t estes of' coupling males were found to be hyperaemic. 

They were pink in colour and numerous small blood vessels filled 



cells 
with red blood i{could be seen. 

esentery. 

The blood ve eels were congested. The vas e.trerentia 

were seen more clearly than in aninjected males. They stood out 

as white cords with a beaded appear&11ce . 

Kidnn. 

Histologically apermat.osoa were seen in some of the 

Bowman• capsules of the kidneys an in sev ral of the tubules in 

larg-e numbers. The blood vess61.s or the kidney also showed 

ked hyperaemia .. 

Ureter. 

Motile epenas were seen in the sme rs made from the ureters. 

Diecussion. 

Under th inf'lu&nce ot anterior pituit y injeetio two 

ets or chang•s oeear in the genito- urinary organs . 

(1) A me.rkedhypere.emia. is produced. 

(2) From the a-ppearencee described above, it n be concluded 

that spermatozoa leaye the testis Tia the vu efferentia. They 

reach the Bowman' s capsules in th kidney and pas down the tubules 

to the ureter. · The path uggested by an anatomical consideration 

is thus eon£irrnad. Furthermore, · Xenopus laevie it eeme likely 

that the vasa e~ferentia open into the renal corpuscles. 

It is also probable that. as in Rana pipiens and Rena 

temporaria, the spermatozoa are relea ed fro the testes by the 

ari._,rior pituitary extracts. 
-~ 
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Summaq. 

l}. Spermatozoa tr& releaaed from the testis by the anterior 

pituitary. 

2). They travel d01.:;n the vasa ef ferentia of the meeentery to 

th kidney . 

3). The sperms enter the Bo\11'Itl&B' s capsules or the kidney. 

4. 'l'hey reach the uretervia the tubu.les and pass through the, 

cloaca te the extarior. 
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IV. THE RELATION OF EXTERNAL ENVIRON.ilENTAL FACTORS TO THE 

SEXUAL CYCLE OF XENOPUS LAEVIS. 

'I'he evidence presented in this ork s11ggests that the 

cyclic reproductiTe physiology or Xenopus laevis is de­

pendent upon the action ot the ent-erior pituitary. Thus the 

fundamental physiological problem that presents iteelf is tho 

marked rhythmicity of the function of this gland. 

It was thought profitable, therefore, to inTestigate the 

relation of anterior pituitary acti'ld.ty to climatic events , 

hi~h themselves undergo profound cyclical ehanges~ 

Shapi ro 8Ild Shapiro (1934) haTe sho-n that the cycle in 

the oTe.ry ot Xenopue female ie under anterior pituitary control. 

In th•ir work they presented a curve showing the seasonal chru:tges 

in the ove.ry weight , expressed as a tio of the total body 

eight , called the gonad ratio . This curve wa ueed as a basis 

for the study outlined ab-0ve. 

The work of Shapiro and Shapiro {1934) us performed during 

the year 1932. 

Th! Sexual Cyclt Of Xenopue Laevis , 

The sexual cycle of Xenopus laeTis can be divided con­

veniently into three stages whieh are cle rly seen in Fig. 49t the 

curve being constructed from the figur es or Shapiro and Shapiro 

(Table XLVII) . 
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Uonth . 

January 
February 
July 
September 
December 

Tabl• lLJII , 

females . 
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Gonad Ratio. 

0 . 075 
0.064 
o.us 
0.10s 
0.052 

The seaaonal cycle in the on.ries ot Xenopua 

(1) The st-age of anoesi.rus laets appronme.tely from September 

to FebNary. 'i.'his is the period during which the gonad ratio 

falls to its lowest value and the frogs are not observed to couple 

under natural condi ti one. 

(2) The ste.ge of pro- oestrus lasts roughly trom February to · 

July. Duri ng this period the gonad ratio is steadily increasing 

due to the 111at1.tration of the on. Coupling is not o beerved in the 

ponds during this period either. This phase ia an essential one 

in the cycle, because mature oYariee are neceesary both to provide 

oft for fertilisation end f.or the establishment of the mating 

reflex. (Shapiro 1937 a). 

(3) 'l'be stage of oestrus, or the ting season, lasts from July 

to September. During this period there ie a eudden drop in the 

gonad re,tio due to extrusion of large nuutbers of oft during mating. 

Zahl (1935) round a cycle in the acidophile cells of the 

anterior pituitary of Rana. These are the important cells and 

th4t1 increase both numerically and in granularity with the approach 

of the breeding season, during which time they reach their maxilNIR 

number. The cycle correeponde to the seasonal changes in the 
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weather. It is poseibl• that the sexual cycle in Xenopue 

laevis may be dtle to a similar series of changes in the aeldophile 

cello of its anterior pituitary. 

The time of the breedil'lg eeaeon as deecrlbed by Shapiro and 

Shapiro, namely July ~o September, correa_pond~ with the findings 

of earlier observers. Leelie (1890) and Beddard (1894) stated 

that pairing takes place- at the Cape in early spring (August). 

Shapiro (1936) gives July to September as the breed.ing season. 

The RelatiJ>n or Clyg;tio _Conditions To Jhe Sffial Cycle . 

The pedod during which mating has been observed t.-0 occur 

in Xenopus lae'ds under natural condi tione corr-esponds closely with 

the Cape '7finte-r9 which is characterised by heavy rainfall and a 

severe drop in temperature. The super-poeiti.on of the curves tor 

rainfall~. temperatu.r~ end gonad ratio for the whole of the year in 

which the ovary changea were reeorded would show whether any . 

signiticanc~ can be attached to the trends ot the curve.a expressing 

these data. 

The data for rairtfal.l and tempe.rature were obtained from the 

Royal Observatory near Cape Town. The road1ng were taken at thG 

Observatory, which by a fortunate chance is situated within two 

miles of the ponds fro111 which Shapiro and Shapiro obtained their 

fr-0gs. The figures given in Ta.bl, XLVIII are th-e e.v,erage 

m;mth1y figures for tem.poratu.re ~ , the monthly figures tor total 

l"ainfall for 1932, the year in which Shapif'O and Shapiro me.de their 

investigation. 
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·'1932 

January 
February 
March 
April 
Me.y 
June 
July 
August 
September 
Octob r 
NoTember 
December 

- 251-

Total Rainfall 
Inches. 

0.45 
2.02 
0.74 
0.33 
4 . 99 
4 . '79 
2. 56 
2. 81 
2 . 23 
0 . 83 
o . 34 
l.61 

Average 
Temperature <OF) 

68.9 
72. 8 
69 . 0 
67.8 
63 . 0 
56.6 
54.l 
57 . 2 
57 . 8 
62 . 8 
68 . 9 
68.6 

Table XLVIII. Monthly rainfall and temperature tor the year ·1932. 

These d&t& are graphically repre ented in Fig. 50 super­

imposed on the curve or Shapiro end Shapiro. 

The interesting feature that e.1Jl8rges is that the rainfall 

and the temperature cycles can also be dirlded into three definite 

phases whi ch correspond closely in time with the stages of the 

oYarlan cycle. 

(1) Starting in September, the return or. the rainfall and 

temperature to the summer level eorresponde with th& period ot 

anoest.n.is . Thes e conditions fail to stimulate the anterior 

pituitary. 

(2) Sudden changes in the curves are seen at about February. The 

falling rainfall and the rising temperature of summer give way to 

an increasing rainfall and a dec.reaeing temperature. Thie 

corresponds in point of time with the commencement of growth of the 

ovaries. These changes in the environment appear to be the 

stimulus which initiates the activity or the anterior pituitary. 

, 

• . . , 
' . ' . .. 
. . 
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Th continued growth of the ovarioa e.coom:paniee end is Yttry 

likely dependent upon the continued increase of the rainfall 

and the progreo~ivs decrease of the temper ture. These laat 

two £actors probably provide the. etimulua for continued anterior 

pituitary ctivity. 

An extensive invest.igation by Savage ( 1935) on Rana also 

emphasises the importe.nee of rainfall and temperature in the 

period preceding actual ruating. 

( 3) Sudden changes in the cur'Tes are .again seen at about July. 

The abarp rise in temperatur.e and the high rainfall at this 

·period .correopond closely in point of time Yi th the onset ot 
pairing in the ponde. 

Thus when the ovaries haYe alr ady fully developed, the 
animal is eubtlit tad to a new pattern of stimuli • nmnely, a audden 

increase of temperature oecurring at a time of heavy rainfall. 
This appears to be the clime.tie situation which, in animals with 

mature gonads, evo.kt,s a mating reflex through the hormonal 

mechanism or the anterior pituitary. It is not known whether 

the anterior pitu:t tary ie stimalated directly, or indirectly 

through the hypothalamic neM'e centres . 

It is of added int•reat that other climatic data which er. 
ob't'ioualy cloeely related to end dependent on the rainfall a.net 

the temperature correlate equally closely with th~ curTe tor the 
gou.d ratio. The tigur•e in Table XLIX g1Te the a•ert1ge monthly 
barometer readings and humidity for the year 1932 and were also 

' 

' 

' 

>-
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obtained from the Royal Obeervdory t whera they were recorded. 

1932 

Janua.ry 
February 
March 
April 
May 
June 
Jul:, 
August 
September 
Oetobe.r 
November 
December 

Average Barome'tric 
Pressure {Inchee) 

29. ~91 
29.909 
29. 98S 
30.ooo 
30. 083 
30.176 
30.18'7 
30.157 
30. 119 
30. 090 
29. 992 
29 . 978 

Average 
Humidity (i) 

60 
'14 
77 
85 
Bl 
91 
90 
89 
83-
67 
61 
63 

Table XLIX, Monthly barometric pressure and humidity for the 

year 193-2. 

'lhee ti.gure.e- are graphically represented in Fig. 51 super­
impo8-d on the curve tor the gonad ratio. 

Diecuee-ion. 

From a conaiderntion of the natural tact<>rs it- can be 

predicted th t the two importnn.t natural events necessary to 

produce ting are (1) rainfall, (2) a judden ris:e in temperature . 

Several attempts ha•e been de to breed Xenop la.evis by 

imitating natural conditions. 

Bles {1901) w e bl.e to breed the frogs in the Tropical Lily 

tank of the Ceznbridge University Botanic Gardens. The conditions 

he round necessary were a large mount of space, adequate 

hibernation .and a temperature or 22-23oc. 

ting in Ute late winter. 

By thia means he obtain•d 

1. 

. --· 
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Blee (1904) kept his Xenopue in a large bell-jar. He 

obtained pairing in spring if he satisfied three conditions. 

First, he raised the tOillperature from l5-l6°C. to 22°0; •econd, 

the fall of rain ,re..s eimula.tedJ and third, the r-ood of the 

container ns altered so that it was Buitable for the l c. rvae. 

Kotthaue (lt33) in Greitewald givea eimilar findings.. A 

large container, a period of hibernation, a temperature ot 

22-2soc.; and rood ror the larva• were ne~eseary to obtain mating. 

Holmgreen (quoted bJ Zondek, 1935) in Stockholm obtained 

fortiliaed eggs in the summer months, proTided that the frogs 

were given a large, well-lit aquariWll. 

Van erplenk (1936) in Bristol (priTate communication to 

Dr. H.A. Shapiro), obtai~od ninting by ndeing the temp1;,rature or 
the container from 54°F . to 64°F .. , end simulating the fall or 
rain. He wac also able to produce mating bJ traneterring th• 

frogs to clean rain water, at the earn. time raising the 

temperature by l0-15°F. 

It is sig~ficut that the features COll!IIIOZl t.o all the 

successtul attempts at producing artificial mating in Xenopus are 
'ti 

the imitation of rainfall together with the production of a sudden 

rise in th$ tamperat~re. HoweYer, from the work of Vanderplank 

and Holmgreen it appears that the occurrence of rainfall ie not 

essential, and that the rise of temperature is 'the all-important 

stimulus. 

'lbe correspondence of the humidity and barometric pressure 

curYes with the gonad ratio eurve is probably incidental and 
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uni port ant. 

The hibernation described bJ Blee and by Kotthaua appeara 

to correspond to the pro-oestrous period, the importance or 
hich hae o.lready been emphasized. Under natural conditions; 

ho ever, pro-oestrus in Xenopue laevis ie a. period ot ceut1ntion 

in South Africa. 
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sume,.a. 

!• Three phases of the sexual cycle of Xenopus laevis are 

desc ibed. 

Oeatrue - July to September. 

Anoestrus - S~tember to February. 

Pro-oestrus - February to Ju.ly • 

.&• Certain climatic conditions detenzd.11e the activity or th• 

anterior pituitary in controlling this cycle.Of these rainfall 

and especially temperature nre important. 

J• Curve have bee;n drawn which depict these relationahipa 

Yery clearly~ 



GENERAL 



GENERAL SUWARY. 

1). A brief account is given of the development or the 

knowledge of the reproductive physiology of Xenopua laevis. 

2). The scope of the present work is outlined. 

3). The method of eoll•cting "pairs or frogs known to 

couple" is described. 

4). 'l'be containers used in the experiments on coupling 

are described. 

5). 'lhe operations of ca tration and hypophysectomy are 

described. 

6). ethods are described tor preparing extracts ot the 

following substanees:-

Human pregnancy urine • 

.Anterior pituitaries of sheep, ox, Xenopua laevis lUld 

dogfish. 

7). 'lbe seasonal cycle 1n the pads of male Xenopu_e is 

described. 

8). Four phases are recognised. 

a) January to Hay. The pads are l!i311ent. 

b) May to J'uly. The pad develop. 

c) July to September. 'lbe pe.da a.re maintained at 

their full development . 

d) September to a:anuary. The pads disappear. 



9). Three typee of pads are described. 

a) Pads covering the fingeNJ and palms . 

b) Pads eovering the forelimb ae tar as the elbow. 

c) Pads covering the fore-limb as tar as the axilla. 

10}. Fi·.-e stages in the deYelopment of the pads are de•cribed: . 

'l'h• ehiet st~es are as .followai-

The pads are deYeloped ti rat as far as the wrist . Next the 

forearms show pads and finally the pad le completed. 

11). The pad.a disappear after the breeding eeaeon by suceeaeiTe 

exfoliationa. 

12) . Pads are never eeen on the forelimb8 of female Xenopua. 

13) . Acid and pyridine extracts ot sheep anterior pituitary 

induce the deTelopment of pads in .nornsal but not in castrated 

males, 

14). -Pyridine extracts of eheep anterior pituitary induce pad 

deTelopment in anterior lobe hypophysectomieed males. but the 

:fate of development ot the pads is slov.er than in normal male a. 

15). The above finding ie probably explained by the loas or 

eenait.itlty or the bypophysectomis•d animals to gone.dotrophic 

injections. 

16). Anterior pituitaries from both male and female Xenopus 

produce pads in normal Xenopus males . 



17). Xenopus anterior lobes do not ce.uee pad developaent 

in castrate males. 

18). Captirity results in t.he abolition ot t.he pad cycle . 

19) . The eTidence presented indicates that the pad cycle 

under natural conditions is under the control of tbe anterior 

pituitary acting via the testis. 

20),. The dewlopment of the pa'Cl is deeeribad macroscopically 

and microscopically. 

21). The inhibition of the anterior pituitary by captivity 

(Shapiro & Shapiro 1934) consists in the prevention of the 

pouring out by the gland ot it gonadotrophic principles. 

S•eretion is not inhibited. 

22). The pade play no essential role in the mating reflex in 

Xenopus laevia. 

23). Using the deYelopment ot pads as a test-object for 

.androgenic and gonadotrophic activit7 in the male Xenopus, methyl 

testo&terone, testosterone propionate, oeetradiol benzoate and 

progesterone are shown to p-0s&ess neither of these two properties. 

24). The evidence presented. suggests that the Xenopue testis 

hormone differs from the .matrmalian testis hormone testosterone. 
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25). Th• ae'Ulcd ot o cul :ti the a,v/b y eight nttio 

1• denri • 

th :t of- the temale .. 

of bo and f~e X81lopua. The•• cycle• ar. d .. cribed. 

A- The- um/body. weight ratio 1• omallest 111 J uary. 

}• ratio increae-ea until July. 

c .. During the breeding aeaaon the ratio ie. · intained at -. 
a high 1.....i. 

d. 4•eUn.e to the - r level follon the breeding eeaaon. 

t l-e. 

then witil Janua.ry the raUo 1e higher. 

30). In ions of aeid Ol' pyrl.d~ ertn.C'te ore ep anterior 

pituitarJ 1 to normal male X pue neulta in 

weight ot thfJ tonlimba. 

incrnae hi the 

31). Under identio.al "tre.at ut, ypophy ectcateed mal" aleo 

-ebos an incrn. • in the weigb't of the _foreU.m • but tbia inoreaee 
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32). This diff'erenc.e is probably due to the loss or 

senei ti vi ty· following hypophy&-ect.omy . 

33) . Anterior pituitary 1njectione tail to elter th• weight 

of ihe forelimbs of castrated males. 

SA) . From 'thio it is concluded that the anterior pituitary 

acts on the forelimbs or tho males through the intermed1at1011 

or the te:etie •. 

35). No change is prod\lCed in the w-e.ight or the forelimbs or 

the females by the inJe:ction ot anterior pituitary extracts. , 

36) • Captivity alters the naturally occurring aeaeonal .eyel.e 

in the arm/body weight ratios of male and female Xenopus .. , 

37) . Stan'ation o-r the eapti ve :animals leads to an incrN.se 

1n the arm/body weight. ratio of males due to loss of total body 

weight. 

38) . Th• •ff'ect ot starvation due to decreased rood intake 

masks the effect or hypc0phyNctomy 011 the arm/bod.7 weight ratio . 

39). Castration results in a decrease in the size ot the 

for elimbs or the male trog. 

40 ) . An hormonal anterior-pi tui ta.ry- testie control ot th• 

forelimb site in Xenopus males is postulated. 
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41). The important factors influencing th arm/body weight 

ratio are aa tollcwe. 

~· In both eexes undernutrition cau 

ratio. 

an inc e in the 

_e. In the female, changes in the ovary weight are important. 

~· In th male, the anterior pituitary-testis echanism con­

trols the ei1e of the forelimbs. 

42). The arm/body weight ratio of captive females ri es 

progressively because of undernutrition. Ovarian atrophy also 

contributes to the riae. 

43). 
'W e.1g l../-

The arm/body) ratio of th males rises progressively 

b cause of undernutrition. 

44). Elimination of this factor reveals that th forelimbs ot 

Xenopus irw1es decrease during captivity. 

45). This decrease i due to di.m1nished anterior pituitary­

testis activity. 

wer'ght 
46). After corr ction of th arm/body J r ti e of pond t les 

tor th changes in ovary, a cycle still exist. 

47). This cycle is due to a state of relativ undernutrition, 

causing an increase in the arm/body weight r tio during pro-oestrous. 
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we.1ght 
48). Correction of tho arm/body Ar tioa or pond mal~s tor 

the st~te of reletive undernutrition results in a cur\re showing 

!our phases. Thie curve represents the seasonal cbe.ngae 

occurring in the weight or the forelimbs or the male. 

~· The arms are largest during the breeding season. 

]?. A deerease foll s until January • 

..£• From January to ay the arms remain at thei.r smallest 

eise. 

d. The increase in the sbe of the fore1imbe to the -
breeding aeaeon level of the males occur between May and July. 

49). Thia cycle corresponds with the cyele in the pads. 

SO). 'Ule eye.lei» the forelimbs of the Qnl•s 1 contr~lled by 
. 

the anterior pituitary acting through the testis . 

51). The anatomy of the cloacal labia and of the oviduct• or 
Xenopus temal•a is described. 

52). The histology of the dorsal skin or female Xenopua is 

de cribed and the cloaoal ls.bia are shoi;;n to be a. re fibrous 

and more •ocular modification of the skil'l .. 

53) • The hiatology of the pars conToluta of the oviduct is 

aeacribed . 

54). Activation of the eloacal labia and of the oviducts 

consists in the production of a capillary hyperaemia. 
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55). This ctivation of the s cond se characters h s 

been d as a tast-vbjeot for gonadotropbic activity in 

Xenopus females. In this way the following prGparatione 

were Gbown to be gonadotrophic,-

Human pregnancy urine, sheep and ox anterior pituitary, 

Xenopue ant rior pituitarie _f-rom both les and females , methyl -

testosterone, testosterone propionate, and progee.terone. 

56). Negati•e r 'SU.lts were recorded in the case or dogfish 

pituitaries .and oestradiol benzoate. 

51). J"rom tbe last finding it is concluded that the Xenopus 

ova.rian hormone differs from that ot mammals. 

58). Attempts to extract the Xenopue ovary hormone were 

unsucceeatul. 

59). In doses 0£ 360 mgs. ox anterior pituitary produces 

coupling in 23.4% o~ pairs injected and sheep anterior pituitary 

in 74. 4). 

60). 100 mgs. of e-heep anterior _pituitary produces coupling 

in 22 of injected pairs. 

61). Thus sheep anterior pituitary ia 3 1/2 ti s as potent. a.a 

ox anterior pitui t.ary. Since the weight of the average ox 

anurior pituitary used was 3 1/2 times as great ae that of the 
, I r;t-u·,ra..-~ . 

a•erege sheep anterior lobe, one ox anterior;(has approximately 

the e.eme gonadotrophie activity as one sheep antirior pituitary. 
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62). Coupling is not a. scatisfactocy test•ob-ject for the 

essay of g-0nadotr-0phic hormone .. 

63-). Coupling ccn be induced in Xenopu.s- l~evis by ante-rior 

pituitaries from male and femal&- Xaopus but not by anterior 

pituitaries from dogfish. 

64).. Coupling can be induced by the injection or sheep 

anterior pituitary ex.tr act into the female partner only. 

65) . Testosterone, the tnemalian ,testis hormone, induces 

coupling wh.n injec'ted into the female only. 

66). A marked lose or 1>ensitirlty to injected gonadotrophic 

eubetance occurs during ae&tivation in x~nopus lae~is~ 

67). Coupling occurs under natural conditions as a resul t of 

an hormonal stimulus rrom the anterior pituitary. 

68) . The mode ot adoption of the normal lumbRr embrace is 

d•scri~d. 

69). Nine departures from thi.s normal embrace are described. 

10). The passive role · of the female in the establishment of 

the mati ~ fc.l"efl&.x is confirmed'"' 

'11). It ie suggested that the tactile sense ot the male is or 
importance in the adoption of the ~laap. 



912). The activated f'eraale mtn'ff t ri• tho ale. 

Tl).. ActiYation of t.he male · dlminl&hefl the f!IDOWlt of 

74) . A~ivated cal.es mate indi.sorimiretely with act.i.vated 

f•1ales.. The rever:&e aleo h,olda true. 

'15). The .,,..e and nue.c play no essenti .l pan in the 

esuWish:nont of th-e non.al lwaba.r brace. ~ eyes. however. 

act . • • a refi~ whi.ch mar facilitate tu adoption ot the 

normal lumbar embrace. 

16 >- Pentw..ar movemon.u :of tho ovarr inenase ~ bl.cod •t,lgply 

to 'that. organ. 

71). At oval.e.:tion "the tolllcl• wall retraet.e over the owra, 

btli th latter r~ t taehed to the. ovary for .a while. 

'18).. nae aat.omy of 'the abdomen -ot the female X•nopus ia 

described. 

'19) . Cilia cover the peritonewt on the liver and the. entire 

abdominal wall. They are a. ee-0ndary s•x. ellara.cter of the 

female. 

. 80) . '!he oilia are the moet import nt factor in t.nmsporii.ug 

t ova from the- ov ry t-o tb.& oeti o-t th& o.tcluct which lies 

in t.he p-erihepa.tic re.cues of tbe peritoneal cavity .. 



81).. Ciliary action is also responai'bl& tor the entry ot 

the ova into the oviducts. 

82).. The muscular perietal.ei.s of the pars t'ecta conveys the 

o'fWn rapidly down that portion or the ovidu-ct. The histology 

of the pars recta is d•ecribed. 

83). Cili.e.ry action ie the most imporiant !actor concerned in 

propelling the ovum down the pan eonvoluta of the oviduct. 

84). The cloaca! sphincter relaxes to allow the ova to leave 

the ovieac. 

85). The cilia lining the oneac and the eloacs.l canal are the 

most important factors in this portion of the pa-th of the ovum • 

. 86). · Pendular movemente occur all the time in th& ovaries of 

Xenopue la~rie (thie confirms the findings above), but become mor• 

marked 4 - S hours after injection with an acid extract of sheep 

ente~ior pituitary. 

87}. Follicular rupture occurs within the first 3 hours after 

inje-etion and the amount of follicular rupture inereases in the 

next 2 hours. 

88) • Eggs ar.e aeein f're\9 in the peritoneal eavi ty 3 hours after 

injection. 
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89). Travelling a distance or about 2 inches through the 

peritoneal cavity into the perihepatic recess at a rate of 

4 inche_s per hour they reach the oviduct a h-alf-hour later .. 

90). They pass down the first l/2 inch (pars recta) of the 

oviduct in .o. few eecondo and then continue downwards at the 

rate of 10 inches per hour to re ch the ovieac 1 l/2 hours 

later. 

91). There they are retained tor 5 hours am then they a.re 

passed to the exterior. 

9.2). The aYerage length of the oviduete is 15 1/4 inches. 

93). Spermatosoa are ~leased trom the testis by the anterior 

pituitary. 

94). They travel do-wn the vaaa efferentia of the eentery to 

the kidney. 

95) • The sperms enter the Bowman• s capeulee of the kidney. 

96-). They roach the ureter via the tubules and pass through the 

cloaca to the exterior. 

97). Three phases of the sexual cycle o.r Xenopus laeds are 

described. 

Oeetrue 

Anoestrus 

Pro-oestrus -

.tul7 to Sept,a'ber• 

September to February. 

February to July. 
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98). Certain cllmatic condi tio.na determine the aeti vi ty 

of the ant•rio~ pituitary in oontrolling this cycle. or 

-these rainfall and especially temperatur e ar-e- important. 

99). c~rvee hav• been drawn which dep1ot these relationships 

Tery clearly. 
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EXTRACTS. 

-Name of No. of eight of Volume of Strength ot 
Extract. P1tuit!J:i8t'h Anterior Lobeo. Extract,. Extract,. 

Dos. Oms. Ml.a. Mgs ./ml. 

s. 1 1 9.48 11.00 860 
s. 2 2 14.47 23.00 630 
s. a 2 1/2 16.63 23 .. 10 720 
s. 4 2 1/2 16.76 29.SO 580 
s. 5 11/2 11,.ll . 19.00 640 
s. 6 2 l/2 16.87 26. 0 640 
s. 7 3 1/2 29.45 4S.OO 655 
s. 8 3 19 .. 40 28.4 680 
s. 9 3' 1/2 23.70 35.3 6'10 
s.10 4 2~ .. so 40.0 610 
s .11 3 21.6S 30.0 720 
S.12 5/6 5.81 6.80 855 
s.u 1 6.37 7.80 820 
S.14 6 30.33 ;:: ,~ 

S.15 6 1/2 34.83 
S.16 4 1/2 2-8.36 

~ 

S.17 3 1'1.90 2'1.6 650 
S.18 7 l/2 44 .. 33 
S.19 9 l/2 ~2.56 ao.o 660 
s .20 4 i/2 32.35 49.2 660 
s.21 3 15.98 2'1.2 590 
".22 5 22.88 40.2 5'70 
S.23 111/2 ~6.29' 85.0 660 
S.24 3/4 4 .. 82 7.1 680 
s.2s 12 x2 34.32 57.8 , 594 
s.26 2 3 4 s.61 14.0 615 
s .27 9 l/4 26.36 

o. l 1/2 12.33 14.25 865 
o. 2 1/2 13.21 18.85 70Q 
o. 3 1/2 9.51 15.00 630 

Protocol 1. 

Ac.id extracts of sheep and ox anterior pituitaries. 
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POND ANDIALS. 

?-Jo-vember t 1937. 

~-
Bod:, • t. Lett Arm • Right Arm. Uean. - - trm/body Weight 

Re:t.io. 
au. Uge. Mgs. Mgs. 

29.8 504 516 510 l.69 
27.3 4'12 420 446 1 .. 63 
24.4 414 426 420 l.'12 
23.5 393 408 400 l.'10 
20.9 365 383 374 1.77 
21.a 499 528 513 l.84 
25.3 501 532 516 2 .. 04 
28.9 526 498 512 1.7'1 
32.3 S7'1 593 580 l."19 
32.0 566 580 S73 1 .. 19 
21.3 38S 404 395 1.es 
26.7 510 ~06 508 l.90 
30.6 555 523 539 l.'76 
30.3 564 538 551 l.82 
32.5 500 ~16 sos 1.60 

Proto1:ol a. 

Female. 

26.5 2-46 .266 256 o.91 
33 .. 8 324 320 322 0.95 
40.6 437 459 445 1.09 
57.3 668 671 669 1.16 
19.2 194 l.85 190 0.99 
20.3 223 ,228 225 1.11 
37 .. 0 432 464 448 1.21 
36.2 385 393 399 1.10 
31.9 378 357 367 1.15 
.20.1 234 242 238 l,J.8 
19.2 . 218 208 213 L .11 
21.1 221 247 234 1.~os 
3'1.5 348 3'14 361 o."96 
33.7 368 397 382 1.13 
31.4 342 31'7 330 1.05 

Protocol 3. 



-279• 

POND ANntALS. 

!f.enuw, 1938. 

ale. -
BodX • Left Arm-. Rl&!!t arm • e.en. Arm/Bod! ·eight 

Gs .. ,!gs. Vgs. Mgs. Ratio. 

36.0 525.5 574 550 1.53 
37.0 537.0 560.5 549 1.48 
36.5 599 500 550 1.51 

·40.0 573.5 5'78,.5 576 l.44 
25.5 335 333.5 334.2 1.31 
sa.o 596.5 650.0 623 l.64 
36.5 502 497 500 1.37 
32.0 434 457 .s 446 l.39 
46.0 617 657 637 1.39 
40.0 593 568 580 1.45 
35.S 588 541 565 1.59 
37.5 499 534 517 l.36 
37.5 540.5 511.5 526 1.40 
45.o 693 663 678 1.51 
25.S 400.5 388 394 1.54 

Pro'toeol 4. 

Female. 

39,5 318 371 375 o.95 
43,0 415 45'7 436 1.01 
35.0 393 361 31'1 1.08 
36,0 442 404 423 1.18 
36,0 423 337 380 1.06 
34,5 350 aso 350 1.01 
87,0 398 351 375 1.01 
39,0 408 450 429 1.10 
32,0 336 307 322 1.01 
32,5 385 354 370 l 14 
30,1 345 322 333 1.09 
S4.5 361 334 r 348 1 .. 01 
32,5 301 338 . 320 . 0 .. 98 • 20.0 217 218 218 l.09 
28.0 272 27&. 274 0.91 

Protocol 5. 
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POND ANI 
' 

Karch 1938. 

Males. 

Bod:[ • Left Arm,. &set Arm. Mean • Anl/Bogi: •ii!!l 
Gms. Jfge. Mgs. llg .. ~. 
41.S 667. 656 662 1.59 
40.0 558 578 568 1.42 
2e .. o 446 430 438 1.56 
26.S 45'1 455 456 l.'12 
43.S 727 69'1 712 l.64 
29.5 483 472 4'78 l.62 
35.5 639 616 628 l.77 
28.0 4'19 431 455 l.62 
27.0 472 498 485 l.79 . 
25.5 514 449 482 l.81 
29.0 488 500 494 1.70 
40.0 730 679 105 l.'76 
30.5 502 518 510 1.6'7 
22.s 439 475 457 2.03 
27.0 501 455 478 l.77 

Protocol. 6. , 

F,in,y.es. 

29.0 365 855 360 l.25 
35~5 43S 398 417 1.17 
32.5 342 380 361 1.11 
26.0 268 273 .271 1.04 
43.o 439 413 426 0.99 
38,0 477 464 471 1.23 
62,S 852 879 866 1.38 
29 .o 375 325 350 1.21 
sa.o 607, 594 601 1.13 
62,5 810 846 828 1.32 -ao.o 335 346 341 1.13 
as.o Delormed 452 452 1.29 
26. 0 335, 305 320 1.22 
28..0 2SO 270 265 0.94 
2a.s 237 24:6 242 11.03 

Protocol '1. 
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POND ANDtAL§. ,· 

J,(ay 1938. 

Malt•· 
B~dI t. Left Arm. Riggt Arm. .1ean. li:JI/Bodz: ei~t 

Gme. Uge .. Uge. Mga. Ratio. 

aa.o 625 550 588 1.71 
37.0 632 614 623 1.68 
30.0 531 478 505 l.68 
33.0 583 628 606 l.84 
35.5 534 542 538 l.52 
34.0 544 480 512 1.51 
26.0 428 383 406 1.56 
29.0 503 493 498 1.72 
40.0 661 624 643 1.61 
34.0 607 601 604 · 1.78 
32.5 568 564 . 566 · 1.74 
31.5 587 S54 5'72 · 1.82 
31.0 5'75 535 555 · 1.79 
30.5 523 450 48'1 , 1.60 

30.0 578 545 562 · 1.87 

Protocol 8·. 

,, 
Femalea. 

29.0 311 · 292 302 1.04 
ss.s 404 · 348 376 · 1.06 
30.0 368 345 357 · 1.19 
aa.o 392 354 373 1.13 
27.0 335 361 348 " · 1.29 
34,5 377 383 380 · · 1.10 
28.0 299 287 293 ' 1.05 
37.0 453 393 423 · 1.14 
36.o 384 334 359 ,1 • l.OC 
37.o 420 364 392 '• · 1.06 
33 .. 0 383 376 380 ' 1.15 
32.0 377 371 374 ' 1.17 
~1.0 · ·383 388 386 ' 1.25 
~a.s 511 473 492 ' 1.28 

I 26.o 302 300 301 ' 1.16 

Protocol 9. 
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POND AJllVALS • 

July1 1938. 

Mal.es. 

BQdy; Wt~ &•rt An;. fi!ght Arm. Uean. &mi]od! Weight 
Gae. Mg$,. Ya.!· I&!· Ratio. 

23. 5 392 403 398 1.70 
24. 0 442 44'1 445 l . 85 
28.0 .94 489 492 l.'16 
28.5 482 460 4'11 1.65 
36 .. 0 664, 602 633 1.76 
26. 0 460 , 454 45'1 l.'16 
33. o 568 561 565 1.71 
37.0 653 648 651 ·1.76 
28.0 502 525 514 1.84 
S4. 0 S68 570 569 1.68 
30. 0 522 4'11 497 1.66 
28. 0 49S 4'1S 465 l.73 
36 . 0 584 568 576 1 .. 60 
31.5 540 496 518 1.65 
29.0 528 568 548 1.89 

Protocol 10. 

FflDMr••• 

69,0 69.8 644 671 o. 97 
56,() 611 558 585 1.04 
67.~ 143 668 706 1.05 
56,0 616 641 629 1. 12 
88,0 938 829 884 1.00 
'74, S 728 67-0 699 '·0.94 ' 
65_,5 61'7 609 613 p. 94 
55,5 586 569 578 1. 04 
49,0 I 513 4'18 496 ·1 .. 01 
4 9,0 563 551 557 , ~. 13 
51,5 518 458 488 0 0 . 95 
so,.o 501 449 47S o.gs 
60.0 593 572 583 :0. 97 
60.0 558 587 5'7'3 0.96 

sa.o 482 435 459 0.86 

Protocol 11. 
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CAPTIVES. 

Januan, 1938. 

Males. 

Bqdy t. L•ft Ara. &at Af!! .. Ueen. Arm/Bodz: eifht 
G.ms. Mgs. ?Jgs. Mgs. Ratio. 

22.0 364 372 3'70 1.68 
33.0 600 642 624 l.89 
25.0 475 479 47'1 1.91 
31.0 448 469 458 1.48 

22.5 360 358 359 1.60 
32.0 502 56'7 535 1.67 
24.5 S02 438 470 1.92 
27.0 526 491 509 1.8i 

26.0 390 397 394 1.52 
28.0 485 464 475 1.70 
31.S 509 520 515 1.63 

27.0 506 429 468 1.73 

21.s 355 395 375 1.74 
26.0 498 480 489 1.88 
31.5 548 485 517 l.64 

Protocol '12. 

J'emales. 

21.s 235 239 237 1.10 
41.0 482 513 49'7 1.21 
29.0 374 400 38'7 1.33 
25.0 299 267 288 1.15 
28.5 293 274 288 1.01 
26.0 265 239 252 0.97 
27.5 290 352 321 l.17 
3l..S 419 359 389 1.23 
21.0 277 377 32'7 1.56 
3S,S 457 368 408 l.04 
33,0 445 435 440 1.33 
32.S 42'7 404 416 l.29 
2s.o 325 298 312 1.25 
22.s 302 27-0 286 1.27 
24u,O 309 ' 285 297 1.24 

Protocol 13. 
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CAPTIVES. 

March, 1938. 

ales. 

112~ n. l•tt. Ar.ma Right .Ana. yee:n .. Ana/BodJ: Weiggt. 
ems .. Ugs. I.4;a. Mgs. Ratio. 

22.0 360 386 3'13 l.70 
20.s 373 3'79 3'16 1.83 
22.0 443 3?'3 408 l.85 
26 .. 0 497 495 495 - 1.90 
23.0 467 454 461 2.00 
20.5 425 427 426 2.08 
25.0 503 489 4-96 1.98 
18 .. 5 330 334 a32 l .. 79 
22.0 406 397 49'1 .2 26 
24.5 494 427 461 1.88 
24.5 413 372 393 1.60 
2~.s 546 515 531 .. 2.08 
1a.o 373 313 343 1.91 
15.5 290 304 297 l.91 
14.0 196 182 18 1.35 

Protocol 14 .. 

Females .. 

· 28.5 371 348 360 1.26 
- , 40.5 541 464 503 1 .. 24 ,, 

28~5 41'1 355 1.35 386 
20.0 290 273 282 l .. 41 
1a.o 230 249 240 1.33 
22.0 305 180 305 1.39 
26.0 365 362 S64 · 1.40 
21.s 266 2S8 262 1.22 
23.0 288 290 289 1.26 
18.S 246 248 247 l.34 
23,,5 278 272 275 1.17 
20,5 281 288 285 1.39 
24,0 349 317 333 l.3i 
2~.o 361 340 351 1.40 
45.S 626 606 616 l.35 

Protocol 15 •. 
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CAPTIVES. 

ay 1938. 

!,I left. 

~ody t. L@ft Arm. Risht Anl!• eo.n. ~odx !!ight 
Gms. Mge. Mge. Uga. Ratio. 

24.o 431 481 456 l..90 
1'1.S 3!7 337 362 2.07 
2s.o 549 507 528 2.11 
14.5 321 321 321 2.21 
22.0 469 457 463 2.10 
18.0 350 306 328 l.82 
17.5 378 36! 3'10 2.11 
21.5 390 394 392 1.82 
20.s 415 364 390 l.901 

19.0 359 363 361 1.90 
19.5 357 352 355 1 .. 82 
19.0 348 343 346 1.02 
16.0 . 3:18 328 323 2.02 
22.s 413 407 410 l.82 
2(h0 371 363 368 1.84 

Pro"toc.ol 16. 

Females, 

18.0 21'1 213 215 1.19 22.0 263 2s, 260 1.18 
20.0 242 209 226 1.13 16.5 213 197 205 1.27 
17.0 238 221 230 l.!5 
19,0 24'1 233 240 1.26 
14.0 21.1 21'1 217 1.55 
18.0 255 273 264 ' 1.4'1 
25,0 302 302 302 . 1.21 
31.0 340 331 336 ~. 1.08 15,0 191 190 191 ~ 1.2'1 
1'1.0 194 187 191 1.12 
29,.5 331 343 337 1.14 
23.0 33"1 318 328 l.43 
15,5 203 195 199 · 1.2a 

Pi-otocol 17 •· 
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CAP:I'IVES. 

Julrz 19~8. 

Males . 

Body wt . &eft. Ann. B!fJlt Am. lleen . Aro./.Bodv Weight 
Gma. Uge. a. Ugs. Ratio. 

24.0 463 487 4-75 l.98 
. 25.0 453 435 444 1.78 

25.5 449 428 439 1.72 
23.0 482 445 464 2.01 
28.5 569 597 583 2.00 
26.5 486 495 491 1.85 
29.S 538 534 536 l.82 
2'7.0 soo 475 488 1,.81 
18.5 398 382 390 2.11 
27.0 486 S09 498 1.84 
32.0 623 641 632 1.98 
26.5 510 508 509 1.92 
19.5 360 350 355 1.82 
21.s 404 385 395 1.84 
24.5 433 425 429 l. '75 

Protocol 18. 

Females. 

37.5 50'1 463 485 1.29 
30.5 462 485 4'14 l.54 
24.0 aaa 331 332 1.38 
1a.o 243 25'1 250 1.39 
1s.o 271 2'70 271 1.51 
30.0 399 41'7 408 1.36 
23.0 327 340 334 1.45 
29.5 427 -423 425 1.44 
26.0 398 3'79 389 1;49 
2a ... s 402 382 S92 · l.37 
28.5 3'17 376 377 1.32 
27.5 382 404 393 1.43 
21.s 277 2'13 275 1.26 
23.0 316 327 322 1.60 
26.o 355 349 352 1.86 

Protocol 19 • . 
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W•t·\121 or M\d .~;rae:t,,, . 0( Sll!fP et;i:9r Pi;tutt,a. 

1,1.,, 
~oclY • 1.6ft Am'!. uee.n • A,:mJBogz !ght 

cu. litgu. •• Rajio • 

28.0 · 530 539.S 535 1.91 
25.0 45,3 444 449 1 .. ao 
26.S 490 .. S 5.5 488 l.80 
2s .. o 485 499 4~J 1. ,0 
aa .. o 627 57S 601. l-482. 
21.5 399 29 414 l.92 
30.0 583 576 580 l.9& 
32 .. 5 570: 020 595 1.a3 
22.s l9S 393 393 l.'15 
25 .. 0 162, 74 468 l.8'1 
2a.o 38ll lat 383 1.6? 
oo.o 571 543 560 2 .. 00 
21.0 3Gl 393 377 1 .. ao 
27.S 509 555 532 l~~'l 
21.s -44S 440 442 l,tl 
23.0 3:90 419 405 .1/16 

' • J-

Protocol m. 

Controls. 

28 .. 0 489 490 490 l .. 7S 

26.S .. SlS 418 49? l. .. B'1 

2a..;o 451 445 4-4& l.. 60 

24.0 406 JQ3 405 1~6; • 
as.o 506 494 500 l.78 

1;69 28.5 49' 467 482 
1~60 

32 .. ~ S35 ·So& S2l 

23.0 340 . 348 344 l~S 
1;~ 

33.0 S5l 549 550 
1~'63 20.0 462 448. 45S 
1~73 26. 5 4'74 44S 460 

Zt.S 456 448 452 1.65 

26. S 459 484 4'12 l~VS 

ao.o 516 560 ~ 1~79 
l~So 

29.0 4t2 464 4S3 
.1~80 2?.5 492 499 496 

.otoeol 2.1 .. 
' 
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InJeetion Of Sheep Anterior Pituitary Extract. {pyridine Extract). 

Normal alee. 

Body .. Lett Arm. Right Ann. Mean • - Arm/Body Weight 
Gu. -·· s. Jlge . Ratio • 

35.5 6'14 637 656 l.85 
27.5 493 496 495 1.80 
27.0 550 496 523 1.94 
30.5 544 554 549 l.82 
27 .S 507 486 496 l.81 
37.0 693 643 668 1.81 

Protocol 22. 

Normal Females, 

36.0 365 329 347 0.96 
38.0 450 471 460 1.21 
54.0 653 653 658 1.04 
47.S 461 446 454 0.95 
52.S 546 518 532 1.01 
30.0 309 323 316 1.05 
54.5 592 540 566 1.04 
50.0 526 501 514 1.03 
so.o 528 504 516 1.03 
71.0 767 663 715 1.00 
s.1.s 550 5117 534 1.04 
49.5 56'7 535 551 1.13 

Protocol 23. 

. .. 
If 
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Injection Of Sheep Anterior Pituitary Extract.(PYridine Extract). 

HYPOPHYSECTOMISED UALES. 

Body • L!ft .Arm. Right Arm. Mean • AJ:!LBod:t Weight 
Gme. M"ge . tlgs . llgs. Ratio . 

40.0 699 666 683 1.71 
36.5 632 691 662 1.so 
33.5 586 540 563 1.68 
23,.5 429 398 414 1.76 
34.5 63'1 565 601 l.74 
3'1.5 653 622 638 l.70 
34.5 569 S37 553 1.60 
2'1.0 413 363 388 1.44 
27.S 457 465 461 l.68 
26.5 465 411 468 1.7'1 
2'1.0 433 398 416 1.54 
29.0 52'1 509 518 l.'19 
30.5 558 533 543 . 1.71 
38.0 702 673 688 1.81 
30.5 529 500 515 1.69 

Protocol 24. 

HYpophYaeotomiaed Femalts• 

55.5 636 646 641 1.16 
61.5 735 694 714 1.14 
45.5 423 403 413 0.91 
43.0 486 463 475 1.10 
44.S 467 427 44'7 1.00 
43.5 475 449 462 1.06 
63.5 744 750 747 1.18 
52.5 536 533 535 1.02 
60.0 524 475 400 o.a3 
49.5 557 532 545 1.10 
51.5 545 528 537 1.04 

Protocol 25. 
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InJeetion Of Sheep Anterior Pituitm Erlract.(ptridine Extract.). 

Castrated Malea. 

Bog t. ~ett Arm. Right Arm. ~- ArnvBodz: eight 
Oms. Mgs. Mga. t.(gs. Ratio. 

35.0 625 517 571 l.63 
32.0 565 519 542 l.69 
36.0 566 487 527 1.46 
28.5 486 439 463 l.62 
26.5 446 417 432 1.63 
35.0 585 523 554 1.58 · 
21.0 341 340 341 1.62 
25.0 406 . 361 384 1.54 
30.S 524 482 503 1.65 · 
29.0 419 388 404 1.39 
27.0 · 477 462 470 1.74 
26.5 403 366 ,. 385 1 •. 45 
?:T.O 488 409 449 1.66 

Protocol 26. 

Castrated Females. 

30.5 40-2 394 398 1.30 
43.5 505 467 486 1.12 
45.0 ' 593 601 597 1.33 
54.0 550 532 541 1.00 
46.5 · 554 570 562 1.21 
34.0 . 440 410 -425 1.25 
33.S 426 34'7 387 1.16 
39.0 4'11 464 468 1.20 
42.0 513 500 507 1.21 
45.o · 556 513 535 1.19 
46.S · 577 542 560 1.20 

Protocol ?:1. · 
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'1r 
' t? I· 

~ffli!I !9• 

~!n· Lett A!!!• en. 4DILBodz: !•ii!f. 
a.. Ugs. . Rp:tip • 

25.5 454 39S 426 l.67 
·22.5 394 352 473 2.10 
22.s 4.5'7 40'1 432 1.92 
·28.S ua 445 451 1.sa 
31.5 502 452 47'1 l.Sl 
32.0 449 387 418 1.ai 
-2s .. o 450 435 443 1-. '111 
·26.0 429 397 413 1.s, 
28 .. 0 164 463 464 J:.66 
25.0 412 4ll 413 1.65 
·24:.-S 385 a4$ 465 1.89 
36.0 640 S68 504 1 .. 33 

.Protocol 28. 

gro;m,II. 

Ca;e·U1Y! <b:mt4op., 

Zl.O 500 419 490 1.a1 
28.0 50$ 523 514 1. 84 
28.S S22 531 S27 1.as 
27.0 490 466 4'18 1 • .,., 
27.5 Sl0 484 497 l.Bl 
30.0 S90 529 S60 1.87 
n.s 600 583 592 1.aa 
34.!> 600 626 613 l.'1'1 
29.S 583 561 575 l.9S 
24.0 45'1 437 ""' l.86 
22.0 866 3Vl 379 1.,2 
20.5 360 3V6 37:B l _.S4 

Prot.o.col 29. 



-292-

group III. 

HYpophysectomised ( l.nd Fed}. 

BodJ •t. Left Arm. Mtmt rm. ean. AnvBodJ: Weight 
Gms. Vge. Mge. Ugs. Ratio 

25.5 462 526 494 1.94 
29.5 590 519 555 1.88 
29.5 595 510 553 1.88 
30.0 658 642 650 2.l'T 

35.0 683 685 684 l.95 
41.5 657 591 624 1.50 

28.5 514 510 512 1.80 

30.5 S29 560 545 1.80 
28.5 412 495 454 l.63 
37.5 676 672 6..,4 l.80 
40.0 675 650 663 1.66 

Proto.col 30. 

Grou2 IV. 

Castrates ( And Fed). 

28.0 470 495 483 1.12 
37.0 598 576 587 1.57 

40.0 S60 545 553 1.38 
4:5.5 625 594 610 1.35 
40.5 546 495 520 1.28 
33.5 549 519 534 1.59 

32.0 435 403 419 1 .. 31 

30.0 439 413 426 1.42 
33.0 486 431 460 1.39 

2:/.0 400 390 395 l.44 

Protocol 31. 
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GENERAL SUJMARY. 

1). A bri•f account ie given oi the develop nt o:t1he 

knowledge of the rep~eductiv6 physiology of Xanopus laevis. 

2). 'lb.e scope of the preeent work is outlined. 

3). The method ot collecting "pa.ire of frogs known to couple"' 

is described. 

4). The containera used in the experiments on coupling are 

described. 

5). The operations of castration and hypophy8ectomy are 

described .• 

6). Uethods are described for preparing extracts of the 

f<:tllowing eubstancesi• 

Human pregnancy urine. 

Anterior pituitaries of eheep, ox, Xenopue le.eds and 

dogfish .. 

7}. The seasonal eycle in the pads of male Xenopus is 

described. 

8). Four phases are recognised. 

a) January to May. The ;pa.de are absent. 

b) ay to .July. The pads develop. 

c) July to Se-pt ember. T.he pads are aintained at their full 

development. 

d) September to ..January. The pads disappear. 



9). Three typee of pads are described. 

a) Pads covering the £i..ngen and palms. 

b) Pads covering the :f'orelimb as far as the elbc .. 

c} Pads coftring the forelimb as far as the axilla. 

10}. Five et-ages in the dev•loprnent of the pads are described. 

The chief stag•s are ae followaa-

The pad·s are deYeloped fir-et as far as the wrut.. next 

the forearm8 show pads and finally the pad is c:0mpleted. 

11}. The pads disappear alter the br•eding season by successive 

-exfollations. 

12). Pad• are n•ver eeen on the forelimbs of female Xeuopus. 

13). Ae-id and pyridine extracts of sheep anterior pituitary 

induce the deYelopment ot pads in normal but not in caatrated 

male. 

14}- Pyridine extracts of sheep anterior pituitary iztduce pad 

development in anterior lobe hyp-0physec:tomised males• but the rate 

of developm.nt of the pads ie slower than in normal ma.le&. 

15). The above finding is probably explained by the loss or 

S$1Si ti vi ty ot the hypopllysectoil:lised anim,, ..• l:s to gona.dotrophio 

injections. 

l&). Anterior pituit&rie-s fro both mala and femue Xenopus 

produce pads in normal Xenopua nles. 
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17). Xenopus anterior loboo do not cause pad de•elopment 

in castrate males. 

18). Captivity reaulte in the abolition of the pad cycle. 

19). The evidence presented indicates that the pad cycle 

under natural conditions is under the control of the anterior 

pituitary acting Yia th• teetia. 

20). The development of the pad ie described macroscopically 

and microscopically. 

21). The inhibition ot the ant.erior pituitary by captivity 

(Shapiro! Shapiro 1934) consiets in the prevention ot the 

pouring out by the gland or· its gonadotrophic principles. 

Secretion is not inhibited. 

22). The pads play no essential role in the mating reflex in 

Xenopus laevie. 

23). Using the development of pads as a test-obJect for 

androgenic and g.onadotr,ophic actirlty in the male Xenopus, methyl 

tsstosterone, te~totrterone propionate, oestradiol b nzoate and 

progesterone are ehown to poeeees neither of these two properties. 

24). The eYidenoe presented suggests that the Xenopue testi• 

hormone differs from the mammalian t~stis hormone testosterone. 



25). The thod of calculating the arm/body weight ratio 

ie described. 

26). Th• arm/body weight ratio or the male is l11rger than 

that or the temale. 

27). Seasonal CY-Cles are eeen in the arm/body weight ratios ot 

both male Md female Xenopus. These cycles are ducribed. 

28). The cycle in the male sh owe four phase • 

~.Tho ana/body weight ratio is smallest in January. 

]!. ·!'be ratio increase~ until July. 

_!!.During the breeding season the ratio is maintained at a 

high lnel. 

... 

i•A decline to the summer leTel tollOlfs the breeding season. 

29). -3 phases are eeen in the arm/body weight ratio cycle in 

th-e female • 

.!•Th• lowest level is seen during the breeding season. 

b. From then until January the ratio is higher. -
c.'lbe highest leYel is seen between January and July. - . 

30). Injections of acid or pyridine extracts of sheep anterior 

pituitary into normal Xenopus results in n incr.aJe 1n the weight 

or the for~limba. 

31). Under identical treatment, hypophyeectomised males also 

show an in-c.rease in the weight of the forelimbs, b1.1-t this increase 

is less th.an in the case or the normal males. 
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32). his ditferene-e is probably due to the loss of 

eenei tivi ty following hypopbyse.ctomy. 

33). Anterior pituitary injections fail to alter the weight 

or the forelimbs of castrated tlalee. 

34). From this it ia concluded that the anterior pituitary 

acts on the torelimbs of the males through the intermediation 

of the teatia. 

35). No change is produced in the· weight of the forelimbs of 

the females by the injection of anterior pituitary extracts. 

36). Captivity alters then tur lly occurring seasonal cycle 

in the arm/body weight ratios of male and female Xenopus. 

37). StarTation or the captiTe animals leads to an increase 

in the arm/body night ratio of males due to losa of total body 

•eight. 

38). The effect or stanation due to decreased food intake 'i> : 

maske the effect of hypophysectomy on the arm/body weight ratio. 

39). Castration result s in a decrease in the size of the 

forelimbs or the male rrog. 

40). An. hormonal anterior-pituitary-testis control of the 

forelimb sise in Xenopus males ie postulated. 
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41). The important factors influencing the arm/body weight 

ratio are as follow$ • 

.!•In both sexes undemutrition causea an increase in the 

ratio. 

~.In the female, changee in the O't'fU"Y weights are important. 

!.•In the male, the anterior pituitary-testis mechanism 

controls the eiee of the forelimbs. 

42). Tb arm/body weight ratio of captive females rises 

progressively because of undernutrition. Ovarian atrophy also 

contributes to the rise. 

43). 
weight 

The arm/body/ ratio of the ales rises progressively 

because of undernutrition. 

44). Elimination of this factor reveals that the forelimbs or 

Xenopus males decrease during captivity. 

45). Thia decreas• is due to diminished anterior pituitary­

testis activity. 

\Height 
46). Arter correction of the arm/bodyiratios of pond females 

for the changes in ovary. a cycle still exists. 

47). This cycle is due to a et :te of relative undernutrition, 

causing an increase in the arnvbody weight ratio during pro­

oestrous. 
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48). 

we,g ht' 

Correction of the arm/body/ratios of pond males for 

the .state of rela:U ve undernutri tion results in a carve _showing 

four phases. Thie curve represents the s easonal changes 

oceurring in the weight of the forelimbs of the male. 

!• The arms are largest during the breeding season. 

b . A decrease follows until January. -
!• From January to Uay the arms remain at their emalle.et 

size. 

£• The inc.rease in the site of the forelimbs to the breeding 

season level of the males cccurs betwe.n Key and July. 

49). This cycle corresponds with the cycle in the pads . 

50). Th& eycle in the forelimbs of th~ males is controlled by 

the anterior pituitary acting through the testis. 

~l). The anatomy of the cloacal labia and of the oviducts of 

Xenopus femaleo is described. 

52). The histology of the dorsal skin of female Xenopus ia 

described and the eloacal labia are shown to be a more fibroua 

and more vascular modification of the akin. 

53). Th-e histology of the pars convoluta of the oviduct ie 

described. 

5-4). Activ-ation of the cloacal labia and of the o"ri.ducts 

consie'ts in the production ot a capillary hyperaemia. 
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55). This activation of the secondary sex characters has 

been used as a test-object for gonadotrophic activity in 

Xenopua r ale. In this we:, the following prep rations 

were sh to be gonadotrophics• 

Human pregnancy urine, sheep and ox anterior pituitary, 

Xenopus anterior pituitaries from both male and fe ales, methyl 

testosterone, testoeteron propionate, and progesterone. 

56). Negative results were recorded in the case or dogfish 

pituitariee and oestradiol ben1oate. 

57). From the last finding it ie concluded that the Xenopus 

ovarian hormone differs from that or 

58). ttempts to extract the Xenopue o,,ary hormone wer 

Wl8UCC88Bful . 

59). In dose of 360 s. ox anterior pituitary producee 

coupling in 23. 4$ of pairs injected and aheep anterior pituitary 

60). 100 a. of sheep anterior pituitary produces coupling 

in 2~ or injected pair • 

61). Thus sheep anterior ituitary i 3 1/2 ti es as potent 

a ox anterior pituitary. Since the weight of the e.Terage ox 

anterior pituitary u ed was 3 1/2 times as great as that of the 
pitv1tary 

average sheep anterior lobef one ox ant riorj has pproximately 

the s gonadotroptic activity as one sheep anterior pituitary. 
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62). Coupling is not a satisfactory test-object for the 

assay of gon&dotrophic hormone. 

6-3).. Coupling can be induced in Xenopus laevis by e.nterior 

pituitaries from male end female Xenopus but not by anterior· 

pituitaries t:rom. dogfish. 

64). Coupling een be induced by the irijection of sheep 

anterior pituitary extraot into the femal.e partner only. 

65). T•rioeterone, the hllDDltli an testis hormone, induces 

coupling when inJected into the female only. 

66). A marked loaa of eeneiti'fity to injected gonadotrophic 

substenc:e oecure during uati vati011 in Xenopue laevia. 

6rr). Coupling occurs under natural conditions as a result ot 

an hormonal &t-imulu& from the anterior pituitary. 

&8). "l'he mode of adopt.ion of the normal ltUabar embrace i& 

deacri bed •. 

69). Nine departures from this normal embrace are d.eecribed. 

70). The psssiYe role ot the female in the esta'bliebment ot 

the mating reflex is confirmed. 

'11). It is suggested that the tactil~ sense ot the male ia or 

hlportance in the adoption or the clup. 
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72). '!be activated temal• moves t01t'Vds the male. 

13). Acti vet ion or the male diminishes the 8111ount or 

movement normally performed bJ the male. 

74). Activated malee mate indiscriminately wit.h activated 

females. 'lbe rever-ee also holds true .. 

'15). The eyes and nares play no essential part in the 

establiehment of the normal lumber embrace. The eyes, however, 

act u a refinement which may facili tats the adoption of the 

normal lumbar embrace. 

?6). Pendular movements ot the ovary incN,ase the blood supply 

to that organ. 

7'1). At ovulation the follicle wall retracte oTer the oTum, but 

the latt.r NIIDllia• attaohttel to the Oftl"Y for a while . 

7-S). The anatomy of the abdoman ot the female · Xenopus is 

described • . 

79). Cilia cover the peritoneum on the liver and the entire 

abdominal wall. They are a secondary eex character of the 

female. 

80). The cilia are the most important factor in transporting 

th• on from the Ofl.J"J to the oeti\111 ot the ovidue-t bich lies 

in the perihepailc n•••• ot the peritoneal carity. 



-11-

81). Ciliary action is also responsible for the entry ot 

~he OTA into the oyiducte. 

82). The mecular periataleis of the pare re-eta conwys the 

owm rapidly down that portion of the ovi.duct. The histology 

or the para rect.a is described. 

83). Cillary action ie the most important factor concerned in 

propelling the ovum down the pare convoluta or the oviduot • . 

84}. The cloacal sphincter relaxes to allow the ova to leave 

the on.sac. 

85)~ The cilia lining the oTieac and the cloacal eenal are 

the moet important tac-ton in this portion ot the path or the 

owm. 

86). Pend.ular movements occur all the time in the ovaries of 

Xen<?J>UB laerle (thits confirms th findings above), but become 

more mark,d 4 - 5 hours after injection with an acid extract of 

eheep anterior pituitary. 

87). Follicular rupture oceura within the first 3 hours after 

injeet~on and the amount of follicular rupture increases in the 

next 2 hours. 

88). Eggs are •••n tree in the peritoneal cavity 3 hours after 

inJect.ion. 



89). TraYelling a dutance of :about 2 inches throue}l the 

peritoneal cavity into the perih•patie recess at a rate of 

4 inches per hour they reac:h the oviduct a half-hour later. 

90). They pass doW11 the first 1/2 inch (pare re-eta) of the 

oviduct in a few s•conde and then continue downwards at the 

rate of 10 inches per hour to reach the orlaac l 1/2 hours 

later. 

91). There they are retained for 5 ho1.1ra and then they are 
passed to the exterior., 

· 92). The a.Ter.-g• length of th& oviducts is 15 l/4 inches. 

93). Spermatozoa are rel.eased from the testis by the anterior 

pituitary. 

94). They travel down the vaaa efferentia of the mesent&ry to 

the U4ney. 

95). The sperms apter the Bowman's capsules or the kidney. 

96). They r&ach theu:reter via t.he tubules and pass thrcugh the 

eloaea to the exterior. 

97). Three phases of the sexual cycle of Xenopua laevie are 

deser-ibed. 

Oestrus 

Anoestrue 

Pro•oast.rus 

July to September. 

September to February. 

February to July. 
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98). Certain elimatic condi ti one d.tenrdne the acti Ti. ty 

of the anterior pitui te.ry in controlling this cycle. or 
theae rainfall and especially temperatur are importan~. 

99). CurYee ha·re be&'D drawn hich d piet these relation­

ships ver, clearly • 




