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I n  experi ments i nvest i gati ng the peri nata l period of sens i t iv i ty to 

androgen of hypotha l ami c funct i ons , testo sterone pro p i onate ( TP )  wa s 

admi n i s tered to fema l e  rats a t  d i fferent ages  before and a fter b i rth 

and for varyi ng t i me i nterva l s .  

Admi n i strati on  of  TP  wa s by subcutaneous  i njecti on  i n  o i l ,  or  by 

subcutaneous po l yd i methyl s i l oxane ( PDS ) capsu l es . P l a sma tes tosterone 

concentrat ions  were measured by radi o i mmunoa ssay i n  adul t fema l e rats  

after i nserti on  a nd remova l 72h l ater ,  of  3 s i zes of  TP-fi l l ed capsu l e 

{5 , 10 and 20mm crysta l l ength ) ;  i n  3 day o l d fema l e  neonates a fter · 
i nsert i on  and removal 4h l ater of a TP-fi l l ed cap su l e ( 2 . 5mm crystal  

l ength ) , or a fter i njection  of TP ( 90�g i n  o i l ) ;  and i n  growi ng 

fema l e  rats after neonata l  i mpl antat ion  wi th a TP-fi l l ed caps u l e 

( 2 . 5mm crysta l l e ngth ) wh i c h  was not removed ( chron i c  i mpl anta ti o n ) . 

The p l a sma ha l f- l i fe o f  te s tosterone est i mated a fter i mpl anta ti o n  wi th 

TP capsu l es was much shorter in adu l ts (lh ) than i n  neonates ( 8 . 6h ) . 

After TP i njecti on  to 3 day o l d rats the ha l f-l i fe was 48h and  �fter 

chro n i c  i mpl anta t i on of TP capsul es wa s 69h . 

Exposure of  foeta l rats to exogenous a ndrogen , ach i eved by s ubcutaneo u s  

i mp l a ntati on  o f  pregnant rats  wi th T P  capsu l e s  ( 3  s i zes ) for 24h or  7 2 h  

at  varyi ng s ta ge s  dur i ng ges tati on , d i d  n o t  a l ter  ovari an functi o n ,  

femi n i ne s exua l behavi our o r  growth, des p i te abnorma l deve l o pment  o f  

the externa l vag i na l open i n g  i n  rats exposed to T P  dur i n g  the l a s t  

6 days of  gesta ti o n .  
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Fema l e  rats a ged 2 ,  3 or  5 days g iven bri ef peri ods of  TP treatment 

by subcutaneous 2 . 5mm PDS TP-fi l l ed capsu l es , removed a fter 4, 8 or 

24h , were compared wi th rats gi ven 90�g TP by i njecti on  a t  the same 

a ges . Contro l of  gonadotroph i n  secret i on , a s  i ndi cated by ovari an 

morpho l ogy and cyc l i c  changes  i n  the vag i na l  e p i the l i um ,  was s ens i t ive 

to a l tera t i o n  by bri ef per i ods of  exposure to TP . Treatment on  days 

2 or 3 wi th 4h i mp l ants produced anovul atory s teri l i ty a t  90 days i n  

a t  l ea s t  50% of  an i ma l s .  Femi n i ne sexual behavi o ur , a s ses sed by 

l ordos i s  quoti e n t ,  wa s depres sed onl y by treatment l onger than 24h 

at any of the 3 ages . I njecti on wi th TP prevented ovul a t i on and 

depressed the l ordos i s  q uot i ent regardl ess  of  day of  treatment . 

Al though ana lys i s  of  var i ance demonstra ted an  i ncreased body wei gh t  

from 1 4  weeks  i n  rats i njected wi th T P  on  days 2 or 5 ,  regres s i on 

ana l ys i s d i d  not confi rm an  i ncreased growth rate . The externa l 

vag i na l or i fi ce was a l tered by 4h TP i mpl ants g iven on  days 2 or  3,  

but was una ffected by TP treatment of  any durat ion  g i ven on  day 5 .  

Testosterone prop i onate-fi l l ed caps ul es  ( 2 . 5mm) , impl anted i n  fema l e 

rats on days 2 ,  3 or  5 and not removed , prevented ovul at i on  and 

·abol i shed femi n i ne s exual behavi our . Adul t body we i ght  was severe l y  

reta rded by treatment commenci ng on  day 2 ,  b u t  not a l tered by treatmen t  

beg i nn i ng on  days 3 o r  5 .  

I t  can be concl uded from th i s  i nves ti gat i on  that the hypotha l ami c 

control of  gonadotroph i n  secreti on  i n  the fema l e  rat i s  i nsen s i ti ve 

to androgen prena ta l l y ,  and i s  very sens i ti ve 2 or 3 days after b i rth , 

when even br ief  ( e st imate of 28h exposure )  peri ods  of  treatment  are 

ab l e to prevent ovul a t i o n . The control of  femi n i ne s exual  behavi our 

i s  i nsens i t ive to  prenata l TP . Depress i on of  behavi our  appears to 

requ i re a l onger neonatal peri od of exposure to TP ( es ti mate of 48h 

mi n i mum expos ure ) than that requ i red to mod i fy gonadotroph i n secreti o n . 

S ti mul at ion  of  growth appears to be a vari ab l e feature of  the 

androgeni zed rat .  
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1 .  I NTRODUCT I ON 

CHAPTER 1 

A REVIEltl OF SEXUAL 

DIFFERENTIAT ION IN THE RAT 

Mos t  an i ma l  s pe c i es reproduce sexua l l y ,  a process wh i ch a l l ows geneti c 

materi a l  from one i ndi vi dua l  to be recomb i ned wi th geneti c materi a l  o f  

a nother . Th i s  occurs duri ng  the a l ternati ng  processes  of mei os i s  and 

ferti li zati on . The res ul ti n g  degree of geneti c vari at i on  i s  not pos s i b l e  

wi th a sexual reproducti on i n  whi ch  new cel l s  formed by mi tos i s  are 

geneti ca l l y  i denti cal  to the parent ce l l . Thus , i n  evol ut i onary terms , 

sexual  reproducti on  i s  advantageous  to the s urvi va l  of the spec i es 

s i nce i t  i ncreases geneti c vari at i on , the raw mater i a l  upon wh i ch 

natura l  se l ect ion  acts . 

Sexua l reproducti on  i n  h i gher an ima l s i nvol ves the fus i on of gametes 

from two i ndi vi dua l s  of oppos i te sexes . The anatomi ca l , phys i o l o gi ca l  

a nd  behavi oura l d i fferences wh i ch d i s t i ngui s h  the sexes a ri se duri ng 

foetal and po s tnata l  devel opment  by a process  of sexua l d i fferent i a t i nn .  

2 .  SEXUAL D I FFERENT IAT ION OF THE REPRODUCT I VE SYSTEM 

The mechani sms determi n i ng sex and effect i ng sexua l d i fferenti at i o n  have 

been wi de l y  s tudi ed  and the fi ndi ngs rev i ewed by many i nc l udi ng  Jos t ,  

V i gi er ,  Prepi n  and Perchel l et (1973 ) , W i l son ( 1978 ) , Short (1979 ) ,  

Wi l son , Gri ffi n and  George (1980 ) and  Wi l son , Gri ffi n ,  George and 

Lesh i n (1981b ) . 

Chromosoma l { genet i c )  sex , estab l i s hed a t  the t ime of ferti l i zat i on , 

determi nes gonada l sex but the presence or  absence of hormona l secret ion  

from the  foeta l  gonad governs deve l opmen t  of  phenotypi c sex . Credi t for 

e l uc i dat i on  of th i s  sequenti a l  pattern of  sexual d i fferent i a ti on i s  

l arge l y  due to Al fred Jost (see Jost  et aZ . ,  1973 ) . Jost•s experi ments 
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poi nt out  the a symmetry i n  s exua l deve l o pment of the ma l e  and  fema l e .  

H i s  hypothes i s that "at every step of sex di fferenti at i on  ma l eness has  

to  be  forced aga i nst  a bas i c  femi n i ne pro gram" i s  s upported by s tud i e s  

of  sexual d imorph i sm i n  the gonad , the geni tal tract ,  t he  external  

geni ta l i a a nd the centra l nervous sys tem . 

2 . 1  Geneti c Determi nati on  of Sex 

I n  mamma l s the ma l e  i s  the heterogameti c sex ( XY )  and the fema l e  i s  

homogameti c ( XX ) , the presence of a Y  c hromosome conferri ng ma l eness 

wh i ch i s  man i fe s t  earl y  i n  foeta l  l i fe by the appearance i n  the  

pri mordi a l  gonad of semi n i ferous tubul es . Unti l th i s  occurs ma l e  and  

fema l e embryos a re h i sto l og i cal ly  i nd i s t i ngui s habl e .  

2 . 2  D i fferenti a t i o n  of the Gonads 

A gene on the Y chromosome codes for a mal e- speci fi c anti gen , the H-Y 

anti gen , recentl y i denti fi ed  as a component of cel l membranes of mal es 

of a l l mammal i an s pec i es and  thought to i nduce tes ti cu l ar  d i fferenti at i on  

i n  t he  i nd ifferent gonad ( see rev i ews by Ohno , Naga i , C i ccarese and 

Iwata , 1979 ; Ha se l t i ne a nd Ohno , 1981 ) . Genes  on the X chromosome are 

a l so i nvol ved i n  test i cu l ar d i fferen t i a t i on and devel opment , and a uto­

somes p l ay a ro l e i n  gonada l devel opment  i n  both sexes (Wi l son , 1 978 ) . 

So , a l though the sex chromosomes defi ne  the sex of the i nd i v i dua l , 

autosoma l genes a re a l so i nvol ved i n  express i on of the mal e  or  fema l e 

features of the phenotype . 

The germ cel l s  or i g i na te i n  the endoderm of the yol k s ac and mi gra te to 

the geni ta l r i dge , wh i ch i s  the an l age of the gonad ( s ee rev i ew by 

Wi l so n , 1978 ) . H i s to l ogi cal  evi dence of organ i zat ion  appears much 

earl i er i n  the testi s than the ovary .  Accord i ng to Jost  and eo-workers 

( 1973 ) the Serto l i ce l l s  d i fferenti ate f i rst  and by swel l i ng  and mak i n g  

contact wi th eac h  other they come to s u rround the germ cel l s ,  thereby 

form i ng the future semi n i ferbus tubul e s . Di fferenti a ted Leyd i g  

( i ntersti t i a l ) ce l l s  a ppear shortly afte r .  The ovary ,  by contrast , 

rema i ns und i fferenti a ted unt i l l a ter i n  gesta t i on . 
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2 . 3  Formati on  of the Geni ta l  Tract 

Much of our understand i ng of the processes  i nvol ved i n  the deve l opment  

of the gen i ta l tract  must  be attri buted to  t he  research carri ed out  by 

Wi l son  and eo-workers . Thei r rev i ews (Wi l so n , 1978 ; W i l son  et al. , 

1 980 ; Wi l son , George and  Gri ffi n ,  1981a ; Wi l son et a l . , 1981b ) have 

furn i shed the mater i a l  on wh i c h th i s  summary of the d i fferent i a ti on  

a nd devel opment of  the  gen i ta l tract i s  based . 

Forma ti on  of the an l age of the i nternal gen i ta l  tracts proceeds i n  a n  

i denti cal fa sh i on i n  both ma l e  and fema l e foetuses . Two duct systems , 

Wol ffi an  and Mu l l eri an , a re formed and the se  s hare wi th the u r i nary 

tract  a common open i ng to the exter i o r .  

Dur i ng earl y devel opment the Wo l ffi an ducts a ppear fi rst  and pers i st i n  

the mal e  as the mascu l i ne gen i ta l  tract whi l e  the later formed Mul l er i a n  

ducts  regress . V i r i l i zati on  of the Wo l ffi a n  ducts produces a rete 

testi s ( connecti ng wi th the s emi n i ferous  tubul es of the testi s ) , 

e p i d i dymi s a nd vas deferens  . . 

I n  the fema l e the oppos i te process  occurs wi th the Mul l er i a n  ducts  

formi ng the i nterna l s tructures of the femal e (ov i ducts , uteru s and 

part of the vag i na ) and the Wo l ffian  ducts degenerati ng . 

The externa l gen i ta l i a  i n  both sexes devel o p  from the u rogeni ta l s i nu s  

a n d  u rogeni tal tuberc l e .  Thus there i s  an  i nd i fferent peri od  o f  

phenotyp i c  devel opment  when both duct systems are present i n  both ma l e 

and fema l e  foetuses . 

2 . 3 . 1 .  D ifferenti at ion  of the mal e gen i ta l  tract 

Removal of the gonads from foeta l  rabb i ts of e i ther sex before  the 

onset  of phenotyp i c  d i fferenti at ion  was s hown by Jost  and h i s co l l eagues 

( see revi ew ,  1973 ) to resul t i n  deve l opment of the fema l e phenotype . He 

regarded mascu l i ne d i fferenti a t i o n  a s  be i ng i mposed on  an i nherentl y 

fema l e pattern , a t  a n  ear ly  s tage , by testi cu l ar hormones . He further  

s uggested that two d i fferent secreti ons  from the testi s were respons i b l e  

for regres s i on of the Mu l l er i a n  ducts a nd for v i ri l i za t i o n  of the Wol ff i an 

ducts . 
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( a )  •anti  ··neri a n  hormone • 

Mul l er i a n  regress i on beg i ns soon after the fi rst  appea rance of 

semi ni ferous  tubul es i n  the  testi s .  Therefore , cel l s  of the  tubul e s  

seemed the l i ke l y  s ource o f  a factor cau s i ng degeneration of the 

Mul l er i an  ducts . I t  now seems certa i n  that • anti �ul l er i a n  hormone• 

i s  a g l ycoprotei n synthes i zed by the Serto l i ce l l s  ( Jo s so , P i card a nd 

Tran , 1977 ; P i card , Tra n  and Josso , 1978 ) . I t  i s  common to a l l 

mamma l i a n s pec i es and i s  secreted o n l y  duri ng foeta l  l i fe . The 

Mul l er i an ducts undergo antero-po steri or  degenerati on , and Josso  and 

her eo-workers ( 1977 ) have found that sens i ti v i ty to • a nt i-Mul l er i a n  

hormone • i s  exh i b i ted for a s hort • cri ti ca l  peri od• . Thi s occurs fi r st  

i n  cra ri i a l  segments and progres s i vel y i n  more cauda l segments . 

• Anti  "l l eri an  hormone • producti on  is  thus the fi rst  endocr i ne funct i on  

of  the testi s .  

( b )  androgen 

The onset  of v i r i l i zat ion  of the ma l e  Wol ff ian  ducts co i nc i des wi th 

the h i s tol og i ca l  d i fferent i a t i on of Leyd i g  cel l s  whose androgen product i on  

i s  bel i eved to be i ts cause . Stud i es of androgen metabo l i sm i n  rat ,  

rabb i t ,  gu i nea p i g  and human embryos ( see rev i ew by Wi l son  et al . , 198lb )  

have establ i s hed that a l though testosterone i s  re spons i b l e  for v i r i l fza­

ti on of the Wol ffi a n  ducts , i ts metabol i te 5-d i hydrotestos terone v i r i l i ze s  

the externa l geni ta l i a .  

Admi ni s trat i on  of exogenous androgen a t  a ppropri ate times  dur i ng 

gestat i on  wi l l  mimi c the mas cu l i n i zat ion  of the i nd i fferent phenotype 

by the foeta l  testi s ,  a nd fema l e rat embryos thus treated show s i gns  o f  

ma l e  gen i ta l  tract deve l opment ( S chu l tz and Wi l son , 1 974 ) . Anti -androgen 

trea tment at s imi l ar t imes wi l l  p revent Wol ffi an v i r i l i za t i on ( see 

Wi l son  et a l .  , 198lb ) .  . 

Recent in vitro exper iments have confi rmed that the tes tes  o f  

foeta l rabb i ts ( George , S impson , M i l ewi ch  and Wi l son , 1 979 )  and rats  

(Wa rren , Ha l tmeyer and  E i k-Nes , 1 973 ; P i con , 1976 ) are capab l e of  the  

de novo synthes i s  of testos terone at the  t ime of s exua l d ifferent i a t i on  

of the  Wo  1 ffi a n  ducts . -
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2 . 3 . 2 .  D i fferent iat ion  of  the fema l e geni ta l  tract 

Ma i ntenance of the Mu l l er i an  ducts and regres s i on of the Wol ffi a n  

ducts occur a s  the resu l t o f  absence of  a testi s and do  n o t  req u i re an  

ovary nor  the  XX  genotype . 

Despi te the appa rent absence of a rol e for oestrogen i n  gen i ta l  

tract d i fferenti a ti on , the foeta l  ovary acqui res the capa c i ty for . 

stero i d  hormone synthes i s  a t  the same age a s  the foetal test i s i n  the 

rabb i t  and human ( see rev i ew by Wi l so n  et  aZ . , 1980 ) . At thi s t ime the 

ovary i s  h i sto l og i ca l l y  und i fferent i a ted compared wi th the testi s .  

W i l son a nd co-authors ( 1 981a ) suggest that  because  oestrogen i s  

necessary for i mp l anta t i on a nd survi va l  of the embryo , oestrogen may 

be essenti a l  to l i fe i tsel f .  Any factor wh i c h  i nterferes wi th oestrogen 

synthes i s  or a c t i o n  mi ght b l ock  the i mpl antat ion of  the embryo and 

therefore be l ethal . Andro gen on the other hand i s  not necessary for 

surv i va l  of  the embryo . Several geneti c defects wh i c h  resul t i n  

i nadequate synthes i s  of testo s terone have been i denti fi ed i n  humans , 

and s tudi es of affected i nd i v i dua l s have contri buted to u nderstand i ng 

of the ro l e  p l ayed by androgens i n  foetal sexua l devel opment ( see 

rev i ew by Wi l son  et a Z . , 1981b ) . 

Oestrogen, formed i n  the ovary before h i stol ogi cal  d i fferent iati on  

i s  a pparent , may parti ci pate l ocal l y  i n  d i fferent i a ti on  of  the  gonad 

i n  a manner s i mi l ar to that of testosterone i n  the test i s (Wi l son et a Z .  ,-

1981a ) . W i l so n ' s  group s uggests that oestrogen and progesterone may a l so 

be i nvol ved i n  growth and devel opment of the i nterna l  gen i ta l i a  of the 

fema l e  duri ng l a ter pha ses of  embryogene s i s even i f  not requ i red for 
the i r  d i fferen t i a t i on . 

t . 
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3 .  SEXUAL D I FFERENTI ATION OF THE BRA IN  

3 . 1  Ro l e  of  the Hypothal amus i n  Reproducti ve Functi on 

Textbooks  of phys i o l ogy ( see for examp l e Mountcastl e ,  1 974 ; Ganong , 

1979 ) empha s i ze the central  rol e of the hypothal amus i n  enab l i ng the 

an ima l  to ma i nta i n  homeostas i s ,  to respond to change i n  i ts envi ronment  

and  to  carry out  s pec i f i c  functi ons . 

Through i ts afferent connect ions  from other parts of the bra i n ,  the 

hypotha l amus recei ves i nforma t i o n  from the sense organs  about a l terat i on s  

i n  thi i nternal a nd external envi ronment . I ts control over body fu ncti ons  

i s  exerted through the  endocr i ne ,  autonomi c ,  hypothal amo- hypophyseal  a nd 

somat i c neura l  efferent  systems . Wh i l e  i t  i s  d iffi cu l t to adequatel y  

descri be i ts mu l ti tude of ro l es - some d i ffuse  and i ntegrat i ve , others 

s pec i fi c - i t  has been sa i d  that the hypothal amus i s  . . i nfl uenced d i rect ly  

or  i nd i rect ly  by a l mo s t  a l l parts of  the bra i n ,  wh i l e  i t  i n  turn  can  

mod i fy v i rtual l y  a l l body functi ons  . .  ( Brooks  and  Ko i zumi , 1 974 ) . 

Among i ts ma ny fu nct ions are those of control and co-ord i nat i on  of  

sexua l  reproducti on  and , i n  th i s  respect , hypothal ami c functi on  i n  the 

fema l e i s  d i fferent from that i n  the ma l e  a n i mal . Two aspects of 

reproducti on  i n  whi ch the hypotha l amus i s  i nvol ved are the rel ease  of  

gonadotroph i ns from the anteri or  p i tui tary and sexual  behav i our . These  

two parameters therefore become sexua l l y  d i fferenti ated duri ng devel op­

ment . 

3 . 1 . 1 .  Control of anteri or  pi tu i tary secreti on  

Control of secretion from the anter ior  p i tu i tary i s  wel l u nderstood 

( Ganong , 1 979 ) . Spec i a l i zed hypotha l am i c  ce l l s ,  wi th mu l ti p l e neura l  

i nputs , secrete hormones whi c h  e i ther s t imu l ate or  i nh i b i t  ( re l ea s i ng 

or  i nh i b i ti ng hormones ) the s ecret ion by the anter i or p i tu i tary of  

spec i fi c p i tu i tary hormones .  T he  rel ea s i ng (or  i nh i b i t i ng ) hormones 

reac h  the anteri or p i tu i tary by pa s s i ng a l ong the hypotha l amo­

hypophyseal  porta l  system . S i nce i t  has  not been pos s i b l e to separa te 

d i fferent hormones contro l l i ng secreti on  of the two gonadotroph i n s , 
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fol l i c l e s t imul a t i ng hormone ( FSH ) and l u tei n i zi ng hormone ( L H ) , i t  i s  

bel i eved tha t  the  one gonadotroph i n-rel ea s i ng hormone i s  respons i bl e  for 

e l i c i t i ng rel ea se  of both . 

The adul t ma l e  a n i ma l  s�cretes gonadotroph i ns at  a fa i r l y  constant 

ra te , wi th consequent conti nuous sexua l act i v i ty ,  duri ng  the mat i ng 

season . I n  contra s t , a l l adul t mamma l i a n  fema l es show cyc l i c  sexua l 

act i v i ty ,  seen a s  regu l ar cycl es i n  ovar i an functi on , u teri ne l i n i ng ,  

vag i nal  ep i thel i um a nd sexual behav i our . The hypotha l amus i s  respons i b l e  

for th i s  peri od i c i ty whi c h  represents a bas i c  d ifference between ma l es 

and fema l es .  

3 . 1 . 2 . Contro l  of sexual behav i our  

The i nvol vement  of the  hypotha l amu s i n  reproduct i on  i nc l udes a n  

i mportant ro l e i n  i n i ti a t i ng and co-ord i nat i ng  sexua l  behavi o u r . In 

adu l t fema l e  ra ts , 'oestrous '  or  mat i ng behav i our i s  d i sp l ayed onl y 

duri ng the ovu l atory stage of the oestrous  cycl e ,  a s  a consequence of 

the sequenti a l  exposure of the bra i n  to oestrogen and proges terone from 

the ovary ( Gors k i , 1979 ) . I n  the adul t mal e  rat ,  characteri st i c ma l e  

mat i ng behavi o ur patterns can be e l i c i ted conti nuou s l y  fo l l owi ng  the  

st i mul us of a recept i ve fema l e .  

3 . 2  Rol e of Androgen i n  Sexua l D i fferenti at i on  of the Hypotha l amus 

J u s t  as  the u nd i fferenti ated gen i ta l  tract  fol l ows an  i nherent ly  fema l e  

pattern of devel opment un l ess  testi cu l ar secreti ons a re present  to 

i mpose d i fferent i a t i o n  of the ma l e  phenotype , so the hypotha l ami c 

functi on  i s  ab l e to be d i verted by androgen from a ba s i ca l l y  fema l e 

pattern to that of a ma l e type . 

Rev i ews of the research w h i c h  has l ed to current concepts of s exual 

d i fferent i at i o n  of the centra l nervous  system i ncl ude those by Harr i s ,  

1964 ; Barrac l ough , 1966 ; Fl erko , 1971 ; Gorsk i , 1 971 , 1979 ; L i eberburg , 

Maclusky ,  Roy a n d  McEwen , 1 978 ; McEwen , 1980 , 198 1 ; Arnol d ,  1 980 ; 

Maclusky and Naftol i n ,  1 981 . The rat has been the pri nc i pal  exper imental 

a n i ma l  u sed i n  thi s area of research and consequent l y  the processes  of 
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s exua l d i fferent i at i on  are understood best i n  th i s  s pec i es but  may 

a ppl y to other s pec i es . 

The revi ews c i ted above acknowl edge the ori g i na l  contri buti ons  by 

Pfei ffer ( 1936 ) whose  seri es  of experiments on  neonata l rats provi ded 

the ba s i c  hypotheses wh i ch l ater i nvesti gat i ons  have c l ar ifi ed and 

expanded . 

The res ul ts of Pfe i ffer • s  exper iments have been summari zed by Harri s 

( 1964 ) : 

11 1 .  Ma l e  rats castra ted at b i rth , and transp l a nted wi th a n  

ovary when adu l t ,  s howed the capac i ty to form corpora 

l u tea i n  thi s ovari a n  t i s s ue .  

2 .  Fema l e rats ovari ectomi zed at  b i rth , and i mpl anted w i th 

an  ovary when adul t ,  showed norma l e strous cyc l es and 

corpora l u tea forma t i on . 

3 .  Ma l e  rats i n  wh i ch the testes were transpl anted i n to the 

neck regi on  at b i rth , a nd wh i ch were i mpl anted wi th a n  

ovary vo�hen  adul t ,  s howed n o  capac i ty t o  form corpora 

l u tea i n  the ovari an  t i s s ue . 

4 .  Many fema l e  rats i nto whi c h  testes were transp l anted at  

b i rth fa i l ed to s how any s i g n of  e strous  cycl es  when 

they became adu l t ,  but entered a s tate of con s tant 

vagi nal  estrus and fa i l ed to s how the forma t i o n  of  

corpora l u tea i n  the ova r i es . .. 

Pfe i ffer conc l uded that at b i rth the anter i or  p i tu i tary i n  both mal e 

and fema l e  rats wa s u nd i fferenti a ted , wi th an  i nherent capac i ty to 

secrete gonadotroph i ns  i n  a cyc l i c  fash i on . If a testi s were present  

at  b i rth , th i s  pattern cou l d be a l tered so that  constant  gonadotro ph i n  

secreti on occurred . Subsequent resea rc h  ( Harri s ,  1937 ; Hater i u s  and  

Derbysh i re ,  1 93 7 )  revea l ed the rol e  of  the hypothal amus i n  contro l l i ng 

secret ion  from the anteri o r  p i tu i tary a nd l ed to the hypothes i s accepted 

today , that thi s part of the central nervous  system d i fferenti ates 
funct i ona l l y ,  u nder the i nf l uence of androgen from the foeta l and 
neonata l testes , to cause  the ton i c  gonadotroph i n rel ease pattern 

typ i ca l  of the ma l e .  Pfei ffer•s resu l ts were reproduced i n  rats 
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using a sing l e injection of  testosterone propionate ( TP ) , confirming 

that androgen was the active test i cu l ar  component ( Barrac l ough , 196 1 ) . 

Research which fol l owed ( Harris and Jacobsohn ,  1952 ; Sega l and  Johnson , 

1959 , a s  c i ted by Gorsk i , 1966 ) proved that  it was not the a nterio r  

pitui tary whi ch  was permanentl y a l tered by exposure t o  androgen , s i nce 

transp l antation of the anterior p i tuitary from an androgen- treated 

fema l e rat to a norma l ovariectomi zed fema l e rat resu l ted in normal 

p i tuitary function . The ovaries of andro genized fema l e rats wou l d  

a l so functi on  norma l l y  and produce corpora l u tea when transp l anted into 

ovariectomi zed , but  otherwi se  norma l , fema l e  rats ( Harris and Lev i ne ,  

1 965 ; Gorsk i , 1966 ) . 
· Furthermore , androgen-steril i zed rats  { primed 

wi th progestero ne ) cou l d  be i nduced to ovu l a te by el ectri cal  s timu l a tion 

of the hypotha l amus ( Barrac l ough and Gorsk i ,  196 1 ) , confi rmi ng that the 

anterior pitui tary wa s ab l e to rel ease s uffic i ent l u tei n i z i ng hormone 

for ovu l ation and  tha t the  ovari es were ab l e to  respond . The weight of  

the above evi dence therefore emphasizes the hypotha l amus a s  the s i te of  

sexua l d i fferenti a tion of the control of  gonadotroph i n  secretio n .  

These ear ly  stu d i e s  demonstrate that the pattern o f  sexual differentiation 

of  the hypotha l amus can be experimenta l l y  man i pu l ated duri ng the neonatal 

per i od by a l tering the rat ' s  androgen s ta tu s . Ma scu l i ne hypotha l amic 

functi on  may be conferred on a fema l e an ima l  by admi ni strati on  of  

testos terone dur i ng the first  few days o f  l i fe a nd  castration of  the 

ma l e  a n i ma l  immed i a te ly  a fter b i rth induces  a femi n i ne pattern in 

reproducti ve functions  contro l l ed by the hypotha l amus . The treatment 

of the neonata l fema l e  rat with testosterone is bel i eved to mimic the 

mascu l in i z i ng proce sses which occur natura l l y  in the ma l e  rat ,  and so  can  

be viewed as  a model  for s tudying the  mechanism by which testicu l ar 

hormones  impose on  the undifferentiated hypotha l amus a pattern of  

devel o pment c haracteri sti c o f  the ma l e  ( Gorski ,  1966 ) .  

The terms ' organizational • a nd • activational 1 are u seful for differen­

tiating two different effects of  testosterone . The rol e  of  testo sterone  

in impos i ng permanent changes during these devel opmenta l s tages  may be  

considered a s  an  ' organizationa l  1 effect .  I n  adu l t l ife testosterone 

induces  s pecific changes which di sappear on withdrawal of the horn1one 

a nd in this manner exerts ' activa tiona l • e ffects . The organizationa l  
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effects  of  testo s terone may incl ude some a l teration to the way in which 

the anima l responds  to the a ctivationa l effects of the hormone . 

3 . 2 . 1 .  The  androgenized fema l e rat 

The terms ' a ndrogenized' or ' androgen-steril ized ' are common ly  used 

to describe the fema l e  rat which has  been treated with an  androgen , 

us uall y testos terone propiona te , during the first few days of l ife. 

The fo l l owing  description of an anima l so treated is ba sed on the 

reviews l is ted at the beginning of Section 3 . 2  ( Chapter  1 ) . 

The  c l a s sica l  androgenized rat is a heal thy genetic fema l e ,  l a rger 

than its non�androgenized sis ters , which fail s to ovu l ate and does not 

show typica l  oestrous behaviour . The ovaries , when examined a fter 

puberty , co ntain many fo l l ic l e s  but no corpora l u tea a nd are sma l l er 

than those of control a nima l s .  Dail y smears of the vagina l epithel ium 

show a pattern o f  persistent cornification rather than the four  or five 

day cyc l ic pa ttern of the norma l fema l e rat .  When tested with a s exua l l y  

mature ma l e  rat ,  the adu l t androgenized rat does not disp l ay the typica l  

ear-wiggl ing a n d  darting of an  oestrou s  fema l e rat . I t  u s ua l l y  fail s to 

exhibit l ordos is when mounted by the ma l e  and often aggres sive l y  resis ts 

his a ttempts to moun t .  This fail ure to show norma l feminine sexual 

behaviour occurs whether she is intact  or  whether she ha s been treated 

with oestrogen and  progesterone fol l owing ovariectomy . When primed with 

testos terone a s  an adul t ,  the ovariectomized androgenized rat s hows more 

evidence of ma l e  type behaviour than the norma l fema l e .  

3 . 2 . 2 .  Steroid . hormone production by foeta l and neonata l  gonads 

( a ) testis 

Differentiation of the ma l e  a nd fema l e brain , a s  a resu l t of  

different hormona l  environments during a critica l perinatal  period of  

devel opment , requires that t he  testis o f  the ma l e  rat produces androgen 

around the time of  birth and  that fema l e rats l ack  androgen . 

The rat tes tis produces  two distinct generations  o f  Leydig cel l s  

( Roosen-Runge a nd Anderson , 1959 ) ; the first is s een  during foeta l a nd 
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neona ta l  l i fe and  the s econd beg i ns a t  pube rty .  Recent publ i s hed 

research ( see bel ow ) ha s establ i s hed that s tero i d  producti on  i n  the 

testi s co i nc i de s  w i th the presence of  these two generat i on s  of  Leyd i g  

cel l s ,  and  that the mal e  rat has  h i gh concentrations of  tes tos terone i n  

the bloodstream duri ng i ts l a te prenata l  and early pos tnatal  l i fe .  

Resu l ts  o f  in vitro experi ments suggest  that testos terone product ion  

i n  the ra t tes t i s begi n s  a s  ear ly  a s  14-15  days of  gestati on ( P i con , 

1976 ; Fe l dman and  Bl och ,  1978 ) . I t  conti nues  to i ncrease , reach i ng a 

peak around 1 7 -20  days (Warren et al . , 1973; P i con , 1976 ; Fel dman and 

Bl och , 1978 ) , wh i ch corresponds wi th the pattern of pl a sma testosterone 

concentrat i on s  ( S l o b ,  Ooms and Vreeburg , 1980 ; We i sz and Ward , 1980) . 

Mea surements i n  pl a sma before 16 days of ges tat ion are not currentl y 

feas i bl e becau s e  of the smal l b l ood  vol ume i n  earl y foetuses  (Wei sz 

and Ward , 1980 ) . 

Correspond i ngl y ,  Roosen-Runge and Anderson ( 1959 ) d i scovered that 

the Leydi g cel l s  d i fferent iate morphol og i ca l l y  at 1 5 . 5 - 16 . 5  days , reach 

a max imum number  at 19  days of  ges tat i on and the growth rate then 

decl i ne s  unti l b i rth w hen a regres s i on resu l ts i n  the nad i r of  the i r  

co l l ecti ve vol ume ( i n  a bsol ute a nd rel at i ve terms ) at day 4 of  l i fe . 

S imi l arl y ,  Lord i ng and de Kretser ( 1 972 ) reported that the p roporti on 

of  the test i s occup i ed by Leyd i g  cel l s  i s  max i mal at  18 days of  

gestat ion  a nd decl i nes  thereafter to  a mi n i mum duri ng t he  s econd 

postnata l  wee k . 

Tes tostero ne co ncentra t i on s  are h i gher i n  mal e  rat foetu ses  than 

i n  femal e s  ( Turkel son , Dunl ap , MacPhee a nd Geral l ,  1977 ; S l ob , Ooms 

and Vreeburg , 1 9 78 , 1 980 ; We i sz and Ward , 1980 ) . However ,  a pprec i ab l e 

l evel s of  tes to s terone have been meas ured i n  the fema l e foetus 

(Turkel son  et a l . , 1977 ; We i s z �nd Ward , 1 980)  wi th some overl a p  of 

i ndi v i dual  ma l e  and femal e va l ues  at a l l a ge s  (Wei s z  and  Ward , 1980 ) . 

I n  the f i rs t  few days of l i fe ,  b l ood testosterone concentra t i o n s . i n  

ma l e  rats have been found to be con s i s tentl y h i gher than  i n  fema l e s  

( Dohl er and  Wuttke , 1 975 ; Turkel son et al . , 1977 ; Corb i e r ,  Kerdel hue , 

P i con  and  Roffi , 1978 ; Butte , Moore and  Ka k i hana , 1 9 79 ; Forest , 1979 ; 

L i eberburg , Krey and McEwen , 1 979 ; Pan g ,  Caggi ul a ,  Gay , Goodman and 
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Pang , 1979 ; S l ob et  a l . ,  1980 ; We i sz a nd Ward , 1980 ; Anderson , 

Fat i n i kun a nd Swi ft , 1 982 ) a l though aga i n mea surabl e l evel s were found  

i n  fema l e s . A surge of  tes tosterone has been measured i n  ma l e  rats at  

va ri abl e t imes w i th i n  t he  fi rst 48 hours of  l i fe ( Corb i er e t  al . ,  1 978 ; 

S l ob et al . ,  1980 ; Gogan , Sl ama , B i zz i n i - Ko u tznetzova , Dray and Kordon , 

198 1 ; Anderson et al . ,  1 982 ) , but  not i n  fema l e rats  ( S l ob  et al . ,  1980 ; 

Anderson et al . ,  1982 ) . B l ood testos terone concentra t i ons  i n  the ma l e  

rat fal l duri ng the fi rst days o f  l i fe and  remai n l ow u nti l puberty 

( Fore s t ,  1979 ; Pang et  al., 1979 ; S l ob et al .,  1980 ; Wei s z  and  Ward , 

1980 ; Corpechot , Bau l i eu a nd Robel , 1981 ; Gogan et a l . ,  1 981 ) . 

L i eberburg a nd eo-workers ( 1 979)  castrated neonatal  ma l e  rats and  

found tha t p l a sma tes tosterone concentra t i ons were reduced to  wi th i n  

the femal e  range , hence i t  seems that the te stosterone measured i n  the 

bl ood of neonata l ma l e  rats i s  of tes ti cu l a r  ori gi n .  

( b )  ovary 

M i l ewi ch , George and Wi l son  ( 1977 ) have demonstra ted the abi l i ty 

of the foetal rabbi t ovary to synthes i ze oes trogen , the onset of wh i ch 

devel ops about the same t i me a s  devel opmen t  i n  the foeta l rabb i t testi s 

of  the enzymat i c a b i l i ty to synthes i ze tes to s terone . Th i s  occurs before 

h i s to l og i cal d i fferenti ati on of the gonads  �nd fo l l ows the appearanc� of  

secretory granul es i n  Ra thke ' s  pouch , t he  an l age of  the adenohypophys i s .  

There i s  no evi dence tha t oes trogen produced by the ovary has a ro l e  i n  

embryogenes i s ,  al though the a utho rs sugge s t  that i t  may act wi th i n  the 

ovary i tsel f .  No report of  comparabl e work i n  the rat i s  known t o  thi s 

wri ter .  

3 . 2 . 3 .  The a romat i zat i on hypothes i s  

S i nce exogeno u s  tes tosterone admi n i s tered to neonatal femal e  rats 

causes  androgen i zat i on , i t  was natura l l y  a s s umed that testosterone i s  the 

hormone acti ve i n  norma l ma scu l i n i zati on of the hypotha l amus .  However ,  

oestrad i o l  i njected i nto neonatal  fema l e rats a l so causes  and�gen i zati on , 

and a t  a l ower dose rate than testosterone ( Gorsk i , 1963 ) . I t  i s  now 

con s i dered that oes tradi o l , formed by the aromati za t i o n  of  tes to s terone , 
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i s  the hormone wh i c h  i nduces the devel opment i n  the hypothal amus o f  

' mascu l i ne '  patterns of  control of  gonadotroph i n  secret i o n , sexua l  behavi our  

and  growth . Th i s  a pparently paradoxi ca l  premi se  i s  s upported by severa l 
l i ne s  o f  evi dence . 



Androgens  such  a s  d i hydrotestosterone , whi ch cannot be aromati zed 

to oestrogen , are i neffecti ve i n  caus i ng androgeni za t i o n  ( Lu ttge a nd 

Wha l en ,  1 970 ; McDona l d  and Doughty ,  1974 ; Hha l en a nd Rezek , 1974 ; 

Booth , 1 977 ) . Oestrogen antagon i sts and i nh i b i tors o f  aromati zati o n  

i nh i b i t the testo s terone - i nduced mascul i n i za t i o n  (Mc Dona l d  a n d  Doughty , 

1973/74 ; McEwen , L i eberburg , Cha pta l and  Krey , 1977 ; Booth , 1979 ) . 

Aromatase  act i v i ty ha s been demonstrated i n  neonatal rats  i n  central 

neuroendocri ne ti s sues  known to be i nvol ved i n  reproducti ve function  
-- ' . 

( Naftol i n ,  Ryan ,  Dav i es , Reddy , Fl ares , P etro , Kuhn , Whi te , Takaoka 

and Wol i n ,  1975 ) and 3 H - l abel l ed oestrad i ol ha s been recovered from 

l imb i c  a nd hypotha l ami c bra i n  t i s s ue of neonatal rats  a fter s ubcutaneous  

i njec t i o n  of  3 H - l a bel l ed testo sterone ( L i eberburg and McEwen , 1 975 ) . 

I ntranucl ear·oestrogen bi nd i ng s i tes are present i n  the bra i n s of  3-day 

o l d rats , and  thei r cel l nucl e i  i n  the hypothal amus retai n more oestrogen 

than other bra i n  reg i on s  ( Mc Ewen , P l ap i nger , Chapta l , Gerl ach and Wa l l ac h , 

1975 ) . 

Rat foetuses  of  both sexes are exposed to oes trogens  from the 

pl acenta and maternal c i rcu l ati o n , and h i gh  concentra t i ons  of oestrogen 

have been meas ured i n  i nfanti l e  fema l e rats (Wei sz and Gunsal u s , 1 973 ; 

Oj eda , Ka l ra a nd McCann , 1975 ) . However ,  i t  appears that foetuses  and 

neonates are p rotected from endogenous oestrogens by an oestrogen 

bi nd i ng prote i n  known as  a-foetoprotei n .  

Th i s  prote i n  i s  found i n  the bl ood and bra i n  of  both ma l e  and femal e  

foetuses a nd neonates  ( Raynaud , Merci er-Bodard and Bau l i eu ,  1971 ; 

Pl ap i nger , McEwen a nd Cl emens ,  1 973 ; Al i ,  Kau l  and Sah i b ,  1981 ) . S i nce 

a-foetopro te i n  does not b i nd testosterone , a nd i ts oestrogen -b i ndi ng 

capac i ty can  be overwhel med by l arge doses  of  oestrogen , admi n i s tra t i o n  

o f  testosterone or  pharmaco l o�i ca l  amounts of  oestrogen t o  t h e  femal e  

neonate can  cause  mas cu l i n i za t i o n  of the hypothal amu s . Benno and 

Wi l l i ams ( 1978)  and Toran-Al l erand ( 1978 ) report that a-foetoprotei n  

a l so a ppears i ntracel l u l ar ly  i n  neonata l rat bra i n ,  but  not i n  the cel l s  

known from autorad i ographi c s tu d i es to conta i n  oestrogen receptors . 

Neonata l  mi ce have been rendered anovul atory by the i ntracra n i a l  

i nj ect i on of  ant i bod i es to  a-foetoprote i n ( M i zejewsk i , Vonnegut a nd 

S imon , 1 980) presumab ly  becau s e  the ant i body-bound a-foetoprote i n  i s  
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u nab l e to protect the hypothal amus from the 'androgenizing • effects o f  

c i rc u l a ti ng endogenous  oestrogen . 

I t  therefore seems l i ke l y  that the peri nata l  fema l e rat is 

protected from the a ndrogen i zi ng effects of c i rcu l ating oes trogens by 

a-foetoprotein . Exogenous  testosterone or  l arge doses of  oestrogen may 

s ti l l  reach  the hypotha l amus where the testo s terone can be aromatized 

intrace l l u l ar ly  to oestro gen . Oestrogen receptors i n  the cytopl a sm of  

target cel l s  comb i ne wi th oe s trogen to  form a comp l ex wh i c h enters the 

nuc l e u s  a nd i nfl uences cel l acti vi ty .  Te sto s terone from the neonatal 

and foeta l testes acts  the.same way i n  the ma l e  rat a fter i ts aromatiza­

t i on  to oes trogen i n  the rel evant cel l s  of  the hypotha l amus . 

3 . 2 . 4 .  Hypotha l a�i c regi ons  i nvol ved i n  sexual d i fferentiation 

Once i t  had been e sta b l i shed that the hypotha l amus wa s the ti s s ue 

wh i c h  was permanently al tered by expos ure of the neonatal rat to 

a ndrogens , Barrac l ough and Gorsk i  ( 1961 ) undertoo k to defi ne the hypo­

tha l am i c  regi on i nvol ved . I n  the course of the i r  i nves ti ga t ion  they 

accumu l ated evi denc e  for a dua l hypotha l ami c control sys tem for ovu l a tion . 

A reg i on around the arcuate-ventromed i a l  nucl e i  of  the med i an emi nence 

i s  respons i b l e  for the ma i ntena nce of a toni c d i s charge of gonadotrophin , 

suff i c i ent to ma i nta i n  oe.s trogen product ion  i n  the ovary .  The cycl ic 

re sponds to appropri ate envi ronmenta l and hormona l st i mu l i a nd activates 

to cause an ovu l atory d i s charge of 

of 

control centre i n  the preoptic area differentia tes in the presence of 

and rogen , becomi ng  refractory to  intri ns i c  a nd extrins i c  activation so  

that a toni� pattern of gonadotroph i n secretion res ults . 
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3 . 2 . 5 .  Morpho l ogica l  evidence o f  s ex d i fferences in the centra l 

nervous system 

Severa l  s cienti s ts have l ooked for and found evi dence of sex 

d i fferences in the centra l nervous system . 

Ra i sman a n d  F ie l d ( 1973 ) showed , by e l ectron mi croscop i c  s tudies , 

a s exual  d i morp h i sm i n  the synapses  on  dendri ti c sp i ne s  i n  the preoptic 

area . Th i s  wa s s uscepti b l e to a l tera t i o n  by neonata l testosterone in 

the fema l e ,  or castrat ion  o f  the neonatal ma l e  rat .  

Other neuro-anatomi cal and b i ochemi cal differences arising a s  a 

re su l t of  androgen i zati on of  the fema l e  or as  a consequence of norma l 

s exual  d i fferenti ati on  have been reviewed by Toran-Al l erand ( 1978) . 

The most  e xc i ti ng d i scovery i n  th i s  fie l d i s  that of  Gorski , 

Gordon , Shryne a nd Southam ( 1978 ) who descri bed a gro s s  morpho l og i ca l  

s e x  d i fference i n  the med i a l  preoptic area of the rat brai n .  This 

para l l e l s  the f i ndi ng of sexual d i morphi sm i n  vocal contro l area s of 

the songbi rd bra i n  ( Nottebohm and Arno l d ,  1 976 ) . The s exua l l y  d imorphic 

n uc l eus  ( SON ) reported by Gorsk i  and h i s co l l eagues i s  s uffi c i entl y  

obvious  to a l l ow sexi ng , by exam i nati o n  wi th the naked eye , o f  a histo­

l og i ca l  sect i o n  of  rat bra i n .  The norma l ma l e  SON has a s i gn i fi cantl y 

l arger vol ume than the fema l e  SON due  to the mal e  nuc l eus  having many 

more neurons ( Gorski ,  Harl an , Jacobson ,  Shryne and Sou tham ,  1 980 ) . 

Manipu l a ti on of the neonata l  hormone envi ronment ( by castration " 

of  the 1-day o l d ma l e  rat or admi n i s trat ion  of  TP to the 4 -day o l d 
* 

fema l e rat )  a l ters the vol ume of  the nuc l eus . Te stos terone prop i onate-

treated fema l e s  have a l arger SDN than control fema l e s  and i n  ma l es 

ca strated at  1 day of age , the SON does not achi eve the d i men sions  of  

the  con tro l ma l e .  Whether or not this nucl eus has a s pecific ro l e  in 

the reproductive process remains to be discovered . 

3 . 2 . 6 .  The  concept of the •critica l period• 

One of the  s triking points to emerge from this s ummary of the 
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research i n to many aspects of  the sexual  d i fferenti a t i o n  o f  the 

hypotha l amus of  the wh i te rat i s  the ex i stence of a s hort  cri ti cal  

peri od . On ly  d ur i ng  th i s  per i o d  may the pattern of devel opment of 

future hypotha l ami c functi on  be a l tered by androgen . The durat ion  of 

the cri ti cal  per iod  however defi e s  prec i se  defi n i t ion . The d i fferent 

hypotha l ami c funct i ons wh i c h  d i fferenti a te accord i ng to sex may be 

s ens i ti ve to androgen at  d i fferent hormone concentra ti ons  and over 

d i fferent t i me s pans . Wi th i n  these t ime spans there may be a t ime 

o f  max imum sens i ti v i ty dur i ng wh i ch a l ower concentrat i on  of  androgen 

wi l l  ma scu l i n i ze the funct i on , wh i l e  at  an earl i er or l a ter peri od the 

hypotha l amus may s t i l l  be i nfl uenced by supraphys i o l og i ca l  doses  o f  

androgen . The phenomenon of the cri t ica l  per i od mu s t  be v i ewed from 

d i fferent  angl e s  - the age of the an i ma l  at i ts ons e t ,  i ts durati on , 

the dose of hormone admi ni s tered and i ts pers i s tence wi th i n  the body , 

and the endpo i nt bei ng measured . Gorsk i  ( 1968)  has poi nted out  the 

pos s i b i l i ty of parti a l  a ndrogeni zat ion  i n  hi s descri pti on  of the 

de l ayed anovu l a t i o n  syndrome ( des cri bed i n  Secti on 4.2 . 1 ,  Cha pter 1), 

cauti on i ng that the age at observat ion  o f  the funct i on bei ng i nvesti gated 

must  be con s i dered . 

Max ima l  sens i t i v i ty to gonadal hormones may be assoc i ated wi th a 

parti c ul ar s tage of neurona l  matura t i on . I n  the rat many of the hypo­

tha l ami c structures thought to be i nvol ved i n  sexua l d i fferent i a t i on 

are poorl y d i fferenti ated at  b i rth ( Toran-Al l erand , 1978 ) . 

3 . 2 . 7 .  I ndependence of d i fferent i a ti on of  hypotha l ami c funct i on s  

Sexua l d i fferenti at ion o f  the neura l t i ss ues contro l l i n g  sexual  

behav i our has  been demo nstra ted to be i ndependent of the  d i fferent i a t i on 

of  the contro l mechan i sm for gonadotro ph i n  secreti on  ( Barrac l ough and 

Gors k i , 1962 ; Mu l l i ns and Lev i ne ,  1968 ; C l emens , H i ro i  and Gors k i , 

1969 ; Luttge a nd Wha l en ,  1 97 0 ;  Vreeburg , van der Vaart and van der 

Schoot , 197 7 ;  Chri stensen and  Gors k i , 1 978; Booth , 1979 ; Gors k i , 

Chri s tensen a nd Nance , 1979 ) . Fema l e rats treated neonata l l y  wi th l ow 

doses  of  androgen , a l though l ack i n g  corpora l u tea i n  the i r  ovari e s , may 

sti l l  be sexua l l y  recepti ve when adul t .  
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Becau se  the doses  of  androgen req u i red to i nduce depre s s i o n  of  

fema l e  behavi ou r  are h i gher than those req u i red to produce anovu l atory 

s teri l i ty ,  fema l e s exua l  behav i our a ppears to be more res i s tant  to 

neonata l  hormone exposure than the contro l of ovul ati on  ( Chri stensen 

a nd Gors k i , 1 978 ; Gorsk i  et aZ . , 1979 ) . Mod i fi cati on  of  behav i our  may 

req u i re a l onger per i od of exposure to androgen , s i nce a novu l ati on­

i nduc i ng do se s  of free testosterone , whi ch has  a shorter durat i on  o f  

act{on than the prop i onate ester , fa i l s  to suppres s femi n i ne behavi our  

( Luttge and  Wha l en , 1 970 ; McDonal d a nd  Doughty ,  1974 ) . 

Femi n i ne and mas cu l i ne sexual behav i our  can al s o  be i ndependentl y 

d i fferenti ated , s o  that i t  i s  poss i b l e  for the same rat to s how wel l 

devel oped patterns o f  both mascu l i ne and  femi n i ne behav i our ( Harri s ,  

1 964 ; Nad l er ,  1969 ; Vreeburg et a Z . , 1977 ; Booth , 197 9 ;  Dav i s ,  

C haptal and  McEwen , 1979 ) . 

3 . 3  Summary 

The hypotha l ami c control of gonadal  functi o n ,  sexual  behav i our  and some 

a s pects of growth d i ffers between ma l e  and femal e rats. Exposure to 

aromati zabl e a ndrogen or oes trogen du ri ng a cri t ica l  peri nata l per i od  

w i l l  res u l t i n  ma scu l i ne patterns of  gonadotroph i n  rel ea se , s exua l 

behavi our and growth i n  adul thood . The testes of foetal  and  neona ta l  

rats synthes i ze appreci abl e amounts o f  testos terone . Protecti on  of  

the  foeta l  bra i n  from the androgen i z i ng effects of materna l and  

p l acenta l  oestrogen may be  due to the  oestrogen-bi nd i ng a- foetopro te i n  

i denti fi ed i n  the b l ood and bra i n  o f  rat foetuses o f  both sexes . The 

neonata l  fema l e rat treated experi menta l l y  wi th adequate doses of  

testosterone wi l l ,  when  adul t ,  be  anovu l atory , fa i l  to  d i sp l ay normal 

fema l e behav i our  and grow l arger than i ts u ntreated counterpa rts . I t  

prov i de s  a model  for mascul i ne hypotha l ami c d i fferenti at i o n .  These 

functi ona l  cha nges are accompan i ed by neuro-anatomi cal  sex d i fferences 

i n  the centra l nervou s  system . The o rga n i zati ona l acti ons  of  a ndrogen 

are confi ned to a bri ef cri t i ca l  per i od wh i c h wi l l  be d i scus sed i n  the 

fol l owi ng sect i on s . 
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4 .  D I FFERENT I AT I ON OF THE CONTROL OF GONADOTROPH IN  SECRET I ON 

4 . 1 Patterns of  Gonadotrophi n Secreti on  

The  conti nuou s secret i on  of  gonadotroph i n by the ma l e  ra t a fter puberty 

i s  ma i nta i ned a t  fa i rl y  constant l evel s and  i s  descri bed a s  a ton i c  

pa ttern o f  rel ease . Product ion  of s permatozoa and synthes i s  of  

androgens i s  therefore st imu l ated cont i nuou s l y  and the ma l e  rema i ns 

fert i l e  at  a l l t imes . 

A cyc l i c  pattern of  d i scharge character i zes fema l e  gonadotroph i n  rel ea se  

and res u l ts  i n  cyc l es of  ovari an  acti v i ty .  Thi s re l ease  pattern i s  

regu l ated by feedbac k from the ovari an hormones act i ng on  the hypothal amus 

whose  rel eas i ng hormone evokes the gonadotroph i n secreti on . I n  each 

oestrous  cyc l e the hormona l  sequence cu l mi nates in  a surge of LH wh i ch 

causes  ovul at i on . Two common l y  used i nd i ce s  of  thi s pha s i c  pattern o f  

gonadotroph i n rel ease are the presence of corpora l u tea i n  the ovary 

and a regu l ar cyc l e of cel l u l ar change i n  the vagi na l ep i thel i um .  

4 . 2  The ' Cri ti ca l  Peri od ' for Di fferen t i a t i on 

I nvest i gat ion  of  the cri t ica l  per i od i n  the l i fe of  a fema l e  rat ,  dur i ng 

wh i ch admi ni stra t i o n  of androgen may cause fa i l ure of ovu l ati on  a fter 

puberty ,  wa s i n i t i a ted by Barracl ough ( 1961 ) . Fol l owi ng up h i s work i n  

mi ce ( Barrac l ou gh and Leathem , 1 954 ) , he found that fema l e rats treated 

at 2 or 5 ,  but  not 20 , days of age wi th a s i ng l e i nject i o n  of  l . 25mg TP 

were anovu l ato ry i n  adul thood . Treatment  at  10  days produced 50% 

s teri l i ty .  He concl uded that there i s  a per i od between b i rth a nd 10 

days i n  the young rat dur i ng  wh i ch testosterone admi n i s trati on  can  

resu l t in  s ubsequent i nferti l i ty .  
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4 . 2 . 1 .  Postnatal 

I nj ec t i on of  TP on any one of the fi rst  5 days of  l i fe of  the · 

fema l e rat cau ses anovul atory s teri l i ty ( Barrac l ough , 196 1 ; Gorsk i  and 

Barrac l ough , 1963 ; Swanson and  van der Werff ten Bosch , 1964 ; Gors k i � 

1968 ; McDona l d  and Doughty ,  1972 ) . Admi n i s trat i on o f  TP d i rect ly  i nto 

the hypotha l amus as l ate as  1 1  days prevented ovul a ti on  ( Lob l  and 

Gors k i , 1974 ) . Attempts to i dent i fy the mos t sens i ti ve  day for TP 

treatment  have vari ed i n  the i r  concl u s i on s ,  a l though genera l l y ,  TP 

g i ven on days 2 or 3 ha s been  more effect i ve than when  g i ven on day 5 

or  l ater ( Swanson a nd van der Werff ten Bosch , 1 964 , 1965 ; Gors k i , 

1968 ; Tarttel i n ,  Shryne and Gorsk i , 1975 ; Chri stensen and  Gors k i , 

1978 ) . 

I t  has been no ted that the fu l l  anovu l atory syndrome may devel o p  

a fter an  i n i t i a l peri od of  norma l ovari an  act i v i ty ( Swanson  a n d  v a n  der 

Werff ten Bosch , 1 964 ; Gors k i , 1968 ) . Gors k i  cal l ed thi s phenomenon 

the  ' de l ayed anovu l a ti on syndrome ' .  When g i ven on or before day 4 o f  

l i fe ,  1 0�g  T P  i nduced a h i g h  i nc i dence of  anovu l atory ova r i e s  at  6 week s  

of  age . However , many of  the rats wh i c h were treated at  day 6 had 

corpora l utea present at  7 weeks , but absent when exami ned aga i n  a t  

18  weeks . Treatment w i th the same dose of  androgen i n  a n i ma l s 2 days 

o l der had del ayed the onset of the anovu l atory syndrome . Treatment  

wi th  a h i gher dose  o f  TP  ( 30�g )  at  day 5 had  been s hown in  prev i ou s  

experiments ( Gors k i , 1966 ) t o  b e  effect ive  i n  caus i ng anovu l ati on wi th  

no pri o r  ovu l atory peri od . Gorski  conc l uded that  the del ayed anovu l a tory 

syndrome res u l ts from exposure of the bra i n  to subphys i o l og i ca l l evel s 

of  a ndrogen dur i ng the cri ti cal  peri od . 

4 . 2 . 2 .  Prenata l 

I nd i rect treatment of  the fema l e foeta l rat wi th testostero ne by 

i nj ecti on  o f  the mother duri ng  pregnancy has  resul ted i n  mod i fi cat i o n  

o f  the externa l geni ta l i a  wi thout a l tera t i o n  to ova r i a n  funct ion  ( Greene , 

Burri l l  and I vy ,  1 939 ; Swanson  and van der Werff ten Bosch , 1964 ) . I n  

a l a ter report , Swa n son  a nd van der Werff ten Bosch ( 1965 )  descri bed 

the resu l ts of  i njecti on of much l arger doses  of TP ( 10 and 25mg ) to 

pregnan t  rats . Des p i te the tox i c  effects o f  h i gh doses of  androgen 
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( i ntrauteri ne death , de l ayed parturi t i on  and fa i l ure to l actate ) , they 

were ab l e to succes sfu l l y  rear enough fema l es  to demonstrate a h i gh 

percentage of  anovu l atory ova r i e s  at 2 1  weeks , al though  a l l had corpora 

l u tea at 8 weeks . Thi s i nc i dence of the del ayed anovu l ati on  syndrome 

was a ttri buted to poor transmi s s i on of TP from the materna l i nto the 

foeta l body , s i nce subcutaneous  i njec t i on of  lOO�g TP d i rectl y i nto 

the foetuses wh i l e  in utero l a te i n  pregnancy resu l ted i n  9 out of 10 

a n i ma l s wi th anovu l a tory ovar i es  at  14 weeks . A recen t  paper ( Sl o b ,  

den  Hamer , Woutersen a nd van der Werff ten Bosch , 1983 ) appears to 

support the i dea tha t  testos terone does  not pa ss from the ma terna l  to 

the foetal  c i rcul a ti o n .  

Fel s a nd Bosch ( 19 7 1 )  fa i l ed to a l ter ovar ian  functi on  o f  fema l e  

rats by prenatal admi n i strat i on  o f  TP ( by s ubcutaneou s i nj ec t i on of  

dams, dose s rangi n g  from 5 . 0- 32 . 5mg TP ) , b ut  i njecti on  o f  0 . 5-l . Omg TP  

i nto t he  amn i o t i c  cav i ty of  fema l e foetu ses  resul ted i n  64% wi th  

anovu l atory ovari es . Unfortunately the authors fa i l ed to menti on  the 

s tage of  ges tat ion  at  whi c h  treatment wa s g i ven . 

4 . 3  M i n i mum Exposure Duri ng the 1 Cri t i ca l  Peri od • 

S i nce Barracl ough 1 s  presumpti on ( 1966 ) 1 1 that 24-48 hours  of  exposur� to 

androgen i s  a l l that i s  necessary to produce permanent steri l i ty 11 , the 

mi n i mum t ime requ i red for androgen 1 s  acti on  has been · i nvesti gated by the 

u se  of  var ious  substances wh i ch i nterfere wi th stero i d  acti on on  the 

centra l nervous  system . 

The barbi turates , pentobarbi tal  and phenobarb i tal , and  the  ant i ­

androgen , cyproterone acetate , can a l l prevent androgen- i nduced 

steri l i zat i on . Ara i and Gorsk i  (1968a , b )  admi n i s tered these agents 

at  vary i ng i nterva l s a fter TP i njecti on to neonata l fema l e rats  and 

concl u ded that androgen exerts i ts effects on  the hypotha l amus wi th i n 

6-12 hours . 

Hayas h i  a nd Gorsk i  ( 1974 ) p l aced TP coated tubes i n  the hypotha l amu s  

o f  3-day o l d rats and , by removi ng them a t  i nterva l s u p  t o  7 2  hours , 

found a n  i n crea s i ng i nc i dence o f  steri l i ty ,  a l though  on ly  43% of  the 
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a n i ma l s were s teri l e  at  50  days even a fter 72 hours of  expos ure i 

Experi ments i n  wh i ch the TP i nj ecti on s i te ( the tai l of  the neonatal 

rat )  wa s removed at a predetermi ned t ime after i nject i on , s uggest  a 

l onger peri od  of  TP treatment  ( 24-48 hours ) i s  requ i red for 

androgen i zat i on  (Al kl i nt and Norgren , 1 9 70 ) . 

4 . 4  Ev i dence from the Ma l e  Rat 

Transp l anta ti on  of  ova r i a n  and vag i na l  t i s s ues i nto ma l e  rats 

ca s trated when  adul t resul ts  i n  pol yfol l i cu l ar ovari e s  and a pattern o f  

pers i s tent corn i fi ca t i o n  of  the vag i nal ep i the l i um ( Yazaki , 1960 ) a s  

a con sequence of  the toni c gonadotroph i n  secreti on  of  the normal 

ma s cul i ne hypothal amus . However , ma l e  rats ca strated wi th i n  the fi rs t 

2 ( Harri s ,  1 964 ) or 3 ( Yaza k i , 1960 ; Gors k i  and Wagner , 1 96 5 )  days of  

l i fe a re capab l e of  form i ng corpora l utea i n  tran sp l anted ovar ian  

t i s sue . 

Gogan , Beatti e ,  Hery ,  Lap l ante a nd Kordon ( 1980 ) observed a cyc l i c  

pattern of  LH  rel ease i n  ma l e  rats , cas trated 2 hours after b i rth , 

when treated i n  adul thood wi th oe stradi ol . The LH peak wa s much sma l l er 

than tha t s een  i n  ovar i ectomi zed fema l e s  s i mi l ar ly  treated wi th oestrad i o l  

b u t  was absent  i n  neonata l l y  i ntact  ma l es and androgen i zed fema l e s . To 

account  for the  parti a l  ma scul i n i za t i on of earl y ca strated ·ma l es , Gogan  

a nd eo-workers ( 1980 ) suggest  prenatal act ion  of  testos terone on the  

. gonadotroph i n control mecha n i sm . Further i nvesti ga t i o n  ( Gogan et a� . , 

1981 ) i nvol ved treatment of pregnant fema l e s wi th an  anti body to 

testos terone . The ma l e  offspri ng , castrated when adul t ,  showed an LH 
peak i n  res ponse  to oestrad i o l , but aga i n th i s  peak d i d not match the 

amp l i tude of that seen i n  fema l es  after s i mi l ar treatment . Sl ow 

neutra l i za t i o n  of the anti gen or a pro l onged peri od  of sen s i ti v i ty o f  

the bra i n  to testos terone were s uggested by the authors a s  expl anati on s  

for th i s  degree of  mascu l i n i zat ion . 

Al though the centra l nervous system of the femal e rat i s  s u scepti b l e 

to ma scul i n i za t i on by testo stero ne u p  unti l 10  days after b i rth , the 

mal e must  be castrated w i th i n the fi rst 2 or  3 days of  l i fe i n  order 

to ' femi n i ze '  the programm i ng of  bra i n  c i rc u i try i nvol ved i n  control 
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of gonadotroph i n rel ease . Th i s i s  not a d i s crepancy between the s exes , 

but refl ects the i rrevers i b l e organ i zat i ona l  effect of  a nd rogen on  the 

hypotha l amus . The hypothal amus  of  both ma l es and fema l e s  may be 

con si dered to be equa l l y  sens i ti ve to androgen unti l about  10  days , but 

i n  the case  of the norma l ma l e ,  testos terone has a l ready ach i eved i ts 

effect by the second or thi rd day of l i fe due to secret i o n  o f  the 

hormone by the neonata l  tes tes . 

4 . 5  Summary 

Exper iments i nves t i ga t i ng the dura t i on o f  the androgen-sen s i ti ve phase 

of the gonadotroph i n  control l i n g func t i on of  the hypotha l amus have been 

performed i n  both femal e and ma l e  rats . I t  may be concl uded that the 

hypothal amu s can be organi zed by androgen over a per iod  spann i ng  the 

l a s t  few days of i n trauteri ne l i fe up to a bout 10  days of  age . At the 

ou ter extreme of  th i s cri ti cal  peri od , the hypotha l amu s i s  l e s s  sen s i t i ve ,  

s i nce greater amounts o f  androgen are needed for androgen i zat i on . I t  

appears to be max i ma l l y  sens i t i ve around 2 days of age . E s t i ma ti ons  of  

the mi n i mum durat i on  of  expos ure to TP  requ i red for androgen i zat i on  vary 

between 6 -48 hours . 

5 .  D I FFERENT IAT I ON OF FEM I N I NE SEXUAL BEHAV IOUR 

A number of  patterns of behav i our s how d i fferent forms i n  ma l e  and fema l e  

an ima l s of  the same speci e s . These i nc l ude aggress i on ,  acti ve  avoi dance 

behav i ou r ,  open fi el d behav i our and ta s te preference ( see Maclusky and 

Naftol i n ,  1981 ) . The mos t  obv i ous sexua l l y  d imorph i c  behavi our pattern 

i s  that of s exua l or ma ti ng behav i ou r .  

5 . 1  Norma l Femi n i ne Sexual  Behav i our  

Beach  ( 1976 ) h a s  arb i trari l y  c l a s s i fi ed t he  sexual  behav i our of fema l e  

rats i nto three c l ose ly  i nterrel ated components - a ttract i v i ty ,  

procepti vi ty a n d  recepti v i ty .  E l ements o f  procepti v i ty and recepti v i ty 

are eas i l y i deriti f i ed and may be used a s  measures o f  fem i n i rie sexua l  
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behav i ou r .  Procepti ve behavi ours i nc l ude the so-ca l l ed ' so l i c i ti ng '  

behavi ours - darti ng , crouch i ng and ear-wi ggl i ng .  The fac i l i ty to · 

d i s pl ay l ordos i s  i s  a q uanti fi abl e meas ure of  recepti vi ty wh i ch i s  

dependent on  ovari an  hormones and i s  seen normal l y  i n  the fema l e  rat 

a t  oes trus . Lordo s i s occurs i n  response  to the ma l e  mounti ng the 

fema l e ,  gra s p i ng her fl anks and thrust i ng wi th hi s pel v i s .  The fema l e 

responds by deep ventra l arch i ng of  the back wi th dorsal  e l evat i on o f  

the head and l atera l ta i l  defl ecti on , and th i s  pos tu re i s  known a s  the 

l ordos i s  respon se . I t  can be a s sessed by ca l cul a t i o n  of the percentage 

of  l ordoses  resu l t i ng from a defi ned number of  mounts , ca l l ed the 

l ordos i s  quot i ent { LQ ) . The l ordo s i s response i s  abol i shed by 

ovari ectomy and  restored by . treatment w i th oestra d i o l  and progesterone . 

These hormones cannot i nduce the same l evel o f  recept i v i ty i n  the 

castrated adu l t  ma l e  rat ( see Young , 1 96 1 ) ,  hence there a ppears to 

exi st  a d i fference between the ma l e  and fema l e neural  sys tems control l i n g 

th i s  behav i ou r .  

Phoen i x ,  Goy , Gera l l a nd Young ( 1 959 ) were the fi rst  to propose that 

d i fferenti at ion  of the ti s sues med i a ti ng s exua l behav i our patterns 

para l l e l ed the rel at i onsh i p between the d i fferenti at i on  of  the gen i tal 

tract and androgens .  As a resu l t  of the i r  experiments wi th fema l e gui nea 

p i gs g i ven a ndrogen prenata l l y ,  they concl uded tha t ;  1 1  • • • mod i fi cati on  

of  behav i or fol l ows an  a l terat ion  i n  the s tructure or  func t i o n  of  .the 

neura l  correl ates of the behav i o r .  We a re a s sumi ng that testosterone 

or some metabol i te acts on those central nervous ti s sues  i n  wh i ch 

patterns of  s exual behavi or are organ i zed . "  

Early androgen exposure appears to be respo n s i bl e  for the sex d i fference 

i n  mati ng behavi our  i n  the rat as  wel l a s  the gu i nea p i g ,  s i nce the 

capac i ty for l ordos i s  can be suppre s sed i n  the fema l e by neonatal 

a ndrogen treatment ( Ha rri s and Lev i ne ,  1 96 5 )  and castrati on  of  the 

neonata l ma l e  a l l ows the d i s pl ay of  l ordo s i s  when the adu l t a n i ma l  

i s  treated w i th ovar i a n  hormones ( Harri s ,  1 964 ) . 

Ma scu l i ne sexua l behav i our appears to be a natura l product  of  the 

acti on  of  a ndrogen per i nata l l y  i n  the ma l e rat and a bs ence of androgen 

resu l ts i n  the devel opment of norma l fem i n i ne ma ti ng  behav i ou r .  Further 

cons i dera t i on of  the devel opment  of mascu l i ne behav i our i s  beyond the 

s cope of th i s  thes i s .  
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Adu l t s exua l  beha v i our  can be v i ewed a s  another sexua l l y  d imorph i c  

functi on  wh i ch i s  dependent on  modi fi ca t i on of the hypotha l amus by 

a ndrogen duri ng the peri na ta l  l i fe of  the rat .  

5 . 2  Mod i fi cati on  of  Sexua l Behav i our by Androgen i n  Fema l e Rats  

The potenti a l  for femi ni ne mati ng behavi our  in  fema l e rats  has  been 

succes s fu l l y  modi fi ed by both pre- and pos tnata l treatment wi th 

aromati zabl e a ndrogen or oestrogen and by p renata l  anti -androgens  a nd 

i n h i b i tors of  aromati za t i on . 

Su ppres s i o n  �f femi n i ne behav i our by androgen was i l l u s trated i n  

fema l e gui nea p i gs by Phoeni x  and others ( 1959 ) and by Goy , Bri d son  

a nd Young ( 1964 ) , and i nvol ved treatment of  the pregnant mother wi th  

TP . A s i mi l ar phenomenon was observed i n  rats after postnata l treat­

ment w i th TP ( Barrac l ough and Gorsk i , 196 2 )  and has been confi rmed many 

ti mes  s i nce .  

Thi s depres sed a bi l i ty of adul t ovari ectom i zed rats to d i s p l ay l ordos i s  

after primi ng wi th oestrogen a nd proges terone has been demons tra ted i n  

vari ous  experiments i n  whi ch  the day or days of treatment and  the 

do sage of androgen admi n i s tered have var i ed . 

5 . 2 . 1 .  Postnatal 

Fema l e rats to wh i c h  tes tosterone was admi n i s tered for several  days 

i n  the earl y pos tnata l peri od showed a defi c i t i n  thei r adu l t l ordot i c 

behav i our ( Goy , P hoen i x and  Young , 196 2 ;  Ward and Renz , 1972 ; McEwen 

et a Z .  , 1977 } . 

A s i ngl e i nj ect ion  of  a re l ati vel y h i gh dose of TP ( > 100� g )  g i ven  

on  one of  the fi rs t 6 days o f  l i fe i nh i b i ted the adu l t l ordot i c  response 

( Harr i s and Lev i ne ,  1 96 5 ; Wha l en and Edwards , 1967 ; Mu l l i n s  a nd 

Levi ne , 1968 ;  Hendri cks , 1969 ; C l emens ,  Shryne a nd Gorsk i , 1 970 ; 

Pfaff and Z i gmond , 1 971 ) . An enhanced potent ia l  for femi n i ne mati ng 

behav i our has been demonstrated after a s i ngl e l ow dose  of TP ( 50�g o r  

l e s s )  on  day 5 ( Barracl ough and Gors k i , 196 2 ;  Mul l i ns  and Lev i ne ,  1968), 
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days 1 ,  2 or  4 ( Cl emens et al . , 1969 )  or  after pl acement  of testostero ne 

i mpl a nts i n  the preopti c area on  day 2 ( Chri s tensen and  Gors k i , 1978 ) . 

Thus i t  s eems that the neural substrate control l i ng femi n i ne ma ti ng 

beha v i our  i n  the fema l e  rat i s  s u scepti b l e to i nh i b i t i o n  by l arge doses  

of  androgen over  at  l ea s t  the  fi rst  s ix  days of l i fe .  From the work of  

C l emens and eo-workers ( 1969 ) , the  hypotha l amus appea red to  be mos t  

sens i ti ve t o  t h e  suppress i ve effec ts o f  androgen on femi n i ne behav iour  

on days 4 and  6 of l i fe .  

5 . 2 . 2 .  P renatal 

Da i l y  i nj ecti on of  the pregnan t  ra t wi th h i gh doses of TP ha s been 

the usual  method for expos u re of the offspri ng to prenata l  androgen . A 

redu ced potenti a l  fo r the d i sp l ay of femi n i ne mati ng beha v i ou r ,  rel a t i ve 

to co ntrol s ,  has  been ach i eved by prena ta l treatment of  fema l e  rats 

duri ng days 1 6-20 of gesta t i on ( Dun l ap , Gera l l and Carl ton , 1978 ) , days 

16-21 ( Ward a nd Renz , 1972 ) , days 1 4 - 22 , 16- 22 and 16-20 ( Gera l l and 

Ward , 1966 ) . Huffma n a nd Hendr i c ks ( 1981) found that a s i ngl e dose of  

TP on day 19 , but  not day 16 , su ppressed femi n i ne behavi our , as  d i d  

Nadl er ' s  ( 1969 )  s i ngl e trea tment o n  day 18 . As the other reports l i s ted 

here i nvol ved treatment spa n s  of severa l days , but a l l i nc l uded days 

18 a nd 1 9 , i t  may be assumed that the hypotha l ami c control of femi ni ne 
ma t i ng behav i our  i s  res pons i ve to androgen a t  l east  a s  ear l y  a s  day 1 8  

of  gestat i o n .  

However , Whal en , Peck a nd LoP i ccol o ( 1966 ) found the femi n i ne 

ma ti ng behav i our  of femal e rats exposed on days 1 5-19 of  gestati on to a 

dose of  progest i n ( 1 7a-ethi nyl - 19-nortestosterone ) ,  whose androgeni c  
effects were suffi c i ent  to severe l y  ma scu l i n i ze the gen i ta l i a  of the 
fema l e  offspri ng , to be  norma l . Revesz , Kernaghan and B i ndra ( 1963 ) 
a l so found no s uppre s s i o n  o f  the capac i ty for femi n i ne sexua l behavi our  
i n  the  fema l e  offs pr i ng of rats  i nj ected wi th TP on days 15-20 of 
pregnancy . 
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So , des p i te s i mi l ari ti es  i n  treatment , there i s  d i sagreement on 

whether or not the bra i n  co ntro l sys tem for femi n i ne sexua l beha v i ou r  

i s  a l tered perma nently by prenata l a ndrogen . I t  i s  po ss i b l e  that 

i ncons i s tenc i es i n  behav i o u ra l  test i ng procedures may ma s k  d i fferences . 

An observa t ion  rel eva nt to d i scus s i on of the d i fferenti at ion  of  

behav i ou r  i s  that norma l fema l e rats a re abl e to d i s pl ay ma scu l i ne 

sexu a l  behavi o u r  s uch a s  mounti ng and i ntromi ssi on  respons es ( C l emen s , 

Gl adue  and Con i g l i o ,  1978 ) . I t  has been suggested that thi s  behavi o ur 
i s  the resu l t o f  a degree o f  roa scu l i n i zati on of fema l e  foetu ses whi c h  

ta kes pl a ce norma l l y  duri ng  gestati on ( C l emens and Con i g l i o ,  1971 ; 

Cl emens et aZ . , 1978 ; Gor s k i  et aZ . , 1979 ) and wh
.
i ch may a l so cause a 

reduct ion  i n  the capac i ty for femi n i ne behavi our . Consequen tl y ,  norma l 

fema l e  rats s how both ma scu l i ne and femi n i ne sexua l  behavi our  pa tterns 

to varyi ng extents . 

Th i s  behav i oura l  ma scu l i n i zati on has been suggested by Gors k i  and  

col l eagues ( 1 979 )  to be due to  smal l amounts of  free oestra d i o l wh i ch 

may exi st  i n  p l asma i n  equ i l i bri um wi th that bound to a-foetoprotei n .  

Cl emens and eo -workers ( 1 978 )  cons i der the ma l e  foetuses  i n  the u teru s 

to be  a source of �a scu l i n i z i ng agent . I n  support of thei r hypothes i �, 

they have demons trated that proximi ty to ma l e  foe tuses  duri ng gesta t-i on 

enhances the probab i l i ty of  mounti ng behav iour i n  the fema l e  rat . · The i r 

fi ndi ng , that the anogeni tal d i stance i n  the fema l e al so vari ed a s  a 

fu nc t i on of prox i mi ty to a ma l e  i n  the ute rus,  strong ly  s ugges ted the 

i nvol vement of androgen . Th i s was further supported by thei r 

obs ervat i ons  that an anti -androgen ; fl u tami de , g i ven  to the mother 

duri ng p regnancy , el i mi nated the androgen-dependent morpho l og i ca l  

a l tera t ion  a nd l owered the probabi l i ty of ma scul i ne sexua l  beha v i our i n  

fema l e  offs pr i ng . Ano ther ant i -androgen , cyproterone aceta te , when 

. g i ven prena ta l l y  a l so reduces the capa c i ty of fema l e  rats to d i sp l ay 

ma scu l i ne behav i ou r  ( Ward and  Renz , 1 97 2) . 

Fema l e  rats  exposed ·p renata l l y  ( via the ma terna l c i rcu l a ti on )  to 

an  ant i -a ndrogen ( fl utami de ) or an  i nh i b i tor of a romati zati on  
( a ndro s t- 1 , 4 , 6- tri ene-3 , 17 -d i one , ATD) , s howed h i gher scores for 

fema l e behav i o u ra l  response s  ( C l emens and  G l adue , 1978 ; G l adue and 

C l emens , 1 9 78 ) . Both trea tments woul d be expected to reduce the amount  
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o f  androgen ava i l abl e to a ffect the centra l  nervous sys tem . 

Most  of  the ev i dence presented l ends s u pport to the argument tha t  

d i fferent i a ti on o f  the neura l ti ssues  med i a ti ng femi n i ne sexual  behavi our 

beg i ns before b i rth in  the ra t .  Exposure of  the fema l e foe tu s  to 

androgen resu l ts i n  a reduced capac i ty to d i spl ay oestrous  behavi our i n  

adu l thood . The cri t i ca l  per i od for sexual  d i fferenti at i on  of femi n i ne 
ma ti ng behav i o.u r  appears to i ncl ude the days i mmed i ate l y  before and 

after b i rth . Al though the process seems to be comp l ete by 6 days of 

pos tna ta l  l i fe ,  there has been no attempt to defi ne i ts prenatal l i mi ts . 

5 . 3  Mod i fi cat i on of  Sexua l Behavi our i n  Ma l e  Rats 

5 . 3 . 1 .  Postnatal  

Re searchers who have cas trated ma l e  rats wi th i n  24 hours of b i rth 

have found tha t ,  when treated i n  adu l thood wi th ova r i a n  hormones , these 

rats show more femi n i ne sexual  behav i our than neonata l l y  i nta ct rats 

( Harri s ,  1 964 ; Fed er and Wha l en ,  1 96 5 ; Grady , Phoen i x  and Young , 1965 ; 

Geral l ,  Hendr i c ks , Johnson and Bound s , 196 7 ; Whal en and Edwa rds , 1967 ; 

Hendri cks , 1 969 ) . The LQ exh i b i ted by these earl y castrated ma l es 

ei ther d i d  not d i ffer from ( Grady e t  aZ . , 1965 ;  Wha l en a nd Edward s, 

1967 ; Mu l l i n s a nd Lev i ne ,  1968 ; Hendr i cks , 1 969 ) , or wa s l ower than 

that for fema l es ( Gera l l e t  aZ . , 1967 ) . When other cri teri a of  femi n i ne 

behavi our , such  a s  sol i c i t i ng o r  the i nten s i ty of the l ordo s i s response , 

we re measured , the geneti c ma l e s .  scored 1 ess  than the fema 1 es  ( Grady 

e t  aZ . , 196 5 ; Gera l l et aZ . , 196 7 ; Hendri cks , 1969 ; Du n l a p  et aZ . , 

1978) . 

Over the fi rst  10 days o f  l i fe ,  ca strati on resu l ts  i n  l es s  femi n i ne 

behavi ou r  a s  t he age  at  s u rgery i ncrea ses ( Grady e t  aZ . , 196 5 ; Gera l l 
e t  aZ . , 1967) . I n  a compari son , wh i ch they ac knowl edged wa s not s tr i ctl y 

l eg i ti mate  s i nce  the ra ts were i n  d i fferent experi ments , Feder and 

Wha l en ( 1965) fo und that tho se ma l es ca stra ted 16-32  hours a fter b i rth 
s howed more femi n i ne behav i our than those castrated at 96  hours . 
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Admi n i strati on of  a n  i nh i b i tor of  a romati zati on  ( ATD )  (McEwen et al . , 

1 977 ; Vreeburg e t  al . , 1977 ; Dav i s  e t  a�. ,  1979 )  or an  ant i -oestrogen 

( MER- 25 or  Cl 628 )  ( Booth , 1977 ; McEwen et al . , 1977 )  to ma l e  rats i n  

the fi rst few days of  l i fe have a l so res u l ted i n  s i gn i fi ca ntl y h i gher 

l evel s of femi n i ne mati ng behav i our than i n  control ma l es . However 

treatment of  i nfant ma l e  ra ts wi th the ant i -androgen cyproterone aceta te 

d i d  not i nc rease the d i s pl ay of femi n i ne behav i our ( Ward, 1 9 7 2 ) . 

As femi ni ne behav i our can be el i c i ted from ma l e  rats by depr i va t i o n  

of  androgen by castra t i o n  neona ta l l y  o r  by i n h i b i t ion  of  i ts conver s i on 

to oestrogen neonata l l y ,  i t  seems that endogenous a ndrogen or i ts 

a romati zati on  product i s  res pon s i bl e for s uppress i ng femi n i ne behavi our  

i n  norma l ma l e  rats . But ,  a s  mal es cas trated at b i rth are not  i dent i ca l  

to fema l es  i n  the i r exh i b i ti on o f  th i s  behav i our , i t  seems that some 

degree of s uppress i on has occurred prenata l l y  and/or  i n  the period 

between b i rth a nd s urgery or treatment . I t  i s  known that the testes of 

peri nata l  ma l e rats secrete s i gni fi cant amounts of  testos terone wh i ch 

wou l d  be ava i l ab l e to ma scu l i n i ze androgen sens i t i ve t i s sues  ( s ee 

Secti on 3 . 2 . 2 . , Chapter  1) . 

5 . 3 . 2 .  Prenata l 

I nformati on a bout i :the contri but ion  of  prenata l androgen to 

suppres s i o n  of fema l e behav i oura l  potenti a l  has come from ·exper iments 

us i ng aromata s e  i nh i b i tors and anti -androgens . 

Cl emens and G l adue  ( 1978 ) treated pregnant rats wi th ATD between 

days 10 and  22 of gestati on . and found that the ma l e  ra ts from these 

l i tters d i sp l ayed a h i gher LQ ( a fter ca stra t i on and oestrogen and 

proges tero ne treatment ) when adul t ,  than those from contro l  l i tters, 

a l though s ti l l  l ower than tha t  for contro l femal es . They observed 

no procepti ve  beha v i our i n  the treated mal es . 

Mal e rats exposed to an anti -andro gen prenata l l y  ( fl u tami d e  on 

days 10-22 , G l adue and Cl emens, 1978 ; or  cyproterone acetate on days 

13-22 , Nadl er , 1969 ) s howed h i gher LQ va l ues  than con trol mal es . 

Nadl er ( 1969 ) found that thi s LQ was not d i fferent from tha t for contro l 

fema l es . G l adue  a nd C l emens ( 1 978 ) noted that no procep t i v e  behav i ou r  



was exh i b i ted . - I n  c6ntrast, Ward ( 1 97 2) cou l d show no s i gn i f i cant  

di fference i n  the LQ of ma l e s from cyproterone aceta te treated mothers 

( days 10-22 of pregnancy ) a nd those from control l i tters, a l though the i r  

overa l l degree o f  recepti v i ty (wh i ch i nc l udes mea sures o the r than LQ) 
was g rea ter tha n control ma l es and l es s  than control fema l es . Combi n i ng 

prena tal and pos tna tal ( b i rth to 1 20 days) anti -androgen trea tment d i d 

no t enhance femi n i ne behav i ou r  over a nd a bove that produced by prenatal  

treatment a l one . Cl emens and  eo-workers ( 1978) c i te e v i dence that 

cypro tero ne aceta te ha s androgen i c  and progestagen i c s i de effec ts wh i c h  

ma ke i ts i n fl uence upon behav i our d i ffi c u l t to i n terpret . Th i s  may 

expl a i n  the s l i ght  d i screpa ncy i n  the resul ts of s i mi l ar experi ments 

conducted by Ward ( 1972) and Gl adue and C l emens ( 19 78 ) . 

Thus there i s  evi dence tha t ,  i f  protected from the ma scu l i n i z i ng 

i nfl u ence of androgen , the n eura l  substrate med i a t i ng  sexual  behav iour  

can  a l l ow femi n i ne mati ng behav i o ur i n  t he  ma l e  ra t .  I t  a l so s eems that 

the contro l mechan i sm i s  norma l l y  suppressed by tes t i cu l ar  androgen 

acti ng both pre- and pos tna ta l l y .  

5 . 4  Summary 

I f  the neu ra l  cen tres control l i ng sexua l behav iour a re rega rded a s  

b i potenti a l  i n  the devel o p i ng ra t ,  ev i de nce from both fema l es  and 

ma l e s s upports the hypothes i s that the contro l  of femi n i ne sexual 

behavi our undergoes  an  androgen - sens i ti ve pha se duri ng  the l ate 

prenatal and ea rl y neonatal  peri od a t  wh i c h t ime the presence of 

androgen or  i ts meta bo l i c  product of a roma ti zati on, oes trogen, can 

suppress the capac i ty for d i sp l ay of femi n i ne behav i our i n  a d u l t l i fe .  

Res u l ts from experi ments i n  the fema l e  rat sugge s t  that the peri od of  

androgen sens i t i v i ty extends  from day 1 8  of gesta t i on, pos s i b l y  earl i er, 

unt i l a t  l east  the  s i xth day after b i rt h . The per i od has been even 

l es s  preci sel y defi ned i n  the mal e bu t a ga i n  appears to span the  

peri ods i mmed i atel y  prece d i ng and  fol l owi ng b i rth . 
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6 .  EFFECTS OF EARLY ANDROGEN ON GROWTH 

6 . 1  Sexua l  Di morphi sm i n  Body Weight  

Growth i n  a n i ma l s i s  a comp l ex proces s ,  d i ffi cu l t to  defi ne , and  subject 

to  envi ronmental , nutr i ti o na l , geneti c and hormona l i nfl uences . I ts 

a s sessment by measu rement o f  body we i ght and d imen s i ons  i s  s i mpl e to 

perform and  prov i des  a mathemat ica l  descri pti on  of body s i ze but suffers 

from the l i mi tati ons that the body i s  a compo s i te of  many parts whose  

growth may vary i ndependentl y .  Contro l o f  growth i s  s imi l ar ly  comp l ex 

and one of the factors affec ti ng body s i ze i s  the presence or absence 

of  tes tos terone duri ng the peri natal  peri od . 

A d i fference i n  adu l t body s i ze i s  one of the mos t  obv i ous  expre s s i ons  

o f  sexua l d i morph i sm ,  the  ma l e  be i ng hea v i e r  and  l arger than the fema l e  

i n  many s peci es , i nc l u d i ng the ra t ( Swa nson  and van der Werff ten Bosc h ,  

1 96 3 ;  Be l l and Zuc ker , 1971 ; S l ob and van der Werff ten Bosch , 1 975) . 

Barracl ough ' s  observa t ion  ( 1 96 1 )  tha t the fema l e  rat treated neonata l l y  

wi th T P  grew l arger tha n co ntrol an imal s l ed to the hypothes i s tha t  th i s  

sexual d i morphi sm i n  s i ze may be due to ear l y  androgen expo sure i n  the 

ma l e . 

Gonadal hormones a re i nvol ved i n  body we i ght  contro l a t  l a ter ages , a s  

i l l u s trated by experi ments i nvol v i ng gonadectomy a nd hormone repl acemen t . 

I n  the fema l e  rat ovari ectomy i ncrea ses body we i ght  and food i nta ke , 

and  oes trogen trea tment reverses th i s  effect ( Ta rttel i n  and  Gorski , 

�7 3 ;  Wad e ,  1975 ) . Adu l t mal e ra ts however eat l ess  and l ose we i ght  

a fter castrat ion  ( Ka ko l ews k i , Cox and  Va l enste i n ,  1 968 ; Gentry and  

Wade , 1976a )  and tes tosterone reverses these changes ( Gen try and Wade , 

1 976a ; G ray , Nunez , S i egel and Wade , 1 979) . The dual  na ture of  

testos terone i n  i ts o rgan i za ti ona l and act i vati onal  ro l es i s  thu s  aga i n  

i l l u s trated - testos terone o rga n i zes a body we i ght  control mecha n i sm i n  

the peri nata l  an ima l  a nd acti va tes other we i ght contro l l i ng measures  

a fter puberty .  
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6 . 2  Growth of  the Androgen i zed Fema l e Rat 

Neonatal  fema l e ra ts trea ted wi th androgen grow i nto l a rger adu l ts than 

do those treated wi th the hormone veh i c l e a l one ( Barrac l ough , 1961 ; 

Swa nson and van der Werff ten Bosch , 1963 ; Harri s and Levi ne , 196 5 ;  

Ward , 1969 ; Bea tty , Powl ey and Keesey , 1970 ; Bel l a nd Zuc ker , 1971 ; 

Pol l a k a nd Sachs , 197 5 ;  Tarttel i n ,  Shryne and Gors k i , 1975 , 1976 ; 

Dubuc , 1976 ; Mc Ewen et al . , 1977 ; Somana , V i sessuwan , Samri dtong a nd 

Hol l a nd , 1978 ) . 

Res u l ts of work by Mc Ewen and  col l eagues ( 1 977 )  s uggest that the growth 
promot i ng act i ons of peri na ta l  androgen depend on fts  convers i on to 

oestrogen . Treatment of neona ta l  rats wi th the a romat i zat i on i n h i b i tor 

ATD ( admi ni s tered in  po l yd i methyl s i l oxane caps ul es ) on the  day pr ior  to 

an a ndrogen i z i ng dose of tes tosterone a bol i shed any growth d i fference s 

between treated and control fema l es . ATD a l one had no effect . 

6 . 3  Growth of  the Neonata l ly Cas trated Ma l e Rat 

The rol e  of androgen i n  organ i z i ng growth i n  earl y l i fe i s  a l so borne 

out  by the resu l ts of neonatal castra t i on of mal e ra ts . Rats castrated 

on day 1 or day 2 of l i fe do not grow as fas t  or as l arge as  i ntact 

or  s ham-opera ted ma l es ( Har ri s ,  1 964 ; Sl ob and van der Werff ten Bosch , 

1975 ; Tarttel i n  et al . , 1975 ; Somana et al . , 1978 ) . 

When the body we i gh t  of  ea r l y  castrated ma l es was compared wi th  that 
o f  androgeni zed fema l e  ra ts , Tarttel i n  and eo-workers ( 1975 ) found tha t  

the two groups  were not s i gn i fi cantl y d i fferent after 11  wee ks o f  age . 

S l o b  and van der  Werff ten Bosch ( 1975 )  ra i sed fema l e rats whose 

hormona l status  resembl ed that of  the norma l mal e ra t by s payi ng a t  

b i rth a n d  g i v i ng T P  before a nd after b i rth . Such a n i ma l s showed a growth 

pattern i nd i s t i ngu i shab l e from tha t of mal e  rats castra ted 20  days after 

b i rth . Wa rd ( 1969 ) , us i ng a s i mi l ar trea tment reg i men but wi thout 
s payi ng , noted that body we i ghts of the experimenta l fema l es were not 

d i fferent from those of norma l ma l es at 100 days of a ge . Th i s  evi dence 

po i nts to both pre- and postnatal acti ons of androgen i n  i ts effec ts on 
growth . 
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6 . 4  The ' Cr i t i cal  Pe�i od ' for Sexual D i fferent iat ion  of  Growth 

. 

The pos tnatal l i m i t o f  the cri ti ca l  peri od for the organ i z i ng effects 
of  TP on the growth o f  femal e rats ha s been defi ned a s  be i n �  3 days 

a fter b i rth ( Ta rttel i n  et al . , 1975) . Androgen gi ven a fter th i s a ge 

was i ne ffecti ve  i n  promoti ng body we i ghts . Barracl ough ( 1961) u sed a 

h i gher do se of  TP ( 1 . 25mg) than the h i ghest do se ( 270� g) used  by 

Tarttel i n ' s  group and found that trea tmen t  on days 2 o r  5 ,  but not 

days 10 o r  20 , res ul ted i n  femal e rats whose  body wei ghts at  1 00 days 

of a ge we re s i gn i fi cantly  grea ter than those  of thei r l i tter-mate 

control s .  Swa nson a nd va n der We rff ten Bosch ( 1963) a l so treated on 

days 2 or 5 (w i th 0 . 3 ,  0 . 5  or l . Omg TP) and were abl e to demons trate 

a grea ter body we i gh t  than control s from 80 days onwards . Therefore , 

the body we i gh t  o f  a femal e rat can  be i ncreased by TP trea tment duri ng 

the fi rst 5 days of  l i fe ,  a l though h i gher do ses are req u i red a s  the 

an i mal  becomes o l der . 

Resu l ts from experi ments i nvol v i ng ma l e  rats support th i s  defi n i ti on 

of the cri ti cal  peri od s i nce castrat ion  on days 1 or 2 of  l i fe but 

not on days 3-7 resu l ted i n  reduced body we i ght compa red wi th i n tact  

control s ( Ha rri s ,  1 964) . 

Ti mi ng of  the prenatal acti on of androgen i s  more d i ffi cu l t .  Ward 

( 1969) and Ward a nd Renz ( 1972) s howed that femal e rats exposed to TP 

prena tal l y  ( by i nject ions  g i ven to the pregnant mother) were s i gn i ficant ly  

l i ghter than contro l  an imal s at  l OO and  90 days of a ge respecti vel y .  

S l o b a nd van der Werff ten Bosch ( 1 975) have suggested that pro l onged 

androgen trea tmen t  of the mother rat may ' damage ' the p l acenta and 

therefore i nterfere wi th the nutri t ion  of  the foetu s .  Certa f n l y  a 

h i gher than norma l i nc i dence of  abort i ons or  resorbed foetuses has 

res ul ted from andro gen trea tment du r i ng pregnancy ( Greene e t  al . , 

1939 ; Swanson and van der Werff ten Bosch , 1965 ; Gera l l and  Ward , 

1966 ; Fel s and  Bosch , 1 97 1 ; Schul tz and Wi l son , 1 9 74) . 

The observati on  tha t sex d i fferences i n  body wei ght  are a l ready present 

at bi rth ( Bruce a nd Norman , 1975 ; Sl ob  and van der Werff ten Bosch , 

1975) argues for some prenatal i nfl uences on body wei gh t  control . 
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The  i ncreased body s i ze o f  fema l e  ra ts after neonatal  androgen treatment 

i s  due to a genera l i ncrea se  i n  s i ze of a l l body components , rathei than 

to obes i ty ( Swa nson and van der Werff ten Bosch , 1 963 ; Beatty et aZ . , 

1970 ; Dubu c ,  1976 ) , a l thou gh Beatty • s  team ( 1970)  d i d  fi nd that the 

i ngu i nal  fa t depot was l arger than i n  contro l s .  

6 . 5 Mecha n i sm of Acti on of Early Androgen on Growth 

There have been va ri ous  theor ies  put  forwa rd to exp l a i n  how peri nata l 
a ndrogen a l ters growth . 

The wel l -known ana bo l i c  act i on of androgen on prote i n  metabo l i sm doe s  

not s eem t o  b e  res pons i b l e  s i nce tbe per i od of i nfl uence i s  l i mi ted to 

a • cr i ti cal  • t ime around b i rth , l a ter androgen trea tment of the same 

durat ion  ( i . e .  s i ngl e i njecti o n )  be i ng i neffecti ve . I n stead , androgen 

i s  exerti ng an  • organ i z i ng •  acti on , whose  effect i s  perma nent and 

evi dent onl y l ater i n  l i fe .  

Barrac l ough ( 19 6 1 ) , the fi rst to des cri be body we i ght  d i fferences 

between androgen i zed and norma l fema l e  rats , attri bu ted the d i screpancy 

i n  s i ze to a d i fference i n  metabol i sm .  Changes i n  l i ver  enzymes and 

me tabo l i sm h ave been i denti fi ed after ea r ly  androgen acti on ( Denef a nd 

DeMoor ,  1968)  and have been s uggested a s  contr i but i ng to d i fferences i n  

body we i ght  ( Be l l and Zucker , 1 971 ) . 

Other workers ( Harri s ,  1964 ; Du buc , 1976 ) have favoured the hypothes i s  

that earl y androgen a l ters hypotha l am i c  contro l of growth hormone 

secreti on , j u st  as  i t  a l ters gonadotroph i n  contro l . I n  support of th i s  

theory , Soma na a nd eo-workers ( 1 978)  found that p i tu i tar i es of 

androgeni zed fema l e rats had a h i gher mean conten t of growth hormone 

than those  from normal fema l es when mea sured duri ng the fi rst  5 months 

of age . Ma l e  ra ts cas trated wi th i n 3 days of bi rth had  a l ower p i tu i ta ry 

. growth hormone  content than the i r  i ntact  counterparts . There wa s no 

d i fference between the mean growth hormone content from and rogeni zed 

fema l e s  and norma l i ntact mal es . Du buc ( 1976 ) c i tes a report of 

s i mi l a r  fi nd i ngs ( Kurcz , Nagy , Gerhardt and  Baranya i ,  1 9 68 ) . C l ark  
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and  Tarttel i n  ( 1975) reported el evated g rowth hormo ne l evel s i n  TP 

trea ted rats ( 90�g TP on  day 3) when k i l l �d at 15 weeks  of a ge . 

Swanson and van der Werff ten Bosch ( 1963) cons i der that the effect of  

peri natal androgen on  g rowth i n  fema l e ra ts i s  secondary to  reduced 

ovar i an  product i o n  of oes tro gen . 

Severa l autho rs have s uggested tha t peri natal  androgen exerts i ts effects 

on growth by decrea s i n g  the respons i veness  of the a n i ma l  to oestrogen 

( Be l l and Zuc ker , 1 971 ; Gen try and Wade , 1976b ; Tarttel i n  e t  al . , 

1975 , 1 976) . Th i s  concl u s i on was drawn from experi ments i nvol v i ng 

ovari ectomy a nd oes trad i o l  benzoate ( OB) trea tment ·of both androgeni zed 

and co ntro l  fema l e  ra ts . A l ess  pronounced body we i gh t  i ncrea se  after 

ovar i ectomy , and a sma l l er decrea se i n  body we i ght after oestrogen 

trea tment , were no ted i n  the androgeni zed than in control  grou ps . 

Bea t ty and eo-workers ( 1 970) and Dubuc ( 1976) d i sagree wi th th i s  

hypothes i s  s i nce they found no d i fference i n  the body wei ght  response  

to  e i ther ovari ectomy or OB treatment between TP- treated and control 

fema l e rats . B eatty • s  group ascri bes growth changes fol l owi ng peri natal  

androgen to a reorga n i zat i o n  of the bas i c  mec ha ni sms respons i bl e  for 

body wei ght  regu l at ion , wh i c h rema i n  norma l l y  sen s i t i ve to the effects 

of  oestroge n .  

Ta rttel i n  a nd h i s col l eagues ( 1 976) prov i ded further evi dence for the 

theory of al tered respon s i veness to oestrogen by s howi ng tha t the ovar i es 

a ppea r  to exert a wei ght-su ppress i ng e ffect on growth from an  earl y age . 

The i r neonata l l y  s payed ra ts  ( trea ted wi th e i ther TP or o i l )  were 

heav i er than i n tac t  fema l es  from 9 weeks  of age . No d i fference was 

found  between the body we i gh ts of neo na tal l y  ovari ectomi zed rats treated 

wi th e i ther TP  or  o i l , s uggesti ng that a ndrogen had not a l tered the 

ba s i c  growth regul at i ng processes . 
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6 . 6  Summary 

From the forego i ng evi denc e  i t  seems that the presence or a bsence of  

androgen duri ng th e peri na tal  peri od i n  the  rat  i s  at  l ea s t  partl y 

respons i b l e  fo r the norma l body we i ght d i fferences between mal es  and 

fema l es . Duri ng thi s per iod  andro gen exerts organ i zati ona l acti ons , 

proba b l y  on  hypo tha l am i c  c entres i nvo l ved i n  body we i ght  contro l , 

and pos s i b l y  i nvol v i ng sens i t i v i ty of these t i ssues  to gonadal hormones . 

' Androgen i za t i on ' of  growth occurs on l y  i f  suffi ci ent a roma t i zabl e 

and rogen i s  present i n  the body duri ng a l i mi ted cr i ti ca l  peri od 

wh i ch appears to end somet ime i n  the fi rst 5 days of  l i fe ,  but whos e  

prenatal l i mi t i s  unc erta i n .  
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CHAPTER 2 

PLASMA TESTOSTE RONE CONCENTRAT IONS AFTE R IMPLANTAT ION 

OF TES TOS TERONE PROP I ONATE-FILLED POLYDIMETHYLS I LOXANE 

CAPSULES FOR VARYING PERIODS IN ADULT AND NEONATAL 

FEMALE RATS , AND AFTER INJECTION OF TESTOSTERONE 

PROPIONATE IN NEONATAL FEMALE RATS 

1 .  I NTRODUCTI ON 

The rol e of androgen i n  cau s i ng ma scul i ne d i fferenti a t i on of the rat 

hypothal amus duri ng  the peri natal pe ri od has been wi de l y  i nvesti gated 

by a dmi n i steri ng tes toste rone propi onate to the neonata l fema l e rat 

( see Chapter 1 ,  Secti on  3 . 2 ) . Th i s  p roce ss  i s  thou ght to mi mi c that 

wh i c h  occurs natura l l y  in  the mal e ra t ,  a nd recent work has confi rmed 
the pres ence of testos terone i n  p l a sma dur i ng the peri natal peri od  i n  

the ma l e  ra t { see Chap ter 1 ,  Sect ion 3 . 2 . 2 ) . 

The hypotha l amus i s  a b l e to be i rrevers i bl y  a l tered by androgen duri ng  

a s hort ' cri ti cal  peri od ' i n  the ea r ly  l i fe of the  rat  ( see Chapter 1 ,  

Secti on 3 . 2 . 6 ) , a nd experi ments descri bed i n  th i s  thes i s  a i m  to d efi n e  

more cl earl y th i s  i nte rva l o f  androgen sens i ti v i ty .  

C l a s s i ca l  �ndrogen i za t i on i s  typi cal l y  i nduced by ·a  s i ngl e subcu taneous 

i nject ion  of  TP i n  o i l . Th i s  treatment mi ght be expected to produce a 

h i gh i ni t i a l  p l asma testos terone concentra t i o n  wh i ch woul d gradual l y 
decl i ne a s  the pool o f  hormone was absorbed . Howeve r ,  the l ength of 

t ime for which the tes tosterone l evel i s  ra i sed a fter such an i nj ecti on 
has not ,  to the knowl edge of  the a utho r ,  been reported , and i s  perti nent 
to  a ny s tudy of the c r i ti cal  peri od . The  present exper iment a i med to  

provi de a profi l e  o f  p l asma tes tos terone concentrati on i n  the  neonata l 
rat a fter i nj ect i on of  an  androgeni z i ng dose  of TP . 

Pol yd i methyl s i l oxan� ( PDS) ( ' S i l a st i c ' ,  Dow Corn i ng Corp . )  capsu l e s  

con ta i ni n g  T P  were used i n  exper iments descri bed i n  th i s  thes i s ,  to 

provi de a removab l e s ource of hormone . They a l l owed p rec i se t i mi ng  of  
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TP treatment , wh i c h  i s  not pos s i b l e  wi th i nj ecti ons of  TP i n  o i l .  Such  

capsu l es  were u sed to  del i ver TP to  neonata l fema l e rats and , i ndi rectl y ,  

to ra t foetuses by p l acement i n  the pregna nt fema l e .  

Po l yd i methyl s i l oxane i s  wel l to l erated by ti ss ues ( Ki ncl and Rudel , 

1 97 1 ; Stratton , Ewi ng and Desjardi ns , 1973 ; Berndtson , Desjard i ns 

and  Ewi ng , 1974 ) and i s  permea bl e to a wi de range of stero i ds , i nc l udi ng  

testo s terone ( Dz i uk and Coo k , 1 966 ; K i nc l , Benagi ano and Angee , 1968) . 

I t  ha s been s hown that the rate of passage of stero i d s  th rough  PDS i s  

u nrel a ted to the we i ght o f  s teroi d conta i ned i n  the capsu l e  ( Dz i u k and  

Cook , 1966 ) and tha t the  in vivo rate of  absorpt ion  i n  rats i s  

p roport i onal  to the surface area of the ca psu l e ( Ki nc l  and Rudel , 1 9 7 1 ; 

Dama s sa , Koba s h i gawa , Smi th and Davi dson , 1976 ; Moger , 1976 ; Gay a nd 
Ke rl an , 1978) .  

The present exper iment i nvesti ga ted : 

1 .  the p l a sma testos terone profi l e  fo l l owi ng i n serti on and  

l ater removal of  TP -fi l l ed PDS  i mpl ants of  d i ffe rent 

s i zes  i n  adu l t fema l e rats , 

2 .  the p l a sma testos terone decay profi l e  i n  neona ta l 

fema l e  ra ts after removal  of  a TP-fi l l ed PDS capsu l e 

wh i ch had been i n  p l ace for 4 hours , 

3 .  the p l asma testosterone profi l e  i n  neona ta l fema l e  

ra ts a fter i njecti on of an androgeni z i ng dose ( 90�g) 

of TP , 

4 .  the p l a sma testosterone concentrat i ons i n  grow i ng ra ts 

beari ng TP-fi l l ed P DS capsu l es i n serted subcutaneou s l y  

a t  3 days o f  age . 

40 



2 .  MATER I ALS AND METHODS 

2 . 1  Ani ma l s 

The experi menta l  s u bj ects were : 

( a )  Adul t fema l e rats of  the S i monsen stra i n  of  Sprague- Dawl ey 

rats obta i ned from the Smal l An i mal  Producti on Uni t ,  Ma ssey Un i vers i ty, 

housed i n  a tempera ture- ( 23°C )  and l i ght- ( 14 hours ) contro l l ed room i n  

po l ycarbamate cages wi th pel l eted rat food and tap wa ter avai l ab l e  

ad Zibitwn. 

( b )  Neonata l ra ts were obta i ned from t imed ma ti ngs ( based on 

da i l y exami nations  for presence of  sperma uqeoa i n  vag i na l  smea rs ) o f  

fema l e rats of the a bove stra i n .  

2 . 2  Polyd i methyl s i l oxane Capsul es  

Ca ps u l es we re prepa red from PDS tubi ng ( i . d .  1 . 57mm , o . d .  3 . 18mm), 

cut  to predetermi ned l engths , fi l l ed wi th crystal l i ne TP ( S i gma 

Chem i c a l  Co . )  and sea l ed wi th ' S i l asti c adhes i ve Type A '  ( Dow Corn ing 

Corp . ) .  The capsu l e s i ze spec i fi ed refers to the l ength of the 

conta i ned crysta l s ,  and  no t the cut l ength of tub i ng wh i ch a l l owed for 

sea l ant  a t  both ends . Crysta l l i ne TP from 10 caps u l es  wa s we i ghed and 

averaged lOmg/mm c rysta l  l ength . Ca psu l es were pre- i ncubated i n  

phosphate buffered sa l i ne at  37°C for 48 hours ( h )  pri or to i nsert i o n  to 

prevent an i n i ti a l  h i gh peak i n  p l asma hormone l evel  ( Karsch� D i erschke, 

We i ck ,  Yamaj i ,  Hotchk i s s  and Knob i l ,  1973) . 

2 . 3  Experi mental  Procedures ( Summari zed i n  Tabl e 2 . I ) 

2 . 3 . 1 .  Adu l t rats 

Adu l t  fema l e rats of mi xed a ges ( 250-400g body wei gh t) were 

anaestheti zed wi th ether for s ubcutaneous  i nsert ion  of PDS capsu l e s  
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TABLE 2 . I  

SUMNARY OF EXPERIMENTAL DESIGN 

CLASS OF RAT 

Adult s  

Neonate s ,  day 3 

Neonate s ,  day 3 

Neonate s ,  day 3 

TREATMENT 
(at  t=O)  

Implant for  72h 
TP 5 , 1 0 , 20mm0 or 
cholesterol 10mm 

Implant for 4h 
TP 2 . 5mm or 
empty 

Injection 
TP 90)1& 

Implant 
TP 2 . 5mm or 
empty 

0 Length o f  c rystals in the PDS capsule 

SAMPLING TIMES 
( t ) 

0 4 8 1 2  24 48 72 
76 80 96 1 20h 

0 0 . 5  1 2 4 
5 6 9 1 2  1 6  22 28 34h 

4 8 24 48 72 96h 
6 7 8days 

24 48h 
2 3 6 9 1 2  15weeks 
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conta i n i ng TP ( 5mm , 10mm or 20mm) , or chol esterol ( 1 0mm ) for control s .  

B l ood sampl es of 1 . 5 -2 . 0ml were col l ected i nto hepa r i n i zed syr i nges , up  

to  3 samp l es bei ng col l ected from each rat , by ca rd iac  pu ncture u nder 

e ther anaes thes i a .  P l a sma wa s stored a t  -20°C unti l ana l ys i s .  

2 . 3 . 2 .  Neonatal ra ts 

P l a sma testosterone concentrations  were mea sured i n  neona ta l  rats 
i mp l anted w ith  TP-fi l l ed PDS ca psu l es  for bri ef ( 4 h )  or  prol onged ( u p  

to 1 5  weeks ) peri ods . Three day o l d fema l e ra ts were anaestheti zed by 

hypothermi a ,  and i mpl anted s ubcu ta neou s l y  i n  the l e ft fl ank  wi th 2 . 5mm 

TP- fi l l ed or  empty ( c ontrol s )  PDS capsu l es .  Another group  of neonatal  
rats wa s i njected subcutaneousl y i n  the nape of the neck wi th e i ther 

90�g TP i n  0 . 05ml a rach i s  o i l , or  o i l  on l y ( contro l s ) , on day 3 .  

B l ood was col l ected by exsa ngu i nati on of the anaestheti zed 

hypothermi c rats i nto a hepar i n i zed tube . To obta i n  an adequate pl a sma 

vol ume for assay , b l ood from between 3 and 10 i nd i v i dua l  rats was 

poo l ed .  The sepa rated p l a sma was stored at - 20°C unt i l ana l ys i s  . 

. Subcutaneou s  i mp l ants ( 2 . 5mm TP-fi l l ed or empty PDS caps u l e s  

i nserted o n  day 3 )  were l eft i n  pos i t ion  i n  a group  of  ' chroni ca l l y  

impl a nted ' rats . At i nterval s a fter i mpl anta t ion  ( see Ta bl e 2 . 1 )  

b l ood was col l ected by card i ac pu ncture from ra ts anaestheti zed wi th 

chl o roform . B l ood from severa l  neonatal an imal s was poo l ed ,  but rats 

over two weeks of  a ge each  contri buted one sampl e .  B l ood wa s processed 

and s tored a s  descri bed above . 

2 . 4  As say Procedu res 

Tes tosterone wa s measured by rad i o i mmunoassay (W i l son and Lapwood , 1978 )  
of p l a sma sampl es extracted wi th tol uene : hexane ( 1 : 2 ) and i ncuba ted wi th 

rabb i t a nti serum to tes tosterone- 3- ( 0- ca rboxymethyl ) -oxime- BSA ( S250 , 

courtesy of Or G . D .  N i swender , Col orado S tate U n i vers i ty ,  U . S . A . ) .  The  
free a nd bound stero i ds were separated wi th dextra n coa ted c harcoa l . 

Extracted sampl es  were ana l ysed i n  tri pl � cate . I nterass�y coeffi c i en t  

o f  vari a t i on vari ed  from 23 . 3% for a p l a sma pool of l ow concentra t i o n  
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of tes toste rone to 1 1 . 7% for a poo l of h i gh concentra t i o n  of 

tes tosterone : sens i t i v i ty ranged from 0 . 08-0 . l 1ng m l - 1 . 

2 . 5  S tati s ti ca l Ana lyses  

Ana l ys i s  of  the  regres s i on o f  the  l ogari thm of the  c o n c e nt rat i o n  of  

p l a sma tes tos terone at  the  va r ious  sampl i ng t imes wa s empl oyed to 

s ummar i ze the da ta a nd to e s t i mate the ha l f-l i fe of  p l asma tes tos terone . 

A seri es of  ' t '  tes ts was u sed to de termi ne  the peri o d  for wh i ch p l a sma 

tes tos terone i n  neonata l ra ts rema i ned e l eva ted above control  l evel s  

after removal  of capsul es , or  a fter i njecti on of TP . The  durati on of  

el eva t i on of p l a sma tes tos terone i n  you ng  rats whose T P  i mp l ants  were 

no t removed wa s e st imated by p l otti ng the 95% confi d e n ce l i mi ts a bout  

the regres s i on l i ne . The t i me at  whi ch  the  l ower co n fi dence l i mi t 

i ntercepte d  the upper 95% confi den ce l i mi t fo r contro l va l ues was 

ta ken to be the ti me at whi ch  testos terone concentra t i o n had returned 

to norma 1 • 

3 .  RESULTS 

3 . 1  Adul t Rats 

The p l asma concentrat ions of tes tos terone fo l l owi ng  i mp l an tat i on o f  

P DS caps u l es ( 5mm , lOmm a n d  20mm) fi l led  w i th TP a re i l l u s trated i n  

Fi gures 2 . 1 ,  2 . 2  and  2 . 3 .  F i gure 2 . 1  s hows the conc e n tra t i ons  dur i n g  

the fi rst 24h ; Fi g ure 2 . 2  the concentrat i ons from 24-72h  and Fi gure 

2 . 3  the decay i n  p l asma concentrat i ons fo l l owi ng remova l  of caps u l es . 

The peak concentra t ions of p l a sma tes tosterone atta i ne d  by the 5 ,  10 

and 20mm TP caps u l es  were 7 . 1  ± 0 . 4 ,  9 . 8 ± 1 . 1  and 1 2 . 8  ± 0 . 9ng  ml -1 

( 24 . 6  ± 1 . 4, 34 . 0  ± 3 . 8  and 44 . 4  ± 3 . l nmol l i tre - 1 )  res pecti vely . 

For the two sma l l e r capsu l es these peak l evel s app e a r  to be  reached 

at  or  soon a fter 4h  a nd then dec l i ned for the rema i nder  of the i r 72h 

res i de nce ( Fi gs 2 . 1  and 2 . 2 ) . The 20mm caps u l es p ro duced  at 8h  a 
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Figure 2 . 1  PLASNA CONCENTRATIONS OF TESTOSTERONE I N  ADULT FEMALE RATS 
OVER A 24h PERIOD FOLLO\V I NG THE H!PLANTATION 

OF 11IREE DI FFE R ENT S IZES OF PDS CAPSULES CONTA INING TP 
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Figure 2 . 2  PLASMA CONCENTRATIONS O F  TESTOSTERONE I N  ADULT FEMALE RATS . 
OVER A 72h PERIOD FOLLOWING THE H1PLANTATION 

OF THREE DIFFERENT S IZES OF PDS CAPSULES CONTAINING TP · 
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IMPLANT REMOVED AFTER 72 h 

Figu re 2 . 3  PLASNA CONCENTRATIONS OF TESTOSTERONE IN ADULT FENALE RATS 
OVER A 48h PERIOD FOLLO\VING TilE RENOVAL 

OF TP-FILLED PDS CAPSULES H1PLANTED FOR 72h 



peak concen tra t i o n  wh i ch was mai n ta i ned to 24h and thereafter decl i ne d  

( Fi gs 2 . 1  and  2 . 2) .  

After removal  of the caps u l e s  ( Fi g .  2 . 3) the p l asma tes tos terone 

concen tra t i o n  ra p i d l y  dec l i ned  a nd had reached control l evel s at the 

4h sampl i ng t i me .  The h i gh mean concentra tion  of p l asma tes tos terone 

i n  the 20mm caps u l e group  at 8h wa s accounted for by one i nd i v i dual rat 
wi th h i gh va l ues at  8 a n d  24h . ( The rema i n i ng 5 ra ts had l evel s of  

1 . 2  ± 0 . 3n g  ml - 1  at  Bh and  0 . 39 ± 0 . 03ng  ml - 1 at  24h) . 

There were no s i gn i fi cant  d i fferences between the e s t i mates of  the 

ha l f- l i fe of p l asma tes tosterone for the three s i zes of  capsul e 

( 5mm , 1 . 2h ; lOmm , 0 . 9h ; 20mm , 0 . 9h ) . The mean ha l f- l i fe was l . Oh . 

3 . 2  Neona ta l Ra ts 

3 . 2 . 1 .  Four hour TP i mpl ants and TP i njecti on 

P l a sma tes tos terone concentra ti ons i n  neonata l  fema l e rats 

The cal cu l ated regress i on l i nes for TP- i njected and TP- i mpl anted 

ra ts are s hown i n  Fi gure 2 . 5 .  I n  both cases the regress i on of  l og 

concentra t ion on t i me was h i gh l y s i gni fi cant  ( P<O . OOl ) . The cal cul ated 

pl a sma hal f- l i fe of  tes tos terone after removal of the PDS caps u l e was 

8 . 6 h and  the ha l f- l i fe of  tes to sterone after s ubcutaneous i njecti on  
was 48h . 

After removal  of  the capsu l es , tes tos terone concentrat ion  

dec l i ned to  co ntro l l evel s i n  24h . I n  the TP- i njected group  

tes tos terone concentra t i on rema i ned s i gni fi cantl y  h i gher than  i n  

co ntro l s unti l 192h  ( 8  days ) a fter i nj ect i on . 
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The hor izontal dashed l ine shows the upper 95% con fidence l imi t of the 
level in control animal s . .  The 2 . 5mm capsule \vas removed after 4h . 

Figure 2 . 4  PLASMA LEVELS OF TESTOSTERONE IN NEONATAL FEMALE RATS AFTER 
. INJECTION OF 90ug TP AND AFTER 

INSERTION OF A TP-FILLED PDS CAPSULE 
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The horizon tal dashed l ine shows the upper 95% confidence l imit of  the 
level in control a nima ls .  The curves a re the l inear regressions with a 
logari thmic scal e  for testosterone concentration . The 2 . 5mm capsule 
was r emoved af ter 4h . 

Figu re 2 . 5 PLASMA LEVELS OF TESTOSTERONE I N  NEONATAL FEMALE RATS AFTER 
INJECTION OF 90pg TP ( open symbols ) AND AFTER 

INSERTION OF A TP-FILLED PDS CAPSULE (closed symbols )  



3 . 2 . 2 .  Chron i c  TP i mpl ants 

P l asma testo s terone concentra t i on i n  rats beari ng 2 . 5mm PDS 

caps ul es  o f  TP for up to 40 days (meas urement was made up  to 1 5  weeks) 

i s  i l l us trated i n  F i gure 2 . 6  wi th the measured data p l otted about the 

ca l cu l a ted curve as i n  F i g ure 2 . 5 .  ( The regre s s i on coeffi c i en t  was 
h i gh l y  s i gn i fi cant , P<O . OOl ) . The ca l cu l a ted hal f-l i fe of p l a sma 

tes tos terone for th i s  trea tment was 69h . P l a sma tes tos terone 

concen tra t i o n  dec l i ned exponent i a l l y  and reached contro l l evel s i n  
1 0  days . 

4 .  D ISCUSS I ON 

The p resent exper iment has demonstra ted a do se-dependent ( rel a ted to 

s i ze of caps u l e )  e l eva t i o n  of p l asma testos terone wi th TP- fi l l ed PDS 

caps u l e s  i n  adu l t rats , th u s  confi rmi ng prev i ousl y descri b ed work 

us i ng a ra d i o i mmunoa ssay ( Damassa et al . , 1 9 76 ; Moger , 1976 ) or a 

rel a t i ve l y  i nsen s i t i ve b i oassay ( Chang and Ki ncl , 1 970 ) . Damas sa and 

eo-workers ( 1976 ) u sed , i n  ma l e  ra ts , i mpl ants of a comparabl e s i ze to 

those used i n  the present  experi ment , but reported substanti a l l y  l ower 

p l asma tes tos terone co ncentra t i o ns ( for exampl e ,  for a lOmm i mpl ant 

a fter 3 days in situ , 0 . 75ng mf 1 compared wi th 7 . 80 ± O . S ng ml - 1 i n  
the p resent experi ment ) . However the i r  capsul es were fi l l ed wi th free 

testosterone , a nd h i gher concentra t i ons of p l a sma testos terone res ul t 

from TP-fi l l ed tha n from tes tos terone-fi l l ed capsu l es of the same 

l ength ( Gay and Kerl an , 1978 ) . The present experi ment used  fema l e 
rats  wh ich  may di ffe r  i n  the i r  p l asma c l earance ra te for testo s terone . 

P l asma tes tos terone concentra t i on reached a peak 4-8 hours after 

i mpl antat ion  and fel l to contro l  l evel s wi thi n 4 hours a fter remova l , 

whi ch  a grees w i th the reports o f  Dama ssa e t  al .  ( 1976) . 

I t  has been reported that a fter s ubcutaneous i mpl antati on of 

testosterone -fi l l ed P DS capsu l es , p l asma tes tosterone concentrati on 

rema i ns constant  for 13  weeks i n  rabbi ts ( S tra tton .et  a l . , 1973 ) and 

3 weeks  i n  cas trated ma l e  ra ts ( Damassa  et al . , 1 9 76 ) but  i n  the 
present experi ments the p l asma tes tosterone concentrati on dec l i ne d  
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over the 3 days of sampl i ng i n  adu l t fema l e rats . Moger ( 1976) 

reported pea k el eva t i on of serum testos terone concentrat ion  i n  young 

ca stra ted ma l e  rats at the earl i es t  sampl i ng per iod , 24 hours , and a 
progress i ve dec l i ne a t  subsequent sampl i ng ti mes ( 3 ,  5 and 1 0  days) .  

C l ea rl y ,  i n  adul t ra ts testos terone wa s rap i d l y  absorbed from PDS 
capsu l es and i ts ra p i d  c l earance from the p l a sma wa s refl ected i n  a 

hal f-l i fe of  1 hou r ca l cu l ated from the present data . Res u l ts obta i n ed 

wi th the radi o i mmunoassay sys tem used here i ndi cated that the du rat ion  

of  exposure of adul t fema l e rats to e l evated p l asma tes tos terone 

concen tra t i ons  from the subcutaneous l y p l aced TP-fi l l ed PDS caps u l es 

of the d imens ions  descri bed wa s not more than 4 hours l onger than the 

per i od for wh i ch the capsul e was in p l ace . 

The hal f- l i fe of  p l a sma testosterone after removal of 2 . 5mm TP-fi l l ed 

PDS caps u l es ,  i n  neona tes , wa s 8 . 6  hours , wh i ch i s  con s i dera b l y  l onger 

than that in th e adu l t .  B i otransformat ion  pathways i nvo l v i n g m i crosoma l 

enzymes a re known to be defi ci ent i n  neo nates and excreti on processes  

are not wel l devel oped ( Baggot , 1977 ) so  that  del ayed e l im i nati on of  

l a rge quanti t ies  o f  testos terone from the neonatal body wou l d be  
expected . The  ha l f- l i fe of p l a sma tes to s terone fo l l owi ng s u bcutaneou s 

i njecti on  of 90� g TP i n  neonates wa s 48 hours . The who l e bo dy hal f-l i fe 

for a s i ngl e i ntramuscul ar i nj ect ion of 1 4 C- l abel l ed TP i n  adu l t ra ts , 

repo rted by James , N i chol l s  and Roberts ( 196 9) , wa s 3 . 7 5 days . However 

these authors mea s ured 1 � C excret ion  whi ch  wou l d i ncl ude ma ny metabol i tes 

of te stos terone . They a l so u sed a l arger dose of TP i n  a l a rger vo l ume 

of o i l ( lmg i n  O . lml ethyl o l eate ) than u s ed i n  the present experi ment 

and th i s  coul d contri bute to  the  l onger ha l f- l i fe mea sured . 

P l a sma testosterone concentra t i on i n  ra ts i njected wi th 90�g TP rema i ned 

e l eva ted for at l ea s t  7 days . When TP capsu l es were removed a fter 

4 hours , p l asma testos terone l evel s decl i ne d  and reac hed contro l  l evel s 

i n  24 hours . I n  defi ni ng the peri od of  exposure to TP therefore, 

24 hours must be  added to the t i me for wh i ch the i mpl ants were l eft · 

in situ . 
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The ha l f- l i fe o f  p l a sma tes tosterone i n  chron i ca l l y  i mp l anted neonates 

wa s 69 ho urs . Some of the capsu l es exami ned after bei n g  i n  pos i t i on 

for 1 2 - 15  wee ks were fo und to be empty . An in vitro s tudy by Ki ncl 
and o thers ( 196 8 )  enabl ed  theoret i ca l  ca l cu l a tion  o f  the rate of  

pa ssage of TP th rough  the  wal l s  of  the PDS caps ul es used  i n  the present 

experimen t .  Th i s  ca l cu l at i on  pred i c ted that the capsu l e  wou l d be empty 

at  1 8 . 5  weeks . C l earl y ,  in vivo the rate of re l ease  i s  much greater 

and the rap i d  a bsorp tion  of  TP from the sma l l capsul e wi th i n  the 

ra p i dl y  growi ng ra t ,  whi ch prov i des an  exponenti a l l y  i n crea s i n g  pool 

for the s tero i d ,  l i mi ts the effecti veness of PDS cap su l es as a l ong­

term method of  hormone trea tment . When compared wi th TP i nj ecti on i n  

the neonate however , they p rovi ded a l onger effecti v e  concentrati on of  

hormone and they had  the added adva nta ge that  termi nati on of treatment 

by removal  of the capsul e coul d be carr i ed out after the des i red per i od 

o f  treatment . 

I n format ion  regard i ng the p l asma testosterone concentrat i on after 

admi n i s tra ti on  of TP to ra ts , e i ther by i njecti on or PDS i mpl ants has 

enabl ed the u s ua l  techn i q ues of  andro gen i zat ion  to be a s sess ed in terms 

of  the dura t i on of exposure of the a n i ma l  to androge n . Th i s  ha s been 

an  i mportant contri buti on to the stud i es ,  descri bed i n  Cha pters 3 ,  4 

and  5 ,  i nves ti gati ng the cr i ti ca l  peri od for sexual d i fferent i a tion  of 

the rat hypotha l amus .  
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CHPJ?TER 3 

THE EFFECTS ON FEMALE .OFFSPRI NG OF TESTOSTERONE 

PROPI ONATE , ADMINISTERED TO P REGNANT RATS BY 

POLYDIMETHYLS I LOXANE CAPSULES AT VARYING 

TIMES DURING P REGNANCY· 

f .  I NTRODUCTI ON 

The e ffec ts of  neonata l l y  admi n i s tered androgen on the ovari an fu nc t i o n , 

sexual  behav i o ur and growth o f  fema l e  rats i s  wel l estab l i shed ( see 

Chapter 1 ) . Prenatal  androgen treatment , wh i l e  l ong  known to 

ma scu l i n i ze the geni ta l tract  of devel op i ng fema l es ( Greene et al . , 

1939 )  has  produced confl i ct i n g  evi dence for a prena tal peri od o f  

hypotha l ami c sens i t i v i ty to androgen ( Reves z et  al . ,  196 3 ; Swa n son and 
va n der Werff ten Bosch , 1 964 , 1965 ; Gera l l and Ward , 1 966 ; Fel s and 

Bosch , 1971 ; S l ob et  al . , 1 983) . 

Both d i rect and i nd i rect methods of admi ni s teri ng a ndrogen to the fo etus 

have been used i n  these exper i ments . Treatment of the foetus i s  as s ured . 

by i ts d i rect i nject i on i n  the uteru s duri ng anaesthe s i a  of the mother , 

but i ntroduces new var i ab l es and  i s  poten t i a l l y  ha zardous . I nd i rect  

treatment , by i nject ion  or  ora l  treatment of  the  moth�r , has frequentl y 

i nvol ved s uch a h i gh dosage o f  testostero ne that aborti on , foeta l  death  
and defi ci ent l a cta t i on have resul ted ( Swanson  and  van  der Werff ten  
Bosch , 1965 ; Gera l l and  Ward , 1 966 ; Fel s a nd Bosc h , 1 97 1 ; Sch u l tz and  
Wi l son , 1974) . Treatment by i njection  a l so ha s the d i sadvantage of  

produc i ng an i ncons tant  e l eva t ion  of hormone concentrati on for a n  

unknown peri od . 

I n  t he present exper i ment androgen was admi ni s tered to the pregnan t  rat 

by way of PDS capsu l e s  whi c h  o ffer the advantages of  provi di ng a 
conti nuous a nd fa i rl y  consta n t  source of hormone for an i nterva l 

determ i ned by the t i me of  removal  of the capsu l e .  D i fferen t do ses 
I 

were s uppl i ed by d i fferent s i zes of capsul e .  
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Cha p ter 2 descri bed the profi l es of pl asma tes tosterone resu l t i ng from 

the use  of such ca p s ul es . Confi rmat ion , by rad i o i mmunoassay, o f  

e l evated testos terone concentra ti on i n  foeta l b l ood a fter treatment  o f  

the mother wi th T P  wa s not con s i dered feas i b l e  s i nce t h e  sma l l vo l ume 

of bl ood obta i nabl e from eac h  foetus wou l d mean the sacri fi ce  of l arge 

numbers of an ima l s .  Ev i dence of ma scul i n i za t i on of the external 

geni ta l i a  was a ssumed to i nd i cate that the fema l e foetuses  had been 

exposed to a ndrogen.  However, a recently pub l i s hed paper ( S l ob  et a l . , 

1983 ) , wh i c h  i s  d i s cu s sed l ater i n  thi s Chapter , cha l l enges th i s  

a s s umpti o n .  

P regna n t  rats were treated w i th TP-fi l l ed capsu l es for 72  o r  24 hours 

at var i ous stages of  pregnancy from 1 0  days , s ummari zed i n  F i gure 3 . 1, 

and the devel opment of  fema l e offspri ng obs erved . Atten t i o n  was 

focussed  on the rats  born after treatment  du ri ng the 3 days preced i ng 

b i rth ( days 1 9- 2 1  of  gesta t i o n )  as th i s  peri od was con s i dered the mos t  

l i kel y to b e  i nvol ved i f  the hypotha l amu s i s  sens i t i ve to androgen 

prena ta l l y .  

The daughters o f  ra ts treated wi th TP dur i ng pregnancy were s tudi ed for 

ev i dence of ' mascu l i n i zati on ' of  the external gen i ta l i a ,  and of the 

contro l of gonadotro p h i n  secreti on , femi n i ne sexual  behavi our  and growth . ·  

2 .  MATERIALS AN D METHODS 

2 . 1  Ani ma l s and An i ma l  Management 

The experimenta l subj ects were Sprague-Dawl ey rats of the S i monsen 

s trai n ,  obta i ned from the Sma l l Anima l  P roduct ion  Un i t ,  Ma ssey Un i vers i ty .  

They were kept i n  a temperature- ( 23°C )  and  l i gh t- ( 14 h )  contro l l ed 

room w i th pel l eted rat food and tap water ava i l abl e ad libi tum. 

Adu l t fema l e rats were housed three to a cage wi th one ma l e, and 

vag i na l  smears were exami ned da i l y  for s pe rmat oa . The morni ng on 

wh i ch s perma zoa were found was desi gna ted day 1 of  pregnancy a nd the 

rat was removed from the mal e .  Pregnancy wa s confi rmed by a bdom i nal  
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EXPT 24 h 

72 h 

EXPT l i .  

EXPT II  

EXPT I 

10  1 1  

--, 

1 2  

72 h 

1 3  1 4  

2 4  h 

15 16 

72 h 

1 7  

DAY OF GESTATION 

24 h 

24 h 

72 h 

•. 

1 8  1 9  20 2 1  : BI RTH 

Pregnant rats were implanted for 24 or 72h with a PDS capsule 
conta ining TP ( 5 ,  10 or 20mm) or chol esterol ( lOmm) "  

Figure 3 . 1 EXPERIMENTAL DESIGN : PERIODS OF EXPOSURE OF FOETAL 
RATS TO TESTOSTERONE PROPIONATE 
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pal pat ion  a t  day 10 and  the ra t a s s i gned to a treatment group  a nd housed 

i n  a pol ycarbama te cage unti l i ts l i tter was weaned . I n  mos t  cases  

l i tters were born  on day 22 . 

On the expected day of partur i ti on the mother rat was checked regu l ar l y 

and the t i me of arri va l  of  the l i tter recorded . Each pup was s exed, 

wei ghed a nd each fema l e i denti fi ed by a s i mpl e code requ i ri ng amputati on 

of one or two toe s . During these procedu res pups were kept under a 

60 watt l amp to ma i nta i n  the i r body tempera ture . L i tter s i ze wa s 

adj u s ted to 1 2  a t  thi s time by remova l of  excess  ma l es or  add i t i on of 

ma l e s from o ther l i tters of the same a ge . The fema l e ra ts were wea ned 

at  21 days o f  age , we i g hed , ear-marked and a l l ocated random l y  to 

s ta i n l es s  s teel col ony cages, 7 rats to each cage . 

2 . 2  Admi n i stra t i on o f  Testosterone Propi onate 

Trea tment of the pregnant ra t i nvol ved su bcu taneous i n serti on , under 

ether anaesthe s i a ,  of a PDS capsul e ( d i mens i on s  and prepa ra t i on 

de scri bed i n  Chapter 2 )  conta i n i n g e i ther crysta l l i ne TP o r  chol esterol 

( control s ) . The caps u l e was removed under anaesthe s i a  a fter e i ther 24h 

or 72h .  

2 . 3  Exper imental Des i gn 

Th i s  s tudy cons i s ted o f  fo ur sec t i ons , each i nvol v i ng treatment wi th  TP 

duri ng a d i fferent per iod of gestati on : days 1 9- 2 1 , 1 6-18 , 1 3 - 1 5  and  

10- 12 .  Wi thi n each s ect ion each pregnant  fema l e was a s s i gned to one 

of e i ght  s ubgroups  determi ned by dura t i on of treatment ( 72 h  or 24h) 

and the s i ze of the i mpl ant ( 5 ,  10  or 20mm or  chol este ro l  1 0mm) . 

Tab l e 3 . I  s hows detai l s  of the numbers of fema l e  offspri ng  whos e  

reproduct ive  fu nct i o n  and growth were subseq u ently s tud i ed . 

The fo ur s ect ions  o f  th i s exper iment were conducted sequent i a l l y  

s tarti ng wi th the l atest  stage o f  pregna ncy a nd progre s s i ng to s ucce s s i ve 

earl i er per i od s . The fi ndi ngs from eac h  secti on to some extent determi ned 

the experi menta l procedures fol l owed i n  the s ubsequent s ec t i o n s, there­

fore each s ect ion  d i ffered . Experi ment I ( treatment  on  days 1 9 - 2 1) i s  
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TABLE 3 . I  

TREATMENT 

IMPLANT 

Smm TP 

1 0mm TP 

0 1 0mm TP 

20mm TP 

10mm Cholesterol 

0 10mm Cholesterol  

SUMMARY OF EXPERIMENTAL DESIGN 
NUMBER OF RATS INVESTIGATED 

EXPERIMENT 
I I !  I I I  

STAGE O F  GESTATION AT TREATMENT 
21-19  1 8- 1 6  1 5- 1 3  

DURATION ( h )  
72 24 72 24 72 24 

1 0  1 0  0 6 6 1 1  

10  10  5 4 5 9 

11 0  

10  1 4  9 6 8 2 

1 0  10  8 0 1 3  1 0  

1 0  

0 Supplementary study group , see Section 2 . t� 

60 

IV  

( days) 
1 2- 1 0  

72 24 

10  7 

3 4 

1 2  2 

0 2 



descri bed here i n  deta i l  and the experi mental  procedures  and the age a t  

wh i c h  they occurred are s ummari zed i n  Tab l e 3 . I I . Tabl e 3 . I I I shows the 

meas urements and observations  recorded for a l l secti ons  of  the experiment  

and a l so  s erves to  i nd i cate where the other  secti ons d i ffer from the 

Experi ment  I protoco l . 

Some re su l ts obta i ned from Experi ment I I  ( treatment duri ng  days 16-18)  

were cons i dered quest ionabl e (detai l s  i n  Res u l ts sec t i o n ) , therefore 

th i s  sec t i o n  of the experi ment  was repeated wi th pregnant fema l es 

i mpl anted for 72h  wi th lOmm TP- o r  cho l e s tero l - fi l l ed i mpl ants . 

2 . 4  As ses sment o f  Responses 

The exper imenta l procedures and the a ges  at  wh i ch they were conducted 

are s ummari zed i n  Tabl es  3 . I I  and 3 . I I I .  

The body we i ght  and anogen i ta l  d i s tance  (AGO ) were reco rded on  the day 

of b i rth . Rats were wei ghed week l y  from wean i ng  ( 3  weeks ) unti l the 

end of  the experi men t  ( 18 weeks ) . Da i l y exami nati on  for va gi nal  

open i ng commenced at  4 weeks . Begi nn i ng at  6 weeks , vag i nal  smears were 

taken da i l y  for 2 weeks from rats wi th norma l vagi nae , and  exami ned 

mi croscopi cal l y .  At 6 weeks  the ri ght ovary was exami ned for corpora 

l u tea by l aparotomy u nder ether a naes thes i a . B i l a teral ovari ectomy 

was carri ed  o ut  at  13 weeks  and  the ovar ies  wei ghed . H i s to l og i ca l  

secti ons prepared from representa t i ve ovar i e s  were u sed to  confi rm the 

presence or absence of corpora l u tea . 

Admi n i s trat i on  o f  OB ( S i gma C hemi ca l  Co . ) i n  subcutaneou s  10mm P DS 

caps u l es to ha l f  o f  the rats  a t  .16 weeks  permi tted a s s e s sment of  growth 

response  to oestrogen and a l s o  provi ded hormona l preparat ion  for mat i n g  

behav i our tes ti n g .  
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Mati ng  behav iour  was tested 4 days a fter the begi nn i ng of oestrogen admi n ­

i s trat i on  ( 16 weeks ) . The rats under test rece i ved a s ubcutaneous i njecti on  

of  0 . 5mg proges terone (Si gma· Chemi cal  Co . ) i n  arach i s o i l  a nd  were tested 

5h  l ater dur i ng the earl y porti o n  of the i r  normal dark pha s e . Tes t i ng 

was carr ied  out under ' Safe l i ght ' i l l umi nati on (Wrat ten orange fi l ter ) 



TABLE 3 . II 

SCHEDULE OF EXPERIMENTAL PROCEDURES 
EXPERIMENT I 

MEASUREMENT OR OBSERVATION 

External Genital ia anogenital distance 

appearance 

Ovarian Function age at vaginal opening 

vaginal smear 

inspection of R ovary for CL0 

weight of ovaries 

histology of ovaries 

Sexual Behaviour lor dosis quotient 

G rowth birth weight 

weekly body weight 

organ weights 

° Corpora lutea 

6 2  

AGE 

birth 

1 8weeks 

6weeks 

6weeks 

1 3weeks 

1 3weeks 

1 6weeks 

birth · 

3-1 8weeks 

18weeks 



TABLE 3 . I I I  

SUMMARY OF EXPERIMENTAL PROCEDURES 

MEASUREMENT OR 
OBSERVATION 

External Geni talia  
AGD at  b ir th 
examination at slaugter 

Ovarian Function 
' age at  vaginal opening 
vaginal smears 
inspection of R ovary 
weight of ovaries 
histology of ovaries 

Sexual Behav iour 
LQ 

Growth 
b ir th weight 
weekly body weight 
organ wei ghts 

0Supplementary group 

I 
EXPERIMENT 

I I  I l l  IV  

STAGE OF GESTATION AT TREATMENT ( days )  
21-1 9 1 8- 1 6  1 5- 1 3  1 2 - 1 0  

72 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 

24 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 

DURATION ( h) 
72 24 72 24 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

· + 

+ 
+ 

+ 
+ 

+ 

+ 

72 

+ 
+ 

+ 

+ 

24 

+ 
+ 

+ 

+ 

' In rats with abnormal development o f  external vagina i t  was often 
impossibl e  to es tabl i sh a date for vaginal opening . 
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i n  mat i ng arenas constructed of  c l ear perspex ( 35cm x 50cm x 50cm) . Two 

ma l e  rats i n  each  arena were a l l owed a l h  per i od of adaptat i on before 

the i ntroduct i on of  a fema l e  rat . Each femal e wa s observed for 10  mounts , 

the number of l ordoses i n  res ponse  to these mounts wa s recorded and the 

LQ ca l cu l ated . ( LQ = percentage of  mounts  i n  wh i ch l ordos i s  wa s 

el i c i ted . )  

At 18  weeks al l rats were k i l l ed wi th c h l oroform . The wei ghts of  l i ver , 

k i dneys , adrenal g l ands , bra i n ,  p i tui tary , u terus and preput i a l  gl and s 

were recorded . T he externa l geni tal i a  were exami ned and c l a s s i fi ed 

from the i r  gro s s  a ppearance as  norma l , a bnorma l or l ac k i ng a vag i na l 

ori fi ce . 

2 . 5  Stat i sti cal  Ana lyses  

2 .  5 . 1 .  Gen era l 

Resu l ts were subjected to one-way a na lys i s  of vari ance . When a 

s i gn i fi cant  ( P<O . OS )  ' F ' rat i o wa s obta i ned ' t ' tests  were carri ed out , 

a ccord i ng  to an  a priori scheme , to i denti fy those groups  wh i ch 

contri buted to the  s i gn i fi cant  ' F '  ra ti o .  The computati on  of  ' t '  u sed 

the d i fference between the means  ( numera tor )  and the poo l ed error 

e s t i mate from ana l ys i s  of  vari ance ( denomi nator )  (Sokal  and Roh l f ,  

1969a ) .  

2 . 5 . 2 .  Body weight data analys i s  

Body wei ght data ( g )  were fi rst  transformed i n to l ogari thms . The 

vari ance of the body wei ght  measuremen t  i ncreases wi th age  and  u se of 

tra n s format ion  to l og10 of the body we i ght  removes th i s  heteroscedas ­

t i c i ty ( i nequal i ty of var i ance ) of  the data a l l o\'li ng l eg i t i ma te 

s ta t i s t i ca l  ana l ys i s . For a more deta i l ed d i scuss i on of  the advantages 

of  the  l og10 tra n s formati on  of body we i gh t ,  see Cl ark and Tarttel i n  

( 1 978) . 
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I n i ti a l l y  a one-way ana l ys i s  of  vari ance was app l i ed to l og10 body 

we i ght  mea suremen ts at eac h  week .  When a s i gni fi cant ( P<0 . 05 )  ' F '  rat i o  

was obta i ned , ' t ' tests , as  descri bed a bove , were u sed to i denti fy the 

group { s )  wh i ch contri buted to i t . 

2 . 5 . 3 .  Regres s i on ana lys i s  of body we ight 

When  cons i s tentl y s i gn i f i cant ' F '  rat ios  were obta i ned for a number 

of consecuti ve weeks  i n  the a na l ys i s  of  vari ance , fu rther ana l yses  u s i ng  

regres s i o n  techn i ques were carr i ed out  accord i ng to the  methods of Sokal  

and Roh l f ( 1969b) . 

Regre s s i o n  ana l yses were carri ed out  on i nd i v i dual  l og 10  body we i gh t  
data . The s um o f  squares o f  groups at  each week o f  mea surement was 

cal cu l ated . The regress i on o f  ra t body wei ght ( l og10v )  on the rec i pro ca l 

of age  ( 1/X )  i s  l i near ( C l ark  and Tarttel i n ,  1 978)  and wa s ca l cu l a ted 

for ea ch group . The proporti on  of  the vari ance amo ng wee ks wh i ch was 

expl a i ned by l i near regres s i on wa s very much  greater when the regres s i on  

used the  reci procal  of  age , rather than  u ntransformed age , a s  the 

i ndependent vari a bl e .  For a typi ca l  ana l ys i s  ( Chapter 5 ,  day 2 TP­

i njected group ,  data shown i n  Append i x  Tabl e I ) ,  the proporti on of the 

among wee k  var i ance due to regres s i on of age wa s 84 . 9% ,  and due to 

regres s i on on the reci procal of age wa s 99 . 6% .  For the per i od s  fol lowi ng 

ovari ec tomy , a nd dur i ng OB trea tment , the transforma ti on o f  age to i ts 

rec i proca l gave no i mprovement i n  the fi t of the regre s s i on l i ne , and  

conc l u s i on s  were based on ana l yses u s i ng untransformed age as  the 

i ndependent var i a b l e .  

From the regres s i on data the s ta ti s t i c s  LX2 and LXY were· obta i ned 

ena bl i ng computa ti on of Ly2 ( the sum of squares  of dev i at i ons  of  

e s t i ma ted va l ues  of  Y from the mean , a l so  cal l ed the  ' exp l a i ned  sum 

of s quares ' )  . . The d i fference between the sum of squares of  groups and 
Ly2 g i ves an e s t i mate of Ld2y . x  ( the s um of squares of observed va l ue s  

o f  Y from the val ues estima ted by the regre s s i on , a l so  cal l ed the 

' unexpl a i ned s um of  squares ' ) . The ' exp l a i ned mean square ' (mean 

square due  to l i near regress i on ,  based on  one degree of  freedom) 

repres ents  the vari at ion i n  Y whi ch  can  be accounted for by vari ati on 

of  X. The ' u nexp l a i ned mean square ' ( n- 2  degrees o f  freedom) represents 
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the res i dua l  vari at i on , i n  o ther words the devi at ion  from the regre s s i on 

l i ne .  The • F •  va l ue obta i ned from the rat i o  of  thes e  two mean squares 

tes ts the s i gn i fi ca nce of  the regres s i on , wh i ch wa s very h i gh l y  

s i gn i fi cant  ( P< O . OO l )  i n  a l l ca se s . 

The regres s i on coeffi c i ents  ( b )  were compared by the ca l cu l at i o n  

shown bel ow . 

Among b 1 s  S S  

Wi th i n  b • s S S  

d . f . g- 1 

g = number o f  treatment groups  

a = number o f  weeks 

When s i gn i fi cant ( P<0 . 05 )  • F •  rat i o s  were obta i ned , the groups  whos e  

regres s i on coeffi ci ents contri buted to the s i gn i fi cance  were i denti f i ed 

by further • F •  tests a s  s hown be l ow :  

F = ( b l -

I:x2 + l 

L:Xf . 

I: X� 
I: X� 

b2 ) 2  

. $2y . x  

S2y . x  = I:I:d2y.x  

L:g a - 2g  
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3 .  RESULTS 

The resu l ts of a l l four s ect i on s  of the experiment a re de scr i bed 

together under head i ngs correspond i ng to the a s pects of  s exual  

d i fferenti at i on  be i ng i nvesti gated . For mos t  observat i ons  or  meas u re­

men ts a tabl e summar i zes the fi ndi ngs . 

The  treatment of pregnant  rats wi th TP impl ants for 7 2 h  or  24h duri ng  

the second hal f of  gestat i on d id  not a ppear to  i nterfere wi th the 

ma i ntenance of pregnancy nor wi th partur i ti on ,  and the offspr i ng  were 

heal thy at b i rth . 

S i nce the fi rs t exper i ment  i nvol ved the l a s t  72h  or 24h of  gesta t i on 

and s i nce the actual  t i me of parturi ti on  cou l d not be pred i cted , the 

durat ion  of  exposure of l i tters to TP in utero vari ed between 5 - 24h  

for the ' 24h ' treatment ,  a nd  between 50- 72h  for the ' 72h ' treatment .  

Thi s var i a b i l i ty i n  the durati on  o f  treatment shoul d b e  borne i n  m i n d  

when cons i deri ng  the resul ts of  th i s sect i o n  of  the experi ment .  

3 . 1 Ovar i an Funct i on 

3 . 1 . 1 .  Age a t  vagi nal  ope n i ng 

The ages a t  vagi nal open i ng are presented i n  Tab l e 3 . IV .  

Severa l  g roups  o f  rats ( 72h , lOmm a nd 20mm ) rece 1 v 1 ng TP duri ng  

the  3 days precedi ng b i rth ( 19-2 1 ) showed a bnormal vag i na l  devel opment  

wh i ch prevented accurate determi nat i on of  t he  t imi ng o f  vag i nal  o pen i ng . 

S tati st i ca l  ana l ys i s  of  the ages at  wh i ch  the vagi nae canal i zed was 

therefore l imi ted to the rema i n i ng groups .  Of these , on l y the 5mm TP 

( 24h ) group  d i ffered from the control , bei n g  s i gni fi cantl y o l der 

( P<0 . 01 ) when the vagi nae opened (4 1 . 3  ± 0 . 9  days compared wi th 

35 . 7  ± 0 . 9  days ) . The a ge at  vag i nal  openi ng  was not obta i ned for one 

rat i n  th i s  g roup  ( 5mm TP , 24h ) whose  vag i na l  o pen i ng was a bnorma l . 
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TABLE 3 . IV 

AGE ( days ) AT VAGINAL OPENING 

TREATMENT STAGE OF GESTATION AT TREATMENT ( days )  
2 1 - 1 9  18-16  15-1 3  

n Mean SE n Mean SE n Mean SE 

24 HOUR IMPLANT 
***'0 *0 

5mm TP 10  4 1 . 3  0 . 9  6 37 . 5  1 . 0 
*0 

10mm TP 10  37 . 2  0 . 4  5 38 . 0  1 . 3  5 37 . 6  2 . 1 

20mm TP 10  37 . 0  1 . 1  9 38 . 4  0 . 7 8 44 . 1  1 . 0 

10mm CL' 10  35 . 7  0 . 9  8 40 . 1 0 . 4 1 3  41 . 8  1 . 2  

72 HOUR IMPLANT 

5mm TP 9 39 . 9  1 . 0 6 - 1 1  39 . 6  1 . 3  
**0 

10mm TP 10  2 4 9 37 . 3  0 . 9  - -

' 10 -

20mm TP 14  - 6 - 2 44 . 5  0 , 5  

10mm CL 10 37 . 5  0 . 9  1 0  42 . 0  · 1 . 1  

' 10 43 . 0  0 . 5  

S IGNIFICANCE OF DIFFERENCES BETWEEN GROUP MEANS 
"F" 5 .  32,�*�'< 1 . 45ns 3 . 95** 

0 Significance of difference between TP mean and correspond�ng CL mean 
( t-test ) 

' Supplementary group 

2 Abnormality  of vaginal structure prevented identification of  day of 
opening . 

3 Cholesterol 

**>I< p < 0 . 00 1 ; *"'< 0 . 001  < p < 0 . 01 ; * 0 . 01 < p < 0 . 05 ;  ns p > 0 . 05 
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Al l rats  exposed to TP for 72h  duri ng days 16-18  of gestati o n  

showed abnorma l vag i na l  devel opment , and i t  was not pos s i bl e  to determ i ne 

accura te l y  the day of vag i nal o pen i ng .  Ana l ys i s  of vari ance of  the  age  

of vag i na l  open i ng of  rats from mothers rece i v i ng TP treatment for 24h  

found no s i gn i fi cant  d i fferences . 

Of the  rats treated for 24h duri ng days 1 3 - 15 , those  i n  the Smm o r  

10mm T P  groups had s i gn i fi cantl y ( P<O . OS )  earl i er vagi nal  o pen i n g  t i me s  

than the 24h contro l  ( 37 . 5  ± 1 . 0  and 37 . 6  ± 2 . 1  days compared wi th  

4 1 . 8  ± 1 . 2  days ) .  Hi th i n  t he 72h  groups , t he  1 0mm group  had  a 

s i gn i fi cant ly  ( P<O . Ol )  earl i er vagi nal open i ng date than the contro l  

gro up ( 37 . 3  ± 0 . 9  days compared wi th 42 . 0  ± 1 . 1  days ) .  

3 . 1 . 2 .  Vagi nal  smears 

Vagi na l  smears were ta ken from rats wi th norma l vagi na l or i fi ce s  

a nd  a l l s howed norma l cycl i c  patterns of cel l types i n  t he  vagi nal  

ep i thel i um .  

3 . 1 . 3 .  Corpora l u tea 

Ovar i es from a l l c ontrol a n i ma l s and those  an i ma l s exposed to TP 

on days 19 -21 , 13- 1 5  a nd 10-12  o f  gestat ion  contai ned corpora l u tea � 

They were evi dent a t  day 45  i n  those rats s u bjected to l aparotomy , a nd 

i n  ovar i e s  remo ved at  ovar i ectomy or s l aughter  from a l l rats . 

H i s to l og i cal  exami nat ion  of  a representati ve  sampl e of ovari es confi rmed 

the presence of corpora l utea . 

Treatment dur i ng days 1 6 - 18 of ges ta t i o n  produced equ i vocal 

re su l ts . Wh i l e  al l control  a n ima l s and rats  from mothers treated w i th  

Smm TP or  20mm TP for 24h had  norma l ovari e s  conta i n i ng corpora l utea , 

2 rats from each of  the 10mm TP groups a nd 3 from the 20mm 72h  gro u p  

h a d  sma l l ovari es l ac k i ng corpora l u tea . I n  v i ew of the fa i l ure to 

al ter ova r i an funct i on by treatment duri ng the peri ods  of  gesta ti on  

fl ank i ng  thi s pe ri od , i t  wa s dec i ded to  repeat  thi s secti on of  t he  

experi ment  i n  more deta i l .  A s u ppl ementary group of pregnant  fema l e 

ra ts was treated du ri ng days 16-18  o f  pregnancy wi th 1 0mm imp l ants 

conta i n i ng TP or chol e s tero l . Twenty fema l e offspr i ng ( 10 contro l s ,  
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10 TP - treated )  were s ubjected to the exper i menta l  procedures descri bed 

prev i o u s l y .  Al l of these rats had norma l ovari es  wi th corpora l utea 

presen t .  No exp l anati on  can be offered for th i s  di screpancy , and i n  

v i ew o f  the fa i l ure to repl i cate i t ,  the fi nd i ng of anovu l atory steri l i ty 

a fter TP treatment dur i ng days 16-18 must  be regarded as  spur i o u s . 

3 . 1 . 4 .  Ova r i a n  weights 

The we i ghts of  ovar i es are shown i n  Append i x  Tab l e I I . 

The ovari a n  wei ghts of  1 0  rats from the groups treated on  days 

16-18 (8 from 24h chol e s terol , 2 from 24h 10mm TP groups ) ,  a nd 2 rats  

from the gro up treated on  days 10-12 w i th chol esterol for 7 2h ,  were 

i nadvertentl y l os t .  As the rats were o f  wi de l y  di fferi ng ages , ana l ys i s  

of  vari ance was not appl i ed to data from the experiments i nvol v i n g  

treatment o n  days 16-18 o r  days 10-1 2 .  

Four rats treated for 7 2 h  on days 19-21  ( 3  from 1 0mm TP , 1 from 

20mm TP group )  di ed before ovari ectomy . 

For tho se groups  treated on days 19-21 , or 15-13 , there were no 

s i gni fi cant d i fferences between the TP-treated and control rats i n  the 

we i ghts of  ovari es . 

The ovari es  of  tho se  rats recei v i ng TP duri ng days 16-18  and wh i ch 

l acked corpora l u tea were correspond i ng l y  sma l l .  As these rats were not 

s c hedu l ed for routi ne ovari ectomy , the  d i s covery of anovu l atory ovari es 

wa s made at  s l aughter , and  records of  ovari an wei ghts are i ncomp l ete .  

When th i s  secti on  o f  the experiment was repeated ( 10mm TP o r  ·c ho l estero l  

for 72h ) , the ovari es were norma l a n d  there was no s i gni fi cant  d i fference 

between the wei ghts of ovar i es from contro l and TP- treated a n i ma l s .  

On the ba s i s  of  the resu l ts of  i ns pect i on of the ovari e s , a l l rats 

a ppeared to be ovu l a t i ng norma l l y ,  wi th the excepti on  menti oned above 

( 5  rats rece i vi ng TP on  days 16-18 ) . Vag i na l  smears , 

confi rmatory evi dence of  ovari an cycl i c i ty .  
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3 . 2  Externa l Geni tal i a  

The mea surements o f  the anogen i ta l  d i s ta nce ( AGO ) a t  b i rth are summari zed 

i n  Append i x  Tabl e I I I . Where the numbers of an imal s shown i s  h i gher than 

the numbers g i ven in Tabl e 3 . 1  ( summary of  experimental des i gn ;  number 

of rats  i nvesti gated ) , not a l l a n i ma l s were reta i ned for subsequent 

study , a l though a l l were measured for AGO at b i rth . 

No d i ffi c u l ty was encountered i n  d i sti ngu i sh i ng mal es  from fema l es  a t  

bi rth . The  anogeni ta l  di s tance wa s d i ffi cu l t to mea sure accuratel y at  

b i rth i n  the  act i ve neonates , a nd no  c l ear  pattern of d i fferences emerges  

from the resu l ts . Al though • t • tes ts of  wei ghted means  revea l ed some 

s i gn i fi cant  d i ffe rences i n  the a priori tes ts appl i ed ,  they were 

i ncon s i s tent . 

Tabl e 3 . V  summari zes the appearance of the external gen i ta l  s tructures 

at  the t ime of s l aughter .  

Al l ra ts from mothers trea ted dur i ng days 10- 15 of  pregnancy had normal 

external geni tal s tructures a s  d i d  a l l rats from chol e sterol -treated 

l i tters from a l l treatment ages . However there was c l ear evi dence of  

externa l geni ta l mascu l i n i za t i on i n  some rats from mothers treated wi th 

TP duri ng the per i od 16-21  days . I n  many cases  abnorma l i t i e s were noted 

when the a n i ma l s were f irst  c hecked for vag i na l  open i ng at  30 days . 

Of the rats rece i v i ng TP duri ng days 19 -21  of gestati on , a l l tho se 

exposed  for 7 2 h  to 10mm and 20mm impl ants and 2 rats of  t�e 10 i n  each  

of the  5mm gro u p s  showed some abnorma l i ty of vag i na l  s tructure . Twenty­

four  hour treatment w i th 1 0mm and 20mm i mpl ants d i d  not a l ter the 

vag i na l  s tructu re .  

The vag i nal  s tructure of the a ffected rats of the 5mm groups  consti tuted 

the m i l dest  form of abnorma l i ty recogn i zed . A s tri p of  mucosa extended 

anter i or ly  from the vag i nal  open i ng toward the gen i ta l  papi l l a ,  a l tho ugh 

s ti l l  separated from the base  of the pap i l l a  by norma l ha i ry s k i n .  
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TABLE 3 . V  

APPEARANCE OF EXTERNAL GENITALIA AT SLAUGHTER 

TREATMENT STAGE OF GESTATION AT TREATMENT ( days ) 
2 1 - 1 9  18-1 6  15-13  1 2-10  

n N A NV n N A NV n N A NV n N A NV 

24 HOUR IMPLANT 

5mm TP 1 0  8 2 - 6 6 10 10 

1 0mm TP 1 0  1 0  5 3 2 - 5 5 3 3 

20mm TP. 10 10 9 - 9 - 8 8 1 2  1 2  - -

1 0mm CL o 1 0  1 0  8 - 8 - 1 3  1 3  

72 HOUR IMPLANT 

5mm TP 1 0  8 2 - 6 3 3 - 1 1  1 1  7 7 

1 0mm TP 1 0  - 1 0  - 4 - 3 1 9 9 - - 4 4 

' 10 - - 10 

20mm TP 1 4  - 1 4  - 6 - 6 - 2 2 2 2 

1 0mm CL 1 0  1 0  10 10 2 2 

' 1 0 1 0  - -

° Cho1esterol 

' Supplementary group 

N = n ormal vagina l or ifice 
A = abnormal 
NV = no vaginal orifice 



Rats exposed to 10mm capsu l es for 72h  a l l exh i b i ted a s i mi l ar but  more 

extens i ve a l terati on , the mucosa l  ti s s ue  extendi ng a l l the way back to 

the gen i tal  pap i l l a .  

Rats from mothers treated for 72h  wi th 20mm capsu l es  of  TP typ i cal l y  

exh i b i ted a ' vag i na l  open i ng '  a t  the posteri or aspect of the base  of · 

the gen i ta l pap i l l a .  The papi l l a  i tse l f appeared to be c l eft i nto 

b i l atera l l obes . Between the anoma l ous  open i ng and the anus , the 

peri neum was covered i n  norma l ha i ry s k i n .  

Four rats exper i enced uri ne s ca l d i ng and excori a t i on of  the ventra l s k i n ,  

a s soc i a ted wi th the i r  unusua l  gen i ta l  and urethral devel opment and were 

destroyed at 8 weeks of age . Three had been exposed to 10mm TP capsu l e s  

for 72h , the fourth to 20mm for 72h . 

The abnormal i ti es of  the external gen i ta l i a  of ra ts trea ted wi th TP on  

days 16-18 vari ed i n  degree between treatments . I n  genera l the more 

severe abnorma l i t i es were seen i n  those rats exposed to l arger doses o f  

T P  for l onger peri ods . 

Many of  the femal e ra ts from mothers treated duri ng days 16-18 wi th 5mm. 
TP capsu l es for 72h or  10mm TP capsu l e s  for 24h , showed the m i l de st  f9rm · 
of  a bnorma l i ty descri bed a bove . A fi ne frenu l um d i v i d i ng the vag i nal · 

open i ng i n  an antero-poster i or d i rect i on frequently accompan i ed th i s  

form of  abnorma l deve l opment . 

Tho se  fema l es  whi c h  had experi enced greater TP exposure ( lOmm and 20mm 

i mp l a n ts for 72h ) had the ' vagi na l openi ng ' s i tuated a t  the ba se  of  the 

pos teri or as pect of the gen i ta l  pap i l l a .  The open i ng l ac ked the 

d i s ten s i bl e  features of  a normal rat vag i na . One rat from the ori g i na l  

10mm 7 2 h  TP treatment group , and a l l 1 0  rats from the TP-treated 

s u ppl ementary group ( a l so  lOrm1 , 7 2h ) had no externa l vag i nal ori fi ce . 
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3 . 3  Sexua l  Behav i our  

Rats wh i ch had rece i ved prenatal treatment dur i ng days 1 9 - 21 or  1 3 - 1 5  

( 72 h  on l y )  were tested wi th adu l t  ma l es a n d  thei r l ordos i s  response 

recorded . Not every rat in  these groups was tested s i nce , as  noted i n  

Sect ion  2 . 4 ( Chapter 3 ) , not a l l were g i ven OB impl ants . Al l rats  of  

the supp l ementary group treated on  days 16-18 of gestat ion  were tes ted 

for femi n i ne s exua l behavi our .  Resu l ts are s hown in  Append i x  Tabl e I V . 

Ana l yses of  vari ance appl i ed to data from groups  treated on  days 19-21 , 

and days 13-15 , d i d not  g i ve s i gn i fi cant ' F '  rati os . Rats i n  the two 

groups  treated on days 1 6 - 18 a l l showed 100% LQ . 

3 . 4  Growth 

3 . 4 . 1 .  B i rth we ight  

The wei ghts ( l og1 0 ) of  rats at b i rth are summari zed i n  Append i x  

Tabl e V .  Aga i n the numbers o f  rats exceed the numbers deta i l ed i n  

Tabl e 3 . ! ,  as a l l rats were we i ghed at  b i rth but not a l l were reta i ned 

for further study .  

O f  the ra ts exposed to TP duri ng days 19-21  o f  gestat ion , the 

fema l e s  from mothers rece i vi ng 10mm and 20mm impl ants for 24h were 

s i gn i fi ca ntl y ( P<O . OS )  l i ghter tha n control rats . 

At b i rth , fema l e rats  from mothers treated dur i ng days 16-18 for 

24h w i th TP ( regard l e s s  of  s i ze of capsu l e )  were s i gn i fi ca ntl y ( P<0 . 001 ) 

heav i er than the rats from s i mi l ar ly  cho l esterol -treated mothers . 

Seventy-two hour treatment w i th 1 0mm and 20mm TP i mp l ants produced rats 

s i gni fi cantl y ( P�0 . 01 and P<0 . 001 respec ti vel y )  l i ghter than contro l s .  

Overa l l rats treated wi th TP for 72h  were s i gn i fi cant l y  ( P <O . OOl ) l i ghter 

than those treated for 24h . 

Rats from mothers expos ed to 1 0mm TP i mp l ants for 7 2 h  on  days 

13-15  o f  gesta tion  were s i gn i fi cantl y ( P<0 . 05 )  heav i er a t  b i rth than 

control an i ma l s ,  wh i l e  those from 20mm TP- i mp l anted mothers were 

s i gn i fi cantly ( P<0 . 001 ) l i gh ter . 
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Rats from mothers treated for 24h wi th  1 0mm TP impl ants dur i ng 

days 10-1 2  of  pregnancy were s i gn i fi cant l y ( P<O . OOl ) heav i er than contro l  

a n i ma l s  but no  other  s i gni fi cant d i fferences were found . 

No cons i s tent pattern i s  evi dent i n  these d i fferences , and  reference 

to the b i rth reco rds ( not presented here ) suggests that l i tter s i ze 

mi ght  account for wei ght d i fferences .  Rats from l arge l i tters tended 

to we i gh l es s  at  b i rth than those from sma l l er l i tters and i n  th i s  

exper iment a l l rats i n  the same l i tter i nevi tab ly  fel l i nto the same 

treatment group .  

3 . 4 . 2 .  Weekly body weight 

The mean ( l og1 0 ) body we i ght for each group for each  wee k l y  we i gh i ng 

appears i n  Append i x  Tabl es  VI and V I I . Summari es  of  the regres s i on data 

are conta i ned i n  Append i x  Tabl es V I I I  a nd I X .  

Ana l ys i s  o f  vari ance of  the body we i ghts o f  rats from mothers 

trea ted du ri ng days 19-21  showed there to be a s i gn i fi cant overa l l 

d i fference i n  body wei ght duri ng the 3-6  week peri od .  Al though the 

24h 5mm group wa s sma l l er than i ts contro l  group , treatment wi th both 

5 a nd lOmm capsu l es ( but not 20mm ) for 7 2h  resul ted i n  rats wh i ch were 

s i gn i fi cantly ( P<O . Ol ) heav i er than the i r  control s over these  ages . . · 

When the effect of the dura tion  of trea tment was exami ned , 72h  treatment 

gave heav i er ra ts in  those  exposed to 5mm capsu l es ,  but sma l l er ra ts 

i n  the 20mm groups . Other s i gni fi cant d i fferences were i ncon s i s tent . 

Compari son  of the s l opes of the regress i on l i nes of  l og10 body 

we i ght versus reci proca l  of  age for the peri od of 3 - 1 2  weeks  showed 

there to be no s i gn i f i cant  d i fferences between the groups rece i v i ng 

treatment duri ng the l a st  3 days of  gestat i on . Thi s i s  i l l u s trated i n  

F i gure 3 . 2  whi ch  s hows the regres s i o n  coeffi c i ents and the i r  95% 

confi dence l imi ts . One-way a na l ys i s  of  var i a nce of  body we i ght  dur i ng 

the peri ods fo l l owi ng s payi ng (13- 1 5  weeks ) and OB trea tment ( 16 -18 

week s ) yi el ded ' F '  rati o s  wh i ch were not cons i s tently s i gn i fi cant  

hence  regress i on ana l ys i s  wa s not appl i ed to  these peri ods  of  body 

wei ght measurement . 
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Student ' s  • t •  tests were u sed to compare the wee k l y  body wei ght  

mea surements for weeks 3 - 12 of  rats  born of  mothers rece i vi ng lOmm TP  

or cho l e sterol capsul es  dur i ng days 16-18 of pregnancy . Rats from 

TP-treated mothers were s i gn i fi cantl y ( P <0 . 05 )  heav i er than control 

a n i ma l s for a l l of th i s peri od except at week 4 .  One-way ana l ys i s  o f  

var i a nce a ppl i ed to the body we i ght  fol l owi ng  ovari ectomy ( 1 3-16  wee k s )  

and dur i ng OB treatment ( 17-20  weeks )  showed that the two groups  were 

not s i gn i fi cantl y d i fferent . Regress i on ana l ys i s for the per i od 3 - 1 2  

weeks  s howed there t o  b e  n o  s i gn i fi cant d i fference between regres s i on 

coeffi c i ents ( see F i g .  3 . 3 ) . 

One-way ana l ys i s  of  var i ance of the body we i ghts of  rats from 

mothers recei v i ng 72h  treatment duri ng days 13-15  of pregnancy produced 

s i gn i fi cant  ' F '  rat i o s  for weeks 3 and 5 on l y .  At 3 weeks , each  TP­

treated group wa s s i gn i f i cantl y ( P<0 . 01 )  heav i er than  i ts control . At 

5 weeks o n l y  the 5mm and  10mm groups were sti l l  s i gn i fi cant ly  heav i er 

than contro l s and by 6 weeks of  age there were no s i gn i fi cant d i fferences 

i n  body wei ght between groups . Regres s i on ana l ys i s  wa s therefore not 

performed . 

3 . 4 . 3 .  Organ weights 

( a )  treatment duri ng days 19 -21 o f  gestati on 

Separate ana l ys i s  of  var i ance was app l i ed to severa l  organ we i �hts 

( adrena l , preput ia l  g l and , u terus , p i tu i tary , bra i n , l i ver , ki dney }  from 

the oestrogen -treated and  the non-oestrogen -treated group s . 

There were no s i gn i fi cant d i fferences between groups  i n  the we i ghts  

of  adrenal gl ands , preput i a l  gl a nd s , uterus or  p i tu i ta ry .  A s ummary of  

these measurements i s  g i ven i n  Append i x  Tab l e s  X ,  X I , X I I  and  X I I I .  

Ana l ys i s of  var i ance  of  l i ver wei ghts ( summari zed i n  Tabl e 3 . Y I ) 

of  oestrogen-treated rats  s howed there to be no s i gni f i cant d i fferences  

but a s i gn i fi cant ( P< 0 . 05 )  ' F '  va l ue for the  untreated a n i ma l s i nd i cated 

that there were d i fferences wi thi n thi s group . The l i vers of  TP-treated 

. groups  were l i ghter than tho se  of control s ,  but for on l y the 5mm 24h and  

lOmm 72h  groups wa s th i s  s i gn i fi cant ( P<0 . 05 ) . L i vers of  oestrogen-
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TABLE 3 . VI 

WEIGHT OF L IVER ( g )  AT 1 30 DAYS 

TREATMENT STAGE OF GESTATION AT TREATMENT ( days ) 
2 1 - 1 9  15-13 

POST-OVARIECTOMY TREATMENT 
OB ' untreated OB untreated 

n Mean SE n Mean SE n Mean  SE n Mean  SE 

24 HOUR IMPLANT 
*0 

5mm TP 5 1 2 . 63 0 . 66 5 1 0 . 79 0 . 50 

1 0mm TP 3 1 1 . 94 0 . 62 7 1 1 . 56 o .  26 

20mm TP 6 1 2 . 99 0 . 76 4 1 1 . 42 0 . 52 

1 0mm CL2 5 13 . 40 0 . 43 5 1 2 . 58 0 . 55 

72 HOUR IMPLANT 

5mm TP 5 1 4 . 30 1 . 04 3 1 1 . 62 1 .  08 6 1 2 . 07 0 . 40 5 1 2 . 1 6 0 . 16 
* 0 

1 0mm TP 4 1 2 . 43 0 . 26 3 10 . 66 0 . 24 5 13 . 78 0 . 48 4 1 2 . 09 0 . 67 

20mm TP 8 1 2 . 65 0 . 46 5 1 1 . 45 0 . 40 2 1 2 . 07 0 . 07 

1 0mm CL 4 13 . 96 0 . 63 6 1 2 . 49 0 . 53 5 13 . 10 o.  74 5 1 1 . 93 0 . 40 

S IGNIFICANCE OF DIFFERENCES BETWEEN GROUP MEANS 
"F" 1 .  24ns 2 .  48* 2 . 03ns 

0Significance of difference between TP mean and cor responding CL mea n  
( t-test)  

' Oestradiol benzoate 
2 Cholesterol 

'l<** p < 0 . 001 ; '):* 0 . 001 < p <  0 . 01 ; * 0 . 01 < p <  0 . 05 ;  ns p >  0 . 05 
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treated groups  were a l l l arger than those  of non-oestrogen-treated . 

The  we i ghts  o f  bra i ns are summari zed i n  Tabl e 3 . V I I .  The bra i ns 

of  oestrogen -treated groups were l i ghter than untreated groups . There 

were no s i gn i fi cant  d i fferences  wi th i n  the oestrogen- treated grou ps , but 

d i fferences di d exi s t i n  u ntreated groups . Rats recei v i ng 24h treatment  

wi th 5mm and  72h  trea tment wi th 5mm and lOmm i mpl ants had s i gn i fi cantl y 

( P<0 . 05 )  l i ghter bra i ns than control s ,  and 72h  TP treatment overa l l 

resu l ted i n  bra i ns wh i ch were s i gn i fi cant ly  ( P<O . Ol )  l i ghter than those 

rece i vi ng TP treatment for 24h .  

Anal ys i s  o f  vari ance of the we i ghts of k i dneys ( see Tabl e 3 . V I I I )  

showed there to be s i gni fi can t  d i fferences  w i th i n  both oestrogen- trea ted 

and untreated groups . However • t •  tests of wei ghted means  of  oestrogen ­

trea ted gro ups s howed no s i gn i fi cant d i fferences i n  the a priori 

compari sons . Amongst  the untreated groups , lOmm and 20mm 24h groups  

had s i gni fi cantl y ( P<0 . 05 )  heav i er k i dneys than  the i r contro l s ,  whi l e  

the lOmm 72h  group had s i gn i fi cantly ( P<0 . 05 )  l i ghter k i dneys . Overa l l ,  

72h  treatment res u l ted i n  s i gn i fi cantl y ( P<0 . 05 )  l i ghter k i dneys than 
I 

d i d  TP treatment  for 24h . 

( b )  treatment duri ng days 13-15  o f  ge stati on 

The wei ghts of l i ver , bra i n ,  ki dneys , adrenal s ,  prepu ti a l  gl and s , 

uterus and p i tu i tary are shown i n  Tabl es  3 . V I , 3 . V I I ,  3 . V I I I  and 
I 

Append i x  Tab l es X ,  X I , X I I  a nd X I I I  res pecti vel y .  There were no 

s i gn i fi cant di fferences between groups  i n  the wei ghts of  preput i a l  

g l ands , adrena l s ,  l i ver o r  k i dneys . Oestrogen treatment  resul ted i n  

s i gn i fi ca ntl y hea v i er p i tu i tari es  and u teri , and l i ghter  bra i ri s . 
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TABLE 3 . VI I  

WEIGHT OF BRAIN  ( g )  AT 1 30 DAYS 

TREATMENT STAGE OF GESTATION AT TREATMENT ( days ) 
21-19  15-13  

POST-OVARIECTOMY TREATMENT 
OB ' untreated OB untreated 

n Mean SE n Mean SE n Mean SE n Mean SE 

24 HOUR IMPLANT 
*0 

5mrn TP 5 1 . 922  . 029 5 1 . 900 . 064 

10mrn TP 3 1 . 935  . 040 7 2 . 045 . 024 

20mm TP 6 1 . 870 . 01 7  4 1 . 960 . 05 1  

10mrn CL� 5 1 . 983 . 023 5 2 . 032 . 044 

72 HOUR IMPLANT 
*0 *0 . 

5mrn TP 5 1 . 890 . 022 3 1 . 856 . 050 6 1 . 998 . 025 5 2 . 038 . 009 
*0 

lOmm TP 4 1 . 896 . 062 3 1 . 886 . 049 5 1 . 946 . 008 4 2 . 040 . 047 
*'): 0 

20mrn TP 8 1 . 853 . 024 5 1 . 922 . 030 2 1 .  775 . 045 

lOmm CL 4 1 .  9 1 2  . 024 6 2 . 007 . 025  5 1 . 9 18 . 026 5 1 . 962 . 040 

SIGNIFICANCE OF DIFFERENCES BETWEEN GROUP MEANS 
"F" 1 . 1 8ns 3 . 34** 5 . 86** 

0Significance of  difference between TP mean and corresponding CL mean 
( t-tes t )  

' Oestradiol benzoate 
2Cholesterol 

>l<** p < 0 . 001 ; ** 0 . 001 < p < 0 . 01 ;  * 0 . 01 < p < 0 . 05 ;  ns p > 0 . 05 

80 



TABLE 3 . VI I I  

TREATMENT 

WEIGHT OF KIDNEYS ( g) AT 1 30 DAYS 

STAGE OF GESTATION AT TREATMENT ( days ) 
2 1 - 1 9  1 5- 1 3  

POST-OVARIECTOMY TREATMENT 
OB ' 

n Mean SE 
untreated OB 

n Mean SE n Mean SE 
untreated 

n Mean SE 

1 0mm TP 3 2 . 060 . 1 75  7 2 . 084 . 02 1  
*0 

20mm TP 6 2 . 146 . 079 4 2 . 045 . 023 

1 0mm cr.;2 5 1 . 896 . 040 5 1 . 802 . 049 

72 HOUR IMPLANT 

5mm TP 5 2 . 31 0  . 104 3 2 . 135 . 005 6 2 . 053 . 099  5 2 . 1 80 . 045 
* 0 

l Omm TP 4 1 . 797  . 054 3 1 . 660 . 079 4 2 .  277  . 1 48 4 2 . 220 . 087  

20mm TP 8 1 . 941  . 05 1  5 1 . 902 . 07 7  

1 0mm CL 4 2 . 1 1 2 . 154 6 1 . 946 . 068 5 2 . 024 . 036 5 1 .  975 . 048 

S IGNIFICANCE OF DIFFERENCES BETWEEN GROUP MEANS 
"F" 2 .  40* 3 .  62** 1 . 84ns 

0 Significance of difference between TP mean and corresponding CL mean 
( t-test)  

' Oe stradiol benzoate 
' Cholesterol 

*** p < 0 . 001 ; ** 0 . 001 < p <  0 . 01 ;  * 0 . 01 < p <  0 . 05 ;  ns p >  0 . 05 
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4 .  D I SCUSS I ON 

Treatment o f  the pregnant rat w i th TP for 24 or 7 2  hour peri ods  duri n g  

the second ha l f of  pregnancy caused ' mascu l i n i zat ion ' o f  the externa l 

gen i ta l i a  of  fema l e o ffspri ng but  d i d  not a l ter the i r  reproducti ve  

functi on , thei r d i s p l ay of femi n i ne sexua l  behavi our nor  the i r  growth 

pattern . 

I t  wa s s hown i n  Cha pter 2 ( Secti on  3 . 3 . 1 . )  that h i gh concentrat i ons  of  

pl a sma testos terone were achi eved soon after the subcutaneous i mpl antati on  
1 

of TP-fi l l ed capsu l es  i n  adu l t rats and that th i s  testo s terone was rap i d l y  

c l eared from the p l a sma so that  the peri ods  o f  exposure  to the hormone 

exceeded the dura t i o n  of imp l antat ion by no more than 4 hours . Al though  

androgen l evel s i n  the foetu ses  were not  mea s ured , i t  was a s s umed that 

testosterone had cro s sed the p l acenta , s i nce marked a l terat i o n  of  the 

externa l gen i ta l  features occurred . S i nce a ndrogen a ppeared to have 

reached the foetus  a nd yet d i d  not  a l ter sexual d i fferent i at i on  of  

hypotha l am i c  functi o n ,  i t  may be concl uded that the hypotha l amu s of  the 

rat i s  not s uscepti b l e to androgeni zati on  prenata l l y  w i th the doses of 

TP used . However , a recent paper by S l ob and others ( 1983 )  c l a i mi ng 

that testos terone does not cro s s  the p l a centa ra i ses  s ome i nteresti n g  

questi ons  wh i c h  are  d i scus sed l ater i n  th i s  section . 

4 . 1 External Gen i ta l i a  

Mod i fi cati on  o f  the external gen i ta l i a  occurred i n  the present  

experi ment i n  fema l e  rats treated i nd i rectl y wi th TP dur i ng days 16-21 

of gestati on , but not  as  a resul t of earl i er treatment . Wi th. two 

excepti ons  ( 5rnm 24h on  day 21 ) , ra ts rece i v i ng TP wi th i n  24h before 

bi rth s howed no s i g n of  geni ta l  ' mascul i n i zati on ' .  S i nce the t ime of 

bi rth coul d not be  accurate l y  pred icted , mos t  of the se  l i tters experi enced 

l es s  than 24 hours t reatment , and some o n l y  a few hours . However , 

Swanson and  van der  Werff ten Bosch ( 1964 , 1965 )  a l s o  fou nd that gen i ta l  

ma scu l i n i zati on  wa s rare i n  rats  from mothers i njected w.i th TP on  days 

21 or  22  or  pregnancy .  As i nj ec t i on i nto the foetu s i tse l f caused 

profound v i ri l i za ti o n  when g i ven 1 or 2 days before b i rth , they suggested 

then that there may be i nterference wi th the pa ssage of androgen from 
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the maternal c i rcu l at i on  to the foetus a t  th i s  parti cu l ar t ime .  

Swa nson  and van der Werff ten Bosch ( 1965 )  descr i be ,  wi th the a i d  of  

photographs , a range o f  hypospad i c  cond i ti ons  s i mi l ar to  the forms seen 

i n  the present exper iment . . 

Many other i n stances  of  mascu l i n i zati on of  the geni ta l s tructures  of  

the  fema l e  rat a s  a resu l t of  prenata l androgen , gi ven i nd i rectl y by 

way of  the mother , are recorded i n  the l i terature . I n  1 939 , Greene a rid  

co l l eagues gave a deta i l ed account of the  ma scu l i n i zat ion  of  the 

reproduc ti ve tract  wh i c h  resul ted from treatment wi th TP and other 

androgens  before b i rth . Other authors have confi rmed the modi fi cati on  

of  the externa l gen i ta l i a  of  fema l e offspri ng , by mu l t i p l e  da i l y  

i njecti ons  of androgen to the mother rat duri ng the l a tter part o f  

. gestat i on  ( Revesz  e t  aZ . , 1963 ; Swanson and van der Werff ten Bosc h , 

1964 , 196 5 ;  Gera l l a nd Ward , 1 966 ; Ward , 1 969 ; Ward and Renz , 1972 ) , 

and of a s i ngl e i nj ect ion  on day 18 ( Nad l er , 1969) , day 1 9 , but  not day 

16 ( Hu ffman and Hendri cks , 198.1 ) , and , days 19  or 20 , but not days 2 1  

or 22  ( Swanson  a nd van der  Werff ten Bosch , 1964 ) . 

Thus the t i ssues  wh i c h  form the gen i tal  tuberc l e and tho se  wh i ch norma � l y  

form the vag i na l  o peni ng a t  puberty are s u s cepti bl e to a l terati on  by 

androgen duri ng the l a st  5 days of prena ta l l i fe i n  the fema l e rat ,  a nd 

exposure  of the mother to TP for 24-72 hours i s  suff i c i ent to d i s turb 

norma l fema l e devel opment .  S l ob and eo-workers ( 1983 ) suggest tha t the 

metabo l i te of  testos terone , androsterone ,  i s  respon s i b l e ,  s i nce  they 

found thi s to be the pri nc i pa l  androgen i n  foeta l rat ti s sues  a fter 

i nj ecti on of  TP i nto the mother ( descri bed i n  more deta i l l a ter i n  th i s  

D i s cus s i on ) . 

4 . 2  Gonadotroph i n Secreti on  

In  contrast  to  the  ma scu l i n i z�ti on of  external gen i tal i a , no d i s tu rbance 

of ovar ian  funct i on was found i n  the daughters of rats wh i ch were 

trea ted wi th TP for 72 or 24 hour per i od s  duri ng the s econd ha l f of  

pregnancy . Corpora l utea were present i n  the ovar i es , the we i ghts of  

wh i ch were not  s i gn i fi cantl y d i fferent from those  of contro l a n i ma l s .  
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Vag i na l cel l types fol l owed a norma l cycl i c  pattern . Thu s the 

hypotha l ami c control of  gonadotroph i n  secreti on appears to be 

i nsens i ti ve to androgen prena ta l l y .  However , there has  been evi dence to 

the contrary ,  a nd the recent report , that testosterone apparentl y does 

not cros s  the p l acenta ( S l ob  et  al. , 1 983 ) , mu st  be taken i n to 

con s i derat i on . 

Attempts to androgen i ze ova r i an funct ion  by prenata l  admi n i s trat i on  of  

androgen via the materna l c i rcul ati on have met  wi th both s uccess and 

fa i l ure , occa s i ona l l y  u s i ng i dent i ca l  treatment reg i men s .  Anovu l a tory 

steri l i ty has been ach i eved by repeated da i l y i njecti ons  o f  the mother 

rat duri ng the l as t  trimes ter of  pregnancy w i th 2mg TP ( Ward and Ren z , 

1972 ) or 2mg ( but not 1mg ) androstenedi one ( Popo l ow and Ward , 1 978 ) . 

A s i n gl e i nject ion of  1 0  or  25mg TP ( but not 2 . 5mg ) g i ven to the mother 

on  e i ther day 1 9 ,  20 , 21 or  22  was a l so  s ucces sfu l  ( Swanson and van der 

Werff ten Bosch , 1 965 ) . Fa i l ure to i nduce anovul atory steri l i ty by 

androgen treatment of the pregnant rat ha s been reported a fter repeated 

da i l y  i njecti ons  on  days 16-20  ( 2mg TP , Wa rd , 1969 ; S l ob et al . , 1983 ) ; 

and after a s i ngl e i nject i on on  day 18 ( 2 . 5mg TP , Nadl er , 1969 ) ; day 1 6  

o r  day 19  ( 1mg TP , Huffman and Hendr i cks , 1981 ) .  Corpora l utea were 

present i n  ovar ies  of a l l fema l e  rats born of mothers treated wi th  a 

range of  doses of  TP gi ven a s  s i ngl e or mu l ti pl e i njecti ons  at  varyi ng 

t i mes duri ng gestat ion  (Greene et al . , 1939 ) . 

Experi ments i nvol vi ng oes trogen treatment of the pre�nant rat have a l so  

produced confl i cti ng evi dence for the  noti on  o f  prenatal androgen i za ti on .  

When g i ven to the mother rat da i l y duri ng days 16-20  o f  pregnancy , l arge 

do ses  of  the syntheti c oestrogen RU 2858 ( 50J.lg )  or oestrad i o l  ( 1250J.lg )  

caused  anovu l atory steri l i ty i n  1 00% of fema l e  offspri ng ( Vann i er and  

Raynaud , · 1980 ) . However , when d i ethyl sti l boestrol ( DES )  wa s admi n i s tered 

for 7 2  or  24 hours by PDS capsu l e  to pregna nt rats duri ng the l a st  3 days 
·' 

of gestat i o n ,  there wa s no evi dence of androgeni zat ion  ( Tarttel i n ,  M . F . , 

persona l  commun i cat i on ) . Fema l e rats treated wi th DES on  days 1 or  5 

after b i rth i n  the same s tudy were c l ear ly  anovu l a tory . That DES g i ven 

to the pregnant mouse  or hamster i s  absorbed by the foetu s i s  known from 

severa l reports ( Bengts son  a nd U l l berg , 1963 ; Sha h and  Mclach l an , 1976 ; 

Ru s t i a  and Shubi k ,  1 979 ) , and severe mod i fi cati on of  the external 

gen i ta l  s tructures  i n  the femal e offspr i ng of  treated mothers i n  
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Tarttel i n ' s  s tudy wou l d  a ppear to confi rm th i s  i n  the rat .  

Androgen i nj ected d i rectl y i nto the foetus can cause anovu l atory 

steri l i ty .  Thi s has  been demonstrated by Swanson and van der Herff ten 

Bosch ( 1965 )  who i nj ected TP i nto foetuses  1 ,  2 or 4 days before b i rth , 

and Fe l s  and  Bosch  ( 1971 ) who i nj ected TP i nto the amn i ot i c  cav i ti es .  

Gors k i  ( 1968 ) ment i on s  an " u npubl i s hed prel i mi nary s tudy"  i n  wh i ch TP 

i njected i nto rat foetuses 1 -4 days befo re b i rth i nduced anovu l a tory 

ster i l i ty .  

Accord i ng to S l ob  a nd col l eagues ( 1 983 ) , the reason for fa i l ure of 

prenatal androgen , admi ni stered i nd i rect ly  through the mother rat ,  to  

cause androgeni za ti on  i s  i ts i nab i l i ty to  c ro s s  the  p l acenta un l ess  an  

extremel y  l arge dose  i s  used . The i r  experi ments i nvol v ed i njecti o n  of  

the pregnant rat da i l y  wi th 2mg TP  on days 1 6 - 20 of  pregnancy , and 

mea s urement of pl asma testosterone concentrati ons i n  the mother and the 

foetuses on  day 22 . Wh i l e  the materna l concentrati on  wa s e l evated 

20- fo l d ,  the foetal p l a sma tes to s terone concentrati on  d i d  not ri se  

s i gn i fi ca ntl y above o i l  i njected control l evel s .  Parenthet i ca l l y ,  i n  

earl i er experi ments ( Swanson and van  der Werff ten Bosch ,  1964 , 1965 ) , 

ma terna l i nj ecti on wi th TP on  days 21  or  22  rarely produced ma scu l i n i za­

ti on of the externa l gen i ta l i a  of  fema l e  offspri ng whereas earl i er 

treatment d i d . The a uthors postu l ated that on  the se days of  gestati on  

the pl acenta may not permi t the pa s sage of androgen . I n . v i ew of th i s 

ob servati on  measurements of  foetal  testosterone concentrati ons  at  

earl i er ages  woul d be of  i nteres t .  

When a l arge dose  o f  T P  ( 10mg )  wa s i nj ected i nto a pregnant rat o n  day 

20 , s he had a h i gher p l a sma testo s terone concentrati on  on day 22 , and 

her 4 foetu ses  a l so  s howed substanti a l l y  h i gher pl a sma testosterone 

concentra t i on s , than a fter the same dose  of TP g i ven by 5 da i l y 

i njecti o ns ( S l o b  e t  a � . , 1983 ) . Hence S l ob  a nd eo-workers suggested 

that on ly when a l arge dose of TP is  g i ven to  the mother rat wi l l  the  

foetuses experi ence e l evated testosterone concentrat i on s . The pl a centa 

i s  act ive  i n  s tero i d hormone metabo l i sm and i t  has been shown i n  the 

human to have enzymes whose acti v i ti es prevent the pa s sage of  s i gn i fi cant 

amounts of  andrpgen o r  excess i ve oestrogen to the foetus ( Gower and 

Fotherby , 1975 ) . 
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S l ob ' s  group  (1983 )  a l so meas ured the 3H- l abel l ed tes tosterone and i ts 

metabo l i tes  i n  the p l a sma and t i s s ues  of  day 13 foetuses a fter i nfus i on 

of  3H- l abel l ed testosterone i n to the mother • s  bl oods tream . As was 

found a l so  i n  gui nea p i gs ( Vreeburg , Woutersen , Ooms and  van der Werff 

ten Bosc h , 1981 ) , the pri nc i pa l  l abel l ed androgen recovered from the 

foetuses wa s a ndrosterone ; testosterone and i ts other deri vat i ves  were 

present i n  o n l y  sma l l amounts a nd l abel l ed oestrogens were undetecta bl e .  

The androsterone , they suggest ,  i s  res pon s i b l e for the ma scu l i n i zati on  

of  the reproducti ve tract , s i n ce i t  i s  a non-aromati zab l e s tero i d  

( therefore unabl e to androgen i ze the hypotha l amus ) ,  known to be capab l e 

of  mascu l i n i z i n g the gen i ta l organs  of  fema l e rat foetuses ( Greene et al . , 

1939 ) . Res u l ts of  th i s  experi ment appear to i nd i cate that at day 18 , a s  

wel l  a s  a t  day 22 , the p l acenta prevents the pas sage of  tes tosterone .  

Wh i l e  these experi ments s uggest  that on ly  very l arge doses  of  testo ster­

one admi ni s te red to the pregnant  rat wi l l  e l evate foetal  testosterone 

concentrati ons , prenatal androgen i za t i o n  has been  reported a fter a dose 

con s i dered l ow ( 2mg TP da i l y  for 6 days , Ward and Renz , 1 9 7 2 )  by S l o b  

and col l eagues ( 1 983 ) . 

Desp i te cons i derat i ons of  p l acenta l  testosterone transfer , prenata l  

treatment wi th e i ther tes tosterone o r  oestrogen has re su l ted i n  

anovu l atory s teri l i ty ( Swanson and van der Werff ten Bosch , 1965 ; Fel s 

and  Bosch , 1 9 7 1 ; Ward a nd Renz ,  1972 ; Vanni er and Raynaud , 1980 ) . 

Al though thi s appears to conf i rm the concept of  prenata l  androgen i zati on , .  

i t  i s  pos s i b l e ,  a s  s uggested by Gorsk i  ( 1968) , tha t testosterone ( or  

oestrogen ) reach i ng the foetus before b i rth , pers i s ts i n  the t i s sues  

unti l after b i rth when i t  exerts i ts effects on the androgen�sens i ti ve 

hypotha l amu s . I n  Chapter 2 i t  wa s reported that neonata l  rats were very 

much  s l ower than adu l ts to c l ear tes tosterone from the b l ood stream and 

after i nject ion  of  TP i t  too k  8 days for p l asma tes tosterone concentra t i o n  

to reach  contro l l evel s .  The s tero i d  metabo l i c  mac h i nery i n  the foetus 

wou l d poss i bl y  be s l ower than i n  the  neona te . Thus a l though some 

reports s uggest tha t the foeta l hypotha l amus may be organ i zed by 

testosterone ( or  oestrogen ) ,  the po s s i b i l i ty of  a carry-over of the 

hormone i nto the postnatal peri od  has not been el i mi nated . 
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4 . 3  Sexua l Behav i our  

Suppress i on  of fem i n i ne sexua l behav i our was not fou nd i n  fema l e  rats 

whose  mothers were g i ven TP for 72  or 24 hour per i ods duri ng days 1 3 - 21 

of  pregnancy . S im i l ar negati ve fi nd i ngs have been reported a fter da i l y 

i nj ec t i ons  of  pregnant rats  w i th 0 . 5- l . Omg TP on days 1 5- 20 ( Revesz  

et  al . , 1963 ) ; wi th da i l y  i nject ions  ( days 1 5 -1 9 )  of  a progest i n whose  

androgen i c  properti e s were suffi c i ent to  cause  gen i ta l  v i ri l i zat ion  

(Wha l en et al . , 1966 ) ; or a fter a gen i ta l l y  vi ri l i z i ng do se  o f  DES 

. g i ven on days 19 -21  ( Tarttel i n ,  M . F . , personal commun i cat ion ) .  

However , suppres s i on  o f  femi n i ne behav i our fo l l ow ing  prenatal androgen 

has been demonstra ted fol l owi ng da i l y i nj ect ion  of the mother rat dur i n g  

the la st  tri mester of pregnancy ( Gera l l and Ward , 1966 ; Ward and Ren z ,  

1972 ; Dun l ap e t  a l . , 1978 ; Popol ow and Ward , 1 978 ) and by a s i n g l e 

i nj ecti on  of  TP o n  day 1 9 , but  not day 1 6  ( Huffman and Hendri cks , 1 981 ) 

nor day 18 ( Nadl er , 1969 ) . S tud i es des i g ned to i nves t i ga te the effects 

on femi ni ne behav i our of androgens from ma l e  l i tter-mates a l so support 

the concept of prenatal organ i zat i on of ma ti ng beha v i our by a ndrogen 

( C l emens  and Gl  a due , 1 978 ; C l  emens et a l .  , 1 978 ; Gl  a due and C l  emens ,  

1 978) . Once agai n ,  the pos s i bi l i ty of pers i stence of androgen i n  the 

ti s sues  unti l a s en s i t i ve neonata l peri od  mu st  be con s i dered . 

That the present exper iment fa i l ed to demonstra te a prenatal i n fl uence 

on behav i our may be due  to a d i fference i n  testi ng and a s sessment 

procedures . 

Many of the experi ments descri bed above were concerned sol e l y  wi th effects 

on  mati ng behavi our  so  that testi ng was more extens i ve and m6re str i ngent ,  

often i nc l ud i ng qua l i tati ve assessment o f  procepti ve and recepti ve 

beha v i our  as wel l as a quanti tati ve measure of l ordos i s  response .  Test i ng 

wa s frequently  repeated over severa l weeks . The s i mp l e l ordo s i s testi ng  

u s ed i n  the present e xperiment may not have detected fi ne d i fference s  i n  

the q ua l i ty o f  s exual behav i oura l  responses  between treated and  control 

rats . 
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De- femi n i zat i on  of  th� hypothal ami c control  of  mati ng  behaviour has been 

reported i n  the fema l e offspri ng of  rats treated dur i ng  pregnancy w i th 

doses  of  TP whi ch S l ob a nd others ( 1 983 ) cons i der too l ow to ra i se foeta l  

p l asma tes to sterone concentra ti ons ( 2mg T P  da i l y for 5 -7  days , Gera l l a nd 

Ward , 1 966 ; Ward a nd Renz , 1 972 ; Dun l ap et al . , 1978) . 

When g i ven neonata l l y ,  much l e s s  androgen i s  requi red to d i srupt ovar i a n  

functi on than t o  suppres s  femi n i ne s exual behav i our ( Barracl ough and 

Gors k i , 1 962 ; Swanson a nd van der Werff ten Bosch , 1 964 ; Nadl e r ,  1968 ; 

McDonal d  a nd Doughty ,  1 974 ; Chri stensen and Gorski , 1 978 ) . Wh i l e  some 

s tud i e s  have shown suppres s i on  of  both femi n i ne behav i our and ovu l at i on  

a s  a resu l t of  prenatal andro gen treatment (Ward and Renz , 1972 ; 

Popol ow and Ward , 1978 ) , there are three reported i ns tances of prenata l  

androgen suppress i ng femi n i ne sexua l behavi our wi thout  suppres s i ng 

ovul a ti on  ( Nad l er , 1969 ; Popol ow a nd Ward , 1 978 ; Huffman and Hendr i c k s , 

1981 ) .  

Severa l  expl ana t i o ns may account for the d i screpanc i es noted i n  the l a s t  

two paragraphs . A s  ment i o ned earl i er ,  di fferences i n  methods of  a s sess­

i ng behav i o ur may confound  the  compari son of  d i fferent experi ments . 

Di fferent s tra i ns of  rat may vary i n  the pl acenta l  convers i on o f  

androgens s o  tha t  after materna l i njection  wi th TP , foeta l  concentrati on s  

of  tes to s terone and  other androgeni c metabo l i tes  may d i ffer . The peri o d  

of  sen s i t i v i ty to androgen may d i ffer for the hypotha l ami c  control o f  

ovar ian  funct i on  and femi n i ne sexua l  behav i ou r ,  the control o f  behav i ou r  

be i ng more a ndrogen- sens i t i ve than control o f  the ovary before b i rth , 

and l es s  a nd ro gen- sens i ti ve a fter b i rth . Fi nal l y ,  d i fferent andro gens 

( to wh i ch perhaps the p l acenta i s  d i fferenti a l l y  permeab l e )  may be 

i nvol ved i n  androgeni zat i on  of these  two hypothal ami c funct i ons . 
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I nterest i ng ly  w i th regard to the l a st  poi nt ,  androsterone , the non­

aromati zabl e a ndrogen found by Sl ob  and others ( 1983 ) i n  the foetus a fter 

a dmi n i s tra t i on of testos tero ne to the mother , was reported to cause 

s i gn i fi cant l y red uced femi n i ne sexual  behav i our  but norma l ovari an functi on , 

when g i ven to neonatal rats on  the fi rst 5 days of l i fe (Mc Dona l d a nd 

Doughty , 1974 ) . I f  the de-femi n i za ti on of  behav i our  whi ch occurs a fter 

prenata l  TP  treatment of the mother were due to andro s terone , th i s  wou l d 

expl a i n not  on ly  those  cases  o f  suppressed femi ni ne behav i our i n  rats  whos e  



ovar i e s  were funct i on i ng  norma l l y ,  b ut a l so  the reason for s uppres s i o n  

of  behavi our by admi n i s trat i on to the pregnant  rat of doses  of  TP wh i ch 

Sl ob  a nd h i s team found to be too l ow to rai se foeta l tes tosterone l evel s .  

I t  s uggests however tha t aromati zati on i s  not  neces sary for a l tera t i on  

of  t he  ti ssues  con tro l l i n g behav i o ur , and  numerous s tudi es  have i mpl i ca ted 

aroma ti zati on in  the  neonata l ma scu l i ne d i fferen t iat ion  of  neural  t i s s ues 

med i a ti ng adul t s exual  behavi our (McEwen et a l . , 1977 ; Booth , 1977 , 1 979 ; 

Cl emens  and Gl adue , 1 978 ; Gl adue and C l emen s , 1980 ) . 

4 . 4  Growth 

The l ongi tudi nal  s tudi e s  of body we i ght conducted here have fa i l ed to 

detect  any change i n  growth patterns i n  fema l e rats whose  mothers 

rece i ved TP du ri ng  pr_egnancy . 

Several s i gni fi cant  but  i ncons i s tent d i fferences i n  bi rth we i gh t  

between prena tal ly  TP- treated and c ho l e stero l -treated rats were found . 

Low b i rth wei ghts were as soci ated wi th l arge l i tter s i zes and s i nce each 

treatment group conta i ned rats from onl y two or three l i tters , d i fferences 

were attri buted to di fferences in l i tter s i ze .  Al though there are 

several  reports ( S l ob and  van der Werff ten Bosch , 1975 ; Popo l ow and _  

Ward , 1978 ; S l ob  et al . , 1983 ) of  prenatal  a ndrogen treatment  caus i ng 

a reduced bi rth we i ght , presumed to be a consequence of  the reduced 

we i gh t  of the pl acenta ( S l o b  et al . , 1 983 ) , thi s was not confi rmed by 

the present exper i ment . Perhaps the treatments used i n  th i s  exper iment  

were i ns uffi c i ent  to  a ffect the pl acenta as no i nstances of  foeta l 

death , wh i ch mi ght i nd i cate foeta l i ns uffi c i ency and wh i ch have been 

a s soc i ated wi th TP treatment  of the pregnant rat (Swanson and van der 

Werff ten Bosch , 1965 ; Gera l l and Ward , 1 966 ; Fel s and Bos c h , 1 971 ; 

Schu l tz and Wi l son , 1974 ) , were recogn i zed . 

Lower body we i ghts a t  90- 100 days of  a ge (Ward , 1969 ; Ward and  Renz , 

1972 ) and between 30-40 days ( S l ob e t  a l . , 1 983 )  have been reported a nd 

th i s  reduced po s tnata l growth ha s been a ttri buted to the l ower b i rth 

wei ght  res ul ti ng  from prena ta l TP treatment ( S l ob et al . , 1983 ) . 
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The o rgan wei gh ts of  rats from mothers given TP duri ng  the l as t  3 days 

of ges ta t i o n  ( days 19-21 ) s howed no con s i s tent pattern of a l terat ion  i n  

the present experi ment .  A l though hea v i er adrena l gl ands , anteri or  

p i tu i tari e s  a nd l i vers have  been reported after neonatal TP  treatment  

( Ba rrac l ough , 1 96 1 ;  Gors k i  a nd  Barrac l ough , 1962 ; Swanson  and  van  der 

Werff ten Bosch , 1963 ; Wagner , Erwi n and Cri tchl ow , 1966 ) , there are 

a l so reports o f  no d i fference i n  these  organ wei ghts ( Brown- Grant , 1964 ; 

Bradshaw a nd Cr i tchl ow ,  1 966 ) . 

Thus  i t  seems that prenata l  a ndro gen a l one i s  uoabl e to ' mascu l i n i ze •  

growth . S l ob a nd van der Werff ten Bosch ( 1975 ) found tha t ,  i n  order 

to mi mi c the growth patterns of  ma l e  rats ( cas trated at 20 days ) i n  

fema l e  rats , i t  was necessary to gi ve TP po stnata l l y  ( for  20 days ) to 

fema l es wh i ch had rece i ved prenata l TP ( via the mother )  and  were spayed 

at b i rth . I t  therefore appears  that  the i mmed i a te po s tnatal  per i od i s  

more i mportant than the peri od  preced i ng b i rth for androgen i c effects  

on  growth . 

5 .  CONCLUS I ONS 

Des pi te mascu l i n i zati on  of  the externa l gen i ta l  t i s sues  caused by 

androgen gi ven prenata l l y  via the materna l c i rcul at i on duri ng the l as t  

6 days of ges tat ion , the mechani sms regu l at i ng gonadotroph i n  secreti on , 

femi n i ne sexua l behav i our  and growth were unaffected i n  thi s experi ment . 

The evi dence for a prenatal per iod  of  hypotha l am i c  sens i t i v i ty to 

androgen , suggested by reported i ns ta nces of prenata l androgen i c  

a l tera t i on of ovari an functi on and mat i ng  behavi our , was con s i dered to 

be i nconcl u s i ve , but cou l d be accounted for by a pers i s tence of 

tes tosterone i n  the foeta l rat t i s s ues  unti l the sen s i ti ve neonatal 

per i od of d i fferenti ati on . 
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CHAPTER 4 

THE EFFECTS ON FEMALE RATS OF VARYING 

DURATI ONS OF TREATMENT WITH TESTOSTE RONE 

PROP IONATE AT DIFFERENT NEONATAL AGES 

1 .  I NTRODUCTI ON 

Earl y experiments i nvest i gati ng  • a ndrogeni zati on • of  the neonata l  fema l e 

rat and mouse  s howed that the sens i ti v i ty to androgen was a tempora ry 

phenomenon . ·when gi ven a t  l ater ages androgen was not ab l e to exert the 

same organ i zati ona l effects , and  the i dea of a • cri ti ca l peri od • for 

hypotha l ami c androgen sen s i t i v i ty was proposed ( Barrac l ough and Leathem , 

1954 ;  Barracl ough , 1961 ) . 

The cri t i ca l  per i od  refers to the neonata l peri od  when exogenous androgen 

g i ven to the fema l e  ra t i s  ab l e to mascu l i n i ze vari ous  hypotha l ami c 

func t i o n s  - the contro l of  gonadotroph i n secreti on and  ma ti ng  behavi our 
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are the  endpo i nts usua l l y  cons i dered . D i fferent sexua l l y  d i fferent i a ted 

centra l nervous  system funct i on s  wi l l  not neces sari l y  be sens i ti ve to  

androgen duri ng the same per i od , and the  fact that contro l of  gonadotro ph i n  

secreti on , sexu� beha�our and growth can be i ndepende ntl y  mas cu l i n i zed 

( Barrac l ough a nd Gors k i , 1962 ; Swanson and van der Werff ten Bosch , 1 964 ; 

Mu l l i ns and Levi ne , 1968 ; C l emens et a l . , 1969 ; Luttge and Whal e n ,  1970 ; 

Mc Dona l d  and Do ughty ,  1973/74 ; Tarttel i n  et al . , 1975 ; Chri stensen and  

Gorsk i , 1978 ; Gorsk i  et al . , 1 979 ) sugges ts d i ffer i ng s uscepti b i l i t i es .  

W i th i n  the cri ti ca l  peri od  there may be a t i me of maximum sen s i ti v i ty to 

androgen , when a l ower dose of androgen i s  more effect i ve than duri ng the 

rema i nder of the c ri ti ca l peri od . The mi n i mum time for wh i ch androgen 

mu st  be present i n  o rder to be effecti ve may vary for each parameter and  

may vary at d i ffe rent times  w i t h i n  the  cri ti cal  per i o d .  

The cr i ti cal  peri od  i s  a concept rather than an i dent i fi abl e s tage o f  

devel o pment . The characteri st i cs of  the endpoi nt of  a ndro gen i za t i o n  

under s tudy ,  as  wel l a s  the experimental procedures u s ed t o  i nduce i t ,  

need careful defi n i ti on .  The • de l ayed anovu l ation  syndrome • i l l u strates 



the i mportance of th i s .  Thre s ho l d  doses of  TP produce a part i a l  

androgen i zati on ; the rat h a s  apparentl y normal oestrou s  cycl e s  a fter 

puberty , but becomes a novu l atory at s ome l ater  age ( Swanson  and van  der 

Werff ten Bosch , 1964 ; Gors k i , 1968) so  that the age at  observati o n  

may a ffect the conc l u s i on  drawn . Because  of  the var i ab l e factors i nvol ved 

i n  both the means  of androgen admi n i s trati on  and the a s sessment of hypo­

tha l ami c androgeni zati on , the absol ute l e ngth of the po stnata l  cr i ti ca l  

peri od cannot b e  categori cal l y  stated . Anovu l atory s teri l i ty h a s  been 

i nduced by TP g i ven as  l a te a s  day 10 by s ubcutaneous  i njecti on  of  a 

h i gh dose ( Barrac l ough , 1961 ) or day 11 by i ntracran i a l  imp l anta t i o n  

( Lob l  a nd Gors k i , 1974 ) . 

Pl asma testos terone measurements descri bed i n  Chapter 2 ( Secti on  3 . 2 . 1 . )  

demons tra te that a typ i cal  androgeni z i ng dose of TP ( 90�g) , gi ven to a 

neonata l rat by i nject i on i n  o i l , res u l ts i n  e l evated , but gradua l l y  

d i mi n i sh i ng , te s tos terone concentrat ions  for many days (192h ) . C l ear ly  

thi s route of admi n i s tra t i on  does not  a l l ow ready man i pu l ati on o f  the 

peri od  of expos ure to testos terone . I n  order to exam i ne some a spects  

of  the  cri ti ca l  peri od i n  more deta i l , the present experiment made u s e  

o f  s ubcutaneous l y  pl aced PDS capsu l es  fi l l ed wi th TP . Because  thes·e were 

eas i l y  removed , t i mi ng of exposure to tes to s terone cou l d be accurate l y  

man i pu l ated . A s  de scri bed i n  Chapter 2 ( Secti on 3 . 2 . 1 . ) p l a sma 

testos terone conc entrat i ons  reached control l evel s i n  the neonate 24 

hours after remova l of s uch a capsu l e .  

A s tudy of Fi gures 2 . 3  a nd 2 . 4 shows that the peak concentrati on  o f  

pl a sma testos terone a c h i eved by a TP-fi l l ed P DS capsu l e was not 

di s s i mi l ar to that for a subcutaneous i njecti on  of 90�g TP i n  o i l , a t  

the t i mes  se l ected for the i n i ti a l mea surements . D i fferent �ffects  

res u l t ing  from the two methods  of hormone admi n i s tra t i o n  are the refo re 

l i ke l y to be a funct i o n  o f  the d i fferent durat i ons of  e l evated androgen 

l evel s i n  the body . 

Chapter 2 ( Sect i o n  3 . 2 . 1 . )  e s tab l i s hed the decay profi l es of  p l a sma 

tes tosterone i n  3 day o l d rats  whose TP i mp l ants were i nserted for 4 hours  

and  then re�oved . S tudy o f  the pl asma testo s terone concentrati on  fol l owi ng  

the  three di fferent periods  of  i mpl anta t i on at  the three ages i nvesti gated 

i n  th i s  experi ment  woul d requ i re the sacri fi ce of huge numbers of baby 
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rats to furni sh  s u ffi c i ent b l ood sampl e s  for a compl ete i nvesti gat i o n . 

Experi ments us i ng adul t rats ( Chapter 2 ,  Sect i on  3 . 1 )  showed that the 

ra te of decay of p l asma testosterone was the same regardl e s s  of the 

dura t i on of impl a ntat i on . There i s  an  i n crease  i n  the metabo l i c  

c l earance of tes tosterone w i th age ( Chapter 2 ,  Secti on  4 )  but  the age 

d i fference in  the present experiment i s  on ly three days . I t  i s  therefore 

a s s umed that the decay profi l es after 4 hour i mpl ants i n  3 day o l d 

neonates wi l l  be representa t i ve of the 4 ,  8 and 24 hour peri ods  o f  

i mpl antati on g i ven a t  2 ,  3 o r  5 days . 

U se  of these TP- fi l l ed capsu l es permi tted i nvesti gat ion  of  two facets o f  

the cri ti cal  peri od concept - the peri od  of max i mum sen s i ti v i ty to 

and rogen , a nd the mi n i mum exposure t ime . Each was exami ned wi th re spect  

to  ovari an func t i on , femi n i ne sexua l behav i ou r ,  growth and  devel opment 

of  the externa l vag i na . 

Subcutaneous P DS capsul es fi l l ed wi th a ndrogen have been used prev i ou s l y  

i n  neonata l  ra ts t o  prov i de a constant  source o f  hormone over a per i o d  

of  t ime (Wha l en  and Rezek , 1974 ; t1c Ewen e t  al . , 1977 ) . Oes trogen-fi l l ed 

PDS caps ul es have prov i ded short-term hormone treatment to adu l t femal e 

rats (Johnston a nd Davi dson , 1979 )  a nd gui nea pi gs ( Bu l l oc k ,  1970)  i n  

experi ments to determi ne the mi n imum exposu re requi red for spec i fi c  

oes trogen i c  effects . 

2 .  MATERIALS AND METHODS 

2 . 1  An ima l s a nd An ima l  Management 

The Sprague�Dawl ey rats used i n  these exper iments were from the same 

source and housed under the same cond i ti ons  as tho se descri bed i n  

Chapter 2 ( Sect i on 2 . 1 ) . Adu l t fema l e s were time-mated ( a s  descri bed 

i n  Chapter 3 ,  Sect i on  2 . 1 ) . L i tter n umbers were adj u s ted to 12  by 

remova l of  exces s  ma l es o r  cros s -fosteri ng of  ma l e s from a l i tter of 

the same age . The l i tters were exami ned da i l y for the fi rst  week a fter 
s urgery and any dead or  s i ck ly  a n i ma l s removed . At weani ng  ( 21 days } 

the experi mental s ubjects were wei ghed , i denti fied by ear code and 
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randoml y a l l ocated to �ta i nl es s  s teel co l ony cages . 

2 . 2  Experi menta l  Des ign 

As i l l u s trated i n  F i gure 4 . 1  the experi ment was conducted i n  three parts , 

accord i ng to whether the experimenta l treatment was g i ven  at  the age of  

2 ,  3 or 5 days . Wi thi n each part the durati on  of treatment was var i ed by 

removi ng  the PDS caps ul e at one of three predetermi ned t i mes  after 

i n sert ion  ( 4 , 8 or 24h ) . Each  part of the experiment therefore cons i s ted 

of s i x  groups of  a n i ma l s w i th impl anted caps u l es  ( TP- fi l l ed or empty ) . 

An addi ti onal  group , i n  wh i ch the capsu l es rema i ned i n  p l ace for 48h , 

wa s i nc l uded for rats treated on day 5 .  I n  addi ti on , there were two 

groups of a ni mal s i njected ( 90pg TP or  o i l )  at each a ge . Tab l e 4 . 1  

. gi ves deta i l s of  the experimenta l de s i gn and the numbers of a n i ma l s used 

for the assessment of  re sponses . Twel ve  extra rats treated on  day 5 

were ma i nta i ned unti l vagi na l  open i ng, a nd contri bute to measurements 

made before 6 weeks .  

2 . 3  Admi n i s tra t ion  of  Te sto sterone Propi onate 

Near the expected day of del i very the pregnant rat wa s observed 

freq uentl y and the date of b i rth of the l i tter recorded . At the a s s i gned 

age the neonates were temporari l y  removed from thei r ·dam , s exed , and the 

fema l e s  wei ghed , i denti fi ed by toe removal and anaestheti zed by hypo­

thermi a .  A 2 . 5mm PDS capsu l e ( descri bed i n  Chapter 2 ,  Sec t i on 2 . 2 ) , 

wh i ch had been pre- i ncubated i n  s teri l e  buffered sa l i ne ,  was p l aced 

subcutaneo u s l y  i n  each fema l e  rat through a smal l fl ank  s k i n i nc i s i on ,  

the wound wa s s utured wi th 5/0 s i l k , and  the rat was warmed under a 

60 watt l amp unti l mob i l i ty was restored . The neonate was returned to 

i ts mother a l ong w i th i ts s i mi l arl y treated femal e and  untreated ma l e  

l i tter-ma tes . When the e l ected t ime per iod  ( 4 ,  8 ,  24 o r  48h ) had 

e l apsed , the bab i e s  were aga i n  taken from the i r  dam , re-anaestheti zed 

by hypothermi a and the s uture a nd capsu l e removed and the wou nd 

resutured . Care was taken to restore norma l body temperature as  i t  wa s 

found tha t the dam wou l d sometimes  cann i bal i ze young wh i ch were returned 

to her col d .  
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Rats were implanted with 2 . 5mm PDS capsules ( TP or empty)  
or injected ( with 90pg TP or with oil )  

Figure 4 . 1 EXPERIMENTAL DESIGN : PERIOD OF TREATMENT OF NEONATAL 
FEMALE RATS WITH TESTOSTERONE PROPIONATE 
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TABLE 4 . !  

TREATMENT 

4 HOUR IMPLANT0 
TP 

BLANK 

8 HOUR IMPLANT 
TP 

BLANK 

24 HOUR IMPLANT 
TP 

BLANK 

48 HOUR IMPLANT 
TP 

BLANK 

INJECTION 
TP ' 

OIL 

0 2 . Smm PDS capsul e  
' 90 p g  TP i n  o i l  

SUMMARY OF EXPERIMENTAL DESIGN 
NUMBER OF RATS I NVESTIGATED 

DAY OF TREATMENT 
D2 D3 

1 1  1 1  
9 9 

7 1 0  
5 7 

7 1 0  
6 1 0  

1 1  8 
1 2  7 
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DS 

1 0  
1 0  

1 0  
1 0  

9 
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9 
1 0  
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Neonates i n  the i nj e c ted gro ups  rece i ved , a t  the appropr i ate age s , a 

s ubcutaneo us i nject i on  o f  0 . 05ml of  90�g TP i n  arach i s o i l or  o i l a l one  

( contro l s )  in  the  nape of  the  neck , the  s i te bei ng sea l ed wi th acryl i c  

res i n  s k i n  dre s s i ng (' Nobecuta i ne ' , BDH Pharmaceuti cal s Ltd )  to prevent 

l eakage . 

2 . 4  As sessment  of  Responses 

Body we i ght  was recorded at wean i ng (3 weeks ) and wee k l y  thereafte r .  

From the age o f  3 0  days each ra t was checked dai ly  for vag i na l  open i ng 

and i ts date recorded . Da i l y  vag i na l  smears were taken and exami ned 

mi crosco p i ca l l y ,  for a peri od  of  10  days begi nn i ng at 9 weeks , from 

each rat whose external vagi na was open . 

B i l atera l ovari ectomy under ether anaesthe s i a  wa s performed when the 

rats reached 90  days of age , and the ovar i e s  d i s sected , we i ghed and  

exami ned macroscop i ca l l y  for corpora l u tea . Ovari e s  from a l l TP- trea ted 

rats and a samp l e  from contro l an ima l s were h i stol og i ca l l y  proces sed and 

exami ned to confi rm the presence or absence of corpora l u tea . 

Three weeks after ovari ectomy the rats were anaestheti zed wi th ether 

and i mpl anted s ubcuta neous l y w i th a lOmrn PDS capsul e fi l l ed wi th 

crystal l i ne OB . Three days l ater a subcutaneous i nject i on  of  0 . 5mg  

proges terone was  admi n i s tered to  each  rat  and 4-5  hours l ater ma ti ng  

behavi our tests , a s  descri bed i n  Chapter 3 ( Secti on 2 . 4 ) , were conducted . 

Duri n g  as ses sment o f  mati ng behav i our i n  the prev i ou s  experi ment 

( Chapter 3 )  s ubtl e beha v i oura l di fferences i n  mati ng behavi our were not 

recorded . Therefore in  addi t ion  to  meas urement of LQ , the  procepti v i ty 

and recepti vi ty of each rat was scored on  a s impl e  sca l e of  1 to 5 :  

1 .  norma l oestrous  behav i our i nc l ud i n g  darti ng , l ordo s i s 

posture readi l y  e l i c i ted and wel l ma i nta i ned , 

2 .  absence of  so l i c i t i ng behavi our , yet ready to adopt 

l ordos i s  pos ture when mounted , 
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3 .  pas s i ve ,  no  procepti ve behavi our , l ordos i s response  

on l y when  fi rml y mounted , 

4 .  no procepti ve behavi our , avoi ded be i ng mounted and  

someti mes  fended off  the ma l e ,  

5 .  s trong res i s tance to mal e ' s  advances , often j umpi n g , 

ro l l i ng over and fi ght i n g .  

Probl ems were encoun tered wi th  the mal e rats u sed for tes ti n g .  They 

were eas i l y  deterred by unenthu s i ast i c fema l es and wou l d then refuse  

to  attemp t  to  mount  anyth i ng other than a s trongly oestrou s  femal e .  

For the experiment  i n  whi ch TP treatment wa s gi ven on day 5 ,  the mal e s  

became unco-operat i ve and i t  was found i mpos s i b l e to  test  every fema l e .  

I ns tead , a random s ampl e from each group was tested . 

The a n i mal s were k i l l ed w i th ch l oroform at  the age of 18  weeks .  The 

externa l gen i ta l i a  were exami ned and any abnorma l i ti es recorded . 

2 . 5  Stati s ti cal Analyses 

The s tat i s ti cal anal yses performed were the same as those  u s ed and 

descri bed i n  Chapter 3 ,  Sec t i on 2 . 5 .  

3 .  RESULTS 

Neonata l  fema l e rats gi ven TP i mpl ants were exposed to h i gh p l a sma 

tes tos terone conce n trat i ons dur i ng the per i od of impl antat i on and to 

exponen t i a l l y  dec l i n i n g l evel s thereafter . P l asma tes tosterone was 

est i mated ( Chapter 2 ,  Sect i on  3 . 2 . 1 . )  to have returned to contro l  l evel s 

24h after removal o f  the i mp l ant . Where reference i s  made to the 

' treatment ' peri od  ( durat i on  of  i mpl antat i o n )  i t  shou l d be remembered 

that the rats were exposed to e l evated testosterone concentrat i ons  

for a max i mum of  24h after i mp l ant remova l . The  ' exposure ' t i me 

( =  dura ti on of  i mp l antati on + 24h ) i s  probab l y  a generous  e st ima te o f  

the actual  peri od  o f  T P  trea tment , b u t  a s  the mi n i mum effect i ve 

conce n trat i on  6f p l a sma tes tos terone i s  unknown , the effect i ve exposure 

t i me cannot be more prec i se l y defi ned . 
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3 . 1  Sequel ae to I mpl anta t i on 

The subcutaneous i mpl anta ti on of PDS i mp l ants wa s not wi thout  comp l i ca­

t i on . De s pi te carefu l s k i n  prepara ti on , some ra ts suffered wound 

i nfect ion  wi th sma l l abscess  format ion  or s k i n  necro s i s and subsequent 

s l ough i n g .  These react i ons  were not l i mi ted to any part i cu l ar  treatmen t  

. group a n d  contro l s were a l so affected . Any rat wh i c h d i d  not appear to 

be strong and feed i ng we l l ,  or  was l o s i ng we i ght , wa s destroyed . Chro n i c  

re sp i ratory d i sease  was a prob l em i n  the experiment i nvol v i n g  treatment  

on  day 3 and s i x  rats e i ther di ed or  were destroyed because  of the 

i l l ness . One other rat ( day 2 ,  24h TP ) d i ed dur i ng the course of the 

expe rimen t .  

3 . 2  Externa l Gen i tal i a  

Tabl e 4 . I I  s ummari zes the appearances o f  the externa l gen i tal i a  a t  

s l aughter ( 18 weeks ) .  Data from 7 rats wh ich d i ed duri ng the course of  

t he  experi ment  are not  i nc l uded . · 

Wh i l e  contro l  a n ima l s i n  a l l groups s howed norma l vagi na l  cana l i zat i on , 

a 1 1  rats treated w i th TP on days 2 or  3 ( but  not day 5 ) , regardl e s s  of_ 

means or dura t i on of  treatmen t ,  exh i bi ted some vagi nal  a bnorma l i ty , · 

rangi ng  from a sma l l contracted open i ng to a compl ete absence of  the 

externa l vag i na l or i f i ce . 

Al though a l l ra ts treated wi th TP on day 2 for 4h had open vagi nae , 

they had sma l l contracted openi ngs . Wi th 8h and  24h treatment peri ods , 

some vagi nae fai l ed to open a t  a l l and  the rema i nder had smal l ori f ices . 

Of  the rats i njected w i th TP , ha l f l acked vag i nal o pen i ngs  and hal f had 

abnorma l l y  �ma l l o pen i ng s . 

Al l groups of  rats treated wi th TP on  day 3 contai ned both a n i ma l s 

l ac k i n g  vagi na l  o peni ngs and an ima l s w i t h  abnormal l y  sma l l vag i nal  

ori fi ces . 

Rats treated on  day 5 w i th TP , e i ther by i mpl ant  or i njecti on , had 

norma l vag i na l  morpho l o gy .  
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TABLE 4 . II 

APPEARANCE OF EXTERNAL GENITALIA AT SLAUGHTER ( 1 26 days)  

DAY OF TREATMENT 
TREATMENT D2 D3 D5 

n N A NV n N A NV n N A NV 

4 HOUR IMPLANT 
TP 1 1  - 1 1  9 1 7 1 1 0  1 0  

BLANK 9 9 9 9 10  1 0  

8 HOUR IMPLANT 
TP 7 5 2 9 6 3 1 0  1 0  

BLANK 5 5 6 6 1 0  1 0  

24 HOUR IMPLANT 
TP 6 2 4 1 0  8 2 9 9 

BLANK 6 6 1 0  1 0  9 9 

48 HOUR IMPLANT 
TP 9 9 

BLANK 1 0  1 0  

INJECTION 
TP 1 1  6 5 7 6 1 7 7 

OIL 1 2  1 2  6 6 8 8 

N = normal vagina l orifice 
A = abnormal 
NV = no vaginal orifice 



3 . 3  Ovari an  Functi o n  

3 . 3 . 1 .  Age at  vagi na l  open i ng 

The ages at  whi c h  vag i nal open i ng occurred appear i n  Tab l e 4 . 1 1 1 .  

The vag i nae of  rats treated wi th TP at  2 or 3 days of age d i d not 

form norma l l y  a nd th i s  caused di ff icu l ty i n  accuratel y i denti fy i ng the 

day on wh i ch the open i ng occurred . I n  many rats vagi na l  o pen i ng d i d  

not occur a t  a l l ,  s o  that few ani ma l s contri b uted to the mean i n  some 

groups . 

( P < 0 . 05 ;  

On l y  one group  wa s s i gni f icant ly  d i fferent from i ts control 

day 3 4h TP ) and th i s  fi ndi ng  probab l y  has no phys i o l og i cal 

s i gn i fi cance . 

Norma l vag i na l  s tructures were present i n  rats trea ted on  day 5 .  

Te s tosterone prop i onate treatment ( a l l groups  combi ned ) cau s ed vagi na l  

open i ng to occur s i gn i fi cantl y ( P< O . Ol )  earl i e r .  When the i nd i v i dua l  

treatment groups  were compared wi th the i r  respect ive contro l s ,  the  4 h , 

8h and 24h i mpl anted groups  showed s i gn i fi cantl y earl i er vag i na l o pen i ng 

ages , whi l e  the 48h i mpl anted a nd TP - i njected groups  d i d  not d i ffer 

s i gn i fi cantl y from contro l s .  

3 . 3 . 2 .  Vagi nal smears 

Records o f  vag i na l  cytol ogy are i ncompl ete for groups  treated wi th 

TP on day 2 and day 3 of  l i fe where some vag i nae fa i l ed to open . 

The res ul ts  of  vagi nal  smear i ng a re presented i n  Tab l e 4 , 1V .  

Three patterns were evi dent : 

( i )  norma l cyc l i c  cha nges ; 

( i i )  predomi nantl y corni fi ed  smears c l a s s i fi ed a s  

• pers i s tent-oestrous • ;  

( i i i )  a pattern of  vagi nal cel l c hange wh i ch wa s ne i ther 

c l earl y cyc l i c ,  nor cons i s tent ly  corni fi ed ,  

c l a ss i fi ed a s  i ndetermi nate . 
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TABLE 4 . I I I  

AGE ( days )  AT VAGINAL OPENING 

DAY OF TREATMENT 
TREATMENT D2 D3 D5 

n Mean SE n Mean SE n Mean SE 

4 HOUR IMPLANT **0 *0 
TP ' 9  37 . 6  1 . 0 ' 6  40 . 6  0 . 9  1 7  35 . 0  0 . 8  

BLANK 9 38 . 1  0 . 8  9 37 . 4  0 . 6  10 38 . 4  1 . 3  

8 HOUR IMPLANT **0 
TP ' 5  37 . 0  1 . 0 ' 3  41 . 3  1 . 7 10  36 . 2  0 . 9  

BLANK 5 40 . 0  0 . 8  6 40. 7 0 . 7  1 2  40 . 0  1 . 2  

24 HOUR IMPLANT * 0 
TP ' 2  36 . 0  0 . 0  ' 4  39 . 3  0 . 5  9 33 . 7  0 . 8  

BLANK 6 39 . 5  . 1 . 1  10 38 . 0  0 . 6  9 37 . 3  1 . 3 

48 HOUR IMPLANT 
TP 9 36 . 7  1 . 0 

BLANK 15 37 . 4  0 . 8  

INJECTION 
TP ' 6  38 . 5  0 . 9  ' 6  38 . 5  1 . 1  7 34 . 9  0 . 6  

OIL 1 2  37 . 8  0 . 6  6 37 . 2  1 . 0 8 3 7 . 1 1 . 0 

S IGNIFICANCE OF DIFFERENCES BETWEEN GROUP MEANS 
"F" 1 . 236ns 3 . 58 1** 3 . 364** 

0 Significance of d ifference between TP mean and control mean ( t-test )  

' Excludes r ats where the vagina did  not have a normal external o rifice . 

*>l<* p < 0 .  001 ; ** 0 . 001 < p < 0 . 01 ;  * 0 . 01 < p < 0 . 05 ;  n s  p > 0 . 05 



TABLE 4 . IV 

VAGINAL CYCLICITY AS DETERMINED BY CYTOLOGICAL STUDY 
OF VAGINAL SMEARS FOR A TEN DAY PERIOD ( D63-73 ) . 

DAY OF TREATMENT 
D2 D3 

TREATMENT 
n N c I n N c I n N 

4 HOUR IMPLANT 
TP 1 1  1 8 2 1 0  6 3 1 1 0  6 

BLANK 9 7 2 9 9 1 0  1 0  

8 HOUR IMPLANT 
TP 5 1 2 2 7 6 1 1 0  7 

BLANK 5 5 6 6 1 0  1 0  

24 HOUR IMPLANT 
TP 2 1 1 8 8 9 3 

BLANK 6 6 1 0  1 0  9 9 

48 HOUR IMPLANT 
TP _9 7 

BLANK 1 0  1 0  

I NJECTION 
TP 6 1 5 6 6 7 

OIL 1 2  1 2  6 6 8 8 

N = normal , showing 4 day cyclicity 
C = cornified ,  a persistent oestrous smear 
I = indetermi nate 
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Wi th two excepti ons ( bo th day 2 rats  wi th an i ndetermi nate pattern ) 

control a n ima l s were a l l cyc l i ng norma l l y .  Al l rats i njected w i th TP 

had pers i s tentl y corn i fi ed vagi na l  smears except for one day 2 a n i ma l . 

An i ma l s i mpl anted w i th TP on  days 2 or  3 general l y  had pers i s tent-oestrou s  

o r  i ndetermi nate patterns . A h i _gh  proporti on of  rats i mpl anted wi th  TP 

on  day 5 s howed norma l cycl e s  w i th few a n i ma l s c l a s s i f i ed pers i s tent­

oestrous . 

3 . 3 . 3 .  Corpora l u tea 

The i nci dence of corpora l utea i n  the  ovar ies  of 90 day o l d rats  

i s  shown in  Tab l e 4 . V .  

Corpora l utea were present i n  a l l control rats from a l l three 

age groups . Al l TP treated groups conta i ned  some an i mal s whose  ovari es  

l acked corpora l u tea . The  i nci dence of  anovu l atory ovar i es wa s affected 

by durat ion  and age of exposure to TP . Apart from one excepti onal  a n i ma l  

treated on  day 2 ,  T P  i njected rats a l l l acked corpora l utea . I n  genera l , 

TP i mpl ants l eft i n  p l ace for a l onger per i od were more effect i ve i n  

preventi ng corpora l u tea forma ti on than were short term i mp l ants . Treat­

ment  wi th TP  i mp l a nts  on day 5 cau sed fewer anovul atory ovar i e s  than  d i d 

treatment on days 2 o r  3 .  

3 . 3 . 4 .  Ovar i an we ights  

The  wei ghts  of  the  ovar i es removed at  90  days are presented i n  

F i gure 4 . 2  and Appendi x Tabl e X I V .  _The measurements for two rats , o ne 

g i ven an 8h TP i mp l ant  on  day 3 ,  and the  o ther a 24h TP i mp l ant  on day 

2 ,  are mi s s i ng . 

The ovari a n  wei ghts refl ected the presence or a bsence of corpora 

l utea . 

Al l group s  of  rats treated wi th  TP on  day 2 ,  whe ther by i njecti on  

or  i mpl ant ,  h ad  ovar i es wh i c h  were s i gn i fi cantly ( P<O . OOl ) l i g h ter than 

those  of thei r res pect i ve control group s . There was no s i gn i fi cant  

effect of mode o f  adm i n i stra t i on o f  TP . 
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TABLE 4 . V  

PRESENCE OF CORPORA LUTEA AT 90 DAYS 

DAY OF TREATMENT 
D2 D3 D5 

TREATMENT 
n p A n p A n p A 

4 HOUR IMPLANT 
TP 1 1  3 8 1 1  6 5 1 0  8 2 

BLANK 9 9 9 9 1 0  1 0  

8 HOUR IMPLANT 
TP 7 2 5 1 0  - 1 0  1 0  8 2 

BLANK 5 5 7 7 1 0  1 0  

2 4  HOUR IMPLANT 
TP 7 7 1 0  - 1 0  9 5 4 

BLANK 6 6 1 0  1 0  9 9 

48 HOUR IMPLANT 
TP 9 5 4 

BLANK 1 0  1 0  

INJECTION 
TP 1 1  1 10 8 8 7 7 

OIL 1 2  1 2  7 7 8 8 

p = corpora present 
A = corpora absent 



-
Ol 
E 

· z 
<( 

0.::: 

g 
0 

100 

50 

0 

ll 
1 j i 

4 

* 
* 
* 

8 

DAY OF TREATMENT 

0 2  

* 
·k * 
* * 
* 

2 4  inj 

* 

f-1 ' J I , ' l ' ' ' : : i ' i I ' t ·l 
f l 
; 1 f l 

4 8 

0 3  

r
'1 ! l 

! i I ·, 
I ' ' 1 : l ' ' r :  � j t ., 
; { 

2 4  inj . 4 

0 5  

8 

T REATMENT DURATION 

m 4 H TP IMPLANT 

m8 .H TP I M PLANT 

8 24 H TP IMPLANT 

� inj 90J,Jg TP 

0 CONTROL .
. 

>:o�* P < O . OOl ; *>:< O . OOl < P  < 0 . 01 ; * O . Ol < P < O . OS 

108 

Figure 4 .  2 OVARIAN \vEIGHT AT 90 DAYS : HEAN AND SE  FOR EACH GROUP AND 
SIGNIFICANT DIFFERENCES BETWEEN TREATED AND CONTROL GROUPS 



Rats treated w i t h  TP on day 3 a l so had ovaries wh i ch were 

s i gn i f i ca nt ly  l i ghter than thei r control s ' . Th i s effect was mos t  marked 

( P<O . OO l )  i n  the  case of groups treated for 8h , 24h or by i njecti on . 

The ovari es  of  i nj ected rats wei ghed s i gn i fi cantly ( P<0 . 05 )  l es s  than 

d i d  those of ra ts rece i vi ng TP impl ants . 

When the ovari an  wei ghts of  rats  i mpl anted wi th TP on  day 5 were 

compared w i t h  those of control a n ima l s ,  on l y the i njected gro u p  was 

s i gn i fi cant ly  ( P<O . OO l )  d i fferent . The ovari an we i ghts of  the i njected 

group  were s i gn i fi cant ly  l es s  ( P< O . OOl ) than those of i mp l anted rat s . 

3 . 3 . 5 .  I nc i dence of steri l i ty 

109 

The cl a s s i fi ca t i o n  of  a rat a s  anovu l atory was based on  macrosco p i c  

and h i stol og i cal  exami nat i ons of  the ovar i es at  90 days of  age . Rats  

whose ova r i es l acked corpora l u tea were c l a s s i fi ed as  s teri l e .  The 

occurrence of pers i s tent-oestrous  vagi nal  smears from anovu l atory rats 

provi ded furthe r confi rmati on  of non-cycl i c  ovar ian acti v i ty .  Rats wi th 

i ndetermi nate vag i na l  smears were vari abl e i n  thei r ovari an  l u tei n i �a ti on .  

A summary o f  the  i nc i dence of s ter i l e  rats i s  gi ven i n  Tab l e 4 . V I . Al l 

control ra ts s howed normal cycl i c  ovar ian  acti vi ty and ovul ati o n .  

( a )  Day 2 treatment 

In a l l TP- treated groups more than 50% of the rats were s teri l e .  

For those  rats a l l owi n g  vagi nal  smears , the  vagi nal epi thel i um confi rmed 

the s tate of the ovar i es .  

( b )  Day 3 treatment 

Rough l y  ha l f  of  t he rats recei v i ng TP i mpl ants for 4h , and a l l 

rats i n  the rema i n i n g  TP groups  (8h , 24h a nd i nj ected ) were j udged to 

be anovu l a tory .  These  resul ts were confi rmed by the pers i s tent-oestrous  

pa ttern of  vag i na l  smears from those  rats w i th a patent vag i nal  or i fi ce .  

Rats wi th corpora l u tea s howed cyc l i c  vag i na l  epi thel i a l changes . 



1 10 

TABLE 4 . VI 

INCIDENCE OF STERILITY AT 90 DAYS 

DAY OF TREATMENT 
D2 D3 D5 

TREA'IMENT 
n S% n S% n S% 

4 HOUR IMPLANT 
TP 1 1  73  1 1  45 10  20  

BLANK 9 0 9 0 1 0  0 

8 HOUR IMPLANT 
TP 7 7 1  10  100 1 0  2 0  

BLANK 5 0 7 0 1 0  0 

24 HOUR IMPLANT 
TP 7 86 10 100 9 44 

BLANK 6 0 1 0  0 9 0 

48 HOUR IMPLANT 
TP 9 44 

BLANK 10  0 

INJECTION 
TP 1 1  9 1  8 100 7 100 

OIL 1 2  0 7 0 8 0 

S% = percentage of n animals  classified as sterile  



( c )  Day 5 treatment 

Less  than 50% of the rats  rece i v i ng TP treatment by i mp l anta t i o n  

were s teri l e .  Al l rats i nj ected wi th T P  l acked corpora l u tea . 

Two d i s crepanc i es between ovari an and  vag i na l observati ons  were 

seen i n  th i s  gro up . One rat ( 4h  TP i mpl ant )  j udged ovul atory on  the 

ba s i s  of  i ts ovar i an h i s to l ogy had a pers i s tent-oestrous  vag i na l  smear .  

No sat i sfactory expl anat ion  can be offered for th i s  d i screpancy and the 

rat was presumed to be cyc l i ng .  Wi th i n the 48h TP i mp l ant gro u p  two 

rats  s howed norma l vagi nal cycl es  ( a t  63 - 73 days ) but  l acked corpora 

l u tea ( a t  90 _days ) .  These rats are a s s umed to have experi enced a 

del ayed anovul at i on  syndrome . 

3 . 4  Sexual  Behav i our  

Ana l yses of  these  resul ts were compl i cated by the l ack  of  var i a nce seen 

i n  the contro l  gro ups  ( i n  mos t  ca ses a l l control an ima l s responded to 

eac h  mount wi th l ordos i s )  a nd the l arge vari ance in  TP- treated grou p s , 

i n  many of  whi c h  some ani ma l s showed 100% LQ wh i l e  others showed somewhat 

l es s . For th i s rea son , • t •  tests compari ng each  TP-treated group  wi th  

i t s  contro l  grou p were app l i e d ,  to  prov i de a s tri ct test  of  d i fferences .  

Re s u l ts are presented i n  Fi g ure 4 . 3  and Append i x  Tab l e XV . Data are 

mi s s i ng for three rats  treated for 4h  on  day 2 ,  and for the seven whi ch 

d i ed duri ng the course of the experimen t .  As a l ready noted ( Sect i o n  2 . 4 ,  

Chapter 4 ) , resu l ts for rats treated o n  day 5 are i ncompl ete . 

1 1 1  

Al tho ugh a l l TP- treated groups , except the day 5 24h T P  i mp l ant  group ,  

conta i ned some rats wh i ch showed a LQ l es s  than 100% , onl y the TP- i njec ted 

rats ( a l l 3 a ges ) were s i gn i fi cantl y ( P< 0 . 0 5 )  d i fferent from thei r 

correspond i ng control s .  

Exami nat i on o f  t he recept i v i ty scores s ummari zed i n  Tab l e 4 . Y I I shows 

that control a n i ma l s ,  a s  expected by defi n i t i on of the scori ng procedure , 

were norma l i n  the i r d i sp l ay of oestrous  behav iour patterns . Al l 4 h  TP 
treatment groups  were a l so  essenti a l l y  norma l , whi l e  treatment  for 8 o r  

2 4 h  on  any of the days , resu l ted i n  s l i ghtl y reduced fema l e  behavi our .  

Rats i njected w i th TP on any one of the three days s howed the mos t marked 
behavi oural  defi c i ts .  
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TABLE 4 .  V I I  

RECEPTIVITY SCORES ( 1-5 ) FOR SEXUAL BEHAVIOUR 

DAY OF TREATMENT 
D2 D3 D5 

TREATMENT 
n Median Range n Median Range n Median Range 

4 HOUR IMPLANT 
TP 1 1  2 2-3 9 1 1-4 6 1 

BLANK 7 1 9 1 4 1 

8 HOUR IMPLANT 
TP 7 2 1-3 9 3 2-4 8 2 1-3 

BLANK 5 1 6 1 1-2 6 1 

24 HOUR IMPLANT 
TP 7 2 1-5 10  2 · 1-4 7 2 1-3 

BLANK 6 1 1 0  1 4 1 

48 HOUR IMPLANT 
TP 4 1 1-3 

BLANK 4 1 

INJECTION 
TP 1 1  4 2-5 7 4 1-5 4 4 

OIL  1 2  1 6 1 3 1 

Scoring of receptivity is  defined in Section 2 . 4  



3 . 5  Growth 

A s un�ary of the  mean body we i ghts ( l og10 ) for each  group  i s  g i ven i n  

Appendi x Tabl e s  XVI , XVI I and XV I I I . The regres s i on data are summari zed 

i n  Append i x  Tab l es X I X , XX , X X I  a nd XX I I .  

3 . 5 . 1 .  Trea tment on  day 2 

One-way ana l ys i s  o f  vari ance of the group  means  of  weekl y we i gh i ngs 

revea l ed some s i gni fi cant ' F '  rat i o s . However , a priori compar i sons 

carr i ed out  by ' t '  tests app l i ed to t he wei ghted means  showed that the 

TP- trea ted gro ups were not d i fferent from the i r  respect i ve control groups  

u nt i l 12  weeks  of age , from wh i ch t i me on ly  the  TP- i nj ected group  was 

s i gn i fi cantl y ( P<0 . 05 )  hea y i er than i ts control at  a l l s u bsequent 

we i gh i ngs . 

Ana l ys i s  of  var i ance of  the regres s i on coeffi c i ents  obta i ned from 

regres s i on a na l ys i s of the body we i gh ts over weeks  3 - 1 2  s howed there to 

be no s i gni fi cant d i fferences for the d i fferent groups  ( Tabl e 4 . V I I I ) . 

F i gure 4 . 4 ,  s howi ng the regres s i on coeffi c i ents and 9 5% confi dence l i mi ts 

for each  gro u p , i l l u s trates th i s .  S i mi l arl y ,  for the per i ods  a fter 

ovari ectomy ( weeks 1 3-1 5 )  and duri ng OB trea tment ( weeks 16- 18 ) , the _ 

regres s i on coeff i c i ents were not s �gni fi cantl y d i fferent .  

3 . 5 . 2 .  Treatment on  day 3 

Wh i l e  there were s i gni fi cant d i fferences between groups at  the 

f i rst 6 weekl y we i ghi ngs on  a o ne -way ana l ys i s of var i ance , the a priori 

compari sons  l acked a cons i s tent pattern . Testosterone propi onate-treated 

groups d i d not di ffer s i gni fi cant l y  from the i r  i nd i v i dua l  contro l  groups  

d ur i ng thi s t i me peri od . 

Regres s i on coeff i c i ents  obta i ned from regres s i on  ana l ys i s of  the 

body wei ghts recorded duri ng weeks  3 - 12 were subjected to ana l ys i s of 

vari ance and no s i gni fi cant d i fferences  d i sc l o sed ( see Tabl e 4 . V I I I  and 

F i g .  4 . 5 ) . One-way ana l ys i s of  vari ance for the per i o d  fol l owi ng 

ovari ectomy and the peri od of OB treatment yi e l ded ' F '  va l ue s  whi ch were 

not  s i gn i fi ca nt , so that regress i on· ana l ys i s  was not carri ed out  for 

these per i od s . 
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TABLE 4 .  VIII  

GROWTH OF BODY WEIGHT FROM 3 TO 1 2  WEEKS 

THE SLOPE OF THE REGRESSION OF Log ( base 10)  BW ON 1 /AGE 

ANALYSIS OF VARIANCE OF THE DIFFERENCES BETWEEN REGRESSIONS 
FOLLOWING TREATMENT ON DAY 2 

SOURCE OF VARIATION 

Between subclasses 

Within subclas�es 

DEGREES OF 
FREEDOM 

7 

64 

MEAN SQUARE 

0 . 018310 

0 . 0 15181  

ANALYSIS  OF  VARIANCE OF  THE DIFFERENCES BETWEEN REGRESSIONS 
FOLLOWING TREATMENT ON DAY 3 

SOURCE OF VARIATION 

Between subclasses 

Within s ubclas ses 

ns P > 0 . 05 

DEGREES OF 
FREEDOM 

7 

64 

MEAN SQUARE 

0 . 0 1 742 1 

0 . 018276 

F RATIO 

1 . 2 1 ns 

F RATIO 

0 . 95ns 
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3 . 5 . 3 .  Treatment on  day 5 

A one-way anal ys i s  of  vari ance of  week l y we i ghi ngs of  the rats 

treated on  day 5 showed there to be s i gn i fi cant d i fferences at  a l l 

we i gh i n gs except those a t  3 ,  7 and 8 weeks . By 7 weeks , a l l TP- treated 

group means  were heav i er than the i r  correspond i ng control group s  but  

further i nvesti gat i on by • t •  test i ng  of  we i ghted means es tab l i s hed that 

TP - treated groups d i d  not d i ffer s i gn i fi cant l y from thei r respecti ve  

con trol groups  unti l 14 weeks . At 1 4  weeks  bo th the 24h TP -treated 

group and the TP i nj ected group were s i gn i fi cantl y ( P<0 . 05 )  hea v i e r  

than the i r  contro l s and conti nued s o  t o  1 7  weeks , after wh i ch the 

i nj ected gro�p  a l one  was s i gn i fi cantl y ( P <0 . 05 ) heav i er than i ts contro l  

for the two s ubsequent wei gh i ngs . 

Regres s i on  ana l ys i s was not conducted for th i s  experi ment s i nce  

week ly  one-way ana l yses of  vari ance were not  con s i stent ly .  s i gn i fi cant . 

4 .  D I SCUSS I ON 

Th i s  experi ment exami ned two as pects of  the • cri tical  peri od • concept 

o f  neonatal hypotha l ami c androgen sen s i ti v i ty - the t ime of  max i mum 

s ens i ti v i ty to androgen a nd the mi n i mum exposure to androgen requ i red . 

The effects o f  bri ef exposure to TP neona ta l l y  on the external geni ta l i a  

a re al so d i s cu s sed . 

4 . 1  Age of Maxi mum Sens i ti v i ty to Androgen 

The age at wh i ch  the hypotha l ami c contro l of reproducti ve functi on  i s  

most sen s i ti ve to a l tera t i on by androgen ha s been s tud i ed by admi n i s tra­

tion  of var i ou s  dosages of  TP at varyi ng neonata l  a ges . Experi ments 

wh i ch i nvol ve  a s i ngl e i nject ion  of  ester i fi ed testosterone i n  � i l do 

not a l l ow fi ne  defi n i ti on  of  the sens i t i ve peri od s i nce , a s  the resu l t s  

presented i n  Chapter 2 ( Sec�i on 3 . 2 . 1 . )  s how , p l asma testosterone rema i ns 

e l evated for several days fol l owi ng i njecti on  i n  the neonatal rat .  The 

present exper i ment avo i ded th i s prob l em by removi ng the hormone source , 

a nd earl i er rad i o i mmu noas say of pl a sma had defi ned the durat i on  of  
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testosterone e l eva ti on ( Chapter  2 ,  Secti o n  3 . 2 . 1 . ) . Low ( thresho l d )  

doses  o f  androgen g i ven at  d i fferent ages may demonstrate tha t  one age 

i s  more suscept i b l e to a l tera t i on than o thers . 

S i nce numerous s tud i es  have suggested that  ovu l atory and behav i oura l  

control  mechani sms and growth can b e  d i fferent i ated i ndependent ly  

( Barrac l ough and  Gors k i , 196 2 ;  Swanson and van  der Werff ten Bosch , 

1 964 ; Mu l l i ns a nd Lev i ne ,  1 968 ; C l emens et al . , 1 969 ; Luttge and  

Wha l en ,  1970 ;  McDo na l d a nd Doughty ,  1 973/74 ; Tarttel i n  et  a l . , 1975 ; 

Chr i s tensen and Gors k i , 1 978 ; Gorsk i  et al . , 1979) , each of these 

hypotha l ami c funct i on s  i s  d i scussed separate l y .  

4 . 1 . 1 .  Control of  gonadotroph i n  s ecret i on 

Al l dura t i o ffi  of TP treatment gi ven by PDS capsu l e s caused h i gher 

i nc i dences of  s teri l i ty when gi ven on  days 2 or 3 than when g i ven on  

day 5 .  I nject i o n  of  TP  was equa l l y  effect ive  regard l e s s  of the day of 

trea tment .  The hypotha l am i c control of  gonadotrophi n secret ion  

therefore appeared to  be  mos t  sens i t i ve to  androgen on the second and  

th i rd day of l i fe .  

A s i n gl e subcuta neous i nject ion o f  TP can  cause anovu l atory 

s ter i l i ty when i njected on  any one of  the fi rst  5 days of the l i fe of · 

the fema l e rat ( Barracl ough , 1961 ; Gorsk i  and Barrac l ough , 1963 ; 

Swan son and van der Werff ten Bosch , 1 964 ; Gors k i , 1968 ; McDona l d and 

Doughty ,  1 972 ) . Th i s  cri t i ca l  period for i nducti on of anovu l a tory 

s teri l i ty i s  rel ated to the b i o l ogi cal  a ge of the hypothal amus rather 

than to the t i me of b i rth as wa s s hown i n  an  experi ment  i n  wh i c h fema l e  

rat s , del i vered after a shortened or l engthened per iod  of ges ta t i o n , 

were treated w i th TP neonata l l y  (Butters tei n and Frei s ,  1 978 ) . 

Stud i es wh i ch compared the effect i venes s  of  TP i njecti on  at  2 o r  

5 days of  age ( Barrac l ough , 1 961 ) , and 1 ,  2 or  4 days o f  a g e  ( Swanson  

and van  der Werff ten  Bosch ,  1 964 ) , found no d i fferences i n  the  

i nc i dence of s ter i l i ty .  Testosterone prop i onate impl anted i n to the  

hypothal amus a t  2 or  5 days was equa l l y  effect i ve i n  p revent i n g  ovu l a t i on 

( Chr i stensen a nd Gors k i , 1978 ) . However , i nj ect ion  of  a smal l dos e  o f  

T P  o n  days 1 ,  2 ,  3 or  4 ( Gorsk i , 1968 ) , or  day 2 ( Swanson  and van der 
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Werff ten Bosch , 1964) , was more effect i ve than on  day 5 ,  even when the 

dos e  rate was adj u s ted to a l l ow for the body we i ght  i ncrease between the 

ages ( Swanson  a nd van der Werff ten Bosch , 1964 ) . Tarttel i n  and  o thers 

( 19 7 5 )  found l ow doses of  TP to be more effecti ve on days 2 and  3 than 

on days 4 and 5 .  

Taken together wi th  the resul ts of  the present experi ment ,  these 

studi e s  su ggest  that the contro l  of  gonadotroph i n secreti on by the 

fema l e  rat hypotha l amus i s  maxi mal ly  sens i t i ve to a l tera ti on by androgen 

duri ng  the fi rs t  3 or  4 days of  l i fe .  After th i s  age , l a rger doses o f  

androgen o r  l on ger  per i ods o f  treatment are requ i red to affec t  t h i s 

funct i on .  

4 . 1 . 2 .  Sexual behav i ou r  

Testosterone prop i o na te i nject i on on  a ny one o f  the three neonatal 

ages ca used a s i gn i fi cant depres s i on of  LQ and c l earl y defi c i ent  d i s pl ays  

of oes trous type behav i our . Al l the  TP  trea tments of  s horter dura t i on , 

wh i l e  c l early caus i ng some depres s i on o f  femi n i ne mat i ng behav i our , d i d  

not  resu l t i n  LQs wh i ch were s i gni fi cantly d i fferent from tho se  o f  thei r 

re s pecti ve contro l  groups . These resu l ts sugges t that the hypotha l ami c. 
con tro l of femi n i ne sexua l  behav i our i s  equa l l y  sens i ti ve to androgen o n  

days 2 ,  3 and 5 o f  l i fe i n  the fema l e  rat .  

Reduced femi n i ne sexual behavi our i n  adu l ts  after pri mi ng w i th  

oes trogen  and proges terone has  been recorded i n  fema l e  rats g i ven a 

s i ngl e i nject i on  o f  TP on  day 1 ,  2 ,  3 ,  4 ,  5 or 6 of  l i fe ( Barrac l ough 

and  Gorski , 1 962 ; Harri s and  Lev i ne , 1 96 5 ; Geral l ,  196 7 ;  Wha l en and  

Edwa rds , 1967 ; Mu l l i n s and  Lev i ne ,  1 968 ; C l emens et al. . , 1969 ; 

Hendr i cks , 1969 ; C l emens et al. . , 1970 ; _ Edwards and Thompson , 1970 ; 
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P fa ff and Zi gmond , 1971 ; McDona l d  and Doughty ,  1972 ; Tarttel i n  et al. . , 

1 9 75 ) . The res ul ts obta i ned by Tartte l i n  and  h i s  col l eagues ( 19 75 )  

s u gges t  that TP treatment  on  days 2 or 3 i s  more effect i ve t han  on  day 5 

i n  i nh i b i ti ng the adu l t d i sp l ay of femi n i ne sexual rehav iou r .  I mp l antat i o n  

o f  TP  d i rectl y i nto the ventromed i a l  hypo tha l amus o n  day 2 ,  b u t  not day 5 ,  

caused a s l i ght  reduct ion  i n  l ordos i s  res ponse  ( Chri s tensen . and  Gors k i , 

1 978 ) . However , the fi ndi ngs of  McDo na l d and  Doughty ( 19 72 ) and  C l emens  

a n d  eo-workers ( 1969 ) p l ace the mos t  sens i ti ve peri od  l a ter (days 4-6 ) 



i n  the neona ta l  peri od . 

An a l terat i on  of  the hypotha l am i c contro l  of  sexua l  behavi our 

cannot be  as  prec i se l y i dent i fi ed as a l terat i on  of  control of  

gonadotroph i n secret ion . A ton i c rather than  a cycl i c  pattern of  

gonadotroph i n  d i s charge i s  readi l y determi ned by the a bsence of  corpora 

l utea i n  the ovary ,  a nd thre shol d treatmen t  i s  mani fe s t  i n  the l ater 

onset of the e ffect - i . e .  by the del ayed anovu l ati on  syndrome ( seen i n  

the pre sent experi ment  as  a n  a bsence of corpora l utea a t  ovari ectomy 

· after cycl i c  vag i na l  c ha nge a t  an earl i er age ) . Thresho l d effects on  

mat i ng behav i our are more d i ffi cul t to quanti fy and a s ses sment may vary 

accordi ng  to the te st i ng  procedures used , envi ronmenta l condi t i ons  and  

the  hormonal primi ng of  the  tes t  subject ( Cl emens  et a l . , 1 969 ) . 

Consequentl y d i fferent s tud i e s  may not be d i rectl y comparab l e .  

4 . 1 . 3 .  Growth 

Ana l ys i s  of  var i ance of the weekl y body wei ght measurements showed 

tha t TP i njec t i on when g i ven  on day 2 or day 5 ,  but ( i nexpl i cab ly )  not 

day 3 ,  resul ted i n  rats wh i c h  were s i gni fi cantl y heavi er than o i l -
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i njected control s from 1 2  or 1 4  weeks onwards . Ana l ys i s  of the regres s i on _ 

of l o g1 0  body wei ght on age ( o r  i ts reci proca l ) was not abl e to demon­

s trate any s i gni fi cant d i fferences in  growth rates for rats subjected to 

neonata l TP trea tments of  varyi ng durat i on .  

Treatment  wi th a s i ng l e subcutaneou s i njecti on of  TP on  any one of  

t he  fi rst  5 days of  l i fe has  resu l ted i n  adul t fema l e rats wh i ch were 

s i gn i fi cantl y heavi er than control s ( Barrac l ough , 1961 ; Swanson and  

van der Werff ten  Bosch , 1 963 ; Harri s and Lev i ne ,  196 5 ; Beatty et a l . , 

1 970 ; Bel l a nd Zucker , 1 97 1 ; S l o b  and van der Werff ten Bosch , 1 975 ; 

Tarttel i n  et a l . , 1975 , 1976 ; Du buc , 1976 ) . Swanson and van der Werff 

ten Bos ch ( 1963 ) remarked that  i nject ion on day 2 or day 5 had s i mi l ar 

effects  on s ub sequent growth . A s tudy wh i ch sys temat i cal l y  compared 

the adu l t body wei ghts a fter treatment at d i fferent neonata l a ges 

determi ned that treatment  a fter day 3 at  the dosages used was unab l e to 

effect  changes  in body wei ght  ( Tarttel i n  et al . , 1975 ) . Th i s  does not  

nece s sar i l y  contrad i ct those  s tudi es wh i c h  found i ncreased body we i gh t  

a fter T P  treatment  on  days 4 or  5 ,  s i nce these  used l arger doses o f  

T P  than the maxi mum used by Tarttel i n  a nd col l eagues ( Barrac l ough , 196 1 ;  



Swa n son and van der Werff ten Bosch , 1963 ; Harri s and Levi ne , 196 5 ;  

Bel l a nd Zucke r ,  1 9 7 1 ) . Ta rttel i n  and eo-wo rkers used a range of  dose s  

( 10-270�g TP ) and  concl uded t hat  mechani sms contro l l i n g  growth were 

sen s i ti ve to TP duri ng  a cri ti ca l  pe riod i n  the fi rs t 3 days of l i fe .  

The resu l ts  o f  the present exper iment are not d i rectl y comparab l e 

wi th those of the previ o u s l y  pub l i shed reports descri bed above , s i nce 

the s tat i s t i ca l  treatment of the body we i ght  data i s  d i fferent . 

Conc l u s i ve s tatements  on  the growth of neonata l l y  TP- treated rats 

compared wi th contro l s were i n  s ome cases not supported by s tati s t i ca l  

ana l ys i s  and i n  s ome cases were based o n  body we i ght mea surements a t  a 

s i ng l e  a ge . . Stat i s ti ca l  ana l ys i s ,  where used , was carri ed out  on 

untrans formed da ta . Al though Tarttel i n  and col l eagues ( 1975 ) scru ti n i zed 

the frequency di s tr i buti on  of  thei r data and deemed i t  s u i tabl e for 

ana l ys i s  of var i ance , i t  has been c l a i med tha t the d i s tri buti on  of body 

wei ght i s  a l o gnorma l d i s tr i but ion  ( Bl i s s ,  1967 ; Cl ark  and Tarttel i n ,  

1 978 ) . P l otti ng the s tandard dev i at i on aga i ns t  the mean of the untrans­

formed body we i ght demonstrates a d i sti nct correl ati on  wh i c h  i s  removed 

after the transforma t ion  of  body we i ght to l o gari thms . A bas i c  tenet 

of  s tati s t i ca l  i nference i s  that the samp l e s  of  observati ons are drawn 

from a popul at ion  wi th the same vari ance , and for th i s  rea son a l l 

s tati st i cal ana l yses of  body we i ght i n  the present experi ment were 

compu ted u s i ng the l ogari thms of body we i gh t .  

Regress i on a na l ys i s o f  growth data was not used i n  any o f  the 

pub l i ca t i ons  ci ted a bove , but wa s appl i ed to the present exper i men t ,  

s i nce , wi th s u i tab l e trans forma t i ons , i t  p rovi ded a n  accurate descr i pti on  

of  the i n crease i n  body we i gh t  wi th age , and  made u se  of  a l l _ the body 

we i ght  measurements . Compari son  of  s l opes of  regres s i on l i nes  a l l owed 

compar i son of the growth rates of  d i fferent  groups of  rats . 

Wh i l e  not s ugges ti ng that s i gn i fi cant d i fferences i n  body wei gh t  

d i d not ex i st i n  the refe ren�es c i ted above , analys i s  of  growth data 

s hou l d be exami ned cri ti cal l y .  The methods u sed i n  the present 

experi ment are con s i dered to .  b e  stati st i ca l l y  so und ( C l ark and Tarttel i n ,  

1 978 ) and were unab l e to detect any a l tera t i on to growth rates a s  a 

resu l t of  TP treatment o f  neonata l  femal e  rats . Other stud i e s  have a l s o  

fa i l ed to  demonstra te sti mu l a ti on of  growth after neonata l  TP  (Brown-
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Grant , 1 964 ; Bradshaw and  Cr i tchl ow , 1966 ; Wagner et aZ . , 1 966 ) . 

The fi ndi ngs of  the present experiment  have not i dent i fi ed a 
neonatal age wh i ch  i s  more sen s i ti ve than o thers to the organ i zat i onal  

effects of  TP on growth regu l at i on . 

The fa i l ure of the present experiment to demons trate i ncreased 

growth i n  rats gi ven TP i mpl ants on  any one of three days duri ng the 

neonatal peri od i nd i cates  that control of  growth i s  more res i s tant to 

mod i fi cat ion  by neona ta l TP than i s  the contro l  of  gonadotroph i n  

s ecret i on . Th i s  wa s observed a l so by Tarttel i n  and o th ers ( 1 97 5 }  for 

the i r  l owes t  dose of TP ( 10pg )  and for a l l doses g i ven on  days 4 or  

5 .  Al though s uffi c i ent  to i nduce s teri l i ty i n  more than 50% of  the 

a n i ma l s ,  these treatments d i d  not resul t i n  cons i s tentl y s i gn i fi cant l y  

heav i er body wei ghts . The i ncreased body we i ght  usua l l y  re sul t i ng from 

neonata l TP i s  therefore probab l y  i ndependent  of the pers � stent oes trous  

condi t i on . 

No d i fferences i n  growth were seen between TP-treated groups  and  

contro l groups after ovari ectomy or  duri ng OB treatment .  

The hypothes i s  that decreased ovari an secreti on from the sma l l 

o va r i es i s  res pons i b l e  for the i ncreased growth of neonata l l y  TP-treated 

rats s eems to have been l arge l y  s u perseded by the v i ew that neonatal 

androgen has  a d i rect organ i zat i o na l  effect on  the regu l at ion  of  growth . · 

Oestrogen has a res tra i n i ng effect on growth ( see ,  for examp l e ,  

Tarttel i n  and Gors ki , 1 973 ; Wade , 1975 ) , and  i t  ha s been sugges ted 

that  the effects of earl y androgen i n cl ude a decreas ed sens i ti v i ty to 

oestrogen ( Tarttel  i n  et cd . , 1975 , 1976 ; Gentry and Wad e ,  1976b }  or to 

o e s trogen and progesterone ( Be l l and Zucke r ,  1971 ) .  Other authors 

cons i der  the effect to be i ndependent of oestrogen ( Beatty et aZ . , 1970 ; 

Dubuc , 1 9 76 ) . The present resu l t s  confi rm nei ther of  these v i ews . 
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4 . 2  Length o f  Expo sure to Androgen 

Other s tud i es wh i ch have exami ned the mi n imum exposure necessary for 

androgen i zat i on  have l oo ked a t  on ly  one endpo i nt  - the contro l of  ovari a n  

funct i on . For th i s  reason , mos t  of  th i s  sect ion  i s  devoted to d i scu s s i o n  

o f  th i s  a s pect of neonata l androgen acti on . The effects of  short exposure 

to TP on  sexua l  behav iour  and growth are bri efl y  di scus sed . 

4 . 2 . 1 .  Co ntrol of  gonadotroph i n  secreti on  

Treatment  wi th TP for 4 hours  (maxi mum expos ure time 28 hours ) 

dur i ng a max i ma l l y  sens i t i ve peri od ( days 2 and 3 of l i fe )  i n  the present 

experiment was suffi c i ent  to i nduce anovu l atory s teri l i ty at  90 days i n  

a t  l ea s t  50% of  rats . On the other hand at 5 days of age expos ure for 

7 2  hours d i d  not ach i eve the same l evel  of  s teri l i ty .  

Barrac l ough ( 1 966 ) , i n  rev i ewi ng the evi dence for a cri t ica l  peri od  

o f  hypothal ami c androgen s ens i ti v i ty ,  s pecu l ated ( correctl y i t  now wou l d 

s eem ) that 11 . . .  a l though the l ength of  t ime that androgen rema i ns  i n  

c i rcu l a ti on  i s  unknown , i t  i s  reasonabl e to presume that 24-48 hours  of  

exposure to  a ndrogen i s  a 1 1  that i s  nece ssary to  produce s teri l i ty .  11  

S i nce then , severa l s tud i e s  have i nvesti gated the m i n i mum durat i on 

o f  expos ure to testosterone nece ssary for androgeni zati on of ovari a n . 

functi on , u s i ng var ious  methods to mani pu l ate the treatment peri od . 

Ara i and  Gors k i  ( 1968a , b )  re l i ed on  the admi n i s trati on of  agents wh i ch 

i nterfered w i th the acti on of  TP . I n  d i fferent s tud i es they i njected a 

barbi tura te ( e i ther phenobarb i ta l  or  pentobarb i ta l ) and an  anti -androgen 

( cyproterone aceta te ) at  varyi ng i nterva l s after i nj ecti on  of an 

a ndrogeni zi n g  dose of TP to 5 day fema l e rats . On the bas i s  of  the i r  

resu l ts they conc l uded that androgen can exert i ts effects on  the bra i n 

i n  6 -12  hours . A s i mi l ar i nterva l wa s suggested by a s tudy i n  wh i ch the 

a nt i b i oti c s  acti nomyc i n- D  and puromyci n ,  i nj ected a fter TP , i nterfered 

w i th androgen i zati on  ( Kobaya s h i  and Gorski , 1970 ) . 



Al kl i nt a n d  Norgren ( 1 970 ) reported an experi ment i n  wh i c h  the 

pres ence of a ndrogen i n  5 day o 1 d fema 1 e rats , i nj ected wi th TP i n. the 

ta i l , was termi nated by remova l  of  the ta i l  a t  varyi ng  i n terval s a fter 

i nj ect i on . An exposure ti me of 72 hours , i n  5 day ol d rats i nj ected wi th 

250�g TP , was needed to a l ter reproduct i ve functi on i n  50% of  a n imal s .  

Another s tudy by the same a u thors ( Al k l i nt and Norgren , 1971 ) 

compared non-es teri fi ed tes tosterone, known to have a shorter durati on of  

act i o n  than TP , a n d  TP  i n  the i r  effecti veness  i n  i nduc i ng anovu l atory 

steri l i ty when g i ven to neonatal fema l e rats . A s i ngl e i nj ect i on  of  

tes tos terone on  day 5 caused androgen i zat ion  i n  50% of  rats ( compared 

wi th  100% when TP gi ven on day 5 ) , but  100% became s ter i l e  when a 

second do se  o f  testosterone wa s admi n i s tered on day 10  a s  wel l . On th i s  

ba s i s  the a uthors  argue tha t a .m i n i mal  exposure t i me greater than a few 

hours i s  requ i red to produce androgeni zat ion  i n  5 day o l d fema l e  rats . 

McDona l d  and Do ughty ( 1 974 ) reach a s i m i l ar concl us i on  from thei r work 

in  wh i ch smal l doses of  androgen i njected over several days wa s more 

effect i ve i n  preventi ng cyc l i c  ovar i an funct i on than a s i n gl e i nject i on . 

Hayash i  a nd Gorski  ( 1 974 ) , who pl aced TP coa ted tubes i n to the 

hypothal amus of 3 day o l d fema l e  ra ts and l a ter removed them , found tha t 

exposure for 48 hours was needed to cause s teri l i ty i n  a t  l ea s t  50% of 

the a n i ma l s  at 1 00 days . I n  compar i ng thi s wi th the m i n i mum exposure 

t i me e st imate by Ara i and Gorsk i  ( 1 968a , b) they po i nt out several 

poss i bl e  d i fferences i n  the extent and  d urat i on  of  hypothal ami c TP 

exposure between  the d i fferent experimen ta l  approaches . 

These e st i mates of the m i n i mum t i me of exposure to TP necessary to 

cause  androgen i zati on of  gonadotroph i n secreti on  vary from 6� 72  hours . 

S i nce the methods u sed are so  d i fferent , i t  i s  d i ffi cu l t to compare 
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t hem wi th the  present exper i ment wh i ch has  certa i n  advantages over the 

other techni ques . Termi nati on  of  the  hormonal  acti on  i s  spec i fi c  - s i mp l y  

by removal of  the source - so  i t  does not rel y  on  the acti on  of  an  i nter­

feri ng drug , whose onset , dura t i o n  and mechan i sm  of act ion  may not be ·  

known . The i nterferi ng substance may exert hormona l effects of  i ts own . 

S econdl y ,  the t i me per i od d uri n g  wh i ch hormone concentra ti ons  are 

e l evated by th i s techni que has  been defi ned by measurement of pl a sma 

testo sterone concentrat i on s . Th i rd l y ,  the hormone i s  p l aced i n  a s i te 



from wh i ch u ptake and subsequent sys temi c d i stri buti o n  i s  compa rabl e to 

that of  the i nj ec ti on used i n  trad i t i onal  androgen i za ti on  s tud i es .  
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Mos t  c l o sel y a l l i ed to the present experi ment i s  the one i n  wh i ch 

rats ' ta i l s ,  conta i n i ng the i nject i on s i te ,  were amputated at  d i fferen t  

t i mes a fter i nj ec t i on o f  TP (Al k l i nt a n d  Norgren , 1970 ) . Thi s was 

reported i n  abs tract form . The a uthors made no a l l owance for persi s tence 

of the ho�1one i n  the body t i s sues  a fter removal of the ta i l , and re su l ts 

reported i n  Chapter 2 sugges t  that thi s may l engthen the i r  exposure t ime 

con s i derab l y .  Moreover ,  pecul i ari t i e s  of the vascul ature of the ta i l  make  

i t  hard to  rel ate ' s ubcutaneous  uptake ' from the ta i l  to upta ke from any 

o ther subcutaneou s  s i te .  The rats u sed were of an age  ( 5  days ) cons i dered 

to be l ate i n  the sens i ti ve peri od when h i gher do ses o f  TP are requ i red 

to i nduce ster i l i ty than at an earl i er age ( Gors k i , 1 9 68 ) . 

Exper i ments wh i ch  i nvol ve the u s e  o f  agents whi c h  i nterfere wi th 

the acti on  of androgen , such as tho se  of Ara i and Gorsk i  ( 1 968a , b )  make 

no a l l owance i n  t hei r est imati ons of  a m i n i ma l  expos ure t i me for the t ime 

taken for the onset  of act ion  of  the i nterferi ng agent . The authors 

( 1968a ) qual i fy thei r fi ndi ngs , po i nt i ng out that they app l y on ly  to 

androgen-barbi turate i nteract i ons  i n  5 day Sprague- Dawl ey fema l e rats 

treated wi th 30�g TP . Aga i n ,  a s  they expl a i n ,  day 5 i s  near the end of  

t he  androgen- sen s i ti ve per i od so  t hat  t he  m i n i mum dura t i on  of  exposure 

may be d i fferent from that a t  an ea rl i er age . 

The present experi ment , wh i c h  demon strated that exposure to 

tes tos terone for 28 hours cou l d cause a novu l atory s teri l i ty i n  at  l ea s t  

50% of  rats , cannot  excl ude the po s s i b i l i ty o f  a shorter m i n i mum 

exposure peri od . However the use  of any method i nvo l v i ng systemi c 

treatment  w i th TP  mu st  anti c i pa te pro l onged e l evati o n  of  bl ood testos­

terone conce n tra t i ons , even a fter remova l  of the source of  the  hormone , 

and exposure t i mes  l es s  than 24 hours wou l d be d i ffi cu l t  to ach i eve . 

S i nce the proporti on  of rats c l a s s i fi ed as  s teri l e  a t  90  days was around 

50% w i th 28 hour exposure at  2 or  3 days of age , a s h orter expo sure 

mi ght be  expected to be even l es s  effec t i v e .  Wh i l e  th i s  experi ment d i d  

not s pec i fi ca l l y  l ook  for ev i dence o f  the del ayed a novu l a t i o n  syndrome , 

i t  wa s recogn i zed i n  two rat s  wh i ch rece i ved 72  hou r  exposure to TP on  

day 5 ,  a nd  evi dence of i t  wou l d further support the i dea that the 



dura ti ons  of  TP expo s ure g i ven by impl ant  provi ded threshol d treatment . 

The exposure t i mes  q uo ted i n  thi s experiment defi ne  the max i mum 

per i od  d ur i ng wh i c h  p l asma testos terone concentrat ion s  are s i gn i fi cantl y 

h i gher than control l evel s ,  accord i ng to mea s urements u s i n g a rad i o­

i mmunoassay wi th sens i ti v i ty of  0 . 08-0 .llng  m l -1 • A more sens i t i ve 

assay system wou l d i nd i cate l onger dura ti ons . The exposure t i mes  i nc l ude 

an i nterva l  dur i ng wh i c h  h i gh concentrati ons  are ma i nta i ned (wh i l e  the 

i mp l ant  i s  i n  p l ace ) , fo l l owed by a per iod  of  rap i d ly  dec l i n i ng l evel s .  

I n  the absence of i nformati on regard i ng the nature of the hormone 

s t i mu l u s to whi c h  the sexua l l y  d i fferenti at i ng nervous  t i s s ue s respond , 

i t  i s  not pos? i b l e  to defi ne the durat i on  of  • effect ive  tes to s terone 

concentrat i on • . 

4 . 2 . 2 .  Sexua l behav i our  

The bri ef peri ods  of  TP  treatment by PDS  capsul e g i ven at  any of  

the three neonata l  ages were i n suffi c i ent  to s i gn i fi cant l y depre s s  the 

LQ i n  adu l t rats . The scores obta i ned for mo st of the groups  approached 

s i gn i fi cance , so there appeared to have been some depre s s i on of the 

normal oestrous  behav i oura l res ponse . S i nce no s i gn i f i cant  reduc t i on i n  

behav i oura l  response was obta i ned wi th even the l onger peri ods o f  TP 

imp l antat i on  ( exposure to e l evated p l a sma testo sterone for up to 48 hours ) 

on any of the three days , a nd yet the exposure resul t i ng from TP  

i nj ecti on ( 1 92  hours ) was suffi c i ent to  cause  marked depres s i on , i t  must 

be a s s umed tha t  the control of  mati ng behav i our requ i re s  exposure to 

el evated p l a sma tes tosterone concentra t i o n  for some peri od of between 

2 and  8 days to  be s i gni fi cant l y  de-femi n i zed . 

Res u l ts obta i ned from the present experiment support prev i ou s  

sugges t i ons  that femi n i ne sexua l behav i our  i s  more re s i s tant  than 

gonadotro ph i n  s ecreti on to mod i fi ca t i o n  by neonatal andro gen ( Barrac l ough 

and Gors k i , 1962 ; Nadl er , 1 968 ; Luttge and  Wha l en ,  1970 ; McDona l d  and 

Doughty , 1974 ; Chri stensen and  Gorsk i , 1978 ; Gorsk i  e t  aZ . , 1 9 79 ) . 

Some treatments wh i ch i nduced_ anovu l a tory s teri l i ty i n  the majori ty of 

ra ts ( for  exampl e ,  4 and  8 hour TP i mp l ants on day 2 )  fa i l ed to s i gni fi ­

cantl y depres s  the d i sp l ay of femi n i ne s exual behavi our  a s  a sse s sed by 

LQ i n  adu l ts a fter hormona l  prim i n g .  
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4 . 2 . 3 .  Growth 

Rats exposed via P DS impl ants to TP for 3 2  hours and 48 hours on 

days 3 o r  5 ,  or  48 hours on  day 2 ,  were heav i er than the i r counterparts 

wh i ch rece i ved empty i mpl ants , but a part from a few i so l a ted we i gh i ngs , 

these d i fferences were not s i gni fi cant . These peri ods o f  exposure were 

apparent ly  i ns uff i c i ent to a l ter growth patterns i n  these rats . The 

l onger peri od  of trea tment afforded by TP i njecti on produced heav i er 

rats when i t  wa s g i ven  on days 2 or 5 ,  but  unaccountab l y  fa i l ed to 

cause s i gni fi cant we i ght  i ncreases  when g i ven on  day 3 .  

The mi n i mum peri od  of  exposure to androgen necessary to s t i mu l ate 

growth wou l d appear to be l onger than that requ i red to a l ter control of 

femi n i ne sexual behav i our  or gonadotroph i n secreti on . An experi ment by 

Sheri dan ,  Zarrow and Denenberg ( 1973 )  found that to i ncrease adul t body 

we i ght , a peri od o f  exposure to androgen l o nger than that neces sary to 

i nduce anovu l atory s teri l i ty ,  wa s requ i red . A dose of  10� g  TP , i njected 

i n  da i l y or twi ce-da i l y  doses over days 1 - l O , s i gni fi cantl y i ncreased 

adu l t body we i ght , whereas a s i n gl e i njecti on of  10�g  TP on  day 1 had 

no effect ( but  cau s ed a h i gh i nc i dence of s teri l i ty ) . 

4 . 3  Externa l Gen i ta l i a  

The ti mi ng o f  vag i nal  openi ng and the s tructural devel opment  o f  the 

vag i na are di scus sed here together . I n  many an imal s i n  thi s experi ment 

an  abnorma l vag i na l  s t ructure obscured i denti fi cati on  of the age  at 

vagi nal o pen i ng so that i t  i s  d i ffi cu l t to d i scuss the t i me of  vagi nal  

o pen i ng a l one . 

The age a t  vag i na l  o pen i ng i n  the  fema l e  rat has trad i t i ona l l y  been 

con s i dered an i ndex of ovari an functi o n , s pec i fi cal l y  i nd i cat i ng the 

onset of puberty . I n  normal fema l e rats the fi rst oestrus  and 

ovu l ati on  u s ua l l y  occur  24 hours  l a ter ( Ju s to , Col i l l a s and Tramezzan i ,  

1970) . However i ts s i gni fi cance i n  th i s regard i s  doub tful  s i nce 

vagi na l openi ng can occur wi thout  be i ng fol l owed by ovul at i on , i n  rats 

w i th dea fferentat i cn of the medi obasa l  hypotha l amus ( Rama l ey and· Gorsk i ,  

1 967 ) , or  i n  ful l y  androgen i zed rats ( Wagner et aZ . , 1966 ) , a nd can occur 
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even i n  the a bsence of ovar ies  ( Co l ombo , 196 8 ;  Lobl and Gors k i , 

1974 ) 0 

I t  has been found that t he age at  vag i nal  o pen i ng i s  advanced i n  rats  

g i ven TP  neonata l l y  ( Harri s ,  1964 ; Harri s and Levi ne , 1 965 ; Wagner 

et aZ . , 1966 ; Nadl er , 1968 ;  Lobl  and  Gorsk i ,  · 1974 ) . Th i s wa s 

confi rmed i n  the present experi ment for TP g i ven on day 5 for even a 

br i ef peri od . However , TP g i ven on days 2 or 3 a l tered the vag i na l  

morphol ogy obscur i ng the t ime of open i ng .  Tramezzan i ,  Vo l osch i n and 

Na l l ar ( 1963 ) , i n  thei r deta i l ed study of  the effects of a s i ngl e 

i nj ecti on o f  TP g i ven at  d i fferent neonatal a ges  on subsequent vag i nal  

devel opment , made s i mi l ar observat i on s . 

I n  the i r  exper iment , treatment  on day 1 prevented vag i na l  open i ng ,  and 

on days 2 or  3 caused precoc i ou s  open i ng  of  a very smal l or i fi ce , 

v i s i bl e  onl y w i th the hel p of  a d i s sect i ng mi croscope . Day 4 treatment 

resu l ted i n  ha l f  of  the rats hav i ng the • p i npo i nt '  open i ng typ i ca l  of  

day 2 or  3 treatment , and the  o ther ha l f hav i ng norma l but  precoc i ou s  

open i ng .  Tes to s terone prop i onate g i ven on days 5 or 10 a l s o  caused 

precoc i ous  but  s truc tura l l y  normal vag i nal  open i ng .  

Other workers have a 1 so reported an  ab  norma 1 1  y sma 1 1  vag i na 1 ori fi ce o r  

a fa i l ure of  the d i s ta l  vag i na to cana l i z e  when TP wa s g i ven o n  one 6 f  

the fi rs t three days o f  l i fe ( Swanson  and van der Werff ten Bosch , 196 3 ,  

1964 ; A l kl i nt a nd Norgren , 1971 ; McDona l d and Doughty , 197 2 ; Young , 

Na nce and Gorsk i , 1979 ) . When g i ven on  days 4 or 5 vagi nal  open i ng was 

advanced (Tramezzan i  et al . , 1963 ; Harri s and  Levi ne , 1965 ; Col ombo , 

1968 ; Mul l 1 n s  a nd Lev i ne ,  1 968 ; McEwen et al . , 1977 ) . No a l terat i on  

o f  vagi nal s tructure resu l ted from TP g i ven on  days 4 or 5 ( Swanson  and  

van der  Werff ten Bosc h , 1963 , 1964 ; Al kl i nt and Norgren , 1971 ) . 

The  effects o f  TP on  the t i mi ng  o f  vag i nal  open i ng have been a ttri buted 

to centra l  nervous system or ovari an med i at i o n ,  or l ocal  t i s sue effects  

( s ee be l ow ) . 

C l a i ms for centra l nervous  system i nvol vement i n  the earl y vag i nal  

open i ng s een  i n  androgeni zed rats  have been made on the  bas i s  of  

129  



experi ments i n  wh i c h  TP was pl aced i n  the hypothal amus ( Wagner et  al. , 

196 6 ; Nad l er , 1968 ; Lobl and Gors k i , 1 9 74 ) . Wagner and h i s col l eagues  

( 1966 )  s uggested that  the  mechan i sms i nvo l ved were i ndependent of those  

control l i ng p i tu i ta ry-ovar i an cycl i c i ty ,  whi l e  Nad l er ( 1968)  con s i dered 

tha t the co ntrols of vagi na l  openi ng and ova r i a n  functi on mere l y  have 

di fferent sens i ti v i t i e s  to androgen . 

Other workers argue that TP i nduces earl y vag i na l  open i ng by a l oca l  

ac t i on on the  geni ta l ti s s ues ( Tramezza n i  et al . , 1963 ; Zarrow , Naqv i 

and  Denenberg , 1969 ) . Th i s  theory i s  s upported by exper iments i n  whi ch 

d i hydrotes tos terone appeared to m imi c the effects of TP on  vag i na l . 
ope n i ng (McD�na l d  a nd Doughty ,  1972 ) . S i nce d i hydrotesto s terone cannot 

be aromati zed i t  i s  unabl e to cause androgen i zati on so i ts act i ons  a re 

a s s umed to be peri phera l . McDonal d and  Doughty ( 1 972 ) suggest  that the 

effects of  earl y TP on  the vag i na are due to i ts convers i on to d i hydro­

tes tosterone . 

I t  has been s uggested tha t open i ng o f  the vag i nal membrane i s  an  

i n d i cati on  of  the  onset  of  h i gher l evel s of ovari an secret i on ( Rama l ey 

and  Gorsk i , 196 7 )  so i t  i s  poss i b l e  that TP i nduces earl y vag i nal  open i ng 

through the e l evat i on of p l a sma oestrogen s een  earl y i n  l i fe i n  

androgeni zed ra ts ( Cheng a nd Johnson , 1973/74 ) .  Certa i n l y  admi n i stra t i on 

of  OB to i mma ture fema l e  rats has been s hown to advance vag i na l o pen i ng 

( Rami rez and Sawyer ,  196 5 ; Porterfi el d and Stern , 1 9 74 ) , a l though i n  

one  study the t i me o f  open i ng wa s the same whether OB treatment  began on  
day 5 or day 26  ( Rami rez and Sawyer ,  1965 ) . However preco c i ou s  vagi na l  
open i ng has  a l so been recorded i n  TP- treated rats l ac k i n g  ovari es , 
a l though i n  th i s  case the author ( Co l ombo , 1 968 ) suggested that  the dose  
of  TP  furn i s hed oestrogen i c  metabo l i tes wh i c h were respons i bl e for the 
early cana l i zat i on . 

No s i ngl e expl a nat i on seems to account  sat i sfactori l y  for the earl y 

vagi na l o pen i ng wh i c h  res u l ts from neonatal TP admi n i s trat i on .  However , 

regardl es s  o f  the mechan i sms i nvol ved , i t  i s  c l ear that the t i me of 

vagi nal i ntro i tu s  i s  not a usefu l  i ndex i n  the s tudy of  androgen i zat i on . 
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From the experi mental  resu l ts  obta i ned , i t  may be concl uded that the 

norma 1 vagi na 1 s tructure can  be a l tered by TP gi  yen on days 2 or  3 ,  

but  not day 5 ,  of  l i fe i n  the fema l e rat .  Even bri ef e l evat i on  o f  

p l a sma testosterone ( 28 hours ) duri ng thi s sen s i t i ve peri od was a b l e 

to i nterfere wi th norma l devel opment . 

5 .  CONCLUS IONS 

The resu l ts of  the experi ments descri bed in  th i s  Chapter a l l ow some 

. genera l  comments regard i ng the tempora l a s pects of the acti on of  TP i n  

modi fy i ng the s exua l d i fferent iat ion  of  the hypothal amus and the fi na l  

devel opmen t of  the  externa l vag i na i n  neona tal fema l e rats . 

The neuroendocri ne control of  ovar i an  functi on appeared to be  mos t  

sens i t i ve to T P  du ri ng days 2 and 3 o f  l i fe i n  the neona ta l fema l e rat 

and  exposure for a s  l i ttl e a s  28 hours duri ng thi s t ime cau sed 

anovu l atory s teri l i ty at  90  days in more than 50% of the rats . 

De - femi n i zati o n  of  mat i ng behav i our appeared to requi re a l onger dura ti o n  

of  treatment ( between 48 a n d  1 9 2  hours ) , and no d i fference i n  sens i t i v i ty 

to TP between the three ages wa s detected . 

A rel at ive ly  l ong peri od o f  exposure to tes to sterone appeared to be · 

req u i red to st imu l a te growth , s i nce o n l y  when g i ven by i nj ect i on  ( on 

days 2 or 5 )  were i ncreased body we i ghts recorded . However regres s i on 

a nal ys i s  d i d not demonstrate s i gni fi cant l y  i ncreased growth ra tes even 

i n  the  TP i njected rats . 

The  devel opment  of  the vag i na l  ori f i ce was d i sturbed by even bri ef 

exposure to  TP  on  days 2 o r  3 ,  but a t  day 5 wa s apparent l y  i nsens i t i ve ,  

a s  a t  th i s  age no TP treatment , regardl ess  of  durati on , a l tered i ts 

s tructure . 

The resu l ts of th i s  experi ment i n  genera l  agree wi th o ther reported 

expe r i ments us i ng compara bl e methods of  i nvest i gati o n ,  a l though there 

i s  no  general  agreement on the prec i se  per i od of max i mum sens i t i v i ty 

for modi fi cati on  of  femi n i ne sexual rehavi our ,  and the androgen- sens i ti ve 

per i od  for growth ha s  rece i ved l i ttl e attenti on . 
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Evi dence from thi s exper i ment confi rms the i ndependence of 

di fferent iat ion  of  severa l  s exua l l y d imorph i c  characters . Whi l e  the  

fema l e  rat androgen i zed by a conventi onal  dose  of TP  on  day 2 or  3 of  

l i fe d i s p l ays a character i s t i c  syndrome , d i fferent features of thi s c an  

be  i ndependentl y man i pu l ated by a l teri ng t he  t i mi ng a nd  dosage of  

androgen treatment . 
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CHAPTER 5 

THE EFFECTS ON FEMALE RATS OF PROLONGED 

TES TOS TERONE P ROP IONATE TREATMENT 

C011MENCING AT DIFFERENT NEONATAL AGES 

1 .  I NTRODUCT ION 

Hypotha l ami c funct i on i n  the fema l e  rat was modi fi ed by bri ef exposure 

to androgen duri ng  the neonatal  peri od , a s  descri bed i n  Chapter  4 .  

Gonadotroph i n  secreti on was c l earl y abno rmal and the d i s p l ay o f  femi n i ne 

sexua l behav i our was reduced . However , i njecti on of TP was s ti l l  more 

effect i ve than the  s hort-term TP i mpl ants and produced the  c l a s s i ca l  

androgeni zat i on syndrome . I t  wa s therefore of i n teres t  to i nvesti ga te 

the effects o f  prol onged treatment wi th TP duri ng the neonatal and 

prepubertal peri ods  by l eav i ng the s ubc u taneous TP-fi l l ed PDS capsu l es 

i n  p l a ce .  I t  wa s expected that the caps u l es woul d prov i de ,  a t  l ea st  

i n i t i a l l y ,  a more constant e l evati on  of  testosterone concentra ti on than 

the s i ngl e i nject i on of  TP , a nd woul d avo i d  the s tres s  and fl uctuat i ng 

hormone l evel s re su l ti ng fro� repeated i nject i ons of TP gi ven, da i l y  or 

every second day, i n  previ ous l y  reported experi ments i n  whi ch prol onged 

trea tment regi mens  were used (Ward , 196 9 ;  Ward and Renz , 1972 ; 

�kDona l d and Doughty ,  1974 ; Pol l a k and Sachs , 1 975 ; S l o b  and van der 

Werff ten Bosch , 1975 ) . From experiments  reported i n  Chapter 2 ( Sect i on  

3 . 2 . 2 . ) ,  i t  wa s e st ima ted that the  2 . 5mm TP-fi l l ed capsu l e s  woul d 

produce e l eva t i o n  of p l asma testosterone concentrati o n s  for about 

10  days . 

The resul ts o f  experiments i n  wh i ch the durati on of a ndrogen acti o n  wa s 

pro l onged by i nj ect ing  sma l l amounts over a number of days l ed Sheri dan  

and  others ( 1973 ) to  comment that  androgen i zat i on  i s  a s l ow proces s . 

They con s i dered that thei r i nj ect i on  procedure i n  the fema l e rat 

prov i ded a better model for the s tudy of  sexual  di fferent i a t i on of  the 

bra i n  than s i ngl e i nject i on  of a l arge amount of androgen , s i nce i t  

more c l ose l y para l l e l ed the supposed conti nuous endogenou s androgen 

secret i o n  of the ma l e .  Of i n tere s t  i s  thei r fi ndi ng  that  the ma i ntenance 
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of  a ndrogen i n' the body for a 1 ong peri od , ach i eved by twi ce da i 1 y 

i nj ecti on  of  TP over 10 days , res u l ted i n  i ncreased rat body we i ght  

whereas the  same dose  g i ven i n  one  i nject i on d i d  not .  

Mea surements of p l asma testosterone in  the  ma l e  rat between b i rth and  

puberty ( about 40  days ) s how a moderatel y  h i gh  concentrati on  at b i rth , 

dec l i n i ng l evel s w i th poss i b l y  a sma l l peak a t  about 20  days , and r i s i ng 

aga i n  from about 35  days to adu l t l evel s at  4 5  days ( Resko , Feder and 

Goy , 1968 ; Miyach i ,  N i eschl ag  and L i psett , 1973 ; Podesta and R i varo l a ,  

19 74 ; Doh l er a nd Wuttke , 1 975 ; Forest ,  1979 ) . Stud i e s of  the rat 

testi s at  d i fferent ages suggest that testos terone i s  the major secretory 

product of tbe Leyd i g cel l s  from b i rth to 10 days , but from then unt i l 

puberty metabol i tes  of  Sa-reducti on are produced i n  greater quanti ty 

( Purv i s ,  Cl ausen and  Hansson , 1 980 ; Corpechot et al . , 1981 } . 

I n  the present experiment TP-fi l l ed capsu l es  were i n serted subcutaneous l y  

a t  three d i fferent ages ( 2 ,  3 o r  5 days ) and the subsequent growth o f  

the ra ts was fol l owed by regu l ar week ly  we i gh i ng .  The evi dence for 

androgen i zati on of gonadotroph i n  s ecreti on  and femi n i ne sexual 

behav iour  was exami ned . 

2 .  MATER IALS AND METHODS 

2 . 1  An i ma l s and An i ma l  Management 

Fema l e Sprague- Dawl ey ra ts were t i me-mated and housed , as  descri bed i n  

Chapter 3 ,  Sect i on 2 . 2 . 1 . , unti l the l i tter was weaned . The l i tter s i ze 

was adj u s ted to 12 where pos s i b l e .  At three weeks the fema l e rats were 

weaned , i denti fi ed by ear marki ng and housed  i n  sta i n l ess  s teel col ony 

cages . 
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2 . 2  Experimental  Des ign 

Treatment was carr i ed out  on  day 2 ,  3 or 5 of  l i fe ( the day of  b i rth 

be i ng de s i gnated day 1 )  as  s hown i n  F i gure 5 . 1 .  Tabl e 5 . 1  g i ves  detai l s  

of  the fi nal numbers of  an ima l s i n  each group .  Rats whose  i mp l ants were · 

mi s s i ng when exami ned at  s l aughter were excl uded . 

2 . 3  Admi ni stra t i o n  of  Testos terone Propi onate 

At the a s s i gned age ( 2 ,  3 or 5 days ) the l i tter was sexed , fema l e  p.ups  

we i ghed and  anaes theti zed by  hypothermi a and  i dent i fi ed by toe  code . 

Tes tos terone prop i onate treatment was e i ther i mpl antat ion  wi th a 2 . 5mm 

TP-fi l l ed PDS caps u l e ( descri bed i n  Chapter 2 ,  Sect i on  2 . 2 . 2 . )  o r  

subcutaneous i nj ect i o n  wi th 90yg T P  i n  o i l . Testosterone prop i onate­

i mpl anted rats rece i ved an i njecti on of  o i l , and TP- i njected ra ts 

rece i ved an  empty PDS ca psu l e .  Contro l  a n i ma l s were i mpl anted wi th  

empty capsu l es and i njected wi th o i l . Thus each  rat recei ved both an  

impl ant  and  an  i nj ect ion , whi c h  a l l owed TP - i nj ected rats to  con s ti tute 

a d i rectly compara b l e group s i nce they were al so subjected to th e s tres s  

o f  s urgery and i mp l a nta ti on . 

Parti c u l ar attent i o n  wa s pa i d  to s teri l i ty duri ng  surgery . Impl ants were 

autocl aved and i ncubated i n  s teri l e  sa l i ne for 48 hours pri or to 

i nsert i on . The s k i n wa s c l eaned wi th a l cohol  before surgery and asepti c 

cond i t i ons were ma i nta i ned a s  far a s  po s s i b l e .  Surgery and recovery 

from a naesthes i a  were a s  descri bed i n  Chapter 4 ( Sect i on 2 . 2 . 3 . ) .  

2 . 4  Asses sment o f  Responses  

Body we i ght was recorded week ly  from three weeks of a ge . At wean i ng 

( 2 1 days ) the anogen i tal d i s tance wa s mea s ured . 

Da i l y observat i o n  for vagi na � open i ng wa s begun at  weani ng  and the date 

recorded . Vag i na l  smeari ng was not carri ed out  s i nce many of  the TP ­
treated rats fa i l ed to form a n  externa l vag i nal  ori f i ce . 
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GROUP 

TP I MPLANT 
I 

I 

I 

TP INJECTION 
I 

I 

I 

CONTROL 
I 

I 

I 

1 2 3 4 5 
BIRTH 

DAY OF AGE 

Al l rats were impl anted with 2 . 5mm PDS capsules (TP filled or 
empty)  and all were injected (TP or oil )  

Figure 5 . 1  EXPERIMENTAL DESIGN : TIME AT WHICH TREATMENT WITH 
TESTOSTERONE PROPIONATE WAS COMMENCED I N  

NEONATAL RATS 
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TABLE 5 . I  

TREATMENT 

TP IHPLANT ' 

TP I NJECTION 2 

CONTROL 3 

SUMMARY OF EXPERIHENTAL DESIGN 
NUMBERS OF RATS INVESTIGATED 

D2 

4 

7 

1 1  

DAY OF TREATHENT 
D3 

6 

4 

8 

' 2 . 5mm TP-filled PDS capsule plus O . OSml oil injection 
2 90pg TP in 0 . 05ml oil plus an empty capsule 
3 0 . 05ml oil injection plus an empty capsule 
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D5 

1 1  

7 

1 2  



When 14 weeks  o l d ,  the rats were ovari ectomi zed under e ther anaesthe s i a  

through b i l a tera l fl a nk  i nc i s i ons . The ovari es  were wei ghed and exami ned 

macroscop i ca l l y  ( a nd , fo l l owi ng  h i s tol og i ca l  process i ng ,  mi croscopi ca l l y )  

for corpora l u tea . Nose-anal  l ength was recorded whi l e  the rats were 

anaesthet i zed . Three weeks a fter ovar iectomy ( 1 7  weeks ) each rat was 

aga i n  anaes theti zed wi th ether to a l l ow subcutaneous p l acement of a lOmm 

OB i mp l ant .  At 19  weeks , mat i ng behavi our  tests  were conducted (4 hours 

after subcutaneous i nj ecti on  of  0 . 5mg progesterone in o i l )  a s  descr i bed 

i n  Chapter 3 ( Secti on 2 . 4 ) , a n d  recepti vi ty was as ses sed as  descri bed 

i n  Cha pter 4 ( Sect ion  2 . 4 ) • .  

At the age o f  23 weeks , al l rats were ki l l ed u s i ng ch l oroform .  The 

degree of devel opment of the vag i na was asses sed and recorded . The 

presence of both PDS caps u l es  ( TP and OB ) wa s confi rmed by pa l pa t i o n  or  

i f  necessary by di s sect i o n .  

2 . 5  Stat i s t i ca l  Ana lyses  

The s tati st i cal ana lyses  u sed are descri bed i n  Chapter 3 .  

3 .  RESULTS 

3 . 1  Sequel a e  t o  Impl antat i on  

Occas i ona l  cases  of  s k i n  necro s i s o r  abscessat i on about  the wou nd area  

were encountered . I f  extens i ve ,  or  i f  deemed unhea l thy for other 

reasons , the affected pup was destroyed . At s l aughter some i mpl ants 

cou l d  not be  fo und and  res ul ts from these a n i ma l s were not i nc l uded . 

Th i s  part i cu l ar ly  affected gro u ps g i ven TP i mp l ants on  day 2 or day 3 .  
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3 . 2  Ovari an  Funct i on  

3 . 2 . 1 .  Age at  vagi nal open i ng 

The mean ages  at  wh i c h  the vag i nae opened are presen ted i n  

Tab l e 5 . I I .  Vagi na l open i ng dates are m i s s i n g for two ra ts g i ven  TP 

i njecti on on  day 5 .  S i nce many o f  the TP-trea ted an i ma l s fa i l ed to show 

vagi na l openi ng , the resul ts were not s tat i sti cal l y  anal ysed . 

The vag i nae of  contro l a n i ma l s o pened norma l ly  some t ime between  

31  and 44 days . I mpl antat ion  wi th TP-fi l l ed capsu l es o n  any day re s u l ted 

i n  ear ly  vagi na l o pen i ng ( before 29 days ) or a fa i l ure to open at a l l .  

Rats i nj ected wi th TP on days 2 or 3 had no v i s i b l e vag i na l o pen i ng ,  and 

tho se i nj ected on  day 5 opened at the l ower range of control val ues . 

Vagi nal  smears were not made s i nce many rats l acked a patent 

vag i na .  

Mea surements of the anogen i ta l  d i stance at weani ng ( shown i n  

Appendi x Tabl e X X I I I )  gave a s i gni fi cant 1 F 1  rat i o  for an overa l l 

anal ys i s  of  vari ance , but no group  was s i gn i fi cantl y di fferent from i ts 

control i n  the a priori compari sons . 

3 . 2 . 2 .  Corpora l u tea 

� 

The presence of corpora l utea at 1 00 days i s  shown i n  Tabl e 5 . I I I .  

Ovari es  of  a l l c ontrol an ima l s conta i ned corpora l u tea . Corpora l utea 

were absen t  from the ovari es  of a l l of the TP- i njected , and al l but one 

of the TP- i mp l a nted rats ( day 3 ) , i rrespect i ve of the day of treatment .  

3 . 2 . 3 .  Ovari an  we ights 

The ovar ian  we i ghts ( presented i n  F i g .  5 . 2  and Append i x  Tab l e  XX I V )  

refl ect t h e  presence o r  a bsence of corpo ra l utea . Ovar i an  wei ghts are 

mi s s i ng for one rat from eac h  o f  three groups ( day 3 TP i mp l ant , day 3 

contro l , day 5 contro l ) .  
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TABLE 5 . II 

AGE ( days ) AT VAGINAL OPENING 

DAY OF TREATMENT 
D2 D3 D5 

TREATMENT 
n Mean SE n Mean SE n Mean SE 

TP I MPLANT 4 25 . 0  1 . 3  6 --( 4 ) I 1 1  2 2 . 1 0 . 8  

TP INJECTION 7 -- ( 7 ) 1 4 -- ( 2 ) 1 5 34 . 8  2 . 5  

CONTROL 1 1  38 . 8  0 . 8  8 35 . 4  1 . 6  1 2  39 . 3  1 . 2  

1 Number of rats , in parentheses , lacking a normal external vaginal 
orifice . 

TABLE 5 . I I I  

PRESENCE O F  CORPORA LUTEA AT 100 DAYS 

DAY OF TREATMENT 
D2 D3 D5 

TREATMENT 
n p A n p A n p A 

TP I MPLANT 4 0 4 6 1 5 1 1  0 1 1  

TP INJECTION 7 0 7 4 0 4 7 0 7 

CONTROL 1 1  1 1  0 8 8 0 1 2  1 2  0 

p = corpora present 
A = c orpora absent 
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Figure 5 . 2  OVARIAN WEIGHT AT 1 00 DAYS : MEAN AND SE  FOR EACH GROUP AND 
SIGNIFICANT DIFFERENCES BETWEEN TREATED AND CONTROL GROUPS 
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Overa l l ana l ys i s  o f  var i a nce gave a h i gh l y  s i gni fi cant • p • rat i o 

( P<0 . 00 1 )  and a l l TP-treated groups  had ovari es wh i ch wei ghed 

s i gni f i cant ly  ( P<0 . 001 ) l es s  than those  of contro l an i ma l s .  I nserti on 

of  a TP-fi l l ed i mpl ant  on  day 2 caused the mos t  profound depres s i on of 

the ovari a n  wei ghts , wh i ch were s i gn i fi cant l y ( P<O . Ol )  l i ghter than 

those  of  rats g i ven  TP i mpl ants  on days 3 or  5 .  

The i nci dence of s teri l i ty ( based on  the ovari an fi ndi ngs ) for a l l 

TP- i nj ected groups was 1 00% and , wi th the excepti on o f  one rat treated 

on  day 3 ,  wa s 100% for a l l rats  g i ven TP i mp l ants . 

3 . 3  Sexua l Behav i our  
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Resu l ts of  mat i ng behavi our tests are shown i n  Fi gure 5 . 3  and Append i x  

Tabl e XXV . Data are mi s s i ng for four rats , two of wh i c h d i ed befo re 

mat i ng behavi our tes t i n g  ( one each from day 2 and day 3 TP i mpl ant  groups ) 

and two from the day 5 TP- i nj ected group . Control a n i ma l s a l l responded 

wi th  100% LQ . Lordo s i s quoti ents  were l ow for i njected groups wh i ch were 

al l h i gh l y  s i gni fi cantl y ( P <O . OOl ) l ower than thei r respecti ve contro l  

groups . The suppres s i on of  ma ti ng  behav i our was the same no ma tter a t · 

wh i c h  age the i njecti on wa s g i ven . Rats gi ven TP imp l a nts on  days 2 . 

o r  3 of  l i fe a l l scored 0 for l ordos i s  tes t i ng , i n  o ther words they 

di d not respond wi th a s i n gl e l ordos i s  when mounted . Obv i ou s l y  these  

scored very h i ghl y s i gn i f i cantl y l ower than the i r  control grou ps , a s  d i d  

the group  g i ven imp l ants o n  day 5 ,  a l though the mean score for thi s 

group  was s i gn i fi cantl y ( P<O . OOl ) hi gher than that for the day 2 and 

day 3 TP- i mpl anted groups . 

The defi c i ts i n  norma l • oe strou s • behav i our are a l so i l l u strated i n  the  

• Recepti v i ty Scores • ( Tab l e 5 . I V ) . Wh i l e  control an i ma l s were a l l fu l l y  

recepti ve  ( scori ng 1 )  a l l a n i ma l s treated wi th TP by i mpl ant  or i nj ec t i o n  

scored h i gher than 1 ,  a nd many s cored 5 ( the maxi mum s core re served for 

rats  whi ch acti vel y res i s ted mounti ng by fi ghti ng and fendi ng off the 

mal e ) . 
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Figu re 5 . 3  SEXUAL BEHAVIOUR ( LQ) : MEAN AND SE FOR EACH GROUP A ND 
SIGNIFICANT DIFFERENCES BETV/EEN TREATED AND CONTROL GROUPS 
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TABLE 5 . IV 

RECEPTIVITY SCORES ( 1-5)  FOR SEXUAL BEHAVIOUR 

DAY OF TREATMENT 
D2 D3 D5 

TREATMENT ' 

n Median Range n Med ian Range n Median Range 

TP IMPLANT 3 4 3-5 5 5 4-5 1 1  3 2-4 

TP INJECTION 7 4 4-5 4 4 5 3 3-4 

CONTROL 1 0  1 5 1 1 2  1 

Scoring of receptivity d efined in Chapter 4,  Section 2 . 4  



3 . 4  Growth 

A s ummary of the mean body we i ghts ( l og1 0 ) for each group appears i n  

Append i x Tabl e XXV I . The regress i on data are s ummari zed i n  Appendi x  

Tab l e s  XXV I I , XXV I I I  and XX I X . The regres s i on l i nes ( l og1 0  body we i ght  

vs age ) for the period 3 - 14  weeks are  i l l us trated , together wi th bar 

charts represent i ng  the mean body we i ghts  at  three sel ected ages , i n  

Fi gures 5 . 4 ,  5 . 5  and 5 . 6 .  Note tha t regres s i on analyses  were carr i ed 

out  u s i ng the rec i procal  transformati on of age , but  i l l u s trat i ons  show 

regres s i on l i nes  based on u n trans formed age data a s  the pos i t i ve s l opes 

ma ke for c l earer i nterpreta t i on . 

3 . 4 . 1 .  Weekly body we ight meas urements 

A s i gni fi can t  ( P<0 . 05 )  overa l l ' F '  rat i o  was obta i ned at  a l l week ly  

wei gh i ngs except weeks 4 a nd  5 .  No d i fferences were found among the 

three control groups . When TP- treated groups were compared wi th thei r 

contro l groups , the ra ts i mp l anted on  day 2 were s i gn i fi cantl y ( P<O . Ol )  

l i ghter from 6 weeks onwards . The ra ts impl anted on day 3 were a l so 

l i ghter than thei r control s but thi s d i fference di d not reach  s i gni fi ­

cance ( P<0 . 0 1 )  unt i l 1 5  weeks  and then pers i s ted for the rema i nder of  

t he  experi ment . I n  contra s t , the group  gi ven TP i mpl ants on  day 5 wa s 

cons i s tentl y hea v i er than contro l s ,  and  s i gni fi cantl y so ( P<0 . 05 )  for 

wee ks 1 2- 1 5 .  By 10 weeks , a l l TP- i nj ected groups  were heav i er than 

correspond i ng contro l  groups  and rema i ned so thro ughout  the experi ment , 

but genera l l y  wi thou t the d i fference becomi ng s i gn i fi cant .  

D i fferences  i n  body we i ght  a ttri butabl e to the age a t  treatment were 

a l so found . I nsert ion  of  a TP-fi l l ed capsul e on  day 2 caused a marked 

depres s i on of  body we i ght , s i gn i fi cantl y d i fferent ( P <O . OOl from 7 weeks  

onwa rd s )  from the  groups  g i ven the  same treatment  on days 3 or  5 .  From 

12 weeks , rats g i ven TP i mpl ants on day 3 were s i gn i fi cantl y ( P  varyi n g  

<0 . 05-<0 . 001 ) l i ghter than those i mpl anted on  day 5 .  

There were no s i gn i fi cant  d i fferences i n  body wei ght among  groups  

i nj ected w i th T P  at  d i fferen t  ages . 
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3 . 4 . 2 .  Regres s i on ana lys i s  

Regress i on l i ne s  were fi tted to the l og 10 body we i gh t  vs the 

rec i proca l of age for the peri od 3-14  weeks . For the peri ods  fo l l owi ng 

ovar i ectomy ( 1 5 - 1 7  weeks ) ,  a nd duri ng OB treatment ( 18-20 weeks ) ,  

regre s s i on l i ne s  were fi tted to the l og10 body we i ght  vs age . The 

reQres s i on da ta are summari zed i n  Append i x  Tabl es  XXV I I , XXV I I I  and 

XX IX  and the regre s s i on l i nes  for the per iod  3-14  weeks  ( l og10 body 

wei gh t  vs age )  are i l l us tra ted i n  Fi gures 5 . 4 ,  5 . 5  and 5 . 6 .  The 

regre s s i on coeffi c i ents a nd the i r  95% confi dence l i mi ts for the peri od 

3-14  weeks are i l l u s trated i n  Fi gure 5 . 7 .  

Ana l ys i s  of  var iance o f  the s l o pes  of  the regres s i on l i ne s  for 

the peri od 3 - 14 weeks s howed there to be s i gn i fi cant  ( P<0 . 00 1 )  

d i fferences (Tabl e 5 . V ) . 

Further i nves t i gat i on  showed that for rats treated on  day 2 the 

group gi ven TP i mpl ants had a s l ope s i gn i fi cant ly  ( P<0 . 00 1 )  l es s  than 

the contro l gro up  ( F i gures 5 . 4 ,  5 . 7 ) . The s l ope for the i njected 

group di d not d i ffer from that for the contro l group . 

For rats treated on  day 3 ,  nei ther TP treated group  d i ffered 

s i gn i fi cantl y from the con tro l ( Fi gures 5 . 5 ,  5 . 7 ) . 

When treatment  began at  day 5 ,  the TP i njected group s howed a 

s i gn i fi cantl y ( P <0 . 001 ) s teeper s l ope than that of the contro l group  

( F i gures 5 . 6 ,  5 . 7 ) . Exami nati on  of  Fi gure 5 . 6  shows that the  TP  

i njected group was l i ghter than the  contro l group at  3 weeks  and  

heav i er at  14  weeks , so the d i fference i n  s l ope can  be expl a i ned , 

a t  l eas t partl y ,  by ' ca tch-up ' growth ( d i s cussed  i n  C l ark and  

Tarttel i n ,  1978 ) . The  s l o pe for the  TP i mp l anted group  d i d not  

d i ffer from that for the  contro l  group . 
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TABLE 5 . V  

GROWTH OF BODY WEIGHT FROM 3 TO 14 WEEKS 

THE SLOPE OF THE REGRESSION OF Log ( base 10) BW ON 1 /AGE 

ANALYSIS  OF VARIANCE OF THE DIFFERENCES BETWEEN REGRESSIONS 

SOURCE OF VARIATION 

Between subclasses 

Days of treatment0 
Groups within days ' 

Within subclasses 

DEGREES OF 
FREEDOM 

8 

90 

2 
6 

MEAN SQUARE 

0 . 0321 2  

0 . 00555 
0 . 04098 

0 . 00672 

F RATIO 

4 . 78*** 

0 . 83ns 
6 . 10*** 

CONTRASTS OF TP GROUPS WITH CONTROL GROUPS WITHIN DAYS ( F  RATIOS ) 2 

DAY 2 DAY 3 DAY 5 

TP IMPLANT vs CONTROL 1 5 . 74*** 0 , 07ns 0 . 99ns 

TP INJECTION vs CONTROL O . l lns 2 . 19ns 1 8 . 95*** 

0 Days 2 ,  3 and 5 when treatments  were applied 
' TP implant , TP injection and control g roups within each day 

A priori  comparisons , with one degree of freedom , calculated from 
the squared difference between the r egression coefficients a nd the 
within subclass mean square weighted by the sum of squares of 1 /age 
for the two regressions (Wei ght = (SS1 + SS2 ) / ( SS1 x SS2) ) ·  

*'"* p < 0 . 001 ; '!<* 0 . 001 < p  < 0 . 01 ;  * 0 . 01 < p  < 0 , 05 ;  n s  p >  0 , 05 
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Figure 5 .  4 BODY \VEIGHT GROWTH WEEK 3 TO 14 FOR RATS TREATED ON DAY 2 :  
LINEAR REGR ESSIONS , X = AGE , Y = 1og( base 1 0 )  BW 

AND BAR DIAGRANS FOR SELECTED AGES 
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c TPimp TPi c TPimp TPj c TPimp TPi 
02 03 05 

Significant differences between treated and control groups shown thus 
*>� >!< p < 0 . 001 ; >:C>� 0 . 001 < p < 0 . 01 ;  '� 0 . 01 < p < o . os 

Treatment  by 2 . 5mm capsule filled wi th TP or empty (C) , 
or by injec tion of 9Qpg TP or o f  oil (C) 

Figure 5 . 7  BODY WEIGHT GROWTH WEEK 3 TO 14  FOR RATS WITH TREATMENT 
BEGINNING ON DAY 2 ,  3 OR 5 

95% CONFIDENCE LINITS FOR L INEAR REGRESSION COEFFICIENTS 
( X  = 1 /AGE , Y = log ( base 10)  BW) 



For the two week peri od fo l l ow i ng ovari ectomy ,  the s l ope of  the 

regres s i on l i ne for the group gi ven TP i mp l ants on day 2 was 

s i gn i fi cantl y ( P<O . OS ) l e s s  than that of the contro l  group ( Tab l e 5 . V I , 

Appendi x Tabl e XXVI I I ) . The group gi ven TP i mp l ants on  day 5 had a 

s i gni fi cantl y ( P<0 . 01 ) sma l l er s l o pe than i ts contro l . Al l o ther 

groups d i d  not  di ffer s i gn i fi cantl y from the i r  contro l s . 

. 
The regre s s i ons  of  l o g1 0  body wei ght vs age for the peri od of OB 

treatment  were i n  mos t  cases not s i gn i f icant . 

3 . 4 . 3 .  S kel eta l  growth 

The no se-ana l  l ength measurements  at 100 days are gi ven i n  

Tabl e 5 . V I I . Data are mi s s i ng for 1 5  rats treated a t  day 5 ( 9  TP­

i mpl anted , 6 contro l s ) a nd one day 3 control rat .  

I nsert i on o f  a TP i mp l ant  o n  day 2 depres sed s ke l eta l  growth so  

that  thi s gro up  was s i gn i f icant ly  ( P<O . OOl ) s horter i n  nose-ana l l ength 

at  lOO days than i ts contro l . It  wa s a l so  s i gni fi cantl y ( P<O . Ol ) 
shorter than the  groups g i ven TP i mp l ants on days 3 or  5 .  No other 

s i gni fi cant d i fferences were recorded i n  thi s measurement .  

4 .  D I SCUSS I ON 

Al l three of  the parameters o f  hypotha l ami c sexual  d i fferenti a tion  

i nvesti gated were seri ous l y  d i s turbed by treatment o f  neonata l fema l e 

rats wi th  TP for a pro l onged peri o d .  That ovu l ati on  was prevented and  

femi ni ne s exual  behavi o ur nearl y abo l i shed ,  was not  s urpri s i ng in  v i ew 

o f  the ev i dence presented i n  Chapter 4 ,  but the effects on  growth were 

unexpected and i ntri gu i ng .  

153 



154 

TABLE 5 . VI 

GROWTH OF BODY WEIGHT FROM 1 5  TO 1 7  WEEKS 

THE SLOPE OF THE REGRESSION OF Log ( base 10)  BW ON AGE 

ANALYSIS  OF VARIANCE OF THE DIFFERENCES BETWEEN REGRESSIONS 

SOURCE OF VARI ATION 

Between subclas ses 

Days of treatment0 
Groups within days ' 

Within subclasses 

DEGREES OF 
FREEDOM 

8 

9 

2 
6 

MEAN SQUARE 

0 . 0008244 

0 . 0000432 
0 . 001 048 

0 . 0002 232 

F RATIO 

3 . 69* 

0 . 1 9ns 
4 . 86* 

CONTRASTS OF TP GROUPS WITH CONTROL GROUPS WITHIN DAYS (F RATIOS ) 2 

DAY 2 DAY 3 DAY 5 

TP IMPLANT vs CONTROL 7 . 13* 1 . 60ns 1 3 . 76** 

TP INJECTION vs CONTROL 0 . 05ns 4 . 47ns 0 . 0003ns 

0 Days 2 ,  3 and 5 when treatments were applied 
' TP imp lant , TP in jection and control g roups within each day 
2 A prior i  comparison s ,  with one degree o f  freedom , calculated from 
the squared dif ference between the r egression coefficients and the 
within su bclass mean square weighted by the sum of squares of age for 
the two regressions (Weight = ( SS l  + SS2 ) / ( SS 1  x SS2 ) )  

**'� p < O . OOl ; *'l: O . OOl < p < O . Ol ;  * O . Ol < p < 0 . 05 ;  ns p > 0 . 05 



TABLE 5 .  V I I  

NOSE-ANAL LENGTH ( mm )  A T  1 00 DAYS 

DAY OF TREATMENT 
D2 D3 D5 

TREATMENT 
n Mean SE n Mean SE n Mean SE 

* 0  
TP IMPLANT 4 1 94 . 5  0 . 6  6 2 1 9 . 5  6 . 2  2 2 1 6 . 0  1 9 . 0  

TP INJECTION 7 225 . 9  1 . 7  4 2 29 . 0  3 . 9  7 225 . 1 1 . 6  

CONTROL 1 1  222 . 1 1 . 6  7 225 . 7  4 . 6  3 2 16 . 3  3 . 7  

SIGNIFICANCE OF DIFERENCES BETWEEN GROUP MEANS 
"F" 5 .  40** 0 .  SOns 0 . 76ns 

0Significanc e of d i fference between TP mean and control mean ( t-test)  

'�** p <  0 . 00 1 ;  *'� 0 . 001  < p < 0 . 01 ;  * 0 . 01 < p <  0 . 05 ;  ns p > 0 . 05 
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4 . 1  Effects on  Gonadotroph i n  Secreti on and Sexua l Behav i our  

Wi th one  except ion , a l l rats i mp l a nted wi th TP i n  thi s experi ment  were 

anovul ato ry .  I n  both thi s experi ment and those descri bed i n  Chapter 4 ,  

TP i njected on e i ther day 2 ,  3 or  5 a l so caused 100% s teri l i ty .  S i nce 

the i mpl a nts provi ded a l onger exposure to h i gh conce n trat i ons  of  p l asma 

te s to s terone than d i d  i nject i on  ( of 90�g TP ) , th i s  effect o f  TP i mp l a nts 

on ovar i a n  functi o n  wa s not unexpected . The ovari an wei ghts were 

con sequently depres sed i n  a l l TP-trea ted group s . Those  rats rece i v i ng 

TP imp l an ts on  day 2 had ovar ies  wh i ch were s i gni f icant ly  sma l l er than 

those  of  rats rece i v i ng TP i mp l a nts on days 3 or  5 .  

The suppres s i on of  adul t femi n i ne sexua l behav i our , reported a fter 

neonata l TP i nject i on  i n  Chapter 4 ( Secti on 3 . 4 ) , wa s aga i n  seen i n  th i s  

experi ment . Long- term TP treatment from s ubcutaneous caps u l es i n serted 

on days 2 or 3 appea red to compl ete ly  abol i s h femi ni ne sexua l  behav i our . 

The same treatment g i ven on  day 5 ,  wh i l e  depress i ng the LQ , d i d  not have 

such  a severe effect ,  wh i ch may i ndi cate a l es ser sens i ti v i ty to a ndrogen 

at th i s  a ge .  

The effec ts on gonadotroph i n secretion  and femi n i ne s exua l behavi ou r  

confi rm the fi ndi ngs  of  o ther experi ments i n  wh i ch the fema l e rat was 

exposed to androgen for a pro l onged per i od ( at l ea st  fi ve days ) beg i nn i ng  

soon a fter bi rth (Ward a nd Ren z ,  1972 ; Sheri dan et  a l . , 1973 ; McDona l d  

and Doughty ,  1974 ; Wha l en and Rezek , 1974 ; McEwen e
-
t al . , 1977 ) . Two 

reports of  no a l tera t i o n  to sexual  behav i o ural response , des p i te a h i gh 

i nc i dence of s teri l i ty ,  used da i l y i nject i ons  of non-esteri fi ed tes to s ­

terone ra ther than TP ( Luttge a nd Wha l en ,  1970 ; McDona l d  a nd Doughty ,  

1 73/74 ) . When non-esteri fi ed testosterone was g i ven by PDS c�p s u l e 

rather than by i njecti on , femi n i ne sexua l  behavi our was suppres sed 

( McEwen e t  al . , 1977 ) , s ugges ti ng that da i ly i njecti o n  of  free tes to s ­

terone does n o t  e l evate tes to sterone concentra ti ons i n  the rat l on g  

enough t o  mod i fy beha v i oura l control mechan i sms .  

Wh i l e  the  ovar i e s  o f  rats gi ven  TP imp l ants on  day 2 were a troph i c ,  and 

s i gn i fi cantl y l i gh ter than the anovul atory ovari es  of rats gi ven TP 
i mp l ants  on days 3 or  5 ,  they a l l c l earl y s howed deve l opmen t  of 

fol l i c l e s .  In  thi s res pect they di ffered from the ovar i es , descri bed 
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by Ara i ( 197 1 ) , of  Wi s tar rats gi ven neonata l treatment w i th  pharmacol og­

ical  doses of oes trogen or androgen . These ovari es  resembl ed  those o f  

wean l i n g o r  hypophysectomi zed rats , showi ng n o  fol l i cu l ar  growth nor 

corpus l uteum formati on .  Vagi na l smears from s uch rats were pers i s tentl y 

d i oestrous , b ut l ack  o f  an external vag i na l  or i fi ce i n  many rats i n  the 

present expe ri ment prevented th i s  procedure . · 

As was the case w i th the bri ef TP expos ure descri bed i n  Chapter  4 ,  

chro n i c  i mp l a ntat ion  w i th TP res u l ted i n  e i ther very earl y vag i nal  

open i ng or  no s pontaneous open i n g .  Th i s  fi nd i ng has been reported i n  

other experi ments i n  wh i ch androgen admi n i s trat i on conti nued over several 

days i n  the neonata l period ( Ward , 1969 ; Ward and Renz , 1 972 ; Sheri dan 

et a Z . , 1973 ; McDona l d and Doughty , 1 973/74 , 1974 ; Wha l en and Rezek , 

1974 ; McEwen et a Z . , 1977 ) . 

4 . 2  Effects on  Growth 

Subcutaneous  TP i mpl ants i nserted on day 2 severe ly  depres sed growth . 

Th i s  wa s ev i dent both from the ana l yses of  vari ance of week l y  body we i gh t  

meas urements , and of the s l opes of  the regre s s i on l i nes . Rats wi th the 

same i mp l ants p l aced s ubcutaneous l y  on day 3 ,  a l though we i gh i ng 

s i gn i fi cantl y l es s  than contro l rats from 1 5  weeks onwards , were shown 

by regres s i on ana l ys i s to be no d i fferent  i n  the i r  growth rate from 

control a n i ma l s .  Imp l anta ti on wi th TP on  day 5 d i d  not s i gn i fi cant ly  

al ter growth accord i n g  to regres s i on ana l ys i s ,  a l though for four  weeks  

(weeks 1 2 - 1 5 )  ana l ys i s  of var i ance showed these  an ima l s to be  

s i gn i fi cantl y heav ier  than the i r  equ i va l ent  control s .  Rats i njected 

w i t h  T P  o n  d ay 5 were found by regres s i on anal ys i s  to have 

greater growth rates than  the i r  res pecti ve contro l s ,  a l though th i s  coul d 
be accounted for by catch-up  growth . I n  th i s  case the i njected group  
at 3 weeks  was  l i ghter ( but not  s i gn i fi can tl y  so ) than t h e  contro l 
group , and  a t  14 week s  wa s heav i er ( but  aga i n  not s i gn i fi cantl y s o )  
than the correspondi ng  control group . 

The s tr i k i ng feature to emerge from these a na l yses of  rat body wei ght  

i s  the depre s s i on of  growth res ul ti ng when  TP i mp l ants were g i ven to 

rats on day 2 of l i fe .  
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Several que s t i on s  a re ra i sed by thi s f i ndi ng . F i rstl y ,  why was growth 

reta rded by TP admi ni s tra t i on?  Secondl y ,  why d i d the same treatment 

commenc i ng o ne or three days l ater not cause  a s im i l a r  depres s i on o f  

growth? And th i rdl y ,  why shoul d TP treatment by i njec t i on o r  by 

i mpl antati on , g i ven on the same day and apparent ly  el evat i ng pl a sma 

testosterone concentra t i on s  for s imi l a r peri ods , have d i fferent effects  

on  growth? 

Attempts to a nswer these quest i ons wi th the present i nforma t i on 

ava i l abl e are purel y specu l ati ve . The effec t  may be due to androgen o r  

a metabol i te ,  a nd the hormonal act ion  demonstrated may be an organ i za ­

ti onal  o r  act iva t i o na l  one , o r  perhaps  nei ther . A l l of  these 

po s s i b i l i ti es are cons i dered . 

I t  seems unl i ke ly  that tes tosterone i s  depres s i ng growth by a n  

organi za t i onal  act i on , as  i t  i s  l arge l y  wi thout  precedent . Two 
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excepti ons have been no ted i n  publ i shed l i terature . Depressed  body 

we i ght was s een i n  ma l e  ra ts g i ven 0 . 5mg TP on  e i ther day 2 or  day 5 

( Swanson and van der Werff ten Bo sch , 1 963 ) ,  but  thi s d i fference was 

s i gni fi cant onl y at  40-60 days and wa s not accompani ed by decreased 

ske l eta l l ength . Another report of  depres sed adu l t ( 1 1 0  days ) body 

wei ght after neonatal  androgen treatment i nvo l ved subcutaneo u s  

i nject ion  of  fema l e rat s  dai l y  for the f i r st  fi ve days wi th 10�g 

androstenedi one-eno l - prop i onate ( an aromat i zabl e steroi d )  or 10�g 

5a , 3B-androstaned i o l  d i propi onate ( no n-aromat i zab l e) (McDona l d  and 

Doughty , 1974 ) . Other experiments i n  wh i c h  TP was gi ven for at  l ea s t  

fi ve days soon a fter b i rth ( by i njecti o n  da i l y  o r  every second day , o r  

by PDS i mp l ant )  have i nva ri abl y reported i nc rea sed growth ( Ward , 1 969 ; 

Ward and Renz , 1972 ; Sheridan et al . , 1973 ; McDona l d and  Doughty ,  1 974 ; 

Po l l a k and Sachs , 1975 ; McEwen et al . , 1977 ) . I n  the present experi ment , 

treatment by TP i mpl a nt g i ven on  days 3 or  5 d i d  not cau se  the same 

depress i on as i mp l antat i o n  on day 2 wh i ch argues aga i ns t  an organ i za ti onal  

effect . However , i n  cons i deri ng the pos s i b i l i ty of a hypothal ami c effect , 

the profound depres s i o n  of  ovari an we i ghts s een  i n  rats g i ven TP i mp l ants 

o n  day 2 ( s i gni fi ca ntl y l i ghter than those of  rats g i ven i mp l a nts  on  days 

3 or 5 ) , does suggest unu sual l y  marked d i s rupt i on  of the hypothal am i c­

p i tu i tary axi s .  



I n  i ts acti vat i ona l  rol e te s to s terone ' s  act i ons are anabo l i c ,  man i fe s t  

i n  the greater s i ze of  i n tac t  ma l e  a n i ma l s compared wi th the i r  castrated 

counte rparts . Th i s  i s  true for ma l e  rats and i s  i n  contra s t  to the 
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fema l e rat whose  body wei ght  i ncreases after ovari ectomy ( see for examp l e ,  

Kako l ewsk i  et a l . , 1968 ) . Th i s  act ion  i s  obvi ous l y  not rel evan t  to the  

depre s s i on  of  growth bei ng d i s cussed here . However , l ong-term 

admin i strati on  of  h i gh do ses  of  TP to adu l t ma l e  rats has  been found to 

i nh i b i t growth ( Gentry and  Wade , 1976a ) a nd there i s  evi dence that  t h i s  

effect  i s  due to convers i on of TP to oes trogen ( Gray e t  a l . , 19 79 ) . 

I n h i b i t i on of  g rowth i s  an  acti vat i ona l effect of oestrogen ( see  for 

examp l e ,  Wade , 1 9 75 ) , and be i ng a metabo l i te of  tes to s terone , i t  may be  

i nvol ved i n  the  depress ion  o f  growth s een  i n  the  present experi me n t .  

I njec t i on of  240� g OB ( but  not  30- 120� g )  i n to 5 day o l d ma l e  rats  

res u l ted i n  l ower body we i gh t  at  45 days ( Ki nc l  et al . , 1 965 ) . 

Depre s s ion  of  body we i ght  res u l ti ng from an  organi zat i onal  acti on  o f  

oes trogen has not been confi rmed i n  s tud i es i nvo l v i ng fema l e rats  

i njected neona ta l l y ,  but  OB  has , l i ke TP , s ti mu l ated growth ( Be l l and  

Zucke r ,  197 1 ) . 

I f  the l arge amount  of androgen used i n  the present  exper iment  were 

suppl y i ng s i gn i fi cant  amounts of oes trogen whi ch were caus i ng i nh i b i t i on 

of  growth by an acti vat i ona l  act i on , then recovery of normal body wei gh t  

wou l d  be expected a fter t h e  source of  oes trogen had gone . At 10 days , 

pl asma tes tos terone concentra t i ons were no h i gher than i n  contro l 

an ima l s ,  so  tha t e l evated l evel s of  oestrogen wou l d have ceased at  about  

the s ame t ime , yet the  depre s s i on of  body we i ght  was permanent . 

However , permanent reducti on  i n  adul t body wei ght  by underfeed i ng  rats 

duri ng the s uc kl i ng per iod  has been reported ( Kennedy ,  1957 ; Kennedy 

and M i tra , 1963 ) . Therefore any i nfl uence capabl e of  i nh i bi t i ng growth 

at thi s earl y age mi ght produce permanent s tunti ng . However , recen t  

work ( Tarttel i n ,  M . F . , personal commun i ca t i o n )  has demonstrated that 

rats exposed to DES duri ng  the neonatal  peri od  are unders i zed at three 

week s  and need to be weaned at fi ve or  s i x  weeks to ensure survi val  

yet regres s i on  analys i s  has  proven them to grow s i gn i fi cantl y faster  

than contro l s ( c a tch-up compensatory growth ) .  I t  i s  presumed i n  these  



studi e s  that the cause of  early  s tunti n g  i s  reduced mi l k  suppl y i n  the 

dam , who was a l so exposed to DES i n  the course of  the experime n t .  

Depre s s i on  of  body we i ght  and  decreased body l ength have been recorded 

wi th prepubertal admi n i s tra t i on of  OB ( Schwartz and Wade , 1 98 1 ) . Nunez 

and Grundman ( 1982 ) found that a dai l y  l ow dose  of  TP ( 0 . 2mg ) gi ven to 

prepuberta l mal e rats  wa s re l at ive l y  more effect i ve than a h i gh dose 

( lmg ) i n  s t i mul at i ng  body we i ght  ga i n ,  food i n take , and body l ength . 

They suggested that oes trogeni c metabo l i tes  res u l t i ng from the h i gh 

dose of TP mi ght be respon s i b l e  for the d i fferent res ponses . However ,  

i n  both o f  these exper iments hormone treatment  began a t  a l a ter age 

( 27 days , Schwartz a nd Wade , 1981 ; 22  days , Nunez and Grundma n ,  1 982 ) 

than i n  the present  exper i ment . 

I t  has  been c l a i med ( Wade a n d  Zucker , 1 970)  that  control of  body wei gh t  

i s  i n sens i ti ve to the i nh i b i tory effects  o f  oes trogen before about 

7 weeks of  age . If  thi s i s  the case , then  oes trogen i c  metabo l i te s  of  

tes to s terone resu l t i n g  from the  h i gh dose of TP cannot account  for the  

depre s s i o n  of  growth seen  i n  the  present  exper i ment .  However , the 

res u l ts of  an exper iment me ntioned above (Schwa rtz and Wade , 1981 ) do 

not support the hypothes i s  of  Wade and Zucker ( 1 970) , and s ugges t that 

oes trogen can i n h i b i t body wei ght befo re puberty . I n  the present  

experi ment the body wei gh t d i fference between day 2 TP- imp l anted rats 

and contro l an i ma l s d i d  not reach s i gn i fi cance unti l 7 weeks , a l though 

the i mpl anted a n i ma l s were l i ghter at  weani ng  and each subsequent 

wei gh i ng .  

An  argument aga i nst  the i nvol vement of oestrogen i n  the depres s i on of  

growth seen i n  the  present  experi ment ,  i s  an  apparent i nsens i t i v i ty to 

oes trogen i ndi cated by the l ack  of i ncreased growth re sponse  seen  i n  the 

s tunted rats after ovari ectomy . I t  i s  a l so pos s i b l e  however , that the 

atroph i c ovar i es of these rats were produc i ng  amounts of  oes trogen too 

sma l l to have had any res tra i nt on  growth pri or to ovari ectomy .  

Thus  the evi dence for oestro�ens , res u l ti ng  from aroma ti zat i on o f  l arge 

amo unts of  TP , caus i ng before weani ng  an  i nh i b i t i on of growth s uffi c i en t  

to res ul t i n  permanent  stunti n g ,  i s  i nconcl us i ve .  
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A further expl anat i on  for the growth phenomenon occurri n g  i n  thi s  

experi ment i s  the pos s i b i l i ty o f  a genera l i zed toxi c e ffect o f  h i gh  

doses o f  TP , perhaps affect i ng l i ver metabol i sm ,  and res u l t i n g  i n  

retardat i on of growth . 

The second quest i o n  ra i sed by these res u l ts  concerns the di fference i n  

growth responses occurri ng when TP i mp l ants were i nserted a t  d i fferent 

ages w i thi n a fo ur day pe ri od .  Al though i mp l antat i on at day 3 or  day 5 

d i d not  cause severe i nh i b i t i o n  of growth , the body wei ght data do 

s ugges t a progres s i ve change . Wh i l e  l ong- term treatment  begi nn i ng on  

day 2 caused marked depres s i on of body s i ze ,  treatment  begi nni ng  on  

day 3 caused a moderate depre s s i on of body wei ght ( s i gn i fi cantl y l i ghter 

from 1 5  weeks ) ,  a nd treatment  begi nni ng on  day 5 caused a s l i ghtl y  

i ncreas ed body we i ght  ( s i gni fi cant a t  weeks  12-1 5 ) . Regres s i on a na l ys i s  

d i d not confi rm th i s  observat i on  . . 

The exp l anations o ffered for the reduced s i ze of  rats g i ven TP i mpl ants  

on  day 2 woul d a ppear to  a pp l y  just  as  we l l to  tho se treated one or  

three days l ater .  The i n creased body s i ze o f  the grow i ng rats over 

th i s  i n terval woul d reduce the  hormone do s e  a l i ttl e but i t  wou l d  s ti l l  

cons t i tute a l a rge dose . The number of  rats i n  the day 2 TP - i mp l anted  . 

group  was smal l ( 4 )  but neverthel ess  these a n i ma l s were from three 

di fferent l i tters a nd thei r wei ghts were remarkab ly  con s i s tent  as bor�e 

out  by stati sti cal  ana l ys i s wh i ch s howed the i r  we i ght  a nd l ength to be 

h i gh l y  s i gn i fi cant ly  sma l l er t han those  of  a n i ma l s gi ven  TP i mpl ants  

at  3 o r  5 days o f  age . 

Kennedy and Mi tra ( 1963 )  noted that the f i r s t  three week s  of  age was 

a peri od  of 11 Very rap i d  devel opment of new o s s i fi cati on  centres , when 

one day i n  age caused a marked change i n  the appearance of the s ke l e ton 11 , 

so  perhaps the l i ke l i hood o f  dramati c changes  occurri n g  a s  a res u l t of  

treatment begi nn i ng  on  three c l ose days dur i ng thi s per i od shou l d not 

be d i s mi s sed l i ghtl y .  
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The th i rd questi on posed by resul ts  of  th i s  exper iment a s k s  why TP 
i nj ect i on and  PDS i mpl ants  conta i n i ng TP had d i fferent effects on  

growth . Al though rats i njected wi th  TP on day 5 demonstrated 

a compensatory growth after l ow wea ni ng we i ghts , thi s d i d not occur 

i n  rats g i ven  TP i mpl ants on  day 2 .  Growth wa s severel y  depressed 

by TP i mpl ants i nserted on  day 2, and yet not by TP i nject ion  on the 

same day , despi te s imi l ar peri ods of  el eva t i on of  pl a sma testosterone 

concentrat i ons . The s imi l ar i ty i n  per i ods of  hormone e l evat i on  may 

i n  fac t  be a n  art i fact resul t i ng from the ' sen s i ti v i ty '  of the 

meas urement of pl asma hormone . The ca l cu l ated p l asma ha l f- l i ve s  

after TP  i nj ection and  TP i mpl ants were d i fferent ( 48 hours a nd  69  
hours respecti vel y ,  C hapter 2 ,  Sec t i on 3 . 2 ) . As d i scus sed earl i er 

( Chapter 4 ,  Secti on  4 . 2 . 1 . ) ,  greater sens i t i v i ty i n  the rad i o i mmuno­

as say woul d res ul t i n  an  a pparent ly  l onger peri od of e l evat i on of  p l a sma 

concentrat i on s . Therefore the rel a t i ve i nsen s i ti v i ty of the p l a sma 

measurements may mas k  grea ter d i fferences i n  the pers i s tence of 

tes to sterone in p l asma after the two methods of  admi n i s trat i on . A 

more pro l onged el evat ion  of  p l a sma testo sterone after TP i mp l ant ,  

o r  d i fferences i n  hormone profi l es after the two treatments , may 

expl a i n the d i fferences i n  effect on growth . 

5 .  CONCLUS IONS 

Fema l e rats g i ven TP i mpl ants  dur i ng  the fi rst  fi ve days of l i fe were 

exposed to e l evated testosterone concentrat i ons for at l ea st  ten days . 

As adul ts  they showed no cyc l i c  ovar ian acti v i ty and d i d  not d i sp l ay 

norma l femi n i ne sexua l behavi our when appropri a te ly  s ti mu l ated . Those  

treated on  day 2 grew s i gn i fi cantl y l es s  than e i ther contro l s or rats 

gi ven TP i mpl ants on  days 3 or  5 .  Retardati on o f  growth at  a t ime when 

rap i d  devel opment norma l l y  occurs can resu l t i n  permanent stunti ng and 

the pos s i b i l i ty of th i s res u l ti ng from a genera l i zed ' toxi c '  effect  

of  exces s i ve androgen , or  from the  growth- i n h i b i t i ng act ions  of  

testosterone-deri ved oestrogen , i s  d i scussed . An orga n i zati onal  effect  

occurr i ng at  the hypothal ami� l evel dur i ng a very restri cted per iod  of 

t ime may be cons i dered . 
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Di fferent growth res ponses  were seen a fter the same TP i mp l ants g i ven 

at 2 days were i nserted at 3 or 5 days of age . Reason s for thi s may 
l i e i n  the rap i d  devel opmental changes occurri ng at  th i s  t i me , so  that 

the same treatment  whi ch i nh i b i ted growth , e i ther may not a l ter , or 

may s t i mu l ate , growth when begun three days l ater .  

Wh i l e  T P  i nject i on  o f  fema l e rats o n  day 2 ha s s t i mu l ated rat growth 

i n  ma ny s tud i es , TP i mpl ants i n troduced at  the same age had the oppo s i te 

effect i n  thi s experi ment . The expl a na t i on for th i s  anoma l y  may l i e i n  

d i fferi ng pl a sma testosterone prof i l es .  
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CHAPTER 6 

GENERAL DISCUSS I ON 

Tempora l  a spects of  the organ i zat i onal  effects of  testos terone o n  the 

hypothal amus of the peri natal fema l e rat were i nvesti gated i n  the 

s tudi es  presented i n  th i s thes i s . Mea surements of pl asma tes tosterone  

concentra t i on after admi ni strat i on of  TP by vari ous mean s  ( Chapter 2 )  

made i t  pos s i bl e to rel a te the effects o n  sexua l ly  d imorph i c  characters 

to the dura t i on of e l evated testo sterone concentrati on . 

Subcuta neous  i njec t i o n  of  neonatal fema l e ra ts wi th a c l a s s i ca l l y  

' androgeni z i ng ' dose of TP ( 90yg )  resul ted i n  e l evated p l a sma 

testos terone concentrat i ons for 192  hours ( 8  days ) . Much bri efe r  

expo sure t o  TP wa s ach i eved by TP-fi l l ed PDS capsul es wh i ch were 

removed after 4 ,  8 or 24  hours . However , the l ong ha l f- l i fe ( 8 . 6  hours ) 

of  pl asma testos terone i n  neonatal rats fo l l owi ng removal  of  the capsu l e  

i ndi ca ted a much s l ower cl earance rate than i n  adu l t rats  ( ha l f -l i fe of  

1 hour  after removal  of  TP- fi l l ed capsu l e ) , and  el evated testosterone · 

l evel s ,  a l though decl i n i ng ,  conti nued above control l evel s for u p  to 

24 hours . Rats chron i cal l y  i mpl anted wi th TP-fi l l ed PDS i mp l ants a s  

neonates had e l evated p l a sma testosterone concentrat ions  for 10  days , 

wh i ch a l l owed observa t i o n  of  the effects of  more pro l onged neonatal 

TP trea tment . 

Empha s i s wa s p l aced o n  i denti fyi ng  the peri od  of el evated p l a sma hormone 

concentra t i on s  and , i n  v i ew of s ome l ater fi nd i ngs , more deta i l ed · 

compari sons  of the pro fi l es of  hormone concentrations  i n  neonates a fter 

d i fferent treatments woul d be of  i n terest . Wh i l e  the tes to sterone 

concentra t i on s  in the p l a sma of foetal  and neonatal rats i s  wel l 

documented ( s ee Chapter 1 ,  Sect i on  3 . 2 . 2 . ) ,  there has been a pauc i ty 

of i nforma t i on o n  the l evel s res u l t i n g  from treatments u sed to effect 

androgeni zati on . Exper iments descri bed here provide i nfo rma t i o n  for 

the neona te , a nd the recent paper by S l o b  and  col l eagues ( 1983 ) 

provi des i nforma ti o n  for pregnant  rats a nd the i r  foetuses . There i s  

scope for further defi n i t ion  of  a ndrogen treatments i n  terms of  re su l t i ng 

hormone l evel s .  
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Tha t the hypotha l amus i s  i n sens i ti ve to androgen before b i rth was the 

concl u s i on drawn from experi men ts descri bed i n  C hapter 3 .  Treatment  

of  the pregnant rat wi th TP for i n terva l s of  72  or  24  hours dur i n g  the 

l a s t  tri mes ter  of pre gnancy caused marked a l terat i on to the external 

geni ta l i a  of  the daughters , but  was wi tho ut appa rent e ffect on the · 

ovari an  func t i on , femi ni ne sexual behav i our o r  growth . However , the 

res ul ts of  experiments by S l o b  a nd o thers ( 1983 ) s ugge s t  that testo s­

terone i njected i nto the mother does  not  cros s  the  p l a centa unl ess  very 

l arge doses are gi ven , a nd that v i ri l i zat ion of  the gen i ta l i a  i s  due 

to andros terone , a non-aromati zabl e androgen wh i c h they measured i n  

the foetus a fter TP  i nject i on  to the mother . . D i ffi cu l t to reconci l e  

wi th th i s  i dea i s  the fi ndi ng of  androgen i zat i on  of  gonadotroph i n  

secreti on  a nd sexua l  behav i our after treatment  o f  the pregnant rat wi th 

a do se  of TP cons i dered l ow by S l ob ' s  group ( Ward and Renz , 1972 ) . 

S i nce d i fferent s tra i ns of rat were used i n  the two studi es , repl i ca ti o n  

i n  Sprague- Dawl ey rats of  foetal tes tosterone measurements after 

ma ternal TP i nject ion  woul d be usefu l . 

Di rect  i njecti on of  TP i n to foetuse s  in utero ensures  thei r treatment  

wi th a ndrogen and has res u l ted i n  anovul atory s teri l i ty ( Swanson and  

van der  Werff ten Bosch , 1965 ; Fel s and  Bosch , 1971 ) . Th i s i s  not  

neces sar i l y  proof of prena ta l hypotha l ami c androgen sen s i ti v i ty ,  s i n ce 

i t  i s  l i ke l y that TP i njec ted before b i rth woul d pers i s t  i n  the ti s sues  

for some days , and  so  coul d effec t  hypotha l ami c androgeni zati on duri ng  

the  neonatal  per i od . Neonatal c l earance of p l a sma testos terone was 

fo und to be s l ow ( Chapter Z ,  Sect i on 3 . 2 . 1 . ) and foeta l  c l earance may 

be even s l ower . 

Further experi ments wh i ch do not s upport the theory o f  a prenata l  per i od  

of  hypotha l ami c sens i t i v i ty have recent ly  been carri ed  out .  Pregnant 

rats were treated for bri ef peri ods wi th d i ethyl sti l boestrol ( DES ) , 

a potent a ndrogen i z i ng agent when gi ven neonata l l y  to fema l e rats 

( Tarttel i n ,  M . F . , perso na l c ommun i cat i o n ) .  Severe mod i fi cat i on  of the 

externa l geni ta l i a  i nd i cated that DES had reached the foe tus , and other 

reports confi rm i ts ab i l i ty to c ros s  the p l a centa i n  mi ce and hamsters 

( Bengtsson  a nd Ul l berg , 1963 ; Shah and Mclac h l a n ,  1 976 ; Rus t i a  and 

Shubi k ,  1979) . Prel i m i nary resu l ts s how no effects on  ovari an  functi on , 

sexua l  behav i our or  growth . Thus  there a ppears to be no conc l u s i ve 

ev i dence that the cri t i ca l  peri od  for hypotha l am i c  androgen i za t i o n  
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beg i n s before b i rth . 

The bri ef  peri ods of  exposure to androgen , made poss i b l e by the 

removab l e TP-fi l l ed PDS capsu l e s  used i n  experiments descri bed i n  

Chapter 4 ,  confi rmed the i ndependence of  di fferent iat i on of  sexual l y  

d imorph i c hypotha l ami c funct i o n s . Testos terone wa s abl e to exert i ts 

organ i za ti onal  effects on  the control of  gonadotroph i n  secret ion  w� th i n  

28 hours i n  a t  l ea s t  50% o f  fema l e  rats of 2 and 3 days o f  a ge . 

E l eva t i o n  of p l a sma tes to s terone for i nterva l s from 28 to 48 hours 

caused a percepti bl e but not s i gn i fi cant depres s i on of  the d i s p l ay 

of femi n i ne s exual  behav i our . However , depre s s i on of both of these 

characters occurred when p l asma tes tos terone e l evati on pers i s ted for 

192  hours as i t  d i d a fter i nject ion  of  90f.l g  TP a t  any one o f  the three 

ages . Vagi nal deve l o pmen t  coul d be a l tered by very bri ef TP treatments 

(maxi mum 28 ho urs exposure ) o n  days 2 or  3 ,  but was refractory to any 

TP treatment on  day 5 .  

After i mpl antat i on  o f  TP-fi l l ed capsu l es i n  the neonata l rat for a br i ef  

peri od  ( 4  hours ) p l a sma testos terone concentrati on  d i d not  return to 

contro l  l evel s for 24 hours ( Chapter 2 ,  Sec t i on 3 . 2 . 1 . ) .  I nvesti gat i o n  

of  the effects o f  br i e fer peri ods o f  exposure wou l d  b e  d i ff i cu l t to 

ach i eve by thi s method becau se  of the s l ow c l earance of p l a sma 

tes tosterone i n  neona tes . I n h i b i t i ng or  i nterferi ng s ubsta nces  have 

been used to termi nate androgen i c act ion  but i n terpretat i on  of  resu l ts  

i s  comp l i cated by unknown factors such  as the durati on of  acti on , the  

del ay before the  onset  of act i o n  and the mechani sm of acti on  of  the 

i nterfer i ng substance . However ,  s i nce the bri ef exposure peri ods  

i nves t i gated i n  Chapter 4 caused  approxi matel y 50% steri l i ty compared 

wi th the 100% i nduced by TP i nject i on , i t  s eems l i ke l y  tha t shorter 

treatment peri ods woul d be i ne ffecti ve . The thresho l d nature of the 

effects caused by the bri ef  per i ods of  exposure coul d perhaps  be 

demonstrated by i dent i fi ca ti on  of the del ayed anovu l at ion  syndrome 

( by exami ni ng  ova r i es for corpora l u tea at i nterval s s tarti ng from 

puberty ) . Th i s  wa s not attempted i n  the s tudy descri bed i n  Chapter  4 

because  of probl ems previ ous l y  encountered wi th adhes i on s  deve l op i ng  

between ovar ie s  a nd s urro und i ng  t i s sues a fter exp l oratory l aparotomy . 
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Previ ous experi ments wh i ch i nves ti gated the mi n imum peri od  of  exposure 

to testos terone requ i red  for androgen i za t i o n  have produced vary i n g  

esti mates of  i ts d urati on , wh i ch i s  not s urpri s i ng cons i deri n g  the 

di fferent a pproaches u sed ( see Chapter 4 ,  Sect i on 4 . 2 ) . Res u l ts  of 

experi ments descri bed i n  Chapter 4 s upport the v i ew that compl ete 

androgen i za ti on of  a l l sexua l l y  d i morph i c  hypothal ami c functi ons  i s  a 

gradual proces s .  Wh i l e  control o f  gonadotroph i n  secret i on can  be 
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al tered by tes tos terone present for 28 hours or l ess , contro l of femi n i ne 

mat i ng  behav i our and growth probabl y requ i re tes tosterone to be present  

for s ome days rather than hours . Evi dence from studi e s  ( Barnea and 

Li ndner , 1972 ) i n  wh i ch macromo l ecu l ar . synthes i s  i n  the hypothal amus 

was bl ocked for up  to 24 hours a fter i njecti on  of TP , wi thout prevent i ng 

androgen i za ti on of  5 day o l d fema l e  rats , a l s o  suggests  a re l ati vel y 

s l ow proces s .  Barnea and L i ndner ( 1 972 ) a l so  reported tha t uptake o f  

[3H] -TP by the bra i n  a fter subcutaneous i nject ion to neonata l femal e 

rats i s  s l ow and reaches a pea k at  l east  8 hours after i njecti o n .  

Studi es i n  the ma l e  rat provi de further evi dence that a ndrogen acts 

s l owl y ,  s i nce ca stra t i o n  wi th i n  48 hours after bi rth permi ts cyc l i c  

re l ease  o f  gonadotroph i n  ( ev i dent a s  corpora l utea forma t i o n  i n  

transp l anted ovar i es , Yazak i , 1 960 ; Harri s ,  1964 ) , des p i te apprec i ab l e 

p l a sma tes to sterone concentrat ions  present i mmedi ate l y  before and after 

bi rth ( see Chapter 1 ,  Secti on 3 . 2 . 2 . ) .  

S i ngl e i nject i ons of  sma l l dose s  of  esteri fi ed  testosterone i n  neonata l  

fema l e rats c l ear ly  provi de the necessary pro l onged exposure t o  androgen 

whereas the metabo l i sm of  i njected free tes tosterone i s  so rap i d  that 

much l arger do ses , or repeated i nject ions , are requi re d  for androgen i za­

t ion  ( Ki nc l , P i , Maqueo , Lasso , Or io l  a nd Dorfman , 196 5 ; Al k l i nt and  

Norgren , 197 1 ) . By measuri ng the l evel s of  rad i oacti v i ty i n  the  bra i n  

after i njecti on  o f  [3H] -TP and [ 3HJ -testosterone ( free te sto sterone ) ,  

Barnea , Wei n ste i n  a nd L i ndner ( 1972 ) demonstrated that free tes tosterone 

i s  taken u p  rap i d l y  a nd dec l i ne s  aga i n  rap i d l y ,  whereas  the  u ptake of  

esteri fi ed tes tos terone i s  more gradual  a nd  prol onged . A l arge dose  

of free tes to s terone , or  rep�ated smal l doses , presuma b l y  cau se  

anovul atory steri l i ty because l evel s i n  the bra i n  pers i s t s uffi c i ent ly  

l on g .  The pos s i b i l i ty that changes in  the  u ptake of testos terone by 

the hypotha l amus coul d account for the cri ti ca l  peri o d  was con s i dered 



by Barnea and  eo-workers ( 1972 ) , but  d i scounted , s i nce they found that 

the dec l i ne i n  effecti vene s s  of  TP i n  produci ng androgen i zati on  was not 

c l ose l y para l l e l ed by changes i n  the uptake . 

The mo l ec u l a r  and cel l u l ar events wh i ch are the bas i s for the cri ti ca l  

peri od  are be i ng i nvest i gated i n  s tudi es of s tero i d hormone receptors  

i n  the brai n ,  of  sexual l y  d imorph i c  s tructures i n  the brai n ,  and of  

the  effect o f  stero i d  hormones on  the  growth i n  ti ssue cu l ture of  

neurona l  processes ( rev i ewed by Toran-Al l erand , 1 978 ) , and  may 

eventua l l y  prov i de exp l anat ions  for the bri ef exi stence of a peri od  o f  

androgen sens i t i v i ty .  

Al though ab l e to i nduce ' ma scu l i n i za ti on ' o f  the hypotha l amus , a 

s i ngl e i njec tion of  TP has  been con s i dered to be an i nadequate mode l 

for sexual  d i fferenti a ti on , as  i t  does not para l l e l the conti nuous 

androgen secreti on of  the ma l e  rat (Sheri dan et al . , 1 973) . Ne i ther 

can the rel ease of testos terone from PDS capsu l es  used i n  Chapter 5 

be c l a i med to mimi c c l ose l y the endogenous s ecretion from the tes ti s .  

Measurements i n  the ma l e  ra t ( s ee C hapter 1 ,  Section 3 . 2 . 2 . ) s how 

moderatel y  h i gh p l asma tes tosterone concentrati ons  a t  b i rth decl i n i n g 

to l ow l evel s i n  the fi rst  few days and pers i s ti ng unti l j u s t  before 

puberty ,  a l though a ndrogens other than testos terone may be present i n  

l a rger amounts dur i ng th i s  peri od ( Doh l er and Wuttke , 1975 ; Purv i s 

et al . , 1980 ; Corpechot et al . , 1 981 ) . 

The body wei ghts of  fema l e rats wh i ch  were treated prenata l l y  or i n  

i nfancy wi th TP were s ubjected to regres s i on ana lys i s  i n  the present  

experi ments . Th i s  i s  a s tati st i ca l  tool wh i c h  has  not been u sed i n  

comparabl e s tud i es referred to i n  thi s thes i s ,  and wh i ch ha s certa i n  

advantages  a l ready out l i ned i n  Chapter 4 ( Sect i on  4 . 1 . 3 . ) .  When used  

i n  comb i nat i on w i th week l y  anal yses of  var i a nce of body wei ght , an  

overa l l p i c ture of growth and body wei ght i s  obta i ned . The  requ i rement  

for samp l e s  of  ob serva t i ons to be  drawn from a popu l at i on  wi th the s ame 

var i a nce to permi t l eg i t imate s tat i sti ca l  ana l ys i s ,  wa s met i n  thes� 

s tati sti ca l  ana l yses  by tra�sformati on  of  body wei gh t  to  l ogari thms . 

S i gn i fi cant  i ncrea ses  i n  growth rate i n  andro gen-treated fema l e rats 

were not demonstrated by regres s i on ana lys i s i n  experi ments  descri bed 

i n  Chapter 4 ,  but nei ther di d one-way anal ys i s of  vari ance , carri ed  
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out  a t  each wee k l y  wei ghi n g ,  demonstrate cons i s tently s i gni fi cant we i ght  

i ncreases . Cl earl y ,  i n  these rats earl y TP treatment d i d not st imu l a te 

growth , a nd the reasons for th i s  are unknown , but not w i thout precedent . 

Other s tudi es h ave a l so s hown no c hange i n  body we i gh t  a fter neonata l TP 

( Brown- Grant , 1 964 ; Brads haw and Cri tchl ow , 1966 ; Wagner et al . , 1966 ) 

or an  i n crease  whi ch was no t a pparent unti l a rel at i vel y l ate age 

( 1 50 days , Brown-Grant , Munc k , Nafto l i n  and Sherwood , 1 9 7 1 ) . The e�tent 

to wh i ch the vari ati on i n  growth re s ponse  refl ects the use of di fferent 

stra i ns of ra t and di fferent d i ets can on ly  be a matter for s pecu l at i on . 

Regres s i on anal ys i s d i d  demonstrate a profound depres s i on i n  the growth 

rate of femal e rats gi ven pro l onged TP treatment begi n n i ng on day 2 

( Chapter 5 ) . These an ima l s were severe l y  and permanent ly  stunted and  

yet the  same treatment admi n i s tered at  days 3 or 5 di d not  have the  s ame 

dramat i c resu l ts . A more deta i l ed s tudy of the p l asma testos terone 

concentrat ion  a fter treatment  wi th TP-fi l l ed caps u l es i n serted at  the 

three di fferent  ages mi ght i ndi ca te i f  thi s effect  were due to w ide ly  

di fferent hormone l evel s duri n g  the  neonata l peri o d .  The se  coul d come 

about by changes i n  s i ze of the a n i ma l , or by changes i n  s tero i d 

metabol i sm occurri ng wi th i nc rea s i ng age . An a l terna t i ve expl anat ion  

wou l d i mp ly  a d i fference i n  t he  sen s i t i v i ty of the hypotha l amus i tsel f 

duri ng thi s peri od . 

I njecti on  of  TP  on day 2 ,  wh i l e  e l evati ng p l a sma tes tosterone 

concentrati ons  for nearl y a s  l ong  a s  the  PDS impl ants , d i d  not cause  

s i mi l ar depres s i on of  growth rates , and has been wi de l y  reported to 

sti mu l ate growth ( s ee for exampl e ,  Tarttel i n  et al . , 1 975 ) . Perhaps  

TP  i mp l ants saturated the an i ma l  wi th hormone so that the fat depots  

prov i ded a conti nu i ng source  of l ow l evel s of androgen , not detected 

by the p l a sma radi o immunoas say ,  but s uffi ci ent to have phys i o l ogi ca l  

effects . Ne i ther d i d  i nj ec ti on  of  T P  on  day 2 resul t i n  s u c h  marked 

depres s i on of  ovar ian  we i ghts  as seen i n  rats wi th TP i mp l ants i nserted 

on day 2 ,  wh i c h i nd i cates that the i mp l ants on  day 2 caused a profound 

di srupti on  of  hypotha l ami c - p i tu i tary rel at i ons h i p s . Further p l a sma 

hormone stud i e s  compari ng  more c l osel y the p l a sma profi l es of  rats 

trea ted wi th TP i nject ion wi th rats treated wi th l ong- term TP-fi l l ed 

capsu l es mi ght  expl a i n the d i fferences  i n  growth responses  s een when 

the two di ff�rent treatments were g i ven at  the same age � 
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Important  devel o pmental  changes occur i n  the l i fe of  the rat duri ng a 

short peri od around the t ime .of  b i rth . Remarkabl e co-ordi nat i on of  

hormone producti on w i th the s tage of  devel opment of the hypothal amus 

en sures  tha t th e ma l e  an i ma l  d i fferenti ates phys i o l og i ca l l y  and , i n  

some res pects , behav i oura l l y .  S tud i es presented i n  th i s  the s i s  have 

exam i ned th i s  ' cri ti cal peri od ' of  hypotha l ami c androgen sen s i t i v i ty 

and a ttempted to defi ne , i n  terms of the durati on  of p l asma testosterone 

concentrat ion , the st imu l u s  \oJh i c h  i nduces  androgeni zati on  i n  the fema l e  

model  for mascu l i ne sexua l d i fferent i at ion . 
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Between weeks 1 1  

Linear regression ( Age)  1 
Deviations from regression 10 

Linear regression ( 1 /Age ) 
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Within weeks 

**':C p < 0 . 001 , ns p > 0 . 05 

72 

1 
10  

MEAN SQUARE 

0 . 51 476 

4 . 80475 
0. 08576 

5 . 64285 ' 
0 . 00195 

0. 00220 

F RATIO 

233 . 98*** 

2 1 83 . 98*** 
38 . 98'l<** 

2564 . 93*** 
0 . 89ns 
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TABLE I I  

EXPOSURE O F  FOETAL RATS TO TESTOSTERONE PROPIONATE 

OVARIAN WEIGHT (mg) 

TREATMENT STAGE OF GESTATION OF EXPOSURE ( days ) 
2 1 - 1 9  1 8- 1 6  15-13 1 2- 1 0  

AGE AT OVARIECTOMY (days ) 
90 55-90 75 40-60 

n Mean SE n Mean SE n Mean SE n Mean SE 

24 HOUR IMPLANT 

5mm TP 10  72 . 9  2 . 2  6 86 . 5  4 . 9  1 0  69 . 1  4 . 4  
. 10mm TP 1 0  7 7 . 0  3 . 3  3 86 . 9  4 . 0  5 83 . 2  5 . 5  3 83 . 8  5 . 8  

20mm TP 1 0  84 . 7  2 . 3  9 66 . 8  2 . 0  8 77 . 6  2 . 4  1 2  5 1 . 1  2 . 1 
1 0mm CL0 1 0  76 . 2  2 . 2  1 3  76 . 7  2 . 5  

AGE AT OVARIECTOMY (days ) 
90 40-90 65 40-65 

72 HOUR IMPLANT 

5mm TP 10  8 1 . 2  2 . 7  6 66 . 9  4 . 9  1 1  81 . 3  3 . 7  7 85 . 7  4 . 8  
lOmm TP 7 74 . 4  3 . 6  4 32 . 8  5 . 0  9 71 . 8  4 . 3  4 82 . 4  1 2 . 5  

I 10  90 . 1 5 . 1 
20mm TP 1 3  84 . 9  2 . 3  6 36 . 3  3 . 2  2 70 . 0  7 . 0  2 8 1 . 5 1 0 . 5  
lOmm CL 10 7 7 . 3  2 . 7  1 0  78 . 1  2 . 5  

I 10  83 . 8  2 . 9  

S IGNIFICANCE OF DIFFERENCES BETWEEN GROUP MEANS 
"F" 2 . 1 6 1 . 53 

ns ns 

° Choles terol 
' Supplementary group 

n s  p > 0 . 05 
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TABLE I l l  

EXPOSURE OF FOETAL RATS TO TESTOSTERONE PROPIONATE 

ANOGENITAL DISTANCE (mm ) AT BIRTH 

TREATMENT STAGE OF GESTATION OF EXPOSURE ( days ) 
2 1-19  18- 1 6  1 5-13  1 2- 1 0  

n Mean SE n Mean SE n Mean SE n Mean SE 

24 HOUR IMPLANT 
**0 ***0 

5mm TP 1 2  2 . 84 0 . 06 1 6  2 . 64 0 . 09 10  2 . 92 0 . 09 1 2  2 . 69 0 . 06 
**0 

10mm TP · 1 4  2 . 58 0 . 07 1 0  2 . 88 0 . 06 14 2 . 72 0 . 05 3 2 . 40 0 . 06 
*0 

20mm TP 1 3  2 . 45 0 . 05 1 4  2 . 78 0 . 07 24 2 . 97 0 . 06 1 2  2 . 68 0 . 08 

10mm CL ' 1 4  2 . 57 0 . 06 1 7  2 . 98 0 . 06 1 7  2 . 82 0 . 06 1 9  2 . 83 0 . 04 

72 HOUR IMPLANT 
**0 

5mm TP 1 6  2 . 6 1  0 . 06 1 3  3 . 02 0 . 04 1 2  2 . 65 0 . 07 9 2 . 6 1 0 . 03 
*'� 0  **0 *0 

10mm TP 1 5  2 .  7 2  0 . 07 5 2 . 9 2  0 . 1 2  1 4  2 . 96 0 . 05 7 2 . 43 0 . 1 2  
*** 0 

20mm TP 1 5  2 . 59 0 . 06 1 8  3 . 14 0 . 08 6 2 . 73 0 . 1 1 7 2 . 64 0 . 08 

10mm CL 23 2 . 46 0 . 06 4 2 . 58 0 . 05 9 2 . 69 0 . 08 1 0  2 . 66 0 . 07 .  

SIGNIFICANCE OF DIFFERENCES BETWEEN GROUP MEANS 
"F" 4 . 23 5 . 66 3 . 30 3 . 41 

*** *** ** ** 

0 Significance of difference between TP mean and corresponding CL mean , 
determined by t-test .  

' Cholesterol 

*** p < 0 . 00 1 ; ** 0 . 001 < p < 0 . 01 ; * 0 .  01  < p < 0 .  os ; ns p > 0 . 05 
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TABLE IV 

EXPOSURE OF FOETAL RATS TO TESTOSTERONE PROPIONATE 

SEXUAL BEHAVIOUR ( lordosis quotient) 

TREATMENT STAGE OF GESTATION OF EXPOSURE ( days ) 
2 1 - 1 9  1 8- 1 6  15-13 

n Mean SE n Mean SE n Mean SE 

24 HOUR IMPLANT 

5mm TP 5 96 . 0  2 . 4  

1 0mm TP · 3 96 . 7  3 . 3  

20rnm TP 6 1 00 . 0  0 . 0  

1 0mm CL0 5 96 . 0  4 . 0  

72 HOUR IMPLANT 

5mm TP 4 1 00 . 0 0 . 0  6 93 . 0  4 . 2  

1 0mm TP 4 1 00 . 0  0 . 0  ' 1 0 100 . 0  0 . 0  5 90 . 0  6 . 3  

20mm TP 8 98 . 8  1 . 3  2 1 00 . 0  0 . 0 

10mm CL 4 1 00 . 0  0 . 0  ' 1 0 100 . 0  0 . 0  100 . 0  0 . 0  

SIGNIFICANCE OF D IFFERENCES BETWEEN GROUP MEANS 
"F" 1 . 01 1 . 1 1  

ns ns 

°Cholesterol 

' Supplementary group 

*** p < 0 . 001 ; ** 0 . 001 < p < 0 . 01 ;  * 0 . 01 < p < 0 . 05 ;  ns p > 0 . 05 
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TABLE V 

EXPOSURE OF FOETAL RATS TO TESTOSTERONE PROPIONATE 

BIRTH WEIGHT ( g ,  log base 10)  

TREATMENT STAGE OF GESTATION OF EXPOSURE ( days ) 
21-19  1 8- 1 6  1 5-13 1 2-10  

n Mean SE n Mean SE n Mean SE n Mean SE 

24 HOUR IMPLANT 
***0 

5rnm TP 1 2  0 . 79 1  . 010  1 6  0 . 767 . 007 10 0 . 740 . 01 2  1 2  o .  757 . 01 0  
* 0  >l<**o ***0 

l Omrn TP 14 0 . 763 . 009 1 0  0 . 838 . 01 7  1 4  0 .  723 . 05 1  3 0 . 827 . Ol l  
�:e o *�:c * o  

20mrn TP 13 0 . 776 . 008 1 4  0 . 794 . 006 24 o .  727 . 004 12 0 .  7 1 3  . 01 0  

1 0mm CL ' 14  0 . 797 . 00 7  1 7  0 .  729 . 005 1 7  0 . 745 . 006 19 0 . 732 . 006 

72 HOUR IMPLANT 

5mm TP 16 0 . 766 . 008 1 3  o .  7 73 . 01 4  1 2  0 .  778 . 007 9 0 . 749 . 023 
**0 * 0  

1 0mm TP 15 0 . 769 . 01 2  5 0 . 69 1  . 009 1 4  0 . 789 . 01 2  7 0 . 694 . 018  
'!c** o *':e o 

20mrn TP 15 0 . 790 . 014  20  0 . 688 . 006 6 0 . 675 . 009 7 0 . 7 1 7  . 034 

1 0mm CL 23 0 . 766 . 005 4 0 . 758 . Ol l  9 0 .  750 . 01 3  10  o .  729 . 009 

S IGNIFICANCE OF DIFFERENCES BETWEEN GROUP MEANS 
"F" 2 . 29 28 . 78 9 . 80 4 . 82 

* *** *>l<* *** 

0Significanc e of difference between TP mean and corresponding CL mean , 
determined by t-test .  

' Cholesterol 

*** p < 0 . 001 ; ** 0 . 001 < p < 0 . 01 ; * 0 . 01 < p < 0 . 05 ;  ns p > 0 . 05 
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TABLE VI 

EXPOSURE OF FOETAL RATS TO TESTOSTERONE PROPIONATE : DAYS 19-21 

BODY WEIGHT ( log base 10) FOR AGES 3 TO 17 WEEKS : GROUP MEANS AND STANDARD ERRORS 

Week 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  OB ' 1 6  C ' .  
GrouE 

1 0mm CL0 

24h Mean 1 . 649 1 . 885 2 . 062 2 . 163 2 . 225 2 . 282 2 . 323 2 . 353 2 . 37 5  2 . 404 2 . 422 2 . 462 2 . 487 2 . 465 2 . 5 1 5  
S E  . 006 . 01 3  . 009 . 008 . 009 . 009 , 007 . 006 . 007 . 006 . 007 . 008 . 008 . o u  . 0 1 1 

72h Mean 1 . 646 1 .  746 1 . 979 2 . 1 1 8 2 . 201 2 . 269 2 . 3 1 8  2 . 349 2 . 380 2 . 404 2 . 4 1 9  2 . 4 6 7  2 . 496 2 . 469 2 . 526 
SE . 005 . 008 . 008 . 007 . 007 . 008 . 008 . 008 . •  007 . •  007 . 01 0  . 007 . 007 . 01 0  . 008 

5 mm TP 
24h Mean 1 . 594 1 . 799 2 . 002 2 . 133 2 . 2 1 4  2 . 278 2 . 328 2 . 362 2 . 382 2 . 406 2 . 409 2 . 452 2 . 482 2 . 478 2 . 495 

SE . 01 7  . 025 . 022 . 0 1 6  . 01 4  . 0 1 5  . 0 1 3  . 0 1 2  . 0 1 2  . 0 1 2  . 01 3  . O l l  . 0 1 0  . 0 1 9  . 005 
72h Mean 1 . 63 2  1 . 904 2 . 063 2 . 1 66 2 . 229 2 . 290 2 . 329 2 . 359 2 . 384 2 . 402 2 . 423 2 . 456 2 . 495 2 . 484 2 . 498 

SE . 0 1 3  . 01 4  . 0 1 4  . 0 1 3  . 0 1 0  . O l l . 0 1 1 . 009 . 0 1 0  . 0 1 0  . 006 . 009 . 008 . 0 1 2  . 004 
10 mm TP 

24h Mean 1 . 658 1 . 843 2 . 043 2 . 168 2 . 23 1  2 . 29 1  2 . 334 2 . 364 2 . 38 7  2 . 4 1 4  2 . 436 2 . 483 2 . 488 2 . 4 76 2 . 525 
SE . 01 4  . 023 . 0 1 4  . 008 . 007 . 006 . 005 . 005 . 006 . 005 . 008 . 008 . 0 1 4  . 008 . O l l  

72h Mean 1 . 608 1 . 852 2 . 032 2 . 153 2 . 2 1 5  2 . 27 7  2 . 3 1 6  2 . 351 2 . 37 7  2 . 396 2 . 42 1  2 . 4 47 2 . 463 2 . 457 2 . 464 
SE . 020 . 01 5  . 0 1 2  . O l l . 009 . 0 1 2  . 0 1 0  . 01 0  . 0 1 0  . 008 . 008 . 0 1 1 . 0 1 2  . 0 1 3  . 01 9  

2 0  mm TP 
24h Mean 1 . 632 1 . 872 2 . 069 2 . 1 76 2 . 234 2 . 298 2 . 337 2 . 362 2 . 386 2 . 409 2 . 420 2 . 464 2 . 488 2 . 459 2 . 508 

SE . O l l  . 01 9  . O l l . 0 1 0  . Ol l  . 0 1 2  . 0 1 4  . 0 1 5  . 0 1 2  . 0 1 2  . 0 1 2  . 0 1 2  . 0 1 2  . 020 . 019 
72h Mean 1 . 69 9  l. 766 1 . 985 2 . 1 27 2 . 2 1 8  2 . 283 '2 . 330 2 . 366 2 . 398 2 . 428 2 . 430 2 . 468 2 . 488 2 . 472 2 . 508 

SE . 007 . 006 . 008 . 008 . 006 . 007 . 007 . 006 . 004 . 009 . 005 . 006 . 006 . 007 . 009 

SIGNIFICANCE OF DIFFERENCES BETWEEN GROUP MEANS 
"F" 7 . 66 1 2 . 74 8 . 4 1  4 . 49 1 . 36 0 . 84 0 . 53 0 . 47 o .  72 1 . 22 0 . 84 1 . 61 0 . 84 3 . 76 

*** *** *** *** ns ns ns ns ns ns ns ns ns ** 

*** p < 0.001 ; ** 0.001 < p <  0 .0 1 ;  * 0 . 01 < p < 0 .05 ; · n s  p > 0 . 05 0 cholesterol ' oestradiol benzoate 

1 7  OB 1 7  c 

2 . 475 2 . 531 
. 01 0  . O l l 

2 . 4 7 7  2 . 545 
. 009 . 008 

2 . 486 2 . 502 
. 0 1 8  . 0 1 2  

2 . 49 3  2 . 5 1 1  
. 0 1 0  . 0 1 6  

2 . 4 7 9  2 . 536 
. O l l  . 01 3  

2 . 459 2 . 486 
. 01 0  . O l l 

2 . 4 63 2 . 532 
. 020 . 009 

2 . 4 78 2 . 525 
. 006 . 0 1 2  

5 . 27 
*** 

' control 

...... CO 0 



TABLE VII EXPOSURE OF FOETAL RATS TO TESTOSTERONE PROPIONATE 

DAYS 16-18 , 72h BODY WEIGHT ( log base 1 0) FOR AGES 3 TO 20 WEEKS : GROUP MEANS AND STANDARD ERRORS 

Week 3 4 5 6 7 8 9 10 1 1  1 2  1 3  1 4  15  16  1 7  1 8  1 9  20 
Grou.2. 

cL• Mean 1 . 625 1 . 831  2 . 032 2 . 155 2 . 234 2 . 295 2 . 337 2 . 368 2 . 39 1  2 . 408 2 . 437 2 . 4 69 2 . 498 2 . 5 15 2 . 486 2 . 505 2 . 508 2 . 515 
1 0rnm SE . 0 1 2  . 007 , 006 . 007 . 005 . 006 . 005 . 006 . 006 . 007 . 006 . 006 . 006 . 007 . 006 . 006 . 006 . 007 

TP Mean 1 . 693 1 . 881 2 . 07 1  2 . 1 87 2 . 258 2 . 319 2 . 358 2 . 39 1  2 . 4 1 5  2 . 433 2 . 454 2 . 485 2 . 51 6  2 . 53 7  2 . 51 2  2 . 5 19 2 . 52 1  2 . 530 
10min SE . 0 1 3  . 025 . 005 . 006 . 007 . 007 . 006 . 006 . 006 . 007 . 006 . 007 . 007 . 007 . 007 . 007 . 007 . 007 

SIGNIFICANCE OF DIFFERENCES BETWEEN GROUP MEANS 
"t" 3 . 7 1 1 . 92 5 . 1 7  3 . 36 2 . 8 1  2 . 72 2 . 52 2 . 69 2 . 87 2 . 4 1  2 . 02 1 . 67 1 . 92 2 . 2 1 2 . 69 1 . 63 1 . 40 1 . 43 

** ns *** ** * * * * * * ns ns ns * * ns ns ns 

DAYS 13-15,  24h . BODY WEIGHT ( log base 10) FOR AGES 3 TO 18 WEEKS : GROUP MEANS AND STANDARD ERRORS 

Week 3 5 · 6 7 8 9 10 1 1 1 2  1 3  1 4  1 5  1 6  1 7  OB0 1 7  C '  1 8  OB 18 c 
Grou 

CL Mean 1 . 646 1 . 992 2 . 1 19 2 . 230 2 . 244 2 . 293 2 . 323 2 . 359 2 . 368 2 . 389 2 . 401  2 . 437 2 . 477 2 . 472 2 . 495 2 . 480 2 . 51 8  
lOmm SE . 01 2  . 009 . 010 . 010 . 0 1 1  . 008 . 009 , 008 . 0 1 1  . 009 . 007 . 008 . 008 . 006 . 0 1 5  . 005 . 0 1 4  

TP Mean 1 . 708 2 . 04 7  2 . 152 2 . 238 2 . 253 2 . 295 2 . 313  2 . 339 2 . 351 2 . 378 2 . 386 2 . 4 1 1  2 . 452 2 . 425 2 . 496 2 . 443 2 . 5 1 9  
5mm SE . 008 . 0 1 2  . 010 . 01 7  . 010 . 01 0  . 009 . 0 1 3  . 0 1 1  . 01 0  . 009 . 0 1 1  . 0 1 1  . 0 1 8  . 007 . 019 . 006 

TP Mean 1 . 700 2 . 031 2 . 1 49 2 . 218  2 . 264 2 . 31 1  2 . 329 2 . 362 2 . 369 2 . 392 2 . 398 2 . 428 2 . 468 2 . 461 2 . 484 2 . 470 2 . 5 1 0  
1 0mm SE . 0 10 . 015 . 01 2  . 01 6  . 0 1 0  . 009 . 01 0  . 008 . 01 0  . 009 . 009 . 009 . 008 . 0 1 2 . 0 1 3  . 0 1 3  . 01 4  

TP Mean 1 . 694 2 . 01 5  2 . 1 30 2 . 260 2 . 250 2 . 290 2 . 3 1 2  2 . 345 2 . 32 1  2 . 357 2 . 364 2 . 400 2 . 427 2 . 424 2 . 432 
20rnm SE . 013  . 006 . ooo . ooo . 000 . ooo , 004 . 005 . 0 1 0  . 0 1 4  . 008 . 010 . 0 1 7  . 01 4  . 010 

SIGNIFICANCE OF DIFFERENCES BETWEEN GROUP MEANS 
"F" 8 . 1 1  3 . 83 2 . 27 0 . 64 0 . 65 0 . 83 0 . 65 1 . 00 1 . 55 1 . 06 1 . 48 1 . 85 1 . 8 1  4 . 1 6 5 . 89 

*** * ns ns ns ns ns ns ns ns ns ns ns ** ** 

*** p <  0 . 001 ; ** 0.001 < p < 0 . 01 : • 0 . 0 1 < p <  0 . 05 ;  ns p > 0 . 05 0 oestradiol benzoate ' control • cholesterol 

...... CO 
...... 



TABLE VI II 

EXPOSURE OF FOETAL RATS TO TESTOSTERONE PROPIONATE : DAYS 19-21 

SUMMARY OF REGRESSION ANALYSES OF BODY WEIGHT AND AGE (WEEK 3-1 2 )  
X=reciprocal o f  age ; Y=log( base 1 0 )  body weight 

SOURCE OF 
VARIATION 

DEGREES OF 
FREEDOM 

Between weeks 
Linear regression 

9 
1 
8 Deviat ions 

Within \¥eeks l O(n- 1)-m 

Number of rats ( n )  
Missing value s  (m) 
Regression coefficient 

SOURCE OF 
VARIATION 

DEGREES OF 
FREEDOM 

Between weeks 
Linear regression 

9 
1 
8 Deviat ions 

Wi thin weeks l O ( n- 1 ) -m 

Number of rats (n)  
Missing values (m)  
Regression coefficient · 

SOURCE OF 
VARIATION 

DEGREES OF 
FREEDOM 

Between weeks 9 
Linear reg ression 1 
Deviations 8 

Wi thin weeks l O(n- 1)-m 

Number of rats ( n )  
Missing values (m) 
Regression . coefficient 

SUMS OF SQUARES OF Y 

TP IMPLANT 24h 
5mm 

6 . 6900*** 
6 .  6530'�'�* 
0 . 0370 
0 . 24 1 6  

1 0  
0 

-3 . 3883 

lOmm 

5 . 751 9*** 
5 .  7 1 15'�** 
0 . 0404** 
0 . 1044 

1 0  
0 

-3 . 1 395 

20mm 

5 . 7758*** 
5 .  7221  *** 
0 . 0537** 
o .  1525 

10 
0 

-3 . 1353 

SUMS OF SQUARES OF Y 

5mm 
TP IMPLANT 72h 

10mm 20mm 

5 .  4932'�** 5 . 3633*'�* 8. 4207'�** 
5 .  4882**'� 5 . 29 72*'�'� 8 .  0873'�** . 
0 . 0050 0 . 0661** 0 . 3334*** 
0 . 1 2 20 0 . 1 1 26 0 . 0800 

1 0  9 1 4  
0 5 5 

-3 . 0775 -3 . 2 1 34 -3 . 1 943 

SUMS OF SQUARES OF. Y 

CHOLESTEROL IMPLANT ( lOmm) 
24 HOUR 72 HOUR 

5 . 3066*** 6 . 4836*** 
5 . 2439*** 6 . 3240*** 
0 . 0627*** 0 . 1596*** 
0 . 0567 0 . 0482 

1 0  1 0  
1 0 

-3 . 0295 -3 . 3035 

*** p < 0 . 001 ; ** 0 . 00 1  < p  < 0 . 01 ;  * 0 . 01 < p < 0 . 05 
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TABLE I X  . 

EXPOSURE OF FOETAL RATS TO TESTOSTERONE PROPIONATE : DAYS 1 6-1 8° 

SUMMARY OF REGRESSION ANALYSES OF BODY WEIGHT AND AGE ( WEEK 3-1 2 )  
X=reciprocal o f  age ; Y=log ( base 1 0 )  body weight 

SOURCE OF 
VARI ATION 

DEGREES OF 
FREEDOM 

Between weeks 9 
Linear regression 1 
Deviat ions 8 

Within weeks 90 

Number of rats 
Regression coefficient 

SUMS OF SQUARES OF Y 

72 HOUR IMPLANT 
CL ' 10rnm , '  TP 10mm 

6 . 23800*** 
6 . 20797*** 

. 03003'!<** 

. 04438 

10 
- 3 . 2731 

5 . 55456*** 
5 . 52651*** 

. 02805** 

. 10057 

1 0  
-3 . 0882 

ANALYSIS  OF VARIANCE OF THE DIFFERENCES BETWEEN REGRESSIONS 

SOURCE OF DEGREES OF MEAN SQUARE F RATIO 
VARIATION FREEDOM 

Between 3 1 0 . 009903 2 . 73ns g roups 

Within g roups 1 6  0 . 003629 

0 Supplementary study group 
' Cholesterol 
2 CL 10mm and TP 10mm 

*** p < 0 . 001 ; ** 0 .  001 < p ·< 0 .  0 1 ; * 0 . 0 1  < p < 0 . 05 ;  ns p > o . o5 
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TABLE X 

TREATMENT 

EXPOSURE OF FOETAL RATS TO TESTOSTERONE PROPIONATE 

WEIGHT OF ADRENAL GLANDS ( mg )  AT 130 DAYS 2 

STAGE OF GESTATION OF EXPOSURE ( days ) 
21-19  15-13  

POST-OVARIECTOMY TREATMENT 
OB0 

n Mean SE 
untreated OB 

n Mean SE n Mean SE 
untreated 

n Mean SE 

24 HOUR IMPLANT 
5mm TP 5 7 9 . 1  5 . 7  5 65 . 4  2 . 6  

1 0mm TP . 3 74 . 8  5 . 4  7 78 . 8  5 . 6  
20mm TP 6 8 2 . 0  4 . 8  4 73 . 0  6 . 2  
10mm CL ' 5 84 . 7  5 . 8  5 85 . 7  4 . 9  

72 HOUR IMPLANT 
5mm TP 5 85 . 4  5 . 0  3 65 . 8  2 . 6  6 86 . 2  6 . 1 5 

1 0mm TP 4 7 7 . 2  3 . 9 3 64 . 1  2 . 4  5 80 . 9  5 . 9  4 
20mm TP 8 78 . 8  3 . 0  5 76 . 1  4 . 8  2 62 . 5  0 . 9  
10mm CL 4 7 9 . 7  3 . 1  6 79 . 6  5 . 7  5 87 . 9  2 . 3  5 

TABLE X I  

EXPOSURE O F  FOETAL RATS TO TESTOSTERONE PROPIONATE 

WEIGHT OF PREPUTIAL GLANDS ( mg )  AT 1 30 DAYS 2 

TREATMENT STAGE OF GESTATION OF EXPOSURE ( days ) 
2 1-19  1 5- 1 3  

POST-OVARIECTOMY TREATMENT 

92 . 9  4 . 5  
86 . 7  6 . 1  

82 . 6  4 . 1 

OB0 
n Mean SE 

untreated OB 
n Mean SE n Mean SE 

untreated 
n Mean SE 

24 HOUR IMPLANT 
5mm TP 5 1 33 1 6  5 145 1 3  

10mm TP 3 1 19 1 4  7 1 1 6  7 
20mm TP 6 1 20 8 4 1 23 1 0  
10mm CL ' 5 1 24 8 5 142 1 9  

7 2  HOUR IMPLANT 

5mm TP 5 1 22 6 3 1 18 1 3  6 1 19 1 2  5 1 1 7 6 
10mm TP 4 1 29 1 0  3 125  1 7  5 129 8 4 1 3 1  14  
20mm TP 8 1 28 8 5 143 23 2 97 5 
10mm CL 4 1 24 4 6 1 27 8 5 109 8 5 1 10 10  

0 0estradiol benzoate ' Cholesterol 

2 All  of the a Eriori contrasts were non-significant ( p  > . 05 ) 
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TABLE X I I  

TREATMENT 

EXPOSURE OF FOETAL RATS TO TESTOSTERONE PROPIONATE 

WEIGHT OF UTERUS (rng ) AT 130 DAYS 2 

STAGE OF GESTATION OF EXPOSURE ( days ) 
2 1 - 1 9  1 5- 1 3  

POST-OVARIECTOMY TREATMENT 
OB0 

n Mean SE 
untreated OB 

n Mean SE n Mean SE 
untreated 

n Mean SE 

24 HOUR IMPLANT 
Srnrn TP 5 582 49 5 135 1 

10rnrn TP 3 648 1 7  7 136 6 
20rnrn TP 6 769 23 4 108 1 9  
10rnrn CL ' 5 7 1 4  4 7  5 134 1 1  

72 HOUR IMPLANT 
Srnrn TP 5 635 58 3 1 26 1 2  6 663 34 5 

10rnrn TP 4 5 74 23 3 1 13 1 4  5 622 54 . 4 
20rnrn TP 8 651  49 5 1 15 9 2 564 so 
10rnrn CL 4 753 74 6 138 1 5 606 3 1  5 

TABLE X I I I  
EXPOSURE O F  FOETAL RATS TO TESTOSTERONE PROPIONATE 

TREATMENT 

WEIGHT OF PITUITARY (rng) AT 130 DAYS 2 

STAGE OF GESTATION OF EXPOSURE ( days ) 
2 1 - 1 9  15- 1 3  

POST-OVARIECTOMY TREATMENT 

1 38 1 0  
1 25 4 

130 1 3  

OB0 untreated OB untreated 
n Mean SE n Mean SE n Mean SE n Mean SE 

24 HOUR IMPLANT 
Srnrn TP 5 37 . 4  4 . 8  5 15 . 5  1 . 1  

1 0rnrn TP 3 34 . 7  4 . 3  7 1 8 . 4  1 . 5 
20rnrn TP 6 43 . 4  4 . 1  4 1 8 . 0  0 . 9  
1 0rnrn CL ' 5 4 1 . 5  4 . 3  5 1 6 . 6  1 . 8 

72 HOUR IMPLANT 
Srnrn TP 5 46 . 6  4 . 8  3 1 7 . 0  1 . 0  6 38 . 8  3 . 3  5 1 3 . 7  1 . 1  

1 0rnrn TP 4 54 . 2  8 . 4  3 1 3 . 5  0 . 4  5 47 . 6  4 . 2  4 1 7 . 6  1 . 6 
20rnrn TP 8 49 . 3  3 . 0  5 1 6 . 5  1 . 6  2 32 . 7  2 . 4  
10rnrn CL 4 45 . 8  4 . 1  6 1 7 . 4  0 . 7  5 38 . 7  3 . 5  5 1 6 . 3  0 . 9  

0 0estradiol benzoate ' Cholesterol 

2 All  of  the a priori contrasts were non-significant (p  > . OS )  
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TABLE XIV 

BRIEF EXPOSURE OF NEONATAL RATS TO TESTOSTERONE PROPIONATE 

OVARIAN WEIGHT (mg ) AT 90 DAYS 

TREATMENT DAY OF TREATMENT 
D2 D3 D5 

n Mean SE n Mean SE n Mean SE 

4 HOUR TP IMPLANT0 1 1  45 . 8  1 . 8  1 1  6 1 . 9  4 . 2  1 0  62 . 8  5 . 8  
*** * ns 

BLANK IMPLANT ' 9 80 . 6  4 . 2  9 75 . 8  5 . 8  1 0  72 . 4  3 . 0  

8 HOUR TP IMPLANT 7 55 . 4  7 . 7  9 48 . 8  2 . 3  1 0  70 . 7  4 . 7  
*** *** ns 

BLANK IMPLANT 5 96 . 0  3 . 8  7 80 . 8  4 . 1 1 0  78 . 5  2 . 6  

24 HOUR TP IMPLANT 6 49 . 0  2 . 0  1 0  47 . 3  3 . 6 . 9 59 . 9  7 . 1  
....... ..... ...... *** "'t" 'l'""'t" ns 

BLANK IMPLANT 6 90 . 3  2 . 4  1 0  69 . 8  6 . 1 9 7 0 . 6  2 . 2  

48 HOUR TP I MPLANT 9 62 . 0  6 . 4  
ns 

BLANK IMPLANT 1 0  69 . 3  1 . 6 

INJECTION TP ' 1 1  50 . 0  4 . 5  8 43 . 7  2 . 5  7 42 . 5  3 . 8  
*** ...... ....... ...... *** ...,.. .,.,.. ,,.. 

oiV 1 2  82 . 3  2 . 0  7 75 . 8  3 . 7  8 7 1 . 4 . 4 . 3  

0 2 . 5mm TP-filled PDS capsule 
I 2 . 5mm empty PDS capsule 
' 90pg TP i n  0 . 05ml o i l  
3 0 . 05ml oil  

'�'�':< p <  0 . 001 ; >l<* 0 . 001 < p < 0 . 01 ; * 0 . 01 < p < 0 . 05 ;  ns p > 0 . 05 
Significance of d ifferences between TP groups and their appropriate 
control groups ( anal ysis of variance fol lowed by t-test ) 
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TABLE XV 

BRIEF EXPOSURE OF NEONATAL RATS TO TESTOSTERONE PROPIONATE 

SEXUAL BEHAVIOUR ( lordosis quotient)  

TREATMENT DAY OF TREATMENT 
D2 D3 D5 

n Mean SE n Mean SE n Mean SE 

4 HOUR TP IMPLANT0 9 94 . 4  4 . 0  9 90 . 0  4 . 4  6 100 . 0  0 . 0  
n s  ns ns 

BLANK IMPLANT ' 8 100 . 0 0 . 0  9 1 00 . 0  0 . 0  4 1 00 . 0 0 . 0  

8 HOUR TP IMPLANT 7 88 . 6  4 . 7  8 68 . 8  15 . 3  8 93 . 1  2 . 8  
ns ns n s  

BLANK IMPLANT 5 1 00 . 0 0 . 0  6 1 00 . 0  0 . 0  6 100 . 0  0 . 0  

24 HOUR TP IMPLANT 6 6 1 . 8  1 8 . 1 10  90 . 0  5 . 4  . 7 93 . 5  4 . 1 
ns ns ns 

BLANK IMPLANT 6 100 . 0 0 . 0  1 0  100 . 0  0 . 0 9 70 . 6  2 . 2  

48 HOUR TP IMPLANT 4 95 . 0  0 . 0  
ns 

BLANK IMPLANT 4 100 . 0 0 . 0  

INJECTION TP 2 1 1  52 . 8  1 0 . 8  7 4 7 . 4  1 4 . 6 4 36 . 3  1 7 . 2  
..... ..... * ..,. ..,. 

OIL' 1 2  1 00 . 0 0 . 0  6 1 00 . 0  0 . 0  3 1 00 . 0  . 0 . 0  

0 2 . 5mm TP-filled PDS capsule 
I 2 . 5mm empty PDS capsule 
2 90pg TP in O . OSml o i l  
3 O . OSml o i l  

*** p < 0 .  0 0 1  ; ** 0 . 001 < p < 0 . 01 ;  * 0 . 01 < p < 0 . 05 ;  ns p > 0 . 05 
Significance of differences between TP groups and their appropriate 
control groups ( t-test)  



TABLE XVI 

BRIEF EXPOSURE OF NEONATAL RATS TO 

BODY WEIGHT ( log base 1 0) FOR AGES 3 TO 1 8  

Week 3 4 5 6 7 8 9 1 0  1 1  
Grou2 

4 HOUR HIPLANT 
TP He an 1 . 596 1 . 8 1 1 2 . 0 1 8  2 . 14 1  2 . 227 2 . 296 2 . 336 2 . 374 2 . 400 

SE . 0 1 7  . 01 8  . 0 1 2  . 0 1 0  . 009 . 009 . 009 . 007 . 007 
BLANK Mean 1 . 603 1 . 8 1 7  2 . 020 2 . 1 4 1  2 . 226 2 . 290 2 . 338 2 . 368 2 . 394 

SE . 0 1 9  . 020 . 020 . 020 . 0 1 5  . 0 1 4  . 0 1 5  . 0 1 5  ' . 0 1 1 
8 HOUR IMPLANT 

TP Mean 1 . 666 1 . 867 2 . 065 2 . 203 2 . 274 2 . 334 2 . 37 3  2 . 4 1 7  2 . 437 
SE . 024 . 032 . 027 . 0 1 0  . 009 . 009 . 0 1 1 . O l l . 01 1  

BLANK He an 1 .  724 1 . 923 2 . 09 5  2 . 209 2 . 269 2 . 340 2 . 379 2 . 4 1 7  2 . 445 
SE . 01 8  . 022 . 0 1 6  . 0 1 0  . 0 1 7  . 008 . 006 . 0 1 0  . 009 

24 HOUR HIPLANT 
TP Mean 1 . 600 1 . 784 2 . 0 1 2 2 . 1 5 7  2 . 225 2 . 308 2 . 350 2 . 392 2 . 394 

SE . 029 . 023 . 0 1 5  . 0 1 3  . 0 1 5  . 0 1 5  . 0 1 5  . 0 1 7  . 034 
BLANK Mean 1 . 600 1 . 777 2 . 01 1  2 . 1 4 0  2 . 225 2 . 307 2 . 349 2 . 383 2 . 4 1 0  

SE . 022 . 026 . 023 . 01 4  . 009 . 005 . 003 . 005 . 006 
INJECTION 

TP !•lean 1 . 606 1 . 790 2 . 020 2 . 1 5 5  2 . 233 2 . 3 1 0 2 . 35 7  2 . 395 2 . 420 
SE . 01 8  . 01 0  . 008 . 008 . 007 . 009 . 008 . 009 . 007 

OIL �lean 1 . 636 1 . 8 1 9  2 . 02 5  2 . 1 56 2 . 232 2 . 292 2 . 335 2 . 370 2 . 393 
SE . 01 0  . 01 2  . 0 1 0  . 008 . 008 . 00 7  . 007 , 008 . 007 

SIGNIFICANCE OF DIFFERENCES BETWEEN GROUP MEANS 
"F" 4 . 1 0 4 . 35 2 . 50 4 . 10 2 . 73 2 . 93 2 . 35 3 . 1 0  2 . 63 

** * *  * ** * * ' ns * * 

*** p < 0 . 001 ; ** 0 . 001 < p < 0 . 01 ; * 0.01  < p < 0 , 05 ;  ns p > 0 , 05 

TESTOSTERONE PROPIONATE : DAY 2 

WEEKS : GROUP MEANS AND STANDARD ERRORS 

1 2  1 3  1 4  1 5  1 6  1 7 . 

2 . 4 1 8  2 . 42 1  2 . 445 2 . 47 7  2 . 489 2 . 485 
. 005 . 006 . 007 . 006 . 006 . 007 

2 . 409 2 . 408 2 . 440 2 . 4 75 2 . 49 4  2 . 492 
' . 0 1 0  . 0 1 2  . 0 1 3  . 0 1 3  . 0 1 1 . 009 

2 . 463 2 . 469 2 . 4 9 1  2 . 522 2 . 54 0  2 . 527 
. O l l . 01 1 . 008 . 008 . 009 . 008 

2 . 4 6 1  2 . 465 2 . 498 2 . 527 2 . 552 2 . 535 
. 01 1 , 0 1 0  . 008 . 0 1 0  . O l l . O l l  

2 . 440 2 . 447 2 . 4 7'• 2 . 51 3  2 . 527 2 . 524 
. 0 1 6  . 0 1 8  . 0 1 5  . 0 1 5  . 0 1 5  . 0 1 5  

2 . 428 2_ . 423 2 . 463 2 . 503 2 . 5 1 6  2 . 509 
. 007 . 008 . 004 . 004 . 005 . 003 

2 . 445 2 . 447 2 . 472 2 . 506 2 . 524 2 . 5 1 7  
. 009 . 01 1 .007 . 008 . 009 . 0 1 0  

2 . 4 1 1  2 . 409 2 . 447 2 . 480 2 . 49 3  2 . 485 
. 009 . 0 1 0  . 007 . 007 . 007 . 007 

4 . 65 4 . 6 1  5 . 08 4 . 85 5 . 65 4 . 64 
** ** *** *** *** ** 

1 8  

2 . 49 1  
. 007 

2 . 502 
. 009 

2 . 535 
. 009 

2 . 540 
. 0 1 1 

2 . 539 
. 0 1 7  

2 . 5 1 8  
. 003 

2 . 520 
. 0 1 0  

2 . 490 
. 008 

4 , 49 
** 

...... 
ro ro 



TABLE XVII 

BRIEF EXPOSURE OF NEONATAL RATS TO TESTOSTERONE PROPIONATE : DAY 3 

BODY WEIGHT ( log base 10) FOR AGES 1 TO 18 WEEKS : GROUP MEANS AND STANDARD ERRORS 

Week 1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  

4 HOUR IMPLANT 
TP Mean 1 . 1 24 1 . 424 1 . 6 18 1 .  795 2 . 040 2 . 157 2 . 24 5  2 . 254 2 . 320 2 . 366 2 . 393 2 . 420 2 . 435 2 . 462 2 . 495 

SE .010  . 008 . 009 . 023 . 007 . 009 . 0 1 5  . 007 . 008 . 007 . 008 . 009 . 01 0  . 01 0  . 008 
BLANK Mean 1 . 099 1 . 44 1  1 . 636 1 . 84 1 2 . 050 2 . 1 60 2 . 250 2 . 264 2 . 330 2 . 37 1  2 . 389 2 . 4 1 5 2 . 435 2 . 464 2 . 500 

SE . 024 . 01 6  . 008 . 0 1 0  . 01 0  . 009 . 01 0  . 0 1 2  . 0 1 0  · . 009 . 009 . 009 . 009 . 01 1  . 009 
8 HOUR H1PLANT 

TP Mean - 1 . 091  1 . 4 1 1  1 . 597 1 . 859 2 . 072 2 . 1 84 2 .  277  2 . 289 2 . 342 2 . 389 2 . 420 2 . 445 2 . 46 1  2 . 452 2 . 513  
SE . 0 1 0  . 0 1 1  . 01 8  . 009 . 008 . 009 . O l l . 0 1 4  . 0 1 3  . 0 1 3  . 0 1 1 . 0 1 0  . 0 10 . 028 . 01 0  

BLANK He an 1 . 055 1 . 390 1 . 587 1 . 836 2 . 039 2 . 1 62 2 . 257 2 . 251 2 . 332 2 . 379 2 . 40 1  2 . 4 27 2 . 44 2  2 . 462 2 . 495 
SE . 0 27 . 034 . 036 . 033 . 028 . 023 . 02 1  . 0 1 9  . 0 18 . 020 . 022 . 024 . 025 . 020 . 022 

24 HOUR IMPLANT 
TP Mean 1 . 091  1 . 400 1 . 570 1.  7 7 1  2 . 003 2 . 1 3 1  2 . 233 2 . 260 2 . 3 1 4  2 . 37 3  2 . 385 2 . 4 30 2 . 440 2 . 467 2 . 495 

SE . 01 4  . 01 7  . 01 7  . 0 1 6  . 0 1 5  . 01 3  . 0 1 2  . 0 1 5  . 023 . 0 1 5  . 0 1 8  . 0 1 6  . 01 4  . 0 1 7  . 01 6  
BLANK Mean 1 . 067 1 . 379 1 . 53 7  1 .  7 1 7  1 . 965 2 . 1 15 2 . 2 1 9  2 . 239 2 . 307 2 . 35 1  2 . 374 2 . 400 2 . 4 1 1  2 . 444 2 . 473 

SE . 0 1 7  . 01 4  . 008 . 021 . 0 1 5  . 0 1 2  . 0 1 1  . 0 1 2  . O l l . 009 . 0 1 0  . 0 1 1 . 009 . 009 . 01 0  
INJECTION 

TP Mean 1 . 137  1 . 455 1 . 659 1 . 831 2 . 044 2 . 163 2 . 258 2 . 257 2 . 320 2 . 378 2 . 402 2 . 432 2 . 44 5  2 . 476 2 . 51 2  
SE . 020 . 01 6  . 0 1 4  . 016 . 0 1 2  . 009 . 007 . 0 1 0  . 0 1 2  . 004 . 004 . 0 1 5  . 007 . 010 . 009 

OIL Mean 1 . 133 1 � 455 1 . 658 1 .  788 . 2 . 0 1 1  2 . 140 2 . 23 7  2 . 247 2 . 303 2 . 354 2 . 367 2 . 394 2 . 4 1 8  2 . 4 43 2 . 479 
SE . 0 1 6  . 01 4  . 007 . 027 . 009 . 0 1 1  . 0 10 . 0 1 5  . 0 1 2  . 0 1 0  . 0 1 1  . 0 1 0  . 009 . 0 1 5  . 0 1 0  

SIGNIFICANCE OF DIFFERENCES BETWEEN GROUP MEANS 
"F" 2 . 81 2 . 98 7 . 00 6 . 08 6 . 83 3 . 22 2 . 15 1 .  51 0 . 85 1 . 27 1 . 69 1 . 87 1 . 84 0 . 45 1 . 35 

... ... ... ......... *** *** **· ' ns ns ns ns ns ns ns ns ns 

......... p < 0 . 001 ; ...... 0 . 001 < p < 0 . 01 ; * 0 . 0 1  < p < 0 . 05 ;  ns p > 0 . 05 

1 6  1 7  

2 . 478 2 . 490 
. 008 . 007 

2 . 479 2 . 492 
. 008 . 009 

2 . 504 2 . 51 2  
. 009 . 010 

2 . 483 2 . 494 
. 02 1  . 022 

2 . 482 2 . 492 
. 0 1 7  . 01 6  

2 . 466 2 . 47 1  
. 0 1 0  . 009 

2 . 495 2 . 508 
. 007 . 01 0  

2 . 465 '1, . 474 
. 009 . 01 0  

1 . 27 1 . 46 
ns . ns 

1 8  

2 . 492 
. 009 

2 . 488 
. 009 

2 . 51 3  
. 01 2  

2 . 502 
. 023 

2 . 495 
. 01 4  

2 . 478 
. 009 

2 . 51 2  
. 010 

2 . 478 
. 01 3  

1 . 14 
ns 

...... CO loO 



TABLE XVI I I  

BRIEF EXPOSURE OF NEONATAL RATS TO TESTOSTERONE PROPIONATE : DAY 5 

BODY WEIGHT ( log base 1 0 )  FOR AGES 3 TO 19 WEEKS : GROUP MEANS AND STANDARD ERRORS 

Week 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  
Grou2 

4 HOUR UlPLANT 
TP Mean 1 . 607 1 . 845 2 . 01 8  2 . 139 2 . 2 1 7  2 . 267 2 . 30 1  2 . 340 2 . 365 2 . 382 2 . 39 1  2 . 4 1 4  2 . 435 2 . 475 2 . 500 2 . 483 2 . 486 

SE . 0 1 5  . 01 6  . 01 2  . 009 . 008 . 007 . 007 . 0 1 2  . 0 1 2  . 0 1 3  . 0 1 4  . 01 4  . 0 1 1  . 01 5  . 0 1 6  . 01 8  . 01 8  
BLANK Mean 1 . 59 7  1 . 849 2 . 026 2 . 139 2 . 2 1 5  2 . 259 2 . 298 2 . 331 2 . 354 2 . 370 2. 38'• 2 . 398 2 . 42 1  2 . 454 2 . 47 7  2 . 464 2 . 469 

SE . 024 . 01 8  . 01 4  . 0 1 1  . 0 10 . 009 . 009 . 008 . 0 1 1  . 0 1 0  . 01 0  . 0 1 0  . 009 . 009 . 01 0  • •  0 1 0  . 01 0 
8 HOUR IMPLANT 

TP Nean 1 . 620 1 . 857 2 . 02 5  2 . 139 2 . 2 1 2  2 . 265 2 . 306 2 . 344 2 . 367 2 . 390 2 . 408 2 . 4 28 2 . 452 2 . 486 2 . 5 1 4  2 . 496 2 . 50 1 
s·E . 0 1 3  . 0 1 3  . 0 1 3  . 0 1 1 . 0 1 1 . 01 2  . 0 1 2  . Oi l . 0 1 1 . 0 1 1 . 0 1 2  . 0 1 2  . 0 1 1  . 01 1  . 01 0  . O l l . 0 1 0  

BLANK Mean 1 . 574 1 . 8 1 8  1 . 994 2 . 1 1 7 2 . 203 2 . 258 2 . 302 2 . 342 2 . 366 2 . 383 2 . 400 2 . 422 2 . 441 2 . 475 2 . 497 2 . 480 2 . 488 
SE . 02 5  . 020 . 01 7  . 0 1 5  . 0 1 5  . 01 3  . 0 1 3  . O l l  . 0 1 1  . 0 1 0  . 0 1 0  . 010 . 008 . 007 . 008 . 0 1 0  . 009 

24 HOUR IMPLANT 
TP Mean 1 . 636 1 . 845 2 . 048 2 . 1 5 5  2 . 238 2 . 290 2 . 340 2 . 375 2 . 402 2 . 421 2 . 440 2 . 462 2 . 482 2 . 5 1 4  2 . 532 2 . 523 2 . 529 

SE . 0 1 1  . 01 8  . 023 . 0 10 . 0 1 0  . 008 . 007 . 008 . 008 . 007 . 007 . 007 . 007 . 006 . 007 . 007 . 008 
BLANK Mean 1 . 6 19 1 . 827 2 . 004 2 . 1 34 2 . 2 1 3  2 . 262 2 . 307 2 . 345 2 . 369 2 . 387 2 . 409 2 . 423 2 . 445 2 . 478 2 . 496 2 . 49 3  2 . 505 

SE . 0 1 2  . 0 1 6  . 01 3  . 0 1 3  . 0 1 5  . 0 1 2  . 0 1 2  . 0 1 3  . 0 1 4  . 0 1 4  - . 01 3  . 0 1 2  . 01 2  . 0 1 2  . 01 4  . 01 2  . 01 4  
4 8  HOUR IMPLANT 

TP Mean 1 . 55 1  1 .  776 1 .  9 6 1  2 . 097 2 . 185 2 . 265 2 . 285 2 . 320 2 . 343 2 . 362 2 . 378 2 . 396 2 . 41 9  2 . 449 2 . 476 2 . 4 6 1  2 . 462 
SE . 036 . 02 1  . 02 1  . 02 1  . 02 1  . 0 1 5  . 02 1  . 02 1  . 020 . 0 1 9  . 02 1  . 0 1 8  . 0 1 7  . 0 1 7  . 0 1 7  . 0 1 6  . 0 1 4  

BLANK Mean 1 . 570, 1 . 775 1 . 957 2 . 096 2 . 1 7 3  2 . 227 2 . 27 2  2 . 297 2 . 328 2 . 34 7  2 . 36 1  2 . 380 2 . 402 2 . 4 34 2 . 459 2 . 443 2 . 44 1  
SE . 0 14 . 01 3  , 01 3 . 01 3  . 0 10 . 009 , 0 1 1  , 0 1 0  . 0 1 0  . 0 1 0  . 009 . 0 10 , 009 . 01 0  . 0 1 1  . 0 1 3  , 0 1 3  

INJECTION 
TP Mean 1 . 623 1 . 8 1 1  2 . 00 1  2 . 1 35 2 . 2 1 7  2 . 273 2 . 3 1 7  2 . 355 2 , 38 1  2 . 397 2 . 4 1 1 2 . 442 2 , 466 2 . 493 2 . 523 2 . 507 2 . 51 0 

SE . 034 . 02 1  . 01 8  , 0 1 7  . 0 1 9  . 01 8  . 0 1 2  . 0 1 7  . 0 1 7  . 01 6  . 0 1 4 . 0 1 5  • •  0 1 5  . 0 1 6  . 01 5  . 01 3  . 01 4  -
OIL Mean 1 . 645 1 . 8 1 3  1 . 984 2 . 1 18 2 . 204 2 .  250 2 . 289 2 , 325 2 . 352 2 . 370 2 . 385 2 . 400 2 . 424 2 . 456 2 . 483 2. 466 2 . 470 

SE , 027 . 0 1 3  . 01 2  , 009 . 009 . O l l , 0 1 1  , 0 1 1  , 01 0 , 0 1 1  . 0 1 1  , 01 0  . 001 2 , 01 3  , 0 1 3  . 0 14 . 0 1 1  

SIGNIFICANCE OF DIFFERENCES BETWEEN GROUP MEANS 
" F" 1 . 96 3 . 06- 3 . 58 2 . 27 1 . 89 1 . 46 2 . 60 2 . 92 2 . 7 7 2 . 85 3 . 1 4  4 . 1 3  4 , 57 4 . 02 3 . 60 3 . 68 4 , 23 

ns ** *** ** ns ns * ** ** ** ** *** *** *** *** *** *** 

*** p < 0 . 00 1 ; ** 0 . 001 < p < 0 . 01 ; * 0 . 01 < p < 0 . 05 ;  ns p ?" 0 , 05 

...... I.D 0 



TABLE XIX  
a 

BRIEF EXPOSURE OF NEONATAL RATS TO TESTOSTERONE PROPIONATE : DAY 2 

SUMMARY OF REGRESSION ANALYSES OF BODY WEIGHT AND AGE (WEEK 3-1 2 )  
X=reciprocal o f  age ; Y=log ( base 1 0 )  body weight 

SOURCE OF 
VARIATION 

Between weeks 
Linear regression 

DEGREES OF 
FREEDOM 

9 
1 
8 Deviations 

Within weeks lO(n- 1)-m 

Number o f  rats ( n )  
Missing values (m)  
Regression coefficient 

SOURCE OF 
VARI ATION 

DEGREES OF 
FREEDOM 

Between weeks 
Linear regression 

9 
1 
8 Deviations 

Within weeks 1 0(n- 1)-m 

Number o f  rats ( n )  
Missing v alues ( m )  
Regression coef ficient 

SOURCE OF 
VARI ATION 

DEGREES OF 
FREEDOM 

Between weeks 9 
Linear regression 1 
Deviat ions 8 

SUMS OF SQUARES OF Y 

4 HOUR 

7 .  51 65*'!<* 
7 .  4945*'!<* 
0 . 02 20* 
0 . 131 7 

1 1  
0 

- 3 . 4256 

TP IMPLANT 
8 HOUR 

4 . 8963'!<** 
4 . 6346>'.<>!<* 
0 .  261 7*'):* 
0 . 1 588 

8 
2 

-3 . 3523 

24 HOUR 

5 . 0313*** 
4 . 9896*** 
0 . 04 1 6* 
0 . 1328 

7 
3 

-3 . 556 1 

SUMS OF SQUARES OF Y 

BLANK IMPLANT 
4 HOUR 8 HOUR 

5 .  9473*'!<* 
5 . 7268*** 
o. 2205'!<*>!< 
0 . 1888 

9 
0 

-3 . 3399 

2 .  6970'!<*>): 
2 .  5243>):�<>): 
0 . 1 7 27>): >!<* 
0 . 0365 

5 
0 

-2 . 8678 

24 HOUR 

4 .  4024'!<** 
4 .  3205*'!<* 
0 .  0820'!<** 
0 . 06 1 8  

7 
9 

-3 . 5251 

SUMS OF SQUARES OF. Y 

INJECTION 
TP OIL 

8 . 06 1 8*** 7 . 48 1 4*** 
7 . 9856*** 7 . 3867*** 
0 . 0762*** 0 . 0947*** 

Wi thin weeks 1 0  (n-1)-m 0 . 1048 0 . 0977  

Number o f  rats ( n )  1 1  
Missing values ( m ) 0 
Regression coefficient -3 . 5395 

*** p < 0 . 001 ; ** 0 . 001  < p < 0 . 01 ; * 0 . 01 < p < 0 . 05 

1 2  
0 

-3 . 2630 
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TABLE XX 

BRIEF EXPOSURE OF NEONATAL RATS TO TESTOSTERONE PROPIONATE : DAY 3 

SUMMARY OF REGRESSION ANALYSES OF BODY WEIGHT AND AGE (WEEK 3-1 2 )  
X=reciprocal o f  age ; Y=log (base 10)  body weight 

SOURCE OF 
VARI ATION 

DEGREES OF 
FREEDOM 

Between weeks 
Linear regression 

9 
1 
8 Deviations 

Within weeks 1 0(n-1)-m 

Number o f  rats ( n )  
Missing val ues (m)  
Regression coefficient 

SOURCE OF 
VARIATION 

DEGREES OF 
FREEDOM 

Between weeks 
Linear regression 
Deviations 

9 
1 
8 

Within weeks 10(n- 1)-m 

Number o f  rats ( n )  
Missing values (m)  
Regression coefficient 

SOURCE OF 
VARIATION 

DEGREES OF 
FREEDOM 

Between weeks 
Linear regression 

9 
1 
8 Deviat ions 

Within weeks 1 0(n- 1)-m 

Number of rats ( n )  
Missing values ( m )  
Regression coeffic ient 

SUMS OF SQUARES OF Y 

TP IMPLANT 
4 HOUR 

7 . 1 290'1<** 
7 . 0236**'1< 
0 .  1 053'1<*>1< 
0 . 1 239 

1 2  
1 

-3 . 3337 

8 HOUR 

6 .  7085'1<** 
6 . 0483'�** 
0 . 6602*** 
0 . 1 287 

10  
1 

-3 . 2443 

24 HOUR 

7 . 3 1 90*** 
7 .  7 134*** 
0 . 1 852*** 
0 . 2143  

1 0  
0 

-3 . 5335 

SUMS OF SQUARES OF Y 

BLANK IMPLANT 
4 HOUR 8 HOUR 

5 .  3694*>1<>!< 
5 .  3395*'1<* 
0. 0299'1<':'* 
0 . 0685 

9 
0 

-3 . 1 997 

4 . 6977*** 
4 . 674l >l<>l<* 
0. 0235 
0. 2680 

7 
0 

-3 . 3945 

24 HOUR 

7 . 7533*** · 
7 .  7 108*'1<* 
0 . 0425* . 
0 . 1924 

10  
0 

-3 . 6478 

SUMS OF SQUARES OF- Y 

INJECTION 
TP 

4 . 7878*** 
4 . 7337*** 
0 . 054 1*** 
0 . 0529 

8 
0 

-3 . 1 955 

OIL 

3 . 936 4*** 
3 . 8676*** 
0 . 0689*** 
0 . 0646 

7 
1 

-3 . 1 193 

*** p < 0 . 00 1 ; ** 0 . 001 < p < 0 . 01 ; * 0 . 01 < p < 0 . 05 
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TABLE XXI 

BRIEF EXPOSURE OF NEONATAL RATS TO TESTOSTERONE PROPIONATE : DAY 2 

SUMMARY OF REGRESSION ANALYSES OF BODY WEIGHT AND AGE ( WEEK 13- 1 5 )  
X=age ; Y=log( base 1 0 )  body weight 

SOURCE OF 
VARIATION 

DEGREES OF 
FREEOOM 

Between weeks 2 
Linear regression 1 
Deviations 1 

Wi thin weeks 3 ( n- 1 )-m 

Number o f  rats ( n )  
Missing values ( m )  
Regression coefficient 

SOURCE OF 
VARIATION 

DEGREES OF 
FREEDOM 

Between weeks 
Linear regression 

2 
1 
1 Deviations 

Within weeks 3 ( n - 1 ) -m 

Number o f  rats (n)  
Missing values (m)  
Regression coefficient 

SOURCE OF 
VARIATION 

DEGREES OF 
FREEDOM 

Between weeks 
Linear regression 

2 
1 
1 Deviat ions 

Within weeks 3 ( n- 1 ) -m 

Numbe r  of rats ( n )  
Missing values (m)  
Regression coefficient 

SUMS OF SQUARES OF Y 

TP IMPLANT 
4 HOUR 

0 .  017  500**'� 
0 .  017338*':<* 
0 . 000162 
0 . 0 12800 

1 1  
0 
0 . 02807 

8 HOUR 

0 .  01009 1 �"� 
0 .  009927 ':<* ':< 
0 . 000164 
0 . 010706 

7 
0 
0 . 02663 

24 HOUR 

0 . 01 3220* 
0 . 013101*  
0 . 0001 1 9  
0 . 02349 1 

6 
0 
0 . 03304 

SUMS OF SQUARES OF Y 

4 HOUR 
BLANK IMPLANT 

8 HOUR 24 HOUR 
0 .  020553':< * 
0 .  02051 7'�':< ':< 
0 . 000036 
0 . 034500 

0. 009709':'* 
o . oo969rP�* 
0 . 0000 1 2  
0 . 0054 16 

0 .  019080':<'�* 
0 .  018945**'): 
0 . 000 135 
0 . 003 1 28 

9 
0 
0 . 03376 

5 
0 
0 . 031 1 4  

6 
0 
0 . 03973  

SUMS OF SQUARES OF Y 

INJECTION 
TP 

0 . 0192 2>l<>l<* 
0 . 01 898*** 
0 . 00024 
0 . 02581 

1 1  
0 
0 . 02937 

OIL 

0.  03033'l<** 
0 . 03028*** 
0 . 00005 
0 . 02457 

1 2  
0 
0 . 03552 

**>): p < 0 . 001 ; ** 0 . 001  < p  < 0 . 01 ;  * 0 . 0 1 < p < 0 . 05 
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TABLE XXII 

BRIEF EXPOSURE OF NEONATAL RATS TO TESTOSTERONE PROPIONATE:  DAY 2 

SUMMARY OF REGRESSION ANALYSES OF BODY WEIGHT AND AGE ( WEEK 16-18) _ 
X=age ; Y= log ( base 1 0 )  body weight 

SOURCE OF 
VARIATION 

Between weeks 
Linear regre s sion 
Deviations 

DEGREES OF 
FREEDOM 

2 
1 
1 

Within weeks 3 ( n-1)-m 

Number o f  rats ( n )  
Missing values (m)  
Regression coefficient 

SOURCE OF DEGREES OF 
VARI ATION FREEDOM 

Between weeks 2 
Linear regression 1 
Deviations 1 

Within weeks 3 ( n- 1 )-m 

Number o f  rat s ( n )  
Missing values (m)  
Regression coefficient 

SOURCE OF 
VARIATION 

DEGREES OF 
FREEDOM 

Between weeks 
Linear regression 

2 
1 
1 Deviat ions 

Wi thin weeks 3 ( n-1 )-m 

Number of rats { n )  
Missing values (m) 
Regression coeffic ient 

SUMS OF SQUARES OF Y 

4 HOUR 

0 . 000230 
0 . 000022 
0 . 000208 
0 . 0 1 4600 

1 1  
0 
0 . 001000 

TP IMPLANT 
8 HOUR 

0 . 000730 
0 . 000101 
0 . 000629 
0 . 008903 

7 
2 

-0 . 002791  

24 HOUR 

0 . 000885 
0 . 000564 
0 . 00032 1 
0 . 026597 

7 
2 
0 . 006600 

SUMS OF SQUARES OF Y 

BLANK IMPLANT 
4 HOUR 8 HOUR 24 HOUR 

0 . 000489 0 . 000787 0 . 000284 
0 . 00002 5 0 . 00036 1 0 . 000009 
0 . 000239 0 . 000426 0 . 000275 
0 . 021058 0 . 0072 15 0 . 001 223 

9 5 6 
0 0 0 
0 . 003727 -0 . 0060 10 0 . 000850 

SUMS OF SQUARES OF Y 

INJECTION 
TP OIL 

0 . 000282 0 . 000423 
0 . 0001 1 3  0 . 000079 
0 . 000169 0 . 000344 
0 . 031 248 0 . 022231 

1 1  1 2  
0 0 

-0 . 002262 -0 . 001 809 

*** p < 0 . 001 ; ** 0 . 001 < p < 0 . 0 1 ; * 0 . 01 < p  < 0 . 05 
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TABLE XXI I I  

PROLONGED EXPOSURE O F  NEONATAL RATS TO TESTOSTERONE PROPIONATE 

A NOGENITAL DISTANCE (mm)  AT \vEANING ( 21 days ) 0 

TREATMENT AGE AT WHICH TREATMENT COMMENCED 
D2 D3 D5 

n Mean SE n Mean SE n Mean SE 

TP IMPLANT ' 4 1 0 . 0  0 . 3  6 9 . 3  0 . 4  2 7 . 9  0 . 2  

TP INJECTION , 7 8 . 1 0 . 3 4 8 . 9  1 . 1  7 8 . 5  0 . 2  

CONTROL 3 1 1  9 . 1 0 . 3  8 9 . 6  0 . 5  3 7 . 6  0 . 1 

TABLE XXIV 

PROLONGED EXPOSURE OF NEONATAL RATS TO TESTOSTERONE PROPIONATE 

OVARIAN \VEIGHT ( mg )  AT 100 DAYS0 0 

TREATMENT AGE AT WHICH TREATMENT COMMENCED 
D2 D3 D5 

n Mean SE n Mean SE n Mean SE 

TP IMPLANT ' 4 1 4 . 3  2 . 1 5 33 . 4  6 . 3  1 1  40 . 1 2 . 1 

TP INJECTION , 7 49 . 8  3 . 1 4 51 . 8  5 . 4  7 41 . 1  4 . 0  

CONTROL 3 1 1  74 . 8  7 . 2  7 76 . 7  5 . 2  1 1  83 . 2  5 . 0  

TABLE XXV 

PROLONGED EXPOSURE OF NEONATAL RATS TO TESTOSTERONE PROPIONATE 

SEXUAL BEHAVIOUR ( lordosis quotient )  AT 1 9  \VEEKS0 0 

TREATMENT AGE AT WHICH TREATMENT COMMENCED 
D2 D3 D5 

n Mean SE n Mean SE n Mean SE 

TP IMPLANT ' 3 0 . 0  0 . 0  5 0 . 0  0 . 0  1 1  47 . 5  9 . 0  

TP I NJECTION , 7 1 3 . 6  5 . 6  4 15 . 0  6 . 5  5 28 . 0  1 4 . 7  

CONTROL ' 1 1  1 00 . 0  0 . 0  8 100 . 0 . 0 . 0  1 2  1 00 . 0  0 . 0  
0 Al l _of the a priori con trasts were non-significant (p > o. 05 ) 
0 0Significance of d ifferences presented in Chapter 5 
I 2 . 5mm TP-filled PDS capsule plus 0 . 05ml oil injection 
2 90pg TP i n  0 . 05ml o i l  plus an empty capsule 
3 0 . 05ml oil  injection plus an empty capsule 
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TABLE XXVI 

PROLONGED EXPOSURE OF NEONATAL RATS TO TESTOSTERONE PROPIONATE 

BODY WEIGHT ( log base 10) FOR AGES 3 TO 20 II'EEKS : GROUP �lliANS AND STANDARD ERRORS 

Week 3 4 5 6 7 8 9 10  1 1  1 2  1 3  1 4  1 5  16  1 7  1 8  1 9  20 
G roup 

DAY 2 
IMPLANT ' Mean 1 . 559 1 .  745 1 . 928 2 . 042 2 . 079 2 . 1 10 2 . 1 5 2  2 . 1 6 2  2 . 1 84 2 . 203 2 . 2 1 8  2 . 24 3  2 . 236 2 . 246 2 . 250 2 . 264 2 . 265 2 . 256 

SE . 030 . 033 . 01 8  . 010 . 00 7  . 008 . 01 0  . 006 . 008 . 006 . 008 . 008 . 009 . 008 . 01 0  . 009 . 01 0  . 01 2  
INJECTN ' Mean 1 . 589 1 . 8 19 1 . 981 2 . 1 27 2 . 195  2 . 264 2 . 329 2 . 346 2 . 376 2 . 4 1 5  2 . 438 2 . 45 1  2 . 463 2 . 489 2 . 5 1 2  2 . 5 1 3  2 . 499 2 . 499 

SE . 023 . 0 1 5  . 029 . 01 6  . 019 . 0 1 7  . 01 6  . 01 5  . 0 16 . 01 4  . 0 14 . 0 1 4  . 0 1 4  . 01 4  . 014 . 01 3  . 01 2  . 01 4  
CONTROL '  Hean 1 . 574 1 .  795 2 . 042 2 . 134 2 . 1 79 2 . 235 2 . 301 2 . 31 7  2 . 344 2 . 387 2 . 403 2 . 4 1 9  2 . 43 1  2 . 455 2 . 478 2 . 485 2 . 47 7  2 . 472 

SE . 02 1  . 0 1 8  . 087 . 01 6  . 0 1 9  . 0 1 5  . 0 1 3  . 033 . 0 1 0  . 0 1 1 . 009 . 01 0  . 0 1 1  . 01 2  . O l l  . 01 3  . 01 3  . 0 1 3  
DAY 3 
IMPLANT Mean 1 . 587 1 . 8 1 1  2 . 0 1 9  2 . 1 25 2 . 194 2 . 252 2 . 298 2 . 326 2 . 352 2 . 375 2 . 395 2 . 4 1 3  2 . 372  2 . 4 1 1 2 . 4 1 4  2 . 4 1 8  2 . 41 2  2 . 402 

'SE . 038 . 046 . 027  . 022 . 026 . 030 . 03 1  . 033 . 036 . 037 . 038 . 042 . 035 . 049 . 05 1  . 05 1  . 049 . 050 
INJECTN Mean 1 . 592 1 . 836 2 . 0 1 2  2 . 1 38 2 . 207 2 . 275 2 . 3 33 2 . 36 7  2 .  404 2 .  452 2 . 459 2 . 470 2 . 485 2 . 502 2 . 5 1 4  2 . 529 2 . 51 8  2 . 51 6  

SE . 075 . 064 . 04 5  . 049 . 028 . 035 . 040 . 032 . 033 . 035 . 035 . 035 . 034 . 030 . 027 . 022 . 023 . 023 
CONTROL Hean ' 1 , 642 1 . 849 1 . 982 2 . 1 7 2  2 . 2 1 5  2 . 273 2 . 333 2 . 350 2 . 3 7 1  2 . 409 2 . 42 1  2 . 438 2 . 448 2 . 480 2 . 505 2 . 524 2 . 505 2 . 508 

SE . 030 . 029 . 01 7  . 026 . 01 8  . 0 1 8  . 02 1  , 0 1 9  . 0 1 8  . 024 . 02 2  . 02 1  . 02 1  . 0 1 8  . 0 1 7  . 023 . 023 . 023 
DAY 5 
IMPLANT Mean 1 . 682 1 . 869 1 .  979 2 . 1 4 5  2 . 220 2 . 290 2 . 340 2 . 378 2 . 39 7  2 . 435 2 . 459 2 . 473 2 . 489 2 . 492 2 . 51 1  2 . 496 2 . 506 2 . 5 1 5  

S E  . 028 . 248 . 096 . 0 1 4  . 0 1 5  . 0 1 5  . 01 7  . 0 1 7  . 01 7  . 0 1 8  . 0 1 8  . 0 1 8  . 020 . 01 9  . 020 . 020 . 022 . 024 
INJECTN Mean 1 . 570 1 . 8 1 9  1 .  952 2 . 098 2 . 195 2 . 262 2 . 3 1 7  2 . 352 2 . 38 1  2 . 405 2 . 442 2 . 456 2 . 463 2 . 493 2 . 5 1 5  2 . 529 2 . 537 2 . 539 

SE . 039 . 027  . 032 . 023 . 0 19 . 0 1 3  . 0 1 0  . 01 0  . 008 . 0 1 5  . 01 3  . 008 . 0 1 0  . 01 1  . O l l . 009 . 007 . 005 
CONTROL Mean 1 . 670 1 . 857 1 . 925 2 . 1 29 2 . 2 1 2  2 . 268 2 . 3 1 2  2 . 339 2 . 361  2 . 382 2 . 402 2 . 42 1  2 . 435 2 . 458 2 . 489 2 . 464 2 . 476 2 . 487 

SE . 028 . 020 . 0 1 2  . 0 1 3  . 01 1  . 01 1  . 009 . 01 0  . 0 1 3  . 0 1 1  . O l l . O l l . 0 1 1  . Ol l  . 01 0  . 009 . 01 0  . 01 0  

SIGNIFICANCE O F  DIFFERENCES BETIVEEN GROUP MEANS 
" F" 2 . 26 1 .  54 0 , 43 2 . 27 3 . 4 1 5 . 78 6 . 23 8 . 5 2 7 . 93 8 . 27 9 . 29 8 . 1 7  1 1 . 4 1  1 0 . 85 1 2 . 4 3  9 . 29 8 . 90 9 . 32 

* _ ns ns * ** *** *** *** *** *** *** *** *** *** *** *** *** *** 

*** p < 0 . 001 ; ** 0 . 001 < p < 0 . 01 ;  * 0 . 01 < p < 0 . 05 ; ns p > 0. 05 

' 2 . 5mm TP-fil led PDS capsule plus 0 . 05ml oil injection 
• 90�g TP in 0 . 05ml oil plus an empty ·capsule 
• 0 . 05ml oil injection plus an empty capsule 



TABLE XXVII 

PROLONGED EXPOSURE OF NEONATAL RATS TO TESTOSTERONE PROPIONATE 

SUMMARY OF REGRESSION ANALYSES OF BODY WEIGHT AND AGE ( WEEK 3- 1 4 )  
X=rec iprocal o f  a ge ; Y=log( base 10)  body weight 

SOURCE OF 
VARIATION 

DEGREES OF 
FREEDOM 

Between weeks 1 1  
Linear regression _ 1 
Deviations 1 0  

Within weeks 1 2(n-1)-m 

Number o f  rats ( n )  
Missing values (m)  
Regression coefficient 

SOURCE OF 
VARIATION 

DEGREES OF 
FREEDOM 

Between weeks 1 1  
Linear regression 
Deviations 

1 
10  

1 2(n- 1)-m Within weeks 

Number of rats ( n )  
Missing values ( m )  
Regression coefficient 

SOURCE OF 
VAR I ATION 

DEGREES OF 
FREEDOM 

Between weeks 1 1  
Linear regression 1 

1 0  
1 2(n-1)-m 

Deviations 
Within weeks 

Number of rats ( n )  
Missing values ( m )  
Regression coefficient 

SUMS OF SQUARES OF Y 

TREATMENT ON DAY 2 
IMPLANT INJECTION CONTROL 

1 .  9 3 1 8**>:< 5 . 6623*** 7 . 8670*** 
1 .  9 1 1S >l<** 5 . 6428*'l<* 7 . 7853*** 
0 . 0203* 0 . 0 1 95 0 . 08 1 7** 
0 . 0358 0 . 1 586 0 .  2906 

4 7 10  
0 0 0 

- 2 . 6080 -3 . 3855 -3 . 3341 

SUMS OF SQUARES OF Y 

TREATMENT ON DAY 3 
IMPLANT INJECTION CONTROL 

4 .  351 2'l<** 3 .  343I>l<** 5 .  6543*'l<* 
4 . 3405'l<** 3 . 3348*** 5 . 6147*** 
0 . 0107  0 . 0083 0 . 0396 
0 . 4292 0 . 2709 0 . 3358 

6 4 8 
0 0 0 

-3 . 207 1 -3 . 4427 -3 . 1 624 

SUMS OF SQUARES OF Y 

TREATMENT ON DAY 5 
IMPLANT INJECTION CONTROL 

7 . 3377*** 6 . 1 088*** 7 . 1 289*** 
7 . 0532*** 6 . 0735*** 7 . 0238*** 
0 . 2845*** 0 . 0353 0 . 1 05 1* 
0 . 4399 0 . 23 1 8  0 . 292 1 

1 1  7 1 1  
1 0  0 1 
-3 . 1 5 70 -3 . 5757 -2 . 931 2 

*** p < 0 . 001 ; *>l< 0 . 001 < p < 0 . 01 ; * 0 . 01 < p < 0 . 05 
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TABLE XXVII I  

PROLONGED EXPOSURE OF NEONATAL RATS TO TESTOSTERONE PROPIONATE 

SUMMARY OF REGRESSION ANALYSES OF BODY WEIGHT AND AGE ( WEEK 15-1 7 )  
X=age ; Y=log ( base 1 0 )  body weight 

SOURCE OF 
VARIATION 

Between weeks 
Linear regression 
Deviations 

DEGREES OF 
FREEDOM 

2 
1 
1 

Within weeks 3(n- 1 )-m 

Number o f  rats ( n )  
Missing values (m)  
Regression coefficient 

SOURCE OF 
VARIATION 

Between weeks 
Linear regression 
Deviations 

DEGREES OF 
FREEDOM 

2 
1 
1 

Within weeks 3(n- 1)-m 

Number o f  rats ( n )  
Missing values (m)  
Regression coefficient 

SOURCE OF 
VARIATION 

Between weeks 
Linear regression 
Deviations 

DEGREES OF 
FREEDOM 

2 
1 
1 

Within weeks 3(n- 1)-m 

Number o f  rats ( n )  
Missing values ( m )  
Regression coefficient 

SUMS OF SQUARES OF Y 

TREATMENT ON DAY 2 
IMPLANT INJECTION CONTROL 

0 . 000425 0 . 008675 o. 01 1 3 1 5* 
0 . 000403 0 . 008665* 0. 01 1 3 1 4** 
0 . 000022  0 . 00001 0  0 . 000001 
0 . 0031 68 0. 0253 1 9  0 . 034563 

4 7 10 
0 0 0 
0 . 00710 0. 02488 0 . 023 79 

SUMS OF SQUARES OF Y 

TREATMENT ON DAY 3 
IMPLANT INJECTION CONTROL 

0 . 0054 10  
0 . 004306 
0 . 01 1040 
0 . 1 24604 

5 
0 
0 . 02075 

0 . 001 750 0 . 01 2947 
0 . 001 726 0.  01 287 I>l: 
0 . 000024 0 . 000076 
0. 033668 0 . 058204 

4 8 
0 0 
0. 01469 0 . 02836 

SUMS OF SQUARES OF Y 

TREATMENT ON DAY 5 
IMPLANT INJECTION CONTROL 

0 . 003256 0 . 009667** 0 . 0 1 8 1 7 2** 
0 . 002693 0 . 009584>):* 0 .  018046*>): 
0 . 000563 0 . 000083 0 . 0001 26 
0 . 1 28785 0 . 013690 0 . 045895 

1 1  7 1 2  
0 0 0 
0 . 01 106 0. 026 1 6  0 . 02742 

>:<*'* p < 0 . 001 ; ** 0 . 001 < p < O . Ol ;  * 0 . 01 < p < 0 . 05 
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TABLE XXIX 

PROLONGED EXPOSURE OF NEONATAL RATS TO TESTOSTERONE PROPIONATE 

SUMMARY OF REGRESSION ANALYSES OF BODY WEIGHT AND AGE ( WEEK 18-20 ) 
X=age ; Y=log ( base 1 0 )  body weight 

SOURCE OF 
VARIATION 

Between weeks 
Linear regression 
Deviations 

DEGREES OF 
FREEDOM 

2 
1 
1 

Within wee.ks 3(n- 1)-m 

Number o f  rats ( n )  
Missing values (m)  
Regression coefficient 

SOURCE OF 
VARIATION 

Between weeks 
Linear regression 
Deviations 

DEGREES OF 
FREEDOM 

2 
1 
1 

Within weeks 3(n- 1)-m 

Number o f  rats ( n )  
Missing values (m)  
Regression coefficient 

SOURCE OF 
VARIATION 

DEGREES OF 
FREEDOM 

Between weeks 2 
Linear regression 1 
Deviations 1 

Within weeks 3(n- 1)-m 

Number o f  rats ( n )  
Missing values (m)  
Regression coefficient 

SUMS OF SQUARES OF Y 

TREATMENT ON DAY 2 
IMPLANT INJECTION CONTROL 

0 . 000145 0 . 000968 0 . 000891 
0 . 000099 0 . 000739 0 . 000863 
0 . 000046 0. 000229 0 . 000028 
0 . 001859 0. 021 724 0 . 043894 

3 7 1 0  
0 0 0 

-0 . 004066 -0. 007264 -0 . 006570 

SUMS OF SQUARES OF Y 

TREATMENT ON DAY 3 
IMPLANT INJECTION CONTROL 

0 . 000654 
0 . 000642 
0 . 0000 1 2  
0 . 1 49777  

5 
0 

-0 . 00801 0  

0. 000388 
0. 000326 
0. 000062 
0 . 018963 

4 
0 

-0. 006387 

0 . 0001 67 
0 . 001029 
0 . 000862 
0 . 088426 

8 
0 

- 0 . 00801 8  

SUMS OF SQUARES O F  Y 

TREATMENT ON DAY 5 
IMPLANT INJECTION CONTROL 

0 . 003698 0. 000448 0 . 002983 
0 . 00357 5  0 . 000400 0 . 002977  
0 . 0001 23 0 . 000048 0 . 000006 
0 . 1 35760 0. 006 105 0 . 375920 

1 0  7 1 2  
0 0 0 
0 . 01377  0. 005342 o .  01 1 137  

All o f  the r egression coefficients were non-significant (p  > . 05 ) 
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