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WILSON, C. A., J. R. PEARSON, A. J. HUNTER, P. A. TUOHY AND A. P. PAYNE. The e/]bct ~I" neonatal 
manipulation oJ'hypothalamic serotonin levels on sexual activity in the adult rat. PHARMACOL BIOCHEM BEHAV 
24(5) 1175-1183, 1986.--5HT and 5HIAA levels were altered in neonatal males and females by treating them with 100 mg/kg 
p-chlorophenylalanine (PCPA) or 20 mg/kg 5-hydroxytryptophan (5HTP) over either days I to 7 or I I to 16 of life. 
Androgenized females (testosterone propionate given on day 1) were also treated over days 1 to 7. In adulthood the effects 
of these treatments on sexual behaviour were observed. None of the treatments affected feminine sexual behaviour in either 
sex. Reduction of 5HT activity by PCPA enhanced masculine sexual behaviour in males and potentiated the defeminizing 
effect of exogenous testosterone in females. Increasing 5HT by 5HTP antagonised the defeminizing effect of exogenous 
testosterone. These findings indicate that the lower levels of hypothalamic 5HT and 5HIAA seen in the neonatal males may 
have some physio[ogical importance, since 5HT appears to antagonise the androgenizing and defeminizing effects of 
testosterone. 
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T H E  influence of  gonadal steroids during the neonatal  period 
on sexual differentiat ion of  the hypothalamus and subse- 
quent  adult reproduct ive  function and behaviour  is well es- 
tablished [2, 3, 19, 28]. The biochemical  mechanisms by 
which steroids exer t  their  effect on the CNS are still obscure .  
It is thought likely that the steroids influence neuronal organ- 
ization since there are s teroid-dependent  sexually dimorphic  
neuronal  s tructures in specific hypothalamic  and amygdaloid  
areas [1, 15, 29, 32]. It fol lows from this that neurotransmit-  
ter act ivi ty  might also be different in the sexes and may well 
be involved in sexual differentiation.  This hypothesis  is sup- 
por ted by the fact that administrat ion o f  pharmacologica l  
agents known to alter neuro t ransmi t te r  act ivi ty,  can affect 
sexual ly differentiated behaviour  in adul thood [8, 21, 33]. 

Ladosky  and Gaziri  [26] were  the first to show that levels  
of  5-hydroxyt ryptamine  (5HT; serotonin) in the whole brain 
were  higher in female than male rats in the second postnatal  
week  (probably due to differences in monoamine  oxidase 
act ivi ty  [11]) which in turn may depend on the neonatal  
steroid env i ronment  [12,26], later steroidal manipulat ion 
having no effect [12]. More  recent  reports  show that the sex 
difference in 5HT concentra t ion  on day 12 is significant in 
the hypothalamus [13] and, in part icular ,  in the medial 
preoptic area [36]. These  findings have not always been con- 

f irmed and no sex differences in 5HT were noted in the hypo- 
thalamus by Wilson and Agrawal [391 or  in the preoptic area 
and midbrain raphe by Watts and Stanley [38]. This may be 
due to a shift in the time in which those differences are seen 
in different strains. There may even be two periods of  sex 
difference in 5HT concent ra t ion  since brain levels of  5HT 
and decarboxylase  act ivi ty are repor ted  to be higher in 
female brains on days 1 and 2 of  life as well as day 12 [17, 18, 
31], al though again this has not been conf i rmed in all reports 
[12, 26, 39]. Since 5HT systems have an influence on 
prol iferat ive differentiat ion of  neuronal and glial precursor  
cells in the developing nervous  system [27] and assuming 
there is a sexually differentiated 5HT activi ty induced by the 
neonatal  steroids,  perhaps 5HT may be involved in the sex- 
ual differentiat ion of  neuronal s tructures.  

We have a t tempted to manipulate brain 5HT levels ove r  
days 1 to 7 or  11 to 16 of  postnatal life and note the effect of  
this on sexual behaviour  in adul thood in both sexes and 
androgenized  females.  Days 1-7 incorporate  part of  the 
period over  which the steroids exert  their  masculinizing ef- 
fect on the hypothalamus and days 11-16 is the period when 
5HT activi ty shows sex differences.  Since 5HT activi ty is 
greater  in the female one might predict  that raising 5HT 
levels  would have a feminizing effect while a reduct ion 
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CONCENTRATIONS OF 5HI and 5HIAA IN THE HYPOTHALAMI 
OF MALES & FEMALES ON DAY 10to 16 OF LIFE 
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FIG. 1. Concentrations of 5HT and 5HIAA in brain areas of males 
and females on days 10 to 16 of life. Concentrations of 5HT and 
5HIAA (mg/100 mg) in males • and females [] on days 10, 12, 14, 15 
and 16 of life in (a) hypothalamus (b) amygdala and (c) midbrain. 
Number of samples are given within each histogram and vertical 
lines indicate standard errors. *p<0.05: **p<0.01. Significance of 
difference between males and females. +p<0.05. Significance of 
difference between male values on days 12 and 14. 

would  e n h a n c e  mascu l ine  act iv i ty .  F u r t h e r m o r e  these  ma- 
n ipu la t ions  may  modify  the  mascu l in iz ing  ac t ion  of  exoge-  
nous  t e s t o s t e r o n e  g iven  to neona ta l  females .  

METHOD 
Experiment 1 

The  l i t ters ,  bo rn  on  the  same  day  of  19 m o t h e r s  (Wis ta r  
s t ra in  b red  in the  Animal  H o u s e  of  St. G e o r g e ' s  Hospi ta l  
Medica l  School)  were  r a n d o m i s e d  and  cul led wi th in  24 hours  
o f  b i r th ,  such  tha t  each  l i t ter  cons i s t ed  of  4 or  5 males  and  4 
or  5 females .  The  pups  of  at  least  3 l i t ters  were  then  autop-  
sied on  days  10, 12, 14, 15 and  16 af ter  b i r th  (day of  b i r t h =  

day  O) and  the i r  hypo tha l ami ,  amygda la  and  midbra ins  dis- 
sec ted  [14] and  s tored at  - 8 0 ° C  until  a s sayed  for  indole 
c o m p o u n d s .  

Experiment 2 

The  l i t ters of  14 mo the r s  were  r a n d o m i s e d  and  cul led as 
above .  The  pups  were  t r ea ted  e i the r  ove r  days  1 to 7 af ter  
b i r th  or  11 to 16 af ter  b i r th  with  pharmaco log ica l  agents  
k n o w n  to a u g m e n t  or deple te  5HT (details  below).  Two  lit- 
ters  f rom each  t r e a t m e n t  g roup  were  au tops ied  at the  end  of  
the  t r e a t m e n t  per iod ,  i .e. ,  e i the r  on day 8 or 17 and the i r  
hypo tha l ami  r e m o v e d  and  s tored  at - 8 0 ° C  until  a s sayed  for 
indole c o m p o u n d s .  
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T A B L E  1 

EFFECT OF 5HTP AND PCPA ADMINISTERED NEONATALLY ON HYPOTHALAMIC CONCENTRATIONS OF 
5HT AND 5HIAA 

C o n c e n t r a t i o n  of  h y p o t h a l a m i c  indoles  (ng/100 mg _+ SEM)  

Males  F e m a l e s  

T r e a t m e n t  (days)  5 H T  5 H I A A  5HT 5 H I A A  

Day  8 

I to 7 
0.05 ml sa l ine  (8) 145 + 13.4 45 _~: 5.1 (101 134.5 + 7.3 40_+ 4.3 

20 mg/kg  5 H T P  (9t 287 + 19.8.+ 82 ± 9.9.+ (101 302 ± 13.1.+ 88 _+ 10.5.+ 

100 mg/kg  P C P A  (6) 76 ± 14.3t 34 ± 2.0* (7) 64 _+ 13.8;- 40 _+ 6.0 

150 mg/kg  PCPA (6) 40 ± 4.9.+ 29 ± 11.0" (6) 52 _+ 3.8¢ 37 ± 15.7 

Day  17 

11 to 16 

0.05 ml sa l ine  (6t 192.5 ± 10.9 65 -~: 8.3 (10) 181 ± 14.1 64 ± 5.3 
20 mg/kg  5 H T P  (8) 257 + 10.05 78 _~: 8.7 (8) 259.5 + 25 .3 t  69 + 11.2 

100 mg/kg  P C P A  (7) 64 _+ 4.15 12 ± 8 .0 .  + (8) 74 + ll.0.+ 15 + 6.7.+ 

S ign i f i cance  of  d i f fe rence  b e t w e e n  t r e a t ed  g roups  and sa l ine  con t ro l s :  * p < 0 . 0 5 :  Cp<0.01:  ~:p<0.001. 

T A B L E  2 

EFFECT OF NEONATALLY ADMINISTERED 5HTP AND PCPA ON GROWTH AND DEVELOPMENT 

T r e a t m e n t  o v e r  d a y s  I to 7 T r e a t m e n t  o v e r  d a y s  11 to 16 

Sa l ine  5 H T P  P C P A  Sal ine  5 H T P  P C P A  

Body  weigh t  on w e e k  19 of  life Ig + S E M )  

Fema le s :  276 _+ 1.9 276 + 2.0 275 ÷ 2.5 276 ± 2.3 279 _+ 3.3 279 + 2.0 

117) ( 141 ( 121 ( 171 (21) (22) 
Males :  403 + 6.8 410 + 8.9 420 _+ 7.2 418 ± 6.0 411 ± 6.1 421 ± 5.2 

118} ( 161 (121 (20) (21) 123) 
Day of  vaginal  open ing  38.8 ± 0.88 37.6 + 1.1 37.7 ± 0.45 36.5 ± 0.8 35.8 ± 0.59 35.7 _+ 0.43 

(days  ± S E M )  ( t7)  (14) 1121 (171 [21) (22) 
(;; s howing  o e s t r o u s  cyc l e s  82c; 869; 64( 7, 93'77, 82~'4 95% 

H y p o t h a l a m i c  indole  c o n c e n t r a t i o n  on w e e k s  

28-30 of  life (ng/100 m g +  S E M I  

Females :  

5 H T  

5 H I A A  

Males :  

5HT 

5 H I A A  

353 + 46.6 not  done  331 + 40.6 320 + 29 303 ± 19.4 328 ± 12.3 

(6) (6) (4) (5) (5) 
110 + 6.5 not  done  94 + 13.1 76 ± 16.5 67.8 ± 3.9 71.6 ± 2.9 

151 16) (4) (5) (7) 

300 + 20.1 not  done  314 + 39 367 ± 31.9 290 + 18 325 ± 34.3 

(6) 15J (5) (6) (6) 
121 + 7.1 not  done  117 + 8.3 73.6 + 34 85.7 ± 6.2 67.8 + 6.0 

(6) (51 (6) 16) {6) 

N e o n a t a l  t r e a t m e n t s  c o n s i s t e d  of  0.05 ml / sa l ine / ra t ,  20 mg/kg  5 f t T P  and  100 mg/kg  PCPA.  
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T A B L E  3 

THE EFFECT OF NEONATAL ADMINISTRATION OF 5HTP AND PCPA ON SEXUAL BEHAVIOUR IN ADULT FEMALE RATS 

Treatment over days 1 to 7 Treatment over days 11 to 16 

Saline 5HTP PCPA Saline 5HTP PCPA 

(a) Feminine Behaviour (Mean of 3 tests) 

No. of rats showing Lordosis 21/30 (70%9 
Lordosis Quotient median 62 (0-100) 

(range) 
No. showing Ear-wiggling 28/30 (93%) 

(EW) 
Average EW -+ SEM 6.8 + 0.56 

(b) Masculine Behaviour (lst test) 

No. rats showing male 
behaviour 

Mount Latency 
mean sec _+ SEC 

No. of Mounts 
No. of Intromission-like 

movements 

12/17 (70.5%) 8/10 (80%.) 15/18 (85c7c) 19/21 (89%) 17/22 (77%.) 
68 (0-100) 51 (0-100) 61 (0-199) 76 (0-100) 63 (0-100) 

17/17 (100%) 10/10 (100c#~) 15/18 (83%) 19/21 (90c/~) 17/22 (77~) 

8.3 _+ 0.50 2.3 + 0.305 2.5 ± 0.19 2.8 + 0.16 2.4 + 0.22 

15/30 (50%) 9/17 (53%) 7/10 (70%) 12/18 (67%) 19/21 (90%) 8/22 (36~)t 

361 _+ 47 199 +_ 8* 221 ± 88 93 _+ 52 73 _+ 17 245 +_ 4.25 

27.6 ± 6.3 24.6 +_ 5.0 28.9 ± 45 34.6 + 5.0 39.2 +_ 0.89 19.8 _+ 3.2t 
0.81 ± 0.48 1.3 _+ 0.64 0.9 + 0.41 4.3 + 0.93 3.0 ± 0.89 2.1 _+ 0.40 

Neonatal treatments consisted of 0.05 ml/rat saline, 20 mg/kg 5HTP an 100 mg/kg PCPA. 
Significance of difference between saline and treated groups days 1 to 7: *p<0.05; Sp<0.001 (t-test). 
Significance of difference between saline and treated groups days 11-16: 
No. of rats showing male behaviour, Sp<0.001 (Chi 2 test). 
Mount latency, Sp<0.001 (F(5,58)=6.5) (Scheffe's test after one way analysis of variance). 
Number of mounts, tp<0.01 (F(2,58)=6.64) (Scheffe's test after one way ahalysis of variance). 

Experiment 3 

The  l i t ters  of  33 m o t h e r s  were  r a n d o m i s e d  and  cul led as 
a b o v e  and  t r ea ted  e i the r  ove r  days  1 to 7 or 11 to 16 af ter  
b i r th  wi th  pha rmaco log ica l  agen ts  k n o w n  to a u g m e n t  or  de- 
p le te  5HT (detai ls  below).  Pups  were  w e a n e d  on  day 21 and  
the  sexes  sepa ra t ed  and  h o u s e d  in cages  of  6 to 8 in a re- 
v e r s e d  l ight ing e n v i r o n m e n t  (lights off  11.00-23.00 hr). All 
the  ra ts  were  weighed  weekly  and  the t ime of  vaginal  open-  
ing no t ed  in the  females .  Vaginal  smea r s  were  t aken  daily 
f rom the  day of  vaginal  open ing  for  the  fol lowing 6 weeks .  A 
tes t  for  f emin ine  sexual  b e h a v i o u r  was t hen  car r ied  out  on 
the  late a f t e rnoon  of  p r o e s t r u s  and  the  fo l lowing day  the  ra ts  
were  o v a r i e c t o m i z e d  u n d e r  H a l o t h a n e  a n a e s t h e s i a  (May & 
B a k e r  & Co. L td . ,  Kent ) ;  th is  occu r r ed  b e t w e e n  days  80 and  
93 of  life. T h r e e  fu r the r  tes t s  for  f emin ine  sexual  b e h a v i o u r  
were  then  car r ied  out  a f te r  su i tab le  h o r m o n e  t r e a t m e n t  (see 
the  Behav iou ra l  t es t s  sec t ion ,  be low) ,  at  week ly  in te rva ls  
s ta r t ing  3 weeks  af ter  o v a r i e c t o m y .  At  the  end  of  all the i r  
t es t s  for  f emin ine  ac t iv i ty ,  s i last ic  implan t s  con ta in ing  tes- 
t o s t e r o n e  (T) were  p laced  s u b c u t a n e o u s l y  into each  animal  
(10 m m  long; 1.5 m m  in terna l  d i ame te r ;  Dow Corn ing  tubing  
602-285, Mid land ,  MI) and  they  were  t es ted  twice  for  mas-  
cul ine b e h a v i o u r  wi th  a one  week  in terva l  b e t w e e n  tes ts .  

W h e n  all the  tes ts  of  the  f emales  were  c o m p l e t e d ,  tes t ing  
o f  the  males  s ta r ted ;  at  th is  t ime  the  an imals  were  20 weeks  
old. The  males  were  sub jec t ed  to two tes ts  for  mascu l ine  
sexual  b e h a v i o u r  wi th  a one  week  in te rva l ,  and  t hen  they  
were  ca s t r a t ed  u n d e r  H a l o t h a n e  a n a e s t h e s i a  and  a tes tos -  
t e r o n e  si last ic  implan t  was  p laced  u n d e r  the  skin  ( p a r a m e t e r s  
as descr ibed  above).  Three  weeks  later  test ing r e - com m enced  
and  the  an imals  r ece ived  3 tes ts  wi th  a one  week  in terva l  

b e t w e e n  each  test .  The  t e s t o s t e r o n e  implan t  was then  re- 
m o v e d  and  the  cas t r a t ed  males  were  t es ted  for femin ine  be- 
h a v i o u r  a f te r  sui table  h o r m o n e  t r e a t m e n t  (see the  Be- 
hav ioura l  tes ts  sec t ion ,  be low) ;  they rece ived  3 tes ts  with 
one  week  in terva ls  b e t w e e n  each  test .  

Experiment 4 

The  l i t ters of  24 m o t h e r s  were  r a n d o m i s e d  and  cul led as 
desc r ibed  a b o v e  and  the  pups  of  6 l i t ters  for  each  t r e a t m e n t  
were  in jec ted  s u b c u t a n e o u s l y  on  day 1 of  life with  e i the r  0.05 
ml co rn  oil, 125,250 or  500 p,g of  t e s t o s t e rone  p rop iona te  
(TP;  S igma Chemica l  Co. Ltd . ,  Dorse t ,  UK)  d i sso lved  in 
0.05 ml co rn  oil. Two  l i t ters  at  each  h o r m o n e  level were  also 
g iven  the  neona ta l  t r e a t m e n t s  desc r ibed  be low ove r  days  1-7 
af te r  bir th .  Wean ing ,  hous ing  and  vaginal  smears  were  car- 
ried out  as desc r ibed  for E x p e r i m e n t  3. At  12 weeks  all the  
females  were  o v a r i e c t o m i z e d  and  tes ted  for femin ine  and  
t hen  mascu l ine  b e h a v i o u r  as desc r ibed  for E x p e r i m e n t  3. 
The  males  were  not  used in this  expe r imen t .  

Neonatal Treatrnents 

The  l i t ters  were  in jec ted  daily subcu t aneous ly  e i ther  be- 
t w e e n  days  1-7 or 11-16 af ter  b i r th  (day of  b i r t h = d a y  0). 
They  rece ived  e i the r  0.05 ml sal ine (0.9% w/v NaC1) or 20 
mg/kg 5 - h y d r o x y t r y p t o p h a n  (5HTP;  Sigma Chemica l  Co. 
L td . ,  Dorse t ,  UK)  or 100 mg/kg or  150 mg/kg p- 
ch lo ropheny l a l an ine  methyl  e s t e r  (PCPA;  Sigma C h e m .  Co. 
L td . ,  Dorse t ,  UK) .  

In E x p e r i m e n t  2 each  t r e a t m e n t  was admin i s t e r ed  to 2 
l i t ters.  In E x p e r i m e n t  3 sal ine was  g iven  to 8 l i t ters  days  1-7 
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T A B L E  4 

THE EFFECT OF NEONATAL ADMINISTRATION OF 5HTP AND PCPA ON SEXUAL BEHAVIOUR IN ADULT MALE RATS 

Treatment over days 1-7 Treatment over days 11-16 

Saline 5HTP PCPA Saline 5HTP PCPA 

(a) Masculine Behaviour (2nd test) 

No. of rats showing male 
behaviour 

Mount Latency 
sec _+ SEM 

No. of Mounts 
mean _+ SEM 

No. of Intromissions 
mean + SEM 

Ejaculatory Latency 
sec ± SEM 

Refractory Period 
sec ± SEM 

(b) Feminine Behaviour (Mean of 3 tests) 

No. showing Lordosis 14/25 (56~) 
behaviour 

Lordosis Quotient 18.5 (0-75) 
No. showing Ear-wiggling 8/25 (32%) 
av. EW +_ SEM 1.6 + 0.44 

18/25 (72%) 11/14 (78%) 9/I 1 (81%) 17/20 (86%) 18/20 (90c2~) 13/22 ( 5 ~ )  

168.5 ± 45 94 ± 17 65 + 20? 107 _+ 25 216 _+ 42 157 ± 67 

7.6 ± 2.5 3.9 + 1.0 9.9 ± 2.0 21 _+ 3.0 25 + 5.6 14 ± 9.0* 

9.1 _+ 1.6 13.3 + 2.6 8.6 ± 0.9 7 + 0.9 8 ± 1.0 6 + 1.0 

535 + 95 519 ± 96 489 ± 37 556 _+ 80 547 + 75 388 + 62 

338 _+ 18 355 + 10 333 _+ 20 304 ± II 315 + 12 314 + 14 

9/14 (6~/~) 6/11 (54.5%) 13/20 (65~) 16/21 (76c~) 6/23* (26%) 

21 (0-100) 17 (0-73) 23 (0-100) 23 (0-100) 5t (0-85) 
5/14 (36q4) 3/10 (27%) 6/20 (30%.) 6/21 (28%) 1/23 (4%) 
2.6 + 0.68 1.0 ± 0.70 1.4 + 0.5 1.6 ± 0.8 1.0 

Neonatal treatments consisled of 0.05 ml/rat saline, 20 mg/kg 5HTP an 100 mg/kg PCPA. 
Significance of difference between saline and treated groups days 1 to 7:+p<0.01 (/-test). 
Significance of difference between saline and treated groups days I I to 16: 
Number of mounts. *p<0.05 (F(2,61)=4.1) (Scheffe's test after one way analysis of variance). 
No. showing female behaviour, *p<0.05 (Chie test). 
Lordosis Quotient, $p<0.001 (F(2,611=6.6) (Levy's Multiple Comparison test after Kruska[l Wallis one way analysis of variance). 

and to 4 litters days 11-16: 5HTP was given to 6 litters days 
I-7 and to 4 litters days  11-16 and 100 mg/kg PCPA was 
given to 3 litters days  1-7 and to 6 litters days  11-16. In 
Exper imen t  4 each t rea tment  was given to 2 litters at each 
concen t ra t ion  o f  the neonatal  t e s to s t e rone  t rea tment .  

Behavioural Te.sts 

Feminine [gehaviottr. Feminine  sexual activity was tes ted 
4 hours  into the dark per iod under  red il lumination by placing 
animals  with sexually vigorous intact males and noting their  
lordotic r e sponses  to 20 mounts .  The results  were  exp re s sed  
as a lordosis  quot ient  (LQ) - [(No. o f  Iordoses) / (No.  o f  
mounts)]  × 100. Soliciting behav iour  was noted  by observ ing  
the occu r rence  of  ear-wiggling, hopping and darting.  Intact  
females  were  tes ted  on the late a f te rnoon  of  proes t rus .  
Ovar i ec tomised  females  were  pr imed with 2 /xg oestradiol  
benzoa te  (OB) plus 0.5 mg p roges t e rone  (P) given 48 and 4 
hours  betbre  test ing respec t ive ly ,  in 0.1 ml corn oil sub- 
cu taneous ly .  Cas t ra ted  males  were  pr imed with 20 /zg  OB 
plus 0.5 mg P given 48 and 4 hours before test ing respec-  
t ively. 

Masculine hehaviour. Male sexual behaviour  was ob- 
served  by placing each animal in an arena  (approximate ly  2 
feet in d iameter)  and 5 minutes  later int roducing an ovar iec-  
tomized  female made  sexually recep t ive  by a subcu taneous  
silastic implant o f  OB (7 mm long, 1.5 mm internal d iameter ,  
Dow Corning tubing 602-285 Midland,  MI). The latency to 

mount  and to ejaculate and the length of  the pos t -e jacula tory  
ref rac tory  per iod was noted ,  as well as the number  of  mounts  
and in t romiss ions  preceding  ejaculat ion.  Tests  were  termi- 
na ted  at 15 minutes  if no activity was exhibi ted ,  and at 30 
minutes  if ejaculat ion had not occur red .  

lndole Compound Assays 

The hypothalami of  pups killed be tween days  8 and 17 of  life 
and of  adults autops ied  at the end of  the expe r imen t  were  
a s sayed  for 5HT and 5HIAA by the f luorescent  assay of  
Curzon and Green [6]. The recovery  for 5HT and 5HIAA 
was 105% and 76% respect ive ly  and the intra- and in terassay 
coeff ic ients  o f  variance was 6.O'~ and 10.2% for 5HT and 
4.3c~ and 17.7% for 5HIAA.  

Statistics 

The n u mb er  of  animals showing part icular  activit ies in 
each group was compared  by the Chie test.  

Parametr ic  results  were  tes ted  for significant d i f ferences  
by Schef fe ' s  test  af ter  one -way  analysis  o f  var iance,  and 
nonparamet r i c  results  by L e v y ' s  Multiple Compar i son  test  
af ter  Kruskal  Wallis one -way  analysis  o f  variance.  In Exper-  
iment  4 co-analys is  o f  var iance  for quantal  b ioassays  was 
used to assess  the slopes of  the dose  r e sponse  curves  and the 
signif icance o f  their  d i sp lacement  [ 10]. 
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T A B L E  5 

EFFECT OF 5HTP AND PCPA INJECTED OVER DAYS 1 TO 7 ON SEXUAL BEHAVIOUR IN 
ADULT ANDROGENIZED FEMALES 

Neonatal TP Saline 5HTP PCPA 
treatment days 1-7 days 1-7 days 1-7 

(a) Masculine Behaviour No. of animals showing mounting behaviour -- 0/9 (0c2~) 3/11 (27%) 2/14 (14c7c) 
125 /zg 5/9 (55%) 2/9 (2T/~) 5/15 (33%1 
250 p.g 7/12 (58%) 3/10 (30c~) 4/13 (13q4) 
500tzg 12/18 (67%) 7/22 (325~) 6/15 (40C/c) 

(b) Feminine Behaviour No. of animals showing lordotic behaviour 

- -  9/9 (100%) 11/11 ( 100e/~ ) 15/15 (100'~) 
125 /,g 4/11 (37%) 6/11 (54.5%) 3/15 (20e/~) 
250/xg 2/10 (2(Y7~) 4/12 (33%) 1/14 (7%) 
500 p.g 1/18 (5%) 2/22 ( 9c2~ ) 0/15 ((~4) 

Neonatal lreatments consisted of 0.05 ml/ral saline, 20 mg/kg 5HTP, 100 mg/kg PCPA. 

RESULTS 

Experiment 1: Changes in Levels o f  htdole ( 'ompounds in 
Brain Areas Over Days 10-16 (lqg. 1) 

Figure la, b, c show changes  in 5HT and 5 H I A A  levels 
in the hypothalami,  amygdala and midbrain areas in males 
and females  over  days 10 to 16. In the hypothalamus,  5HT 
levels were significantly higher in the female than in the male 
on days 10 and 14 and female  5 H I A A  levels  were  also higher 
on day 14. Al though very few samples were  assayed (sam- 
ples were  lost in the dissection),  5 H I A A  levels  were  signifi- 
cantly lower  in the midbrain area of  the females  compared  to 
males on day 14. There  were  no significant sex differences in 
indole levels  in the amygdala  during this period. 

Experiment 2: 771e EJ.fFct o[Neonatal ly  Administered 5HTP 
and PCPA on Hypottudami( Indoh" A('tivity (Table I) 

Table 1 shows that daily injections of  5HTP significantly 
raised hypothalamic  5HT concent ra t ion  in both sexes the 
day after the end of  t rea tment ,  ove r  ei ther  days I to 7 or 11 to 
16. Over  the fo rmer  period 5 H I A A  levels were  also signifi- 
cantly increased.  Daily injections of  PCPA over  the two 
per iods of t reatment  reduced hypothalamic  5HT in both 
sexes.  PCPA (100 mg/kg) reduced 5H1AA concentra t ion  in 
males t reated over  days 1-7 and in both sexes treated over  
days 11-16, but had no effect on 5HIAA levels in females 
t reated on days 1-7. The  higher dose of  150 mg/kg PCPA was 
also ineffect ive in reducing 5HIAA levels.  

Lvperiment 3: 7"/I(" £j.f~'ct o[NecmataHy Administered 5 H I P  
and PCPA on: 

(a) Grou'th and Development (Tabh' 2). PCPA (150 
mg/kg) given ove r  days 1-7 had a deleter ious effect on the 
pups,  which were  underweight  and sickly; no further  work 
was carried out at this dose.  5HTP (20 mg/kg) and 100 mg/kg 
PCPA adminis tered over  days 1-7 and 11-16 had no signifi- 
cant effect on growth rates. Table 2 shows that at 19 weeks of  
age, the body weight of  the rats in the t reated groups were  
not  significantly different from the relevant  sal ine-treated 
controls .  The t reatments  had no significant effect  on the day 
of  vaginal opening or the percentage of  female rats showing 
normal  oestrous  cycles.  At tempts  were  made to smear  the 

EFFECT OF PCPA and 5HTP ON I NHI BITI ON OF FEMALE 
BEHAVI OUR BY GRADED DOSES OF TESTOSTERONE 
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FIG. 2. Females were treated with testosterone proprionate on day 1 
of life. The dotted line indicates the dose inhibiting Lordosis Quo- 
tients (LQ) by 50c/((ID:,,). 

neonatal ly androgenized females:  but of  the 128 females 
treated with TP on day 1, the vagina opened  in only 4 animals 
before the 9th week of  life (i.e., 39;-). Vaginal opening in 
these 4 rats was delayed and occurred be tween  the 7th and 
8th week of  life: and after that they were in constant  oestrus.  
(Three of  the 4 rats had in addition been treated with PCPA.) 
The neonatal  t reatment  with TP (at all doses) produced visi- 
ble masculinizat ion of  the female phallus in approximate ly  
50% of the animals.  

The neonatal  manipulat ion of  brain 5HT had no effect on 
hypothalamic  indole concentra t ions  in adulthood.  

(b) Sexual betuwiour in .13mah's (Table 3). When the in- 
tact females were tested for recept ivi ty  on the day of  
proestrus,  they all showed the maximum lordosis quotient  
(LQ) of  100e/~, After  ovar iec tomy and steroid priming, the 
LQ was similar in all the groups (Table 3a shows the mean of 
3 tests). Even though all the females exhibi ted ear-wiggling, 
PCPA treatment  over  days 1 to 7 significantly reduced its 
f requency,  indicating a reduct ion in soliciting behaviour .  
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The results of the first test for masculine behaviour in the 
females are shown in Table 3b, as too few animals exhibited 
mounting behaviour in the second test. Neonatal treatment 
over days 1 to 7 of life had no effect on the number of females 
showing masculine behaviour, nor on the number of mounts 
and number of times the females exhibited intromission-like 
patterns of movement. However  5HTP over this period sig- 
nificantly reduced the latency to first mount. 5HTP treat- 
ment over days 11 to 16 had no effect on any of the param- 
eters, but PCPA over this period significantly reduced the 
number of females showing masculine behaviour and re- 
duced the level of activity in these animals, as they had a 
significantly longer mount latency and a reduced number of 
mounts. 

(c) Sexual betutviour in mah's (Table 4). The neonatal 
treatments had no effect on masculine sexual behaviour in 
intact males and so the results are not shown. Table 4a 
shows masculine activity in the rats after castration and tes- 
tosterone replacement. Only the results of the second tests 
are shown, as in the first test only 3(F/b of the anixals exhib- 
ited any behaviour, and the results of the third test were 
similar to those shown. The neonatal treatment with 5HTP 
over days 1 to 7 or 11 to 16 had no effect on masculine 
behaviour in adulthood, while PCPA treatment had a small 
stimulatory effect; in the group treated over days 1 to 7 
mount latency was significantly reduced and in the rats 
treated over days I1 to 16 there were significantly fewer 
mounts preceding ejaculation. 

5HTP treatment had no effect on feminine sexual activity 
in the males, nor did PCPA given on days 1 to 7. However,  
when PCPA was given over days 11 to 16, there was a signif- 
icantly reduced number of males exhibiting lordotic re- 
sponses. 

l:~vperiment 4: 7he I([.]bct of Neonatally Admini,~tered 5HTP 
and P ( P A  on Behaviottr in Amh'o~.,enized Females (Table 5 
and Fi~,. 2) 

Treatment with 125,250 and 500/zg TP induced just over 
half the rats to exhibit masculine sexual behaviour and 
treatment with either PCPA of 5 HTP had no significant 
effect on this, although there was a tendency for both treat- 
ments to reduce the percentage of rats showing masculine 
activity. In the females treated neonatally with 125/zg TP, 
PCPA significantly reduced the number of mounts with and 
without intromission patterns in those females showing mas- 
culine activity; (saline M + I (5) 57.4-  + 12.9; 5HTP M + 1 (2) 
99.5 (76-123); PCPA M + I (5) 28.4-+ 10.2; (number) mean 
_+ SEM). The PCPA treated group was significantly different 
from the other groups, p<0.05, F(2,9)=5.2. 

Neonatal TP reduced the percentage of female rats show- 
ing lordotic activity in a dose-dependent manner. Figure 2 
shows the dose-response curve was displaced to the left and 
right by PCPA and 5HTP treatments respectively, which 
meant that PCPA enhanced and 5HTP antagonised the de- 
feminizing effect of TP. The PCPA and 5HTP dose response 
curves were parallel with each other and so the displacement 
between them could be estimated and was found to be signif- 
icant (p<0.05). The neonatal dose of TP inhibiting female 
behaviour in 50e/~ of the animals (IDa,,) was 135---37 p.g/rat in 
the 5HTP-treated group and 36.5-+ 15.4/xg/rat in the PCPA- 
treated group; these were significantly different (/)<0.05). 
The slopes of the dose-response curves of both the 5HTP 
and PCPA treated groups were significantly different from 
that of  the saline-treated group (/~<0.05) indicating that both 

treatments had a significant effect on the action of neonatal 
testosterone. 

DISCUSSION 

Reports in the literature have shown that there is a signifi- 
cant sexual difference in 5HT brain concentration over days 
10 to 14 of life, particularly in the hypothalamus and preoptic 
area [12, 13, 26, 361. We have also shown a sex difference in 
hypothalamic 5HT concentration with significantly higher 
levels in the female on days 10 and 14; the reason for the lack 
of a significant difference on day 12 is not clear. 5H1AA did 
not change dramatically in the female over days 10 to 16, but 
on day 14 there was a significant fall in the males, indicating 
that while 5HT synthesis rose around day 14 in females, the 
release of 5HT was inhibited in males. Midbrain 5HIAA 
concentration was lower in females than in males on day 14. 
This may be due to an autoregulatory effect of increased 
hypothalamic activity, since the midbrain and hypothalamus 
contain the cell bodies and nerve terminals respectively, of 
the same serotonergic tract (see [36]). Wilson and Agrawal 
[391 found lower levels of 5HT in the neonatal female mid- 
brain. There was no sexual difference in the amygdala area 
confirming previous findings [13]. 

In order to investigate the physiological significance of 
the sexual difference in indoleamine activity in the neonatal 
brain, 5HT concentrations were manipulated over the first 
week of life when testosterone induces sexual differentiation 
of the hypothalamus and then over days I1 to 16 which is the 
period covering the sexual dimorphism in hypothalamic 5HT 
levels. The treatment consisting either of 5HTP (the precur- 
sor of 5HT) or PCPA (an inhibitor of 5HT synthesis; 125]) 
induced significant changes in 5HT levels in the expected 
way in all the groups. 5HIAA was also altered as expected, 
except there was no significant change alter 100 mg/kg PCPA 
on days I-7 or after 20 mg/kg 5HTP on days I 1-17. It was not 
possible to use a higher dose of PCPA since 150 mg/kg was 
toxic, but it is possible that the dose of 5HTP was too low 
since others have used 100 mg/kg 5HTP without ill effect 
[13]. The treatments did not affect growth in either sex, al- 
though there was a tendency for the PCPA treated males to 
be heavier than the controls. Hole [20] has shown that PCPA 
treatment over the first 7 weeks of life induces a significant 
increase in body weight after week 9. In the females vaginal 
opening and oestrous cycles were not affected by the treat- 
ments; others have reported that PCPA delays vaginal open- 
ing, but has no effect on subsequent cyclicity [9,23]. The 
treatments had no effect on the androgenizing action of ex- 
ogenous neonatal testosterone in delaying vaginal opening or 
inducing masculinization of the phallus. 

Manipulation of hypothalamic 5HT activity over days I to 
7 or 11 to 16 had no effect on feminine sexual behaviour in 
females. The only significant change noted was a reduction 
in soliciting behaviour (average frequency of ear wiggling) in 
females treated with PCPA; and this confirms the work of 
Hyyppa et a/. [23]. The lack of effect of 5HTP confirms the 
results of Gladue eta/.  [ 13[ who administered a higher dose 
of  5HTP (I00 mg/kg) over days 9 to I1 of life. 5HTP had no 
effect on masculine behaviour in males, but PCPA had a 
slight stimulatory effect in that it reduced ML (when ad- 
ministered on days I to 7) and decreased number of mounts 
to ejaculation (when administered on days II to 16). This 
increase in activity was not as marked as that noted by 
Hyyppa et al. [23] when PCPA was given over days 2 to 6. 

Observations on the heterotypical sexual behaviour in 
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males  and  females  s h o w e d  tha t  PCPA had  an  inh ib i to ry  ef- 
fect  in b o t h  sexes ,  while  5 H T P  a p p e a r e d  to s t imula te  mas-  
cul ine b e h a v i o u r  in females  (s ince the  M L  was reduced)  and  
had  no  effect  on  femin ine  b e h a v i o u r  in males .  Hole  [20] has  
s h o w n  tha t  PCPA t r e a t m e n t  ove r  the  first  7 weeks  of  life 
r educes  a rousa l  in a var ie ty  of  behav iou ra l  tes ts .  The  reduc-  
t ion  in he t e ro typ ica l  sexual  ac t iv i ty  in the  PCPA t rea ted  
g roups  may ,  t he re fo re ,  be due  to a r educed  s ta te  of  a rousa l ,  
whi le  5 H T P  may  have  caused  some  increase  in a rousa l .  This  
change  in arousal  s ta te  by  the  neona ta l  t r e a t m e n t s  is 
p r e s u m a b l y  not  suff ic ient  to inf luence  homotyp ica l  sexual  
act iv i ty .  

In homotyp i ca l  sexual  ac t iv i ty ,  neona ta l  5HT does  not  
a p p e a r  to have  any  inf luence  on  the  d e v e l o p m e n t  o f  femin ine  
b e h a v i o u r  and  seems  to be  inh ib i to ry  for  mascu l ine  be-  
hav iour .  Poss ib ly  the  fall in 5H T  act ivi ty  on  day 14 in males  
specif ical ly  r e m o v e s  an  an tagon is t i c  inf luence  on  the  
and rogen iz ing  and  de femin iz ing  act iv i ty  of  neona ta l  tes tos-  
t e rone ,  while  the  rise in 5HT act iv i ty  in the  females  may  
have  a p ro tec t ive  effect  agains t  any  c i rcula t ing t e s to s t e rone .  
In o rde r  to see  if 5HT and  t e s t o s t e r o n e  are mutua l ly  
an tagon is t i c ,  the  effect  of  neona ta l  indo lamine  man ipu la t ion  
on  the  and rogen iz ing  effects  of  e x o g e n o u s  neona ta l  tes tos-  
t e rone  in females  was s tudied.  T he  t r e a t m e n t s  had  the  ex- 
p e c t e d  effect  on  the  de femin iz ing  act iv i ty  of  t e s t o s t e r o n e  
act iv i ty  respec t ive ly .  H o w e v e r ,  b o t h  t r e a t m e n t s  an t agon ized  
the  mascu l in iz ing  effects  of  t e s to s t e rone .  This  f inding is simi- 
lar  to  tha t  of  J a r zab  and  D o h l e r  [24] us ing t r y p t o p h a n  (a 
p r e c u r s o r  of  5HT) and  PCPA.  Othe r s  have  also s h o w n  tha t  
b o t h  5 H T P  and  PCPA can  an tagon i se  the  ac t ion  of  neona ta l  
t e s t o s t e r o n e  in induc ing  c o n s t a n t  oes t rous  [35,37]. Pe rhaps  
the  u n e x p e c t e d  effect  of  PCPA is specif ic  to this  drug and  
m a s k s  any  ac t ion  due  to r educ t i on  in 5HT levels ;  for  ins t ance  
it may  mimic  an  effect  of  s t ress  [7] or affect  a n o t h e r  neu rona l  
s y s t e m  [5]. 5HTP,  on the  o the r  hand ,  exe r t ed  the  expec t ed  

effect  and  an t agon i sed  the  ac t ion  of  t e s tos t e rone .  This  was  
p r e s u m a b l y  due  to ra ised  levels  of 5HT,  a l though  an  in teres t -  
ing a l t e rna t ive  sugges t ion  may  be an  effect  via the  
/3-adrenergic  sys tem.  R a u m  and  Swerd lof f  [34] have  shown  
tha t  i nc reased  t3-adrenergic ac t iv i ty  an tagon ises  the  mas-  
cul iniz ing effects  of  t e s to s t e rone .  It is also k n o w n  that  
se ro tonerg ic  and /3 -ad rene rg i c  sys t ems  have  a mutua l ly  pos- 
i t ive modu la to ry  effect  [4,30]. H y p o t h a l a m i c  no rad rena l ine  
c o n c e n t r a t i o n s  ( the endogenous /3 -agon i s t )  are also sexual ly 
d i f fe ren t ia ted  in the  neona ta l  per iod  [22] with  h igher  levels  in 
the  female  on days  5 [31] and  12 [39] of  life. 

In conc lus ion ,  we have  conf i rmed  the  neona ta l  sex differ- 
ences  in hypo tha l amic  5HT and  have  also s h o w n  that  
5 H I A A  levels  are lower  in the male  h y p o t h a l a m u s ,  indicat-  
ing tha t  the re lease  of  5HT is r educed  in the  neona ta l  male.  
The  hypo thes i s  tha t  ra ised 5HT act ivi ty  will induce  femini-  
za t ion  and  reduced  5HT will have  a mascul in iz ing  effect is 
not  suppo r t ed  by our  resul ts ,  s ince  femin ine  sexual  be- 
h a v i o u r  was not  af fected by  man ipu la t ion  of  neona ta l  bra in  
5HT.  Ins tead ,  it appea r s  tha t  neona ta l  5HT act ivi ty  may 
specif ical ly an tagon ise  the effects  of  neona ta l  t e s tos t e rone ,  
s ince  reduc ing  5HT act ivi ty  with  PCPA ove r  e i ther  the  first 
or  s econd  week  of  life e n h a n c e s  the  mascul in iz ing  effect  of  
e n d o g e n o u s  t e s t o s t e rone  in males  and the defemin iz ing  ef- 
fect  of  e x o g e n o u s  t e s t o s t e r o n e  in females :  rais ing 5HT,  on 
the  o the r  hand ,  an tagon i ses  the  mascu l in iz ing  and  defeminiz-  
ing effects  of  exogenous  t e s tos t e rone .  As t e s t o s t e r o n e  is not 
i nvo lved  in the  d e v e l o p m e n t  of  female  behav iou r ,  manipula-  
t ion of  neona ta l  b ra in  5HT did not  affect  femin ine  act ivi ty in 
females  tha t  did not  rece ive  exogenous  t e s to s t e rone .  
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