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GONZALEZ, M. I., F. FARABOLLINI, E. ALBONETTI AND C. A. WILSON. Interactions between 5-hydroxy- 
tryptamine (5-HT) and testosterone in the control of sexual and nonsexual behaviour in male and female rats. PHARMA- 
COL BIOCI-IEM BEHAV 4"/(3) 591-601, 1994.--Two 5-hydroxytryptamine2 (5-HT2) agents, ritanserin and 1-(2,5- 
dimethoxy-4-iodophenyl)-2-aminopropane HC1 (DOI) (both at 0.25 mg/kg IP), were administered to castrated males bearing 
graded testosterone implants (empty, 2.5-, 5-, and 10-mm length) and to normal and neonatally androgenized ovariectomized 
females bearing 10-mm testosterone implants. The results indicate that testosterone stimulates male sexual behaviour and 
appears to have a dose-related anxiolytic effect, but no effect on other nonsexual activities. 5-HT and testosterone had 
opposite effects on male sexual behavior, with ritanserin (5-HT antagonist) enhancing activity in both sexes and DOI (5-HT 
agonist) inhibiting behaviour in males, the latter being testosterone-dependent. Independent of testosterone, ritanserin reduced 
locomotion and exploration and increased anxiety in males, while DOI increased locomotion and exploration in both sexes. 
Ritanserin had a gender-specific effect on anxiety which was independent of testosterone, since in castrated males it was 
anxiogenic whether they bore testosterone implants or not, while in females it was anxiolytic whether the females were 
neonatally androgenized (250 ttg/pup testosterone proprionate [TP] on day 1) or not. These results show that 5-HT and 
testosterone have opposite effects on male sexual behaviour and these may be interrelated. In adulthood, their effects on 
nonsexual activities are not inversely related and are independent of each other in contrast to the relationship seen in the 
neonatal period. 
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IN previous  repor ts  we have shown in the ra t  an  in terac t ion  
at  the neona ta l  level be tween tes tos terone  and  5-hydroxy- 
t ryp tamine  (5-HT) on  the  deve lopment  o f  systems tha t  control  
adul t  behaviour .  In par t icular ,  m an i pu l a t i on  o f  b ra in  5-HT 
activity in the second week p o s t p a r t u m  in b o t h  males and  
androgenized  females indica ted  tha t  5 -HT exerts an  an tagonis t  
effect on  the  mascul iniz ing ac t ion of  neona ta l  tes tos terone  on  
explora t ion ,  locomot ion ,  and  sexual behav iour  (9,36,38). 
Thus  the  occurrence o f  a t rans ien t  reduc t ion  in hypo tha l amic  
5-HT and  5-hydroxyindoleacet ic  acid (5 -HIAA)  concent ra-  

t ions in the second week of  life in no rma l  males  (23,38) may  
have  a physiological  significance in removing an  inhib i tory  
influence,  so tha t  the  organiza t ional  act ions of  tes tos terone  in 
the  b ra in  can occur  un impeded  (21,36,38). 

In adu l thood ,  male  sexual behav iour  is dependen t  on  the 
presence of  tes tos terone (32), and  5-HT (acting on  5-HT2 re- 
ceptors)  reduces male  sexual activity (12,17) and  so may  be 
act ing to inhibi t  the act ion of  tes tos terone in adu l thood  as 
well as neonata l ly .  We  have therefore  invest igated the possibil- 
ity tha t  5-HT may antagonize  the act ivat ional  as well as the  
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organizational effects of testosterone on sexual behaviour, lo- 
comotion, exploration, and anxiety. Testosterone affects sev- 
eral nonsexual behavioral activities including aggression and 
scent-marking (10). Although it has no effect on open-field 
activity, direct measurements on the effect of testosterone in 
adulthood on exploration and anxiety have not been reported 
as far as we know. In these experiments, the interaction of 
pharmacological manipulation of 5-HT with testosterone 
given in adulthood was studied in males, females, and andro- 
genized females. 

There are many conflicting reports on the behavioral ef- 
fects of 5-HT, mainly due to the variety of receptor subtypes 
that mediate its various effects. In these experiments, we have 
used a selective 5-HT2 agonist and antagonist in an attempt to 
simplify the interpretation of the results. 

MATERIAL AND METHODS 

Experiment I (Males) 

Forty Wistar male rats eight weeks old (bred at St. George's 
Hospital Medical School) were orchidectomized under halo- 
thane and nitrous oxide (May & Baker Ltd., Dagenham, UK) 
and at the same time a silastic implant was placed under the 
skin of each rat, containing testosterone proprionate (TP, 
Sigma Chemical Co., Dorset, UK). The TP implants (i.d. 1.5 
mm; Dow Corning tubing 602-285, Midland, MI) were either 
10.0, 5.0, or 2.5 mm in length filled with TP or empty 10-ram 
implants. This gave rise to four groups of males with approxi- 
mately normal (17 pmol/1; 5 ng/ml), half normal, quarter 
normal, and negligible circulating levels (0.05 pmol/l; 0.18 
ng/ml) of T (37). 

Experiment 2 (Females) 

Eight litters born on the same day to Wistar rats (bred at 
St. George's Hospital Medical School) were randomized and 
culled to five males and five females each. On the day of 
birth, half of the pups received 250 #g/pup TP subcutaneously 
in 0.1 ml corn oil. The other half received 0.1 ml corn oil. 
The litters were weaned on day 21. The males were not used 
in this experiment. On day 60, all the females were ovariecto- 
mized under halothane and nitrous oxide. At the same time, a 
10-mm silastic implants (i.d. 1.5 mm; Dow Corning tubing 
602-285) was placed under the skin of each rat; half of the 
implants contained TP, the other half were empty. 

In both experiments, the animals were housed five of the 
same group and sex to a cage in a reversed lighting regime 
(12 : 12 h, light off at 0800) with the temperature maintained 
at 22°C. The experimental design is shown in Table 1. 

Pharmacological Treatment 

On days 81-87 after birth (see Table 1), 1 h before behav- 
ioural testing half of the animals of each group were injected 
IP with 0.25 mg/kg ritanserin, a 5-HT2 antagonist; the other 
half of the animals were subjected to IP administration of 1 
ml/kg saline. Two days later, animals previously treated with 
ritanserin were injected with saline, while animals previously 
treated with saline were injected with ritanserin. 

On days 88-94 the same treatment schedule was followed 
but 0.25 mg/kg 1-(2,5-dimethoxy-4-iodophenyl)-2-aminopro- 
pane HC1 (DO1) was administered instead of ritanserin. 

Drug or saline administration occurred about 3 h into the 
dark cycle. 

Behavioural Testing 

From days 65 to 80 after birth, animals were familiarized 
with the experimental setting and the testing apparatus by 
having each animal placed in the hole-board box and on the 
elevated plus maze for 5 min on two separate occasions at 
approximately one-week intervals. 

On the day of testing each animal was subjected to hole 
board, elevated plus maze, and male sexual activity tests in 
sequence. All the tests were observed 4 h into the dark cycle 
under red illumination. 

Hole board. The animals were placed for 5 min in a black 
perspex box (60 × 60 x 35 cm) with four holes (3.8 cm diam- 
eter) equally spaced on the floor, which was divided into 36 
squares. Frequency and duration of head-dipping, locomotion 
(number of line-crossings), and frequency of rearing were re- 
corded. 

Elevated plus maze. The maze consisted of two open arms 
(50 x 10 cm) and two enclosed arms of the same size with 
40-cm-high walls arranged so that the arms of the same type 
were opposite each other. The apparatus was wooden and 
elevated to a height of 62 cm. The measures recorded for 
5 min were frequency and duration of open or closed arms 
visits. 

Male sexual activity. The animals were placed in an obser- 
vation arena (50-60 cm diameter), and 3-4 min later a re- 
ceptive female (ovariectomized, bearing a 7-mm silastic im- 
plant containing oestradiol benzoate, Sigma) was introduced 
to the arena and the following parameters noted: 

1. Time taken between introduction of female and first mount 
(mount latency, ML). 

2. Time taken between introduction of female and first intro- 
mission (intromission latency, IL). 

3. Number of mounts to ejaculation (M). 
4. Number of intromissions (I). 
5. Time between first mount and ejaculation (ejaculation la- 

tency, EL). 
6. Time between ejaculation and the first mount of the next 

cycle of sexual activity (refractory period, RP). 

The test was terminated after the refractory period, after 
30 min if there was no ejaculation, or after 15 minutes if there 
were no mounts. 

In experiment 2 with the female rats, only number of 
mounts was noted, and the test was terminated at 10 min if 
there were no mounts. 

Statistical Analysis 

For each behavioural parameter, data were analyzed with 
multivariate analysis of variance (MANOVA). For males the 
main factors were l) testosterone level (TP level) with four 
levels (10-, 5-, 2.5-mm, and empty implants), and 2) drug 
treatment with two levels (saline and drug). For females the 
main factors were l) neonatal treatment (two levels: TP or 
oil), 2) pretreatment (two levels: TP or empty implants), and 
3) drug treatment (two levels: saline or drug). 

For each parameter two distinct analyses were carried out, 
one with data obtained after treatment with ritanserin and the 
other with data recorded after treatment with DOI. 

When appropriate, post hoc comparisons were carried out 
with t tests. Paired t tests or t tests for independent samples 
were used, depending on the groups to be compared (p < 
0.05). 
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T A B L E  1 

TREATMENTS AND TESTING SCHEDULE 
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Experiment I (Males) 

Day 60 After Birth Days 65-80 Days 81-87 Days 88-94 

(9) O R C H  + TI0  Familiarization with Ritanserin + Behavioral DOI + Behavioral testing 
(9) O R C H  + T5 behavioral test apparatus  testing 

(10) ORCH + T2.5 
(10) O R C H  + Empty  

Experiment II (Females) 

Day 1 Day 60 After Birth Days 65-80 Days 81-87 Days 88-94 

TP (10) OVX + TI0  Familiarization with Ritanserin + Behavioral DOI + Behavioral testing 
(10) OVX + Empty behavioral test apparatus  testing 

Oil (10) OVX + T10 
(10) OVX + Empty 

Number  of  rats in each group in parentheses.  O R C H  =: orchidectomised; T10, T5, T2.5 = testosterone proprionate 
implants of  10-, 5-, and 2 .5-mm length; Empty  = 10-mm empty implant,  OVX = ovariectomised. 

RESULTS 

Experiment 1 (Males) 

Hole board test. T h e  m a i n  f a c t o r  T P  level was  n o t  s igni f i -  
c a n t  for  a n y  o f  t he  ho l e  b o a r d  p a r a m e t e r s ,  n o r  w a s  t h e r e  a n y  
i n t e r a c t i o n  b e t w e e n  t e s t o s t e r o n e  a n d  d r u g  t r e a t m e n t s  (Tab l e  
2). O n  t he  c o n t r a r y ,  t he  m a i n  f ac t o r  d r u g  t r e a t m e n t  s h o w e d  
s o m e  s ign i f i cances  wi th  b o t h  d r u g s .  R i t a n s e r i n  r e d u c e d  loco-  

m o t i o n ,  h e a d - d i p p i n g  f r e q u e n c y ,  a n d  h e a d - d i p p i n g  d u r a t i o n  
w i th  n o  e f fec t  o n  r e a r i n g  (Tab les  2 a n d  3). A l t h o u g h  t he  in ter -  
a c t i o n  b e t w e e n  d r u g  t r e a t m e n t  a n d  T P  level was  n o t  s ignif i -  
c a n t ,  it is o f  in t e res t  t h a t  t he se  i n h i b i t o r y  e f f ec t s  were  c lear ly  
n o t  p r e s e n t  in t he  T 1 0  g r o u p .  

D O I  i n c r e a s e d  H e a d - D i p p i n g  f r e q u e n c y  a n d  H e a d - D i p p i n g  
d u r a t i o n  a n d  r e d u c e d  R e a r i n g ,  b u t  h a d  no  e f fec t  o n  L o c o m o -  
t ion  (Tab le s  2, 3). 

T A B L E  2 

THREE-WAY ANOVA (F and p Values) APPLIED TO MALES (Ritanserin and DOI): 
HOLE BOARD AND PLUS-MAZE TEST 

Hole Board Plus Maze 

H-D H-D 07o Time in No. Open Total 
Locomotion Frequency Duration Rearing Open Arms Entries Entries 

Ritanserin 
Main factors 

1) T Level 0.94 0.15 0.84 0.21 1.21 2.04 0.54 
(df = 3, 34) NS NS NS NS NS NS NS 

2) Drug treatment  11.6 9.6 4.7 0.00 1.24 0.03 3.23 
(df = 1, 34) p < 0.001 p < 0.004 p < 0.03 NS NS NS NS 

Interaction 
1 x 2 2.03 0.75 0.95 0.49 1.5 2.91 1.23 
(df = 3, 34) NS NS NS NS NS p < 0.05 NS 

DOI 
Main factors 

1) T Level 1.96 0.15 0.7 1.39 2.23 2.46 1.39 
(df = 3, 34) NS NS NS NS NS NS NS 

2) Drug treatment  0.35 6.87 14.1 8.07 0.19 0.72 0.07 
(df = 1, 34) NS p < 0.01 p < 0.006 p < 0.008 NS NS NS 

Interaction 
1 x 2 1.65 0.01 0.13 0.23 0.29 0.54 1.11 

(df = 3, 34) NS NS NS NS NS NS NS 

H-D = head-dipping, T Level = testosterone level (i.e., size of  testosterone implant),  Drug Treatment  = saline, DOI, or 
ritanserin. 
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T A B L E  3 

ACTIVITY OF MALE RATS IN THE 5-MIN HOLE BOARD TEST 

Head-Dipping 

Locomotion Duration 
TP Level Treatment (no. of squares crossed) Frequency (seconds) Rearing Frequency 

Empty Sal 142.5 :t: 13.7 8.6 ± 1.2 15.4 + 2.5 12.4 ± 1.9 

(10) Rit 106.1 ± 21.8 5.2 ± 1.2" 9.7 ± 2.5* 8.1 ± 2.0 

T2.5 Sal 180.5 ± 26.1 8.3 ± 1.7 13.1 ± 3.1 15.9 _+ 2.7 
(10) Rit 130.9 ± 19.0 5.3 ± 0.9 9.1 ± 1.8 9.7 ± 1.6 

T5 Sal 182.1 ± 12.6 8.4 ± 1.3 16.3 ± 3.8 17.3 ± 2.8 

(9) Rit 133.7 ± 13.6 6.8 ± 0.9 15.9 ± 3.6 11.8 + 2.2 

TI0  Sal 147.4 ± 22.8 7.3 ± 1.4 13.8 ±_ 2.9 17 ± 3.5 

(9) Rit 155.9 ± 23.3 6.7 ± 0.9 13.8 ± 2.5 14.8 ± 2.8 

Empty Sal 132.0 ± 17.8 8.5 ± 1.5 17.1 ± 4.0 11.9 ± 18 

(10) DOI 153.5 ± 12.3 10.4 ± 1.2 25.3 ± 2.6 13.3 ± 1.8 

T2.5 Sal 188.7 + 20.7 9.1 ± 1.3 17.6 ± 3.8 23.5 ± 2.0 
(10) DOI 182.9 ± 22.7 11.1 ± 1.8 24.7 ± 4.8 16.2 ± 2.3 

T5 Sal 181.7 ± 15.7 8.1 ± 1.0 13.5 ± 2.4 17.5 ± 2.8 
(9) DOI 154.5 ± 17.6 8.9 ± 1.8 25.6 ± 5.7 11.5 ± 2.5 

T10 Sal 174.3 ± 19.1 8.4 ± 1.4 12.7 ± 2.8 19.3 ± 2.9 

(9) DOI 194.3 ± 26.8 10.5 + 1.5 14.9 ± 2.6 18.4 ± 2.3 

All results expressed as mean ± SE. Number of  rats in each group in parentheses. TI0,  T5, T2.5 = 
testosterone proprionate implants of  10-, 5-, or 2.5-mm length; Sal = saline 1 ml /kg  IP; Rit = ritanserin 0.25 
m g / k g  IP; DOI 0.25 m g / k g  IP. *p < 0.05 (paired t test). 

T A B L E  4 

ACTIVITY OF MALE RATS IN THE 5-MIN ELEVATED PLUS-MAZE TEST 

Open Arms 

T Level Treatment % Time No. Entries No. Total Entries 

Empty Sal 6.1 ± 2.7 2.0 ± 0.8 9.3 __. 1.5 

(10) Rit 2.2 ± 1.3 0.9 ± 0.5 7.6 ± 2.2 

T2.5 Sal 13.9 ± 5.8 3.2 ± 0.9 10.5 ± 1.6 

(10) Rit 6.6 ± 2.5 2.4 ± 0.8 7.8 ± 1.6 

T5 Sal 14.4 + 4.2 3.3 ± 0.9 11.3 ± 1.5 

(9) Rit 6.2 ± 2.7 2.0 ± 0.6 10.4 ± 0.5 

T10 Sal 14.1 ± 5.9 3.3 ± 1.2 9.5 + 1.9 
(9) Rit 14.0 + 3.8 3.7 ± 0.9 10.3 ± 1.5 

Empty Sal 14.1 ± 3.7 3.7 ± 0.7 9.7 ± 1.0 
(10) DOI 17.8 _+ 5.0 4.2 ± 0.9 10.8 ± 1.1 

T2.5 Sal 25.5 + 3.6 6.1 ± 0.9 13.4 :t: 1.7 

(10) DOI 26.2 ± 5.8 6.5 ± 1.3 13.6 ± 1,5 

T5 Sal 19.4 ± 6.5 4.3 + 1.2 12.2 ± 1.1 
(9) DOI 17.2 ± 6.7 3.2 ± 1.1 9.8 ± 1.4 

T10 Sal 28.8 ± 7.1 6.1 ± 1.5 13.2 ± 2.0 
(9) DOI 36.5 ± 7.8 6.5 ± 1.5 14.3 ± 2.5 

All results expressed as mean ± SE. Number of rats in each group in paren- 
theses. TI0,  T5, T2.5 = testosterone proprionate implants of  10-, 5-, or 2.5-mm 
length; Sal = saline l m l / k g  IP; Rit = ritanserin 0.25 mg /kg  IP; DOI 0.25 
m g / k g  IP. 
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Elevated plus-maze test. M A N O V A  did not  show any  sig- 
nif icance for  the  two main  factors  T P  level and  drug t r ea tmen t  
on  the pa ramete r s  measured  in the plus maze.  In the case o f  
r i tanser in ,  however ,  there  was a s ignif icant  in terac t ion  be- 
tween the two factors  for  the  n u m b e r  of  entries into  open  
arms,  an  indica t ion  tha t  the t r ea tmen t  had  di f ferent  effects 
according to TP  level (Table  2). Ri tanser in  decreased n u m b e r  
o f  entries in all groups  except T10 (Table  4). 

Masculine sexual behaviour. While  the presence o f  testos- 
te rone proved to be essential  for  the occurrence o f  male  sexual 
activity, as shown by its absence in the empty  implan t  g roup  
(Table 5), M A N O V A  indicated tha t  increasing levels of  T did 
not  inf luence the  var ious  parameters  of  sexual behav iour  in 
the  r i tanser in  exper iment .  This  is shown by the  lack of  signifi- 
cance of  the  fac tor  T P  level (Table 6). The ma in  fac tor  drug 
t r ea tmen t  was s ignif icant  for  the n u m b e r  o f  m o u n t s  (Table 6) 
due to an  overall  decrease in the n u m b e r  of  m o u n t s  indepen-  
dent  of  the level o f  tes tos terone  (Table  5). Ri tanser in  also 
reduced the latencies to in t romiss ion  and  e jacula t ion  in the 
T2.5 group as indicated by compar i son  o f  the saline and  ri- 
tanser in  t r ea tments  by paired t tests (Table  5). 

As indicated by the significance of  the main  fac tor  drug 
t rea tment ,  DOI  had  an  overal l  effect in increasing int romis-  
sion latency independen t  of  T P  level (Tables 5 and  6). In the 
case of  e jacula tory  latency and  ref rac tory  per iod,  a s ignif icant  
in terac t ion between drug t r ea tmen t  and  T P  level was found  
(Table 6), suggesting a di f ferent ia l  effect of  the drug according 
to the TP  level. Pa i red  t tests appl ied to saline and  DOI  for  
each T P  level showed tha t  b o t h  pa ramete r s  were increased by 
DOI  in the group bear ing  the 5-mm TP implan t ,  bu t  no t  in 
the o ther  groups  (Table  5). 

Experiment 2 (Females) 

Hole board test. As indicated by the  significance of  the 
main  factor  neona ta l  for  b o t h  the r i tanser in-  (Table  7) and  

DOI- t r ea tmen t  experiments  (Table 8), neona ta l  tes tos terone 
increased (see Table  9) head-dipping frequency and  rearing 
independent ly  of  the p re t rea tment  and  t rea tments .  

In b o t h  sets of  experiments ,  tes tos terone implants  in adult-  
hood  (pre t rea tment)  significantly increased rearing indepen- 
dently of  the neona ta l  androgeniza t ion  (Table 9), as indicated 
by the significance of  the main  factor  p re t rea tment  and  the 
lack o f  in teract ion with the factor  neona ta l  (Tables 7 and  8). 
The  p re t rea tment  with  tes tosterone also increased locomot ion:  
This  result was, however,  conf ined to subjects  t reated with 
DOI  (Tables 8 and  9) and  was mainly  due to the effect of  the 
drug.  

As for drug t rea tments ,  r i tanser in had  no  effect on  any of  
the  parameters  (Tables 7 and 9). DOI  increased locomot ion  
and  head-dipping  frequency and  dura t ion  independent ly  of  
neona ta l  androgeniza t ion  and  subsequent  p re t rea tment ,  as in- 
dicated by the  significance of  the main  factor  drug t rea tment  
in absence of  any interact ion (Tables 8 and  9). 

Elevated plus-maze test. M A N O V A  did not  show any sig- 
nif icance for the main  factors neona ta l  and  pre t rea tment  in 
the  exper iment  with  r i tanser in (Table 7): This  indicates tha t  
nei ther  neona ta l  t r ea tment  with tes tosterone nor  its implan t  in 
adu l thood  has  an  effect on  the parameters  measured  in this 
test. 

In the exper iment  with DOI (Table 8) the main  factor  neo- 
nata l  was found  to be significant in the absence of  any interac- 
t ion:  Therefore  neona ta l  tes tosterone increased the n u m b e r  of  
to ta l  entries independent ly  of  subsequent  p re t rea tment  and  
t rea tment .  

In the  case of  r i tanser in  (Table 7), M A N O V A  also showed 
a significance for the factor  drug t rea tment  for  percentage 
t ime and  entries into  the open arms due to overall  increased 
levels of  the  two parameters  independent ly  of  previous manip-  
u la t ions  (neonata l  and  pre t rea tment )  (Table 10). DOI  had  no 
effect on  any of  the parameters  (Tables 8 and  10). 

T A B L E  5 

MALE SEXUAL BEIqAVIOUR IN MALE RATS 

Mounts lntromissions 
Ejaculation Refractory 

TP Level Treatment Latency (s) Number Latency (s) Number Latency (s) Period (s) 

Empty Sal 900 + 0 0 _+ 0 900 ± 0 0 + 0 - - 
(10) Rit 900 +_ 0 0 ± 0 900 +_ 0 0 ± 0 - - 

T2.5 Sal 31.3 +_ 10.6 13.9 _+ 4.1 48.7 _+ 14.4 12.4 ± 2.5 313.9 ± 83.4 273.3 ± 18.0 
(10) Rit 9.0 ± 2.2 7.2 ± 1.8 12.5 ± 2.2* 7.6 ± 0.8 105.8 _+ 16.7" 251,5 + 26.8 

T5 Sal 5.9 ± 1.7 11.5 ± 2.7 14.1 ± 5.5 13.8 ± 2.4 274.4 ± 62.8 271.9 ± 23.1 
(9) Rit 7.7 ± 4.1 6.8 ± 1.2 11.8 ± 5.1 13.1 + 1.7 245.2 ± 57.0 327.9 ± 21.6 

T10 Sal 3.3 ± 0.5 7.1 ± 2.3 13.7 ± 5.8 11.5 ± 2.4 195.9 _ 58.4 313.0 ± 18.3 
(9) Rit 4.1 ± 1.7 6.5 ±_ 1.6 6.2 ± 0.8 8.7 ± 1.7 116.8 ± 29.0 323.0 ± 9.7 

Empty Sal 900 ± 0 0 _+ 0 900 ± 0 0 ± 0 - - 
(10) DOI 900 ± 0 0 ± 0 900 ± 0 0 ± 0 - - 

T2.5 Sal 22.3 :t: 5.9 12.1 ± 3.5 51.2 ± 17.3 10.5 ± 1.8 273.9 ± 55.6 285.7 ± 23.7 
(10) DOI 55.2 ± 15.4 10.1 + 4.2 85.7 ± 40.9 6.2 _+ 1.6 866.2 ± 258 486.8 ± 97.0 

T5 Sal 7.0 + 1.8 10.6 ± 4.1 15.5 ± 4.9 12.7 ± 1.3 282.4 ± 49.0 305.8 ± 21.4 
(9) DOI 31.7 ± 11.8 25.0 +_ 8.9 42.0 ± 13.8 10.5 ± 2.5 1178.1 ± 268.2* 661.7 ± 101.0* 

T10 Sal 4.2 ± 0.7 5.0 ± 1.1 8.8 +_ 2.1 8.1 ± 1.6 132.0 ± 29.9 298.5 ± 17.3 
(9) DOI 4.7 ± 0.5 5.0 ± 1.7 9.2 ± 1.1 9.1 ± 1.5 128.7 ± 29.0 291.5 ± 13.7 

All results expressed as mean + SE. Number of rats in each group in parentheses. TI0, TS, T2.5 = testosterone proprionate implants 
of 10-, 5-, or 2.5-mm length; Sal = saline 1 ml/kg IP; Rit = ritanserin 0.25 mg/kg IP; DOI 0.25 mg/kg IP. *p < 0.05 (paired t test). 
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T A B L E  6 

THREE-WAY ANOVA (F and p Values) APPLIED TO MALES (Ritanserin and DOt): 
SEXUAL BEHAVIOUR TEST 

Mounts Intromissions 
Ejaculation Refractory 

Latency Number Latency Number Latency Period 

RITANSERIN 
Main factors 

1) T Level 1.33 0.77 1.51 1.03 1.55 0.6 
(df = 2, 24) NS NS NS NS NS NS 

2) Drug treatment  1.04 6.85 0.73 0.01 0.24 3.47 
(df = 1, 24) NS p < 0.01 NS NS NS NS 

Interaction 
1 × 2 0.57 1.27 0.42 2.87 0.48 1.72 

(df = 2, 24) NS NS NS NS NS NS 

DOI 
Main factors 

1) T Level 1.77 2.94 0.32 2.5 6.33 5.18 
(df = 2, 24) NS NS NS NS p < 0.003 p < 0.02 

2) Drug treatment  3.99 1.59 6.94 1.83 18.02 14.5 
(df = 1, 24) NS NS p < 0.01 NS p < 0.0003 p < 0.0008 

Interaction 
1 × 2 0.95 1.45 1.92 1.06 4.08 4.13 

(df = 2, 24) NS NS NS NS p < 0.03 p < 0.02 

T Level = testosterone level (i.e., size of  testosterone implant),  Drug Treatment  = saline, DOI, or ritan- 
serin. 

Masculine sexual behaviour. N e o n a t a l  t e s t o s t e r o n e  a n d  
p r e t r e a t m e n t  w i th  a t e s t o s t e r o n e  i m p l a n t  i n c r e a s e d  m a s c u l i n e  
s e x u a l  ac t iv i ty  ( n u m b e r  o f  m o u n t s )  in f e m a l e s  as  i n d i c a t e d  by  
t he  s i gn i f i c ance  o f  t he  m a i n  f a c t o r s  n e o n a t a l  a n d  p r e t r e a t m e n t  

in t he  M A N O V A  in  b o t h  sets  o f  e x p e r i m e n t s  (Tab le s  7, 8, a n d  
11). In  t he  e x p e r i m e n t  wi th  D O I  t he r e  was  a lso  a n  i n t e r a c t i o n  
b e t w e e n  t he  two  f ac to r s  (Tab le  8): T h e  inc rease  in n u m b e r  
o f  m o u n t s  in t he  T P  i m p l a n t  wi th  r e spec t  to e m p t y  i m p l a n t  

T A B L E  7 

THREE-WAY ANOVA (F and p Values) APPLIED TO FEMALES IN THE FIRST WEEK OF TESTING (Ritanserin) 

Hole Board Plus Maze Sex 

H-D H-D % Time in No. Open Total 
Locomotion Frequency Duration Rearing Open Arms Entries Entries No. Mounts 

Main factors 
1) Neonatal  0.207 4.455 2.192 6.022 0.634 2.380 !. 123 10.046 

(df = 1, 36) NS p < 0.05 NS p < 0.05 NS NS NS p < 0.01 
2) Pretreat 2.823 0.012 0.50 4.122 4.036 0.51 0.055 71.834 

(df = 1, 36) NS NS NS p < 0.05 NS NS NS p < 0.001 
3) Treat 1.39 1.32 0.31 0.76 4.29 4.33 3.60 7.85 

(df = 1, 37) NS NS NS NS p < 0.05 p < 0.05 NS p < 0.01 

Interactions 
1 × 2 1.79 0.99 0.09 i.24 2.94 3.13 0.16 0.279 

(df = 1, 36) NS NS NS NS NS NS NS NS 
1 x 3 0.23 0.31 0.02 1.17 0.32 0.17 0.06 1.74 

(df = 1, 37) NS NS NS NS NS NS NS NS 
2 × 3 0.01 0.02 0.96 0.00 0.18 0.34 0.46 0.04 

(df = I, 37) NS NS NS NS NS NS NS NS 
1 × 2 × 3 0.01 0.02 1.84 0.09 2.33 0.33 0.09 1.36 

(df = 1, 37) NS NS NS NS NS NS NS NS 

H-D = head-dipping, Neonatal  = neonatal  androgenizing treatment,  Pretreat = testosterone implant,  Treat = treatment with 
ritanserin. 
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T A B L E  8 

THREE-WAY ANOVA (F and p Values) APPLIED TO FEMALES IN THE SECOND WEEK OF TESTING (DOI) 

597 

Hole Board Plus Maze Sex 

H-D H-D % Time in No. Open Total 
Locomotion Frequency Duration Rearing Open Arms Entries Entries No. Mounts 

Main factors 
1) Neonatal 1.92 15.189 3.299 4.976 1. ! 55 2.479 6.735 5.228 

(df = 1, 36) NS p < 0.001 NS p < 0.05 NS NS p < 0.05 p < 0.05 
2) Pretreat 4.84 0.98 0.091 5.047 2.554 2.64 2.42 63.555 

(df = 1, 36) p < 0.05 NS NS p < 0.05 NS NS NS p < 0.001 
3) Treat 4.34 8.30 5.23 1.02 0.04 0.13 0.97 2.57 

(df = 1, 37) p < 0.05 p < 0.01 p < 0.05 NS NS NS NS NS 

Interactions 
1 x 2 2.74 1.74 0.065 0.107 1.095 0.46 0.055 6.11 

(df = 1, 36) NS NS NS NS NS NS NS p < 0.05 
1 × 3 0.03 0.06 1.41 1.50 0.00 0.13 0.03 0.00 

(df = l, 37) NS NS NS NS NS NS NS NS 
2 × 3 0.02 1.67 2.72 0.53 0.14 0.01 0.15 2.66 

(df = 1, 37) NS NS NS NS NS NS NS NS 
1 × 2 × 3 0.03 0.03 0.40 0.54 0.76 0.01 0.29 0.00 

(df = l, 37) NS NS NS NS NS NS NS NS 

H-D = head-dipping, Neonatal = neonatal androgenizing treatment, Pretreat = testosterone implant, Treat = treatment with 
DOI. 

was  in fact  grea ter  in and rogen i zed  t h a n  in n o r m a l  an imals  
(Table  11). 

C o n c e r n i n g  d rug  t r ea tmen t s ,  r i t anser in  tended  to increase 
the n u m b e r  o f  m o u n t s  independen t ly  o f  p r ev ious  t e s tos t e rone  
m a n i p u l a t i o n  (Tables  7 and  11). D O I  h a d  no  effect  on  m o u n t -  
ing behav io r  (Tables  8 and  11). 

DISCUSSION 

5 - H T  has  a n u m b e r  o f  d i f ferent  effects on  va r ious  aspects  
o f  b e h a v i o u r  due to the mult ipl ici ty o f  its recep tor ' s  sub types ;  
we have  here  restr icted ou r  obse rva t ions  to the  effects exerted 
at 5 -HT 2 receptors .  D O I  and  r i tanser in  are a relatively selec- 
tive 5 -HT 2 agonis t  (16) and  an tagon i s t  (24), respectively [al- 

T A B L E  9 

ACTIV1TY OF FEMALE RATS IN THE 5-MIN HOLE BOARD TEST 

Head-Dipping 
Neonatal Locomotion 
Treatment Pretreatment Treatment (no. of squares crossed) Frequency Duration (s) Rearing Frequency 

TP Empty Sal 176.2 + 16.2 7.7 + 1.7 10.6 ± 2.6 27.1 ± 3.9 
(10) Rit 166.4 :t: 20.7 6.0 ± 1.0 7.6 ± 1.6 23.5 ± 4.7 
TP implant Sal 181.6 ± 18.2 6.7 ± 1.0 6.1 + 1.0 29.4 ± 6.0 
(10) Rit 171.7 _+ 19.5 5.5 + 0.9 8.6 ± 1.7 24.4 + 3.6 

Oil Empty Sal 170.5 ± 37.3 5.0 ± 1.3 10.8 ± 3.2 14.7 + 3.1 
(10) Rit 144.5 ± 19.0 4.5 _+ 1.0 10.7 ± 3.2 14.6 + 2.8 
TP implant Sal 215.0 ± 18.5 5.6 + 0.7 10.1 ± 2.1 22.8 ± 3.4 
(10) Rit 194.4 ± 17.9 5.1 ± 0.6 8.9 ± 1.5 23.7 ± 3.5 

TP Empty Sal 157.7 + 20.7 6.1 ± 0.7 4.8 ± 0.8 19.2 ± 3.5 
(10) DOI 185.2 + 15.7 10.1 ± 1.6 9.6 + 1.7 18.7 ± 2.8 
TP implant Sal 167.2 ± 20.5 7.1 ± 1.0 7.0 ± 1.3 29.4 ± 5.3 
(10) DOI 194.0 ± 25.7 8.5 + 1.6 7.2 + 1.3 20.5 ± 4.3 

Oil Empty Sal 110.7 ± 25.1 2.5 ± 0.7 5.1 ± 2.0 11.3 ± 4.5 
(10) DOI 129.7 ± 24.9 5.7 ± 1.3 18.2 ± 8.1 10.6 ± 2.6 
TP implant Sal 171.6 ± 18.6 5.2 ± 0.7 9.1 ± 1.7 18.2 ± 3.1 
(10) DOI 198.7 ± 16.9 6.5 + 0.9 11.8 ± 2.5 19.8 ± 3.3 

All results expressed as mean + SE. Number of rats in each group in parentheses. TP = testosterone proprionate 250 #g/  
rat SC on day 1 postpartum, Oil = corn oil 0.1 ml/rat  SC on day 1 postpartum, TP Implant = testosterone proprionate im- 
plant 10-mm length, Empty = empty implant 10-mm length, Rit = ritanserin 0.25 mg/kg IP, DOI 0.25 mg/kg IP, Sal = 1 
ml/kg IP. 
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TABLE 10 

ACTIVITY OF FEMALE RATS IN THE 5-MIN ELEVATED PLUS-MAZE TEST 

Open Arms 
Neonatal 
Treatment Pretreatment Treatment % Time No. Entries No. Total Entries 

TP Empty Sal 15.4 + 4.1 3.8 ± 1.1 11.9 + 2.3 
(10) Rit 17.2 ___ 3.8 4.3 + 0.9 14.1 + 1.7 
TP implant Sal 11.3 ± 2.5 3.1 ± 0.5 10.4 _+ 1.5 
(10) Rit 22.4 _+ 5.1 3.6 +_ 0.4 11.0 + 0.9 

Oil Empty Sal 4.6 + 2.2 1.3 + 0.5 8.0 ± 1.8 
(10) Rit 9.6 + 2.8 2.4 + 0.6 10.1 _+ 1.3 
TPimplant Sal 16.3 _+ 2.9 3.3 _+ 0.7 11.2 ± 1.0 
(10) Rit 18.1 ± 3.1 3.7 ± 0.6 12.7 + 1.2 

TP Empty Sal 10.1 ± 3.0 3.7 +_ 0.9 13.2 + 1.9 
(10) DOI 11.1 + 4.5 3.8 _+ 1.4 13.1 ± 2.1 
TP implant Sal 12.9 ± 4.2 4.7 ± 0.9 13.6 + 1.6 
(10) DOI 13.5 _+ 4.2 4.6 + 1.3 15.2 ± 1.8 

Oil Empty Sal 7.7 + 3.7 1.4 ± 0.7 7.4 ± 1.7 
(10) DOI 4.9 ± 3.9 1.8 ± 1.2 8.6 _+ 2.0 
TPimplant Sal 10.5 ± 3.0 3.6 ± 1.0 11.1 ± 1.3 
(10) DOI 12.0 + 3.8 4.0 + 1.1 12.0 ± 1.7 

Results expressed as mean + SE. Number of rats in each group in parentheses. TP = testosterone 
proprionate 250/~g/rat SC on day 1 postpartum, Oil = corn oil 0.1 ml/rat SC on day 1 postpartum, TP 
Implant = testosterone proprionate implant 10-mm length, Empty = empty implant 10-mm length, 
Rit = ritanserin 0.25 mg/kg IP, DOI 0.25 mg/kg IP, Sal = saline 1 ml/kg IP. 

though both  act on the 1C receptor  as well (20)], and these 
agents have been used to alter 5-HT activity in these experi- 
ments.  

A variety o f  behavioral  activities in rodents  are sexually 
different iated besides sexual behaviour,  T in the perinatal  pe- 
riod being the main determinant  o f  the masculine behavioral  
profile (18,35). Males show lower locomotory  activity than 
females, and this is also true o f  females which have been 
androgenized over the neonatal  period (3-5,33). In adul thood,  
however,  T does not  exert a significant effect  on locomot ion,  
since in our experiments  there was no significant difference in 
untreated castrated males and those bearing T implants,  nor  
in androgenized and normal  females with and without  T im- 
plants.  Others have shown that  certain nonsexual  behaviours 
including locomot ion  and social interaction are unaffected by 
the absence of  T in adul thood  (10,30). 

Manipulat ion of  5-HT activity showed that  a reduct ion in 
5-HT activity by ri tanserin reduced locomotory  behaviour in 
males (see Table 2), but this effect was not  present in the 
group with T10 implants.  Ritanserin affected neither the an- 
drogenized nor the normal  females. DOI had no effect on 
locomot ion  in any of  the male groups,  but  it reduced rearing. 
In females, DOI induced an overall increased locomot ion  irre- 
spective of  neonatal  T or the presence of  T in adul thood.  

These findings are different  f rom those reported in the 
literature where DOI and another  5-HT agonist,  quipazine,  
reduced locomotory  activity in male rats (26,39). Ritanserin, 
which reversed the effect  o f  DOI,  had no effect  by itself in 
intact males (29). It is o f  interest,  therefore ,  that  in the present  
experiments the effect o f  ritanserin seemed to be masked in 
the castrated males bearing T10 implants,  which produce near 
physiological circulating levels o f  T as seen in intact rats (37). 

Reports  in the literature indicate that  the effect  o f  5-HT 
on spontaneous  locomot ion  is a complex one and chemical 

TABLE 11 

MASCULINE SEXUAL BEHAVIOUR IN FEMALES 

Neonatal 
Treatment Pretreatment Treatment No. Mounts 

TP Empty Sal 2.2 + 0.9 
(10) Rit 10.0 ± 3.8* 
TP implant Sal 23.0 ± 2.9 
(10) Rit 27.9 ± 3.6 

Oil Empty Sal 0 
(10) Rit 0.2 + 0.1 
TP implant Sal 26.7 + 1.7 
(10) Rit 26.0 + 5.0 

TP Empty Sal 0.7 _+ 0.1 
(10) DOI 0.6 ± 0.1 
TP implant Sal 28.5 + 6.0 
(10) DOI 22.7 + 4.1 

Oil Empty Sal 0.6 +_ 0.4 
(10) DOI 0.8 _ 0.5 
TP implant Sal 22.2 _+ 4.0 
(10) DOI 15.2 + 3.5 

Results expressed as mean ± SE. Number of rats in each 
group in parentheses. TP = testosterone proprionate 250 #g/ 
rat SC on day 1 postpartum, Oil = corn oil 0.1 ml/rat SC on 
day 1 postpartum, TP Implant = testosterone implant 10-mm 
length, Empty = empty implant 10-mm length, Rit = ritan- 
serin 0.25 mg/kg IP, DOI 0.25 mg/kg IP, Sal = saline 1 
ml/kg IP. 
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lesions of brain 5-HT systems can affect locomotion in either 
direction, possibly according to the pathways involved 
(11,34). Changes in locomotion have been measured concomi- 
tantly with changes in social and sexual activity, as change in 
locomotion might be an important component of the latter 
two behaviours. In fact, it changes independently from sexual 
behaviour (19), and both increases and decreases in locomo- 
tion have been associated with impaired social interaction 
(11). In the test mostly used in these reported experiments 
(i.e., the open field), locomotion is the net result of explor- 
ative and emotional drives, acting in opposition. The open 
field fails to distinguish these components, while in the hole 
board test, used in this experiment, locomotion is solely asso- 
ciated with exploration. 

Exploratory behaviour is sexually differentiated, with a 
greater activity in females than in males and androgenized 
females (3,4). The effect of neonatal androgens in the females 
was partially prevented by neonatal administration of the 5- 
HT precursor 5-HTP, indicating a possible antagonism be- 
tween T and 5-HT (36). In adulthood, the presence or absence 
of T implants in males or females did not modify exploratory 
activity, as shown by the frequency and duration of head- 
dipping in the hole board test (present results). Turning to 
the drug treatments in males, we have found that the 5-HT2 
antagonist ritanserin decreased duration and frequency of 
head-dipping, while DOI, the agonist, had the opposite effect. 
Once again the effect of ritanserin tended to be masked when 
T levels were high, as in the males bearing the TI0 implant. In 
females, exploration was on the whole increased by DOI, both 
in terms of frequency and duration of head-dipping. This ef- 
fect was independent of previous androgenization and of the 
pretreatment with T. 

Other authors have indicated that 5-HT inhibits explor- 
atory activity in adulthood (14,39). This discrepancy with our 
results may be due to the lack of novelty in our tests (15,25). 
Wing et al. (39) only obtained their results when the rats were 
unfamiliar with the test; in our experimental design, the ani- 
mals had been familiarized with the testing apparatus prior to 
the drug treatments, and so any effect of the drug was not 
related to novelty. 

The levels of emotionality might be the basis of the 5-HT- 
induced behavioral modifications, particularly as 5-HT modu- 
lates anxiety-related behaviours in adulthood (7). In the pres- 
ent experiments, animals were tested in the plus-maze test, 
selectively measuring levels of anxiety. In this test, blockade 
of 5-HT activity is anxiolytic, as seen after administration of 
parachlorophenylalanine, 5-HT~ and 5-HT2 antagonists, and 
5-7 dihydroxytryptamine lesions, while 5-HT 2 agonists are an- 
xiogenic (6,22). There are conflicting reports on the effect of 
ritanserin on anxiety; Critchley and Handley (8) showed that 
it increased entries into the open arms, while Pellow et al. (28) 
found the opposite. Gardner (13) has reviewed several other 
reports on the effects of ritanserin on anxiety which are also 
conflicting. 

In our experiments, ritanserin differentially affected activ- 
ity in the plus maze in males and in females. In males, the 
drug interacted with T levels, since the number of entries into 
the open arms was decreased in all groups except in that with 
the TI0 implant (see Tables 2 and 4). In females, ritanserin 
increased both entries and percent of time on the open arms 
irrespectively of androgenization and treatment with T at 
adulthood. Thus the genetic sex of the animal but not the 
neonatal androgenization played a role in the response to 
5-HT depletion. A proviso must be added here, that unfortu- 
nately the neonatal treatment had a very modest (albeit signifi- 

cant) effect on sexual behaviour and so it is possible that the 
dose (i.e., 250 #g/pup TP) on day 1 postpartum was insuffi- 
cient to exert a significant effect on other aspects of behaviour 
or response. DOI did not affect activity in the plus maze in 
either males or females. 

The low level of significant effects in the plus-maze test 
may be due to a variety of factors such as repetition of the 
testing, which was carried out twice before drug treatments 
started and was further repeated during the two weeks of the 
drug treatments. Validation of the plus-maze test by Pellow 
et al. (27) indicated that repetition does not affect response. 
However, in our experiments an overall increase in time spent 
in the open arms was observed after the second treatment 
(DOI/saline), one week after the first treatment (Rit/saline) 
(one-way ANOVA for the two saline groups, F = 2.78, p < 
0.01), possibly due to the familiarity with the test itself. 

When regression analysis was applied to the two saline 
groups we obtained a significant correlation between levels of 
testosterone and percentage time on open arms (R = 0.34, p 
= 0.04) for the saline/DOI group, suggesting that testoster- 
one in adulthood has an anxiolytic effect in males. 

It is well established that neonatal androgenization induces 
masculinization and defeminization of sexual behaviour in 
adulthood in both sexes (18). The presence of T in adulthood 
is also essential for male sexual activity in both males and 
females. Thus, in males, castration will eventually abolish all 
aspects of sexual behaviour (32), and these can be reinstated, 
in full, by replacement of T at concentrations well below those 
seen in the normal intact rat (1). Circulating T also has an 
important influence on other forms of behaviour including 
aggression and dominance (2). 

These findings on the effect of T on male sexual behaviour 
were replicated in our experiments, since we showed that in 
castrated males sexual behaviour was completely abolished 
and returned in full in the presence of the T2.5 implant, which 
only reinstated circulating plasma levels to a quarter (2 pmol/ 
l; 0.6 ng/ml) of the physiologically normal concentration seen 
in intact rats (8 pmol/l; 2.4 ng/ml) (37). Thus the groups 
bearing T2.5, T5, and T10 implants all showed similar sexual 
activity, although latencies to mount, intromission, and ejacu- 
lation tended to be longer in the T2.5 group. MANOVA 
showed no interaction on behaviour between T levels and ri- 
tanserin, but there was an interaction between T and DOI. 

Reports in the literature are almost unanimous in suggest- 
ing that 5-HT 2 activity exerts an inhibitory effect on male 
sexual behaviour (12,17), and a variety of selective 5-HT 2 ago- 
nists and antagonists have been shown to inhibit and stimulate 
male sexual behaviour, respectively. In our experiments on 
males, ritanserin and DOI had no effect on sexual behaviour 
in castrated rats, and this confirms many previous reports that 
drugs rarely affect sexual behaviour in the absence of T (31). 
In the groups bearing the range of T implants, behaviour was 
so vigorous that further enhancement could not be observed 
easily, although in the T2.5 group ritanserin reduced latencies 
to intromission and ejaculation and at all levels of T it reduced 
the number of mounts required to reach ejaculation. The ex- 
pected inhibitory effect of DOI was observed in that latency 
to intromission was increased in all T-implant groups, and 
latency to ejaculation and length of the refractory period were 
also increased, although only in the T5 implant group. 

In females, enhancement of male behaviour is shown by 
an increase in the number of mounts exhibited when placed 
with another normal receptive female. In spite of the low 
levels of mounting, MANOVA showed that frequency of 
mounts was increased by neonatal androgenization, and that 
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the presence o f  T in a d u l t h o o d  great ly enhanced  moun t ing  
behav iour  in bo th  the androgenized  and  no rma l  females.  

Ri tanser in  increased m o u n t  f requency in the female 
groups,  M A N O V A  indicat ing tha t  its effect was independen t  
of  bo th  neona ta l  and  adul t  T t rea tment .  DOI,  on  the o ther  
hand ,  had  no  effect on  male  behav iour  in females. Pe rhaps  
the predicted inh ib i to ry  effect  of  DOI  could not  be mani fes ted  
on  the relatively low levels o f  mascul ine  activity in these fe- 
males.  

In summary ,  therefore ,  when  sexual activity was at  such a 
level tha t  changes  induced by 5-HT man ipu la t i on  could be 
seen, there was an  inverse re la t ionship  between 5-HT activity 
and  male  sexual behav iour  in bo th  males and  females,  and  
this was in some cases related to the level of  T in the animal .  

It is interest ing to note  tha t  the effect  of  5 -HT manipula -  
t ion on  mascul ine  sexual activity appeared  independen t  of  the  
effects on  nonsocia l  behaviours .  Thus ,  the poten t ia t ing  effect 
of  the 5-HT 2 an tagonis t  r i tanser in  on  male  sexual activity ob- 
served in b o t h  sexes was coupled with reduced locomot ion  
and  explora t ion  and  increased anxiety in males,  bu t  in females 
with decreased anxiety with unmodi f i ed  locomot ion  and  ex- 
p lora t ion .  

In this invest igat ion we set ou t  to see if  the presence of  
T in adu l thood  inf luenced various aspects of  behav iour  and  
whether  or no t  5 -HT and  T in terac ted  in their  cont ro l  o f  these 
behaviours .  We found  tha t  T in a d u l t h o o d  is essential for  the 
occurrence of  male  sexual behav iour  bu t  had  no  effect  on  

locomot ion  and  exploratory behaviour  in ei ther sex. In males,  
tes tos terone had  an anxiolytic effect,  but  only when the ani- 
mals had  become famil iar  with the test appara tus .  It is of  
interest  tha t  the effects o f  the 5-HT 2 antagonis t  r i tanser in on  
reducing locomot ion  and  explorat ion and  increasing anxiety,  
while not  requir ing the presence of  T, seemed to be masked  
by the highest  dose o f  T (i.e., the T10 implant) .  Apa r t  f rom 
this,  there was no interact ion between T and  r i tanser in  in 
reducing locomot ion  and  explorat ion in males (it had  no  effect 
in females) and  DOI  in s t imulat ing locomot ion  and  explora- 
t ion in bo th  sexes. DOI  had  no effect on  anxiety,  but  r i tan- 
serin had  a gender-specific effect, being anxiogenic  in males 
and  anxiolytic in f e m a l e s - t h e  latter whether  t reated with 250 
# g / p u p  T P  on day 1 pos tpa r tum or not .  

In conclusion,  man ipu la t ion  of  5-HT in adu l thood  had  
dif ferent ia l  effects on  various aspects of  behaviour ,  dependent  
on  the sex o f  the an imal  but  not  on  neona ta l  androgeniza t ion  
( induced by 250 ~tg/pup TP).  There  may be an  inverse rela- 
t ionship  and  in terac t ion between 5-HT and  T on  male sexual 
behaviour ,  but  in cont ras t  to the f indings no ted  in the neona-  
tal  per iod (9,36), there was no  inverse re la t ionship or testoster- 
one dependence  seen on  nonsexual  aspects o f  behav iour  in 
adu l thood .  
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