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BATTY, J. AND B. J. MEYERSON. The effects of p-chlorophenylalanine, fenfluramine and a-methyltryosine on marking 
responses in the male Mongolian gerbil (Meriones unguiculatus). PHARMAC. BIOCHEM. BEHAV. 12(2) 181-184, 
1980.--Marking behavior was maintained by testosterone propionate treatment in castrated Mongolian gerbils. 
p-Chlorophenylalanine (PCPA) enhanced and a-methyltyrosine (a-MT) inhibited responses. No effect was seen by PCPA 
in non-TP-treated subjects. Fenfluramine inhibited the response in intact gerbils. The data suggest that serotonergic 
inhibitory mechanisms exist which are implicated in testosterone dependent marking behavior in the Mongolian gerbil. 
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SEXUAL responses in the male rat are dependent to a large 
extent on the amount of circulating androgens [ 1]. Castration 
results in a progressive decline in sexual behavior [2], and 
treatment with testosterone propionate (TP) restores the be- 
havior to precastration levels [3]. 

There is now much data showing that the levels of 
monoamines in the brain also have effects on sexual re- 
sponses. For  example the serotonin synthesis inhibitor 
p-chlorophenylalanine (PCPA) [6] can increase sexual re- 
sponses in intact [14] or castrated testosterone treated male 
rats [7]. This stimulatory effect of PCPA is not mediated by 
changes in endogenous testosterone production, since the 
drug is also effective in castrate adrenalectomized subjects 
injected with low doses of TP [8]. Administration of the 
serotonin precursor DL-5-hydroxytryptophan results in a 
decreased sexual response in castrated testosterone treated 
male rats [8], further indicating serotonerglc mechanisms to 
be implicated in mounting behavior. In contrast to PCPA, 
the catecholamine synthesis inhibitor ~-methyltyrosine 
(a-MT) decreases sexual responses in castrate male rats, and 
treatment with catecholamine precursors such as 
L-dihydroxyphenylalanine increases sexual responses [8]. 

These results (and many others not cited, see review b y  
Meyerson and Malmn/is [10]) suggest that monoamines are 
involved in the mechanisms which control the display of 
testosterone dependent measures of sexual behavior in the 
male rat. 

This paper examines another testosterone dependent 
behavior--ventral  marking in the male Mongolian gerbil 
(Meriones unguiculatus). Gerbils have a ventral sebaceous 
gland which is used to " m a r k "  objects on the ground in their 

environment [15]. The behavior is easily observed in the 
laboratory and consists of an approach to an object, some 
sniffing, followed by a mount and rubbing of the gland over 
the object 's  surface with one forward movement. Marking 
responses in the male decline after castration, but can be 
restored with injections of TP [15]. This paper investigates 
whether drugs which influence monoaminergic transmission 
have effects on the display of marking responses in the male 
Mongolian gerbil. Experiments 1 and 2 examine the effects 
of altered serotonin function and Experiment 3 examines the 
effects of altered catecholamine function. 

METHOD 
Housing 

Animals were weaned at 25 days and housed in single sex 
groups until 10-11 weeks. At this age they were isolated into 
single cages (Macrolon) and used in the experiment at 12-13 
weeks. Lighting was on a reverse 12/12 cycle (light off 8:30 
a.m.) and room temperature was maintained at 22°C. Stand- 
ard laboratory chow and water were available ad lib. 

Behavior Observation 

Marking responses were observed in a 50×50 cm open 
field, with 15 cm walls and 4 raised pegs equidistantly placed 
on the floor which was marked off into squares (Fig. 1). Each 
test session was 5 rain, and the number of discrete ventral 
rubs and the number of lines crossed was recorded. Tests 
were conducted between 9 a.m. and 4 p.m. under dimmed 
illumination. After each test the floor area was thoroughly 
cleaned with 70% alcohol. 
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FIG. 1. The marking response in the Mongolian gerbil and the ob- 
servation arena. 

Hormones and Drugs 

Testosterone propionate (TP, Organon) was dissolved in 
olive oil and DL-para-chlorophenylalanine methylester HCI 
(PCPA, Labkemi, Stockholm), o~-methyl-p-tyrosine HC1 
(a-MT, Labkemi, Stockholm) and fenfluramine HC1 (Ben- 
son, Copenhagen) were dissolved in saline. Injections were 
made subcutaneously in the "scruff" of the neck. The doses 
refer to the salt. 

Ca stra tion 

Animals were castrated under ether anesthesia via a mid- 
scrotal incision. 

EXPERIMENT 1 

Effects of  PCPA on Marking Responses 

This experiment examined the effects of the serotonin 
synthesis inhibitor PCPA on marking responses in castrated 
testosterone treated male gerbils. 

METHOD 

Marking responses of intact male gerbils were observed 
on two consecutive days and subjects were then castrated 
and retested for marking responses after one week. Only 
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FIG. 2. The effect of p-chlorophenylalanine (PCPA) on marking 
responses in testosterone propionate (TP) treated castrated Mongo- 

lian gerbils. 

those animals which showed more than 10 marks in the pre- 
castration test session, and which after castration showed at 
least a 40% reduction in marking were used (approximately 
65% of animals tested fulfilled this criterion). This was be- 
cause the experiment was designed to investigate the effects 
of PCPA on testosterone dependent aspects of marking be- 
havior. Subjects were then injected immediately after the 
postcastration test with either 0 ~g TP (n=22), 20 /xg TP 
(n=24) or 80 #zg TP (n=30) in a volume of 0.05 ml oil. 
Forty-eight hours later subjects were retested for marking 
responses and half from each hormone dose group were in- 
jected with saline (0.1 ml) and half with PCPA (200 mg/kg in 
0.1 ml saline). Behavior was observed after 5, 22, 26 and 48 
hr.  

RESULTS 

The marking responses for the three experimental groups 
are shown in Fig. 2. 

After castration and injections of TP, the three groups 
showed different levels of marking responses. Two days 
after injection the controls and experimental subjects of the 0 
~g TP group displayed on the average 48% of their precas- 
tration levels an the 20 ~g TP and 80 ~g TP group displayed 
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FIG. 3. The effect of  fenfluramine on marking responses in intact 

Mongolian gerbils. 
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FIG. 4. The effect of alpha-methyl-p-tyrosine (a-MT) on marking 
responses in testosterone propionate (TP) treated castrated Mongo- 

lian gerbils. 

53% and 68% respectively. Four  days after the injection of 
TP the control subjects of the 0/xg TP group displayed 20% 
of precastration marking levels, and the 20/xg TP and 80/xg 
TP groups displayed 32% and 50%, respectively. The effects 
of PCPA were studied during a time when the effects of the 
TP treatment were declining. 

In the 0/xg TP group, there were no significant differences 
in the marking scores between the saline and PCPA treated 
animals in any of the tests. In the 20/zg and 80/zg TP groups 
there was an increased marking frequency in the PCPA 
treated animals in 22, 26 and 48 hr, which was significant for 
both groups at 26 hr (Mann-Whitney U test, 20/xg TP U=33, 
p<0.03;  80/zg TP U=62, p<0.05).  

There were no significant differences between saline and 
PCPA treated animals in the number  of  lines crossed in 
any of the experimental groups, and the PCPA treated 
groups showed no disturbance in overt behavior at any time. 
However, the subcutaneous injection of PCPA did cause 
considerable skin irritation and the subjects scratched the 
injection site. 

EXPERIMENT 2 

The Effects of  Fenfluramine on Marking Behavior 

The previous experiment has shown that the serotonin 
synthesis inhibitior PCPA can increase the display of mark- 
ing responses in the castrate,  testosterone treated male ger- 
bil. This experiment examined whether fenfluramine, an am- 
phetamine derivative with a stimulatory effect on serotoner- 
gic activity [5,11] also has effects on marking response. 

METHOD 

Pilot experiments using castrate testosterone injected 
males suggested that fenfluramine had effects on marking 
responses less than an hour after drug injection, and that 
these effects had disappeared after 4 hr. Since the drug effect 
had such a rapid onset it was decided to use intact males, 

rather than castrates, since a change in endogenous testos- 
terone levels is unlikely to affect marking behavior in so 
short a time period. 

Marking responses in intact male gerbils were observed 
on 2 consecutive days and subjects showing an average of 
more than 10 marks per test were used as experimental sub- 
jects.  The following day subjects were retested (Pre-drug 
Fig. 3) and immediately following the test were injected with 
fenfluramine (6 mg/kg, n=8; or saline only, n=8). Behavior 
was observed 0.5, 1 and 4 hr after injection. 

RESULTS 

The marking responses for experimental and control 
groups are shown in Fig. 3. 

Prior to drug treatment there were no significant differ- 
ences in marking responses between the two groups, but at 
30 and 60 min post injection, the fenfiuramine treated group 
showed a significant decrease in marking frequency 
(Mann-Whitney U-test; U=6 ,  p<0.004, U=9.5,  p<0.02).  
Four  hours after injection there was no significant differ- 
ences between the drug treated and saline treated animals. 
There were no significant differences in the number of lines 
crossed between saline and fenfluramine treated animals in 
any of the tests and the drug treated animals showed no 
disturbance in overt behavior. 

EXPERIMENT 3 

The Effect of  ot-Methyltyrosine on Marking Behavior 

This experiment examines the effects of decreased cate- 
cholamine activity on marking responses,  t~-methyltyrosine 
inhibits catecholamine synthesis at the tyrosine hydroxylase 
level [2]. 

METHOD 

Marking response of intact male gerbils were observed on 
two consecutive days, and subjects were then castrated and 
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retested for marking responses after one week. Only animals 
which showed a postcastration decline in marking responses 
of at least 30% were used in the experiment. Subjects were 
then injected with 80/xg TP in 0.05 ml oil and were retested 
for marking responses 48 hours later. After this test animals 
were injected with either 100 mg a-MT (n= 15), or with saline 
only (n = 16). Behavior was observed after 5, 24 and 48 hr. 

RESULTS 

The marking response of drug and saline treated groups 
are shown in Fig. 4. 

Prior to drug treatment there were no significant differ- 
ences in marking responses between the two groups. Five 
hours after injection, the a-MT treated groups showed a sig- 
nificantly lower level of marking compared to controls 
(Mann-Whitney U-test, U=62,  p<0.03). There were no sig- 
nificant differences between the groups 24 and 48 hr after 
injection. There were no significant differences in the 
number of lines crossed between the saline and a-MT treated 
groups, and the drug treated animals showed no disturbance 
in overt behavior. 

D I S C U S S I O N  

Our results show that after castration the marking behavior 
of the male gerbil gradually decreases over a period of about 
2 weeks. During this period it is possible to maintain or re- 
store the behavior to a submaximal response level by injec- 
tions of TP. The response measured 48 hr after TP injection 
was greater than the one seen after 70-74 hr. During this time 
of declining TP-induced response, PCPA treatment resulted 
in a significant increase of the number of markings made 26 
hr after PCPA injection. The extent of this facilitatory effect 
was such that the response became equivalent to the level of  
the 48 hr TP-induced response. This might mean that the 
PCPA treatment maintained the 48 hr response. The 
biochemical effects of PCPA in the gerbil are almost un- 
known. However,  in the laboratory rat it is well established 
that systemic administration of PCPA produces relatively 

long term decrease of brain serotonin [6] by suppressing 
tryptophan hydroxylase, the rate limiting enzyme in seroto- 
nin production. There is also some evidence that PCPA, in 
addition to its inhibition of serotonin synthesis, releases 
serotonin from storage sites with a subsequent depletion and 
long-term impaired serotonergic activity [9]. Initially, how- 
ever, the biosynthesis of catecholamines is influenced as 
well [6] and a decrease in the catecholamine synthesis might 
have influenced the results. The delay of the facilitatory ef- 
fect may have been due to a decreased catecholamine syn- 
thesis as a very clearcut decrease of the marking response 
resulted after administration of the catecholamine synthesis 
inhibitor ~-methyltyrosine in analogous experiments. 

The major functional effect of fenfluramine is an increase 
of the serotonergic activity by a release of serotonin from 
storage sites with a subsequent increase of activity at 
postsynaptic receptors [11,15]. The clearcut inhibitory effect 
of fenflurmaine on the marking behavior gives further sup- 
port to the hypothesis that the stimulatory effect of PCPA is 
related to serotonin depletion and that the marking response 
is inhibited by increased a facilitated by decreased 
serotonergic activity. 

As no effect was seen by PCPA in non-TP treated sub- 
jects, the present data suggest that the serotonergic and tes- 
tosterone dependent neuronal mechanisms are related. 

So far the marking response seems to be analogous to the 
mounting behavior in the rat, in that the behavior is 
facilitated by PCPA and decreased by c~-MT. 

In conclusion there is evidence that there exist 
serotonergic inhibitor mechanisms which are implicated in 
the control of testosterone induced marking behavior in the 
Mongolian gerbil and that a diminished serotonergic activity 
removes this inhibition. 
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