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SALD~3/AR, A., C. R~OS AND A. FERN/tdqDF_,Z-GUASTI. Differential role of serotonin and noradrenaline on anxiety reduction 
after ejaculation in the rat. PHARMACOL BIOCHEM BEHAV 38(4) 807-812, 1991.--As previously reported, a reduction in 
anxiety after ejaculation was observed. In a previous report it was demonstrated that the GABA-benzodiazepine system is involved in 
the mediation of this reduction in anxiety. The anxiety levels were measured using a defensive burying model. This work was 
performed to elucidate the serotonin and noradrenaline participation in the mediation of this phenomenon. Two experiments were 
made. In the fn'st experiment the serotonergic neurotoxin 5,7-dihydroxytryptamine (5,7-DHT, 10 p.g/10 p.1) was intracerebroventric- 
ularly injected. Five days after its administration the behavioral tests were performed. In the second experiment, the noradrenergic 
neurotoxin N-(2-chloroethyl)-N-ethyl-2-bromobenzylamine (DSP4, 50 mg/kg x 2) was IP administered. The neurochemical data 
reveal a drastic reduction in various brain areas respective monoamine levels after these treatments. The lesion produced by 5,7-DHT 
was able to reverse the reduction in anxiety in copulating males, but produced no changes in noncopulating animals. This finding 
supports the idea that the serotonergic system is involved in the reduction of anxiety observed after ejaculation. The results of the 
DSP4 experiment suggest that there is not a direct participation of the noradrenergic system in the anxiety reduction observed after 
ejaculation. 

Anxiety reduction after ejaculation 5,7-DHT DSP4 Serotonin Noradrenaline Burying behavior 

RECENTLY we reported a reduction in anxiety after ejaculation 
in the rat (11). Additionally, we have found that the administra- 
tion of GABAergic and benzodiazepinic antagonists inhibited the 
reduction in anxiety after ejaculation leading to the conclusion 
that the GABA-BZ system is involved in this effect (14). Besides 
GABA, the participation of serotonin (5-HT) and noradrenaline 
(NA) in the mediation of both anxiety and masculine sexual 
behavior has been reported. Thus several studies suggest an 
inhibitory role of 5-HT in the control of masculine sexual 
behavior (3,28) and anxiety (5, 17, 22). The role of NA in these 
processes seems to be less clear, however, it is suggested that this 
neurotransmission is increased during anxiety states (1, 24, 32). 
Finally, the facilitatory role of the noradrenergic system in the 
neural control of male sexual behavior has also been suggested (3, 
26, 29). Since 5-HT and NA participate in the control of 
copulatory behavior and in the mediation of anxiety, in the 
present experiments we analyzed whether these neurotransmitter 
systems are involved in the reduction of anxiety found after 
ejaculation. As in the previous study (11), the burying behavior 
paradigm was chosen to measure the anxiety levels. In view of the 

large number of postsynaptic receptor types described for 5-HT 
(31) and NA (25), in the present experiments the role of these 
neurotransmitter systems was studied by lesioning the terminals 
using the selective neurotoxins 5,7-DHT (4) and DSP4 (21). 

GENERAL METHOD 

Animals 

Male Wistar rats (250-300 g) were used. The animals had free 
access to Purina rat chow and water all over the study and were 
maintained in a 12:12-h light-dark controlled room (lights off 
from 1000 to 2200 h). Animals were individually housed for at 
least three days before the experiment. The experiments were 
made two h after initiating the dark phase. 

Drugs 

The following drugs were used in these experiments: 5,7-dihy- 
droxytryptamine (5,7-DHT), Sigma, St. Louis, MO; desipramine, 
Sigma, St. Louis, MO; 2-chloroethyl-N-ethyl-2 bromobenzylamine 

tRequests for reprints should be addressed to Dr. Alfredo Saldivar, Instituto Mexicano de Psiquiatrfa, Divisi6n de Investigaciones en Neurociencias, 
Camino a Xochimilco 101, Col. San Lorenzo Huipulco, Delegaci6n Tlalpan, 14370 M6xico, D.F., M6xico. 
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TABLE 1 

MONOAMINE ASSAYS (ng/g TISSUE) ON THE BRAIN STEM, HIPPOCAMPUS, HYPOTHALAMUS AND 
FRONTAL CORTEX OF 5,7-DHT AND ASCORBIC ACID 20%-TREATED RATS 

Groups Serotonin 5HIAA Noradrenaline 

Brain Stem Control 311 --+ 22 224 ± 24 540 ± 75 
5,7-DHT 117 ± 36:~(38) 108 +-- 32t(48) 650 ± 6INS(120) 

Hippocampus Control 239 ± 63 223 ± 33 476 ___ 115 
5,7-DHT 104 __+ 33*(44) 125 ± 19t(56) 525 ± 99ns(110) 

Hypothalamus Control 635 ± 125 361 ± 71 1712 ___ 199 
5,7-DHT 203 + 59:~(32) 162 ± 32t(45) 1576 --- 195ns(92) 

Cortex Control 457 ± 76 414 __. 53 524 ± 51 
5,7-DHT 108 - 17~:(24) 108 ± 165(26) 758 --- 205n~(144) 

Student t-test, ns: nonsignificant; *p -<0.05; tp-<0.02; $p-<0.002. 
5,7-DHT (10 izg/10 txl ICV) was injected 60 min after desipramine (25 mg/kg, IP). Values are ex- 

pressed as means _+ S.E. Values in parentheses indicate percentage of control. 

(DSP4); Astra L~ikmedel AB, Sweden; and zimelidine hydrochlo- 
ride, Astra, Lakmedel, AB, Sweden. 5,7-DHT was dissolved in 
20% ascorbic acid; desipramine and zimelidine in physiological 
saline and DSP4 in distilled water. 

Anxiety Test 

The defensive burying behavior paradigm was used (40). As 
previously described (11), this technique can be useful to study 
anxiety under pharmacological manipulations (39) and different 
physiological status (11). This paradigm consists of an acrylic 
cage measuring 27 × 23 × 16 cm with the floor covered with saw- 
dust. An energized prod emerges from one of the walls of the 
cage. After the animal receives the electric shock (0.3 mA) it 
displays the burying behavior that consists of a series of move- 
ments oriented to cover the prod with the fine sawdust. The time 
from the shock to the behavior display was defined as the bury- 
ing behavior latency. The animals were observed during a ten- 
minute test and the cumulative burying behavior recorded. The 
increase in burying behavior latency and a decrease in the cumu- 
lative burying behavior is interpreted as a reduction in anxiety 
levels (40). 

Sexual Behavior Observations 

Male sexual behavior tests were made with females brought 
into sexual receptivity by the administration of estrogen (estradiol 
valerianate 5 Ixg/rat, at 0 h) followed by progesterone (1 mg/rat 
44 h). Sexual behavior tests were made 4 h after progesterone 
injection. Male rats were placed in a cylindrical cage two min 
before the receptive/proceptive female was introduced. The sex- 
ual behavior parameters recorded were: intromission and ejacula- 
tion latencies, number of mounts and intromissions preceding 
ejaculation and postejaculatory interval. For description of each 
behavioral parameter see Fern~indez-Guasti et al. (11). The sex- 
ual behavior parameters were recorded during two consecutive 
series of copulation. 

Biochemical Assay 

Noradrenaline, serotonin and 5-hydroxyindolacetic acid (5- 
HIAA) were analyzed by HPLC with electrochemical detection 
following the technique described by Saligaut et al. (34) with 
minor modifications. 

The animals were sacrificed by decapitation. The brain was 
removed, placed on a cold plate and the hippocampus (Hc), hy- 

pothalamus (Ht), frontal cortex (Cx), and brain stem (BS) dis- 
sected according to the method of Iversen and Glowinski (20). 
After thawing, cerebral structures were added with an antioxidant 
solution containing 0.1% w/v Na2S20 5 in 0.05 M perchloric acid, 
0.3 ml for Ht, 0.7 ml for Hc, 1.0 ml for Cx and 0.7 ml for BS. 
The tissue was then homogenized by sonication and centrifuged 
at 8000 × g for 10 min, the supernatant transferred to a polypro- 
pylene tube with cap and stored frozen until analysis. All samples 
were filtered on millipore filters (0.22 ~m) prior to injection into 
the HPLC system. The HPLC apparatus consisted of a Perkin- 
Elmer series 3B liquid chromatograph with a 20 p,1 sample loop. 
Monoamines signal was monitored with a Metrohm amperomet- 
ric detector using an oxidation potential of 0.8 V vs. Ag/AgC1 
reference electrode at 5 nA of sensitivity scale. Peaks were inte- 
grated with a Sigma 10 chromatography data station. Mobile phase 
consisted of 0.03 M phosphate buffer (pH 3.5) containing 0.08% 
w/v sodium octyl sulphate, 0.03% EDTA and 15% methanol. 
The column was an Alltech C-18 reversed phase (100 x 4.6 mm, 
3 ixm of average particle size), and the flow rate was 1.4 ml/min. 
The results shown in Tables 1 and 2 were expressed as ng of 
monoamine/g fresh tissue. 

Statistical Analysis 

The sexual, burying and spontaneous ambulatory behavior data 
were statistically analyzed by help of the Kruskal-Wallis analysis 
of variance followed by the Mann-Whitney U-test (36). The neu- 
rochemical data were compared using the Student 's t-test (37). 

TABLE 2 

MONOAMINE ASSAYS (ng/g TISSUE) ON THE HIPPOCAMPUS AND 
HYPOTHALAMUS OF DSP4- AND DISTILLED-WATER TREATED RATS 

Groups Noradrenaline Serotonin 

Hippocampus Control 352 ± 77.3 122 z 51 
DSP4 51 ± 51t(14) 161 -- 46ns(131) 

Hypothalamus Control 952 --- 209 193 __+ 66 
DSP4 477 ___ 100"(50) 159 ± 34ns(83) 

Student t-test, ns: nonsignificant; *p--<0.05; tp--<0.002. 
DSP4 (2 x 50 mg/kg, IP) was injected 60 min after zimelide (2 x 20 

mg/kg, IP). Values are expressed as means ___ S.E. Values in parenthe- 
ses indicate percentage of control. 
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The motor coordination data were statistically analyzed by the 
Wilcoxon t-test (36). 

Experiment 1: Effect of the neurotoxin 5, 7-DHT on the reduc- 
tion in anxiety induced by ejaculation. In order to lesion the se- 
rotonergic fibers the neurotoxin 5,7-DHT was intraventricularly 
injected as follows: the noradrenergic reuptake inhibitor, desi- 
pramine (25 mg/kg IP) was injected one hour before 5,7-DHT (10 
~g/10 Ixl ICV) administration. The control group received desi- 
pramine or saline one hour before 5,7-DHT vehicle, consisting of 
10 Ixl ascorbic acid 20%. The animals were anesthetized with 
pentobarbital (35 mg/kg IP) and mounted in a stereotaxic instru- 
ment with the intraaural plane in a horizontal position (parallel 
horizontal lines between the intraaural plane and the incisor bars). 
The bregma and lambda lines identified. The coordinates to 
inject into the fight lateral ventricle were: 6.06 mm anterior to 
lambda, 1.4 mm fight to the middle line and 3.9 mm deep (23). 
These coordinates were confn'med by histological methods. The 
drug was administered at a rate of 2 ~1 per minute and the nee- 
dle stayed in the ventricle 5 min after injection. 

Five days after the neurotoxin injection the experiment was 
made. The three main groups included in this experiment were: 
lesioned (desipramine + 5,7-DHT), nonlesioned (desipramine + 
ascorbic acid), and sham operated (saline + ascorbic acid). These 
groups were additionally divided into two groups: control (tested 
for anxiety without sexual behavior) and experimentals (tested for 
anxiety immediately after two ejaculations). After the experiments 
the animals were sacrificed and the monoamines levels determined 
as previously described. 

Experiment 2: Effect of noradrenergic neurotoxin DSP4 on 
the reduction in anxiety induced by ejaculation. In order to lesion 
the locus coeruleus noradrenergic fibers, the neurotoxin DSP4 
was systemically (IP) injected as follows: the neurotoxin DSP4 
(50 mg/kg) was administered one hour after the serotonergic re- 
uptake inhibitor, zimelidine hydrochlofide (20 mg/kg). The con- 
trol groups received zimelidine or saline one hour before the DSP4 
vehicle, 2 ml/kg of distilled water. One week later the treatment 
was repeated and the behavioral test performed three weeks after 
the second treatment. As in Experiment 1 three main groups were 
included: lesioned (zimelidine + DSP4), nonlesioned (zimelidine 
+ distilled water), and control (saline + distilled water). These 
groups were additionally divided into two groups: control (tested 
for anxiety without sexual behavior) and experimentals (tested for 
anxiety immediately after two ejaculations). After the experiments 
the animals were sacrificed and the monoamine levels determined 
as previously described. Additionally, in this experiment, motor 
coordination and spontaneous ambulatory behavior tests were 
performed. The motor coordination was made as previously de- 
scribed (12). Briefly, the animals were trained to walk in a rota- 
rod (7 cm diameter, 11 rpm) for three consecutive days. The 
number of falls during a 5-min period was counted. The data of 
the third test were compared to those obtained in the second test. 

The spontaneous ambulatory behavior test was made as previ- 
ously described (13). The motor activity was recorded in a box 
measuring 43 x 36 × 19 cm that was placed over a sensitive plaque 
(48 × 40 cm) of an activity meter (Stoelting Co., Chicago, IL) 
connected to a counter (Stoelting Co., Chicago, IL). The animal 
was placed in the cage and the number of counts were recorded 
after a 10-min period. 

RESULTS 

Experiment 1: Effect of the Neurotoxin 5, 7-DHT on the 
Reduction in Anxiety Induced by Ejaculation 

The biochemical assay results are shown in Table 1. There 
were no statistically significant changes in brain noradrenaline 
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FIG. 1. Effect of the serotonergic neurotoxin 5,7-DHT on the reduction 
in burying behavior observed after ejaculation. Figure shows mean +__ S.E. 
of the cumulative burying behavior during a 10-min test. (C) control; 
(DI) desipramine; (5,7-DHT) 5,7-dihydroxytryptamine groups. The clear 
bars represent the burying behavior levels of animals tested after the 
pharmacological treatment but which did not achieve sexual behavior 
(control groups). The dark bars represent the burying behavior levels of 
the treated animals tested after ejaculation. Kruskal-Wallis analysis of 
variance for all groups: H(5)=27.3105, p<0.001; for the control group, 
H(2)=2.3897, nonsignificant; for the experimental groups, H(2)= 
15.7375, p<0.001. Mann-Whitney U-test versus their respective control, 
***p<0.002. 

levels both in experimental and control groups (lesioned and non- 
lesioned), while a statistically significant decrease of 5-HT and 
its metabolite 5-HIAA levels was found in the lesioned group 
compared with the nonlesioned. 

The effect of the neurotoxin on the reduction in anxiety after 
ejaculation is shown in Fig. 1. As previously described (11), 
ejaculation produced a consistent reduction in burying behavior 
(both sham-operated vehicle-treated groups). As may be observed 
in Fig. 1, the treatment with desipramine plus 5,7-DHT vehicle 
had no effect either in control (without sexual behavior) or in 
experimental (tested after two ejaculations) groups. The group of 
5,7-DHT-lesioned animals, tested for anxiety without sexual ac- 
tivity, did not show statistically significant differences as com- 
pared both with the control or desipramine-treated groups. Most 
remarkable, the lesion of the serotonergic terminals by 5,7-DHT 
was highly effective in preventing the reduction in anxiety con- 
sistently observed after ejaculation. Thus the lesioned group re- 
veals a highly statistically significant difference as compared with 
the controls and desipramine groups. Moreover, treatment with 
this neurotoxin not only prevented the reduction in anxiety after 
ejaculation, but also resulted in an increase in anxiety levels as 
compared with the sham-operated noncopulating animals. In this 
experiment, the burying behavior latency was not modified [data 
not shown; Kruskal-Wallis analysis of variance, H(5)=5.1397, 
nonsignificant]. 

No treatment besides 5,7-DHT modified any parameter of 
masculine sexual behavior. As previously reported (3,29), the le- 
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FIG. 2. Effect of the noradrenergic neurotoxin DSP4 on the reduction in 
burying behavior observed after ejaculation. Figure shows mean _+ S.E. of 
the cumulative burying behavior during a 10-min test. (C) control; (Z) 
zimelidine; (DSP4) DSP4 groups. The clear bars represent the burying 
behavior levels of animals tested after the pharmacological treatment which 
did not achieve sexual behavior (control groups). The dark bars represent 
the burying behavior levels of the treated animals tested after sexual be- 
havior. Kruskal-Wallis analysis of variance for all groups: H(5)= 8.2271, 
nonsignificant. 

sion caused with 5,7-DHT facilitates the performance of sexual 
behavior by reducing the number of intromissions preceding 
ejaculation (Table 3). 

Experiment 2: Effect of noradrenergic neurotoxin DSP4 on 
the reduction in anxiety induced by ejaculation. The biochemical 
data of this experiment are shown in Table 2. A statistically sig- 
nificant reduction in noradrenaline levels in hippocampus and 
hypothalamus was found. No changes in 5-HT were detected. 

As described in Experiment l ,  a reduction in anxiety levels 
evidenced as a reduction in the cumulative burying behavior was 
observed after ejaculation (control groups with and without sex- 
ual activity, Fig. 2). By contrast with previous experiments, no 
differences in the cumulative burying behavior values were found. 
However, zimelidine slightly blocked the reduction in anxiety in- 
duced by ejaculation. From these data it was concluded that the 
noradrenergic lesion was not effective in preventing the reduc- 
tion in anxiety produced by ejaculation. The performance of sex- 
ual behavior was unaffected by this treatment (Table 3). 

No differences in burying behavior latency were found be- 
tween all groups involved in this experiment [data not shown, 
Kruskal-Wallis analysis of variance, H(5)=2.1675,  nonsignifi- 
cant]. The motor coordination data revealed no statistically sig- 
nificant differences (median values for the second and third tests, 
respectively 1 and 0; Wilcoxon t-test, nonsignificant). However, 
the general spontaneous ambulatory behavior was significantly 
diminished in DSP4-treated animals (mean counts per 10 
min-+ S.E. for zimelidine control 412.4--- 30.2 and for experi- 
mentals, 314.6-+ 29.4; Mann-Whitney U-test, p<0.05) .  

DISCUSSION 

As previously reported (11), in this study we observed a con- 
sistent reduction in anxiety measured in the burying behavior par- 

TABLE 3 

EFFECT OF THE NEUROTOXINS 5,7-DHT AND DSP4 ON RAT 
MASCULINE SEXUAL BEHAVIOR DURING TWO CONSECUTIVE 

EJACULATORY SERIES 

IL NM NI EL PEI NM NI EL 

Desipramine 0.20 6 10 9.79 6.67 2 5 4.25 
5,7-DHT 0.30 8 8* 8.38 5.62 3 4 3.70 
Zimelidine 0.68 2 10 6.35 5.89 4 6 2.95 
DSP4 0.27 3 12 7.13 6.21 2 4 2.43 

The table shows median values. IL, intromission latency; NM, number 
of mounts; NI, number of intromissions; EL, ejaculation latency; and 
PEI, postejaculatory interval. The comparisons were made with the re- 
spective control: desipramine with 5,7-DHT group; zimelidine with DSP4 
group. Mann-Whitney U-test; *p--<0.05. 

adigm associated to the period following ejaculation. The lesion 
of the serotonergic fibers, by 5,7-DHT, produced a significant 
increase in cumulative burying behavior, leading to the conclu- 
sion that this neurotoxin effectively reverses the reduction in anx- 
iety observed after ejaculation. Conversely, DSP4, despite its 
ability to diminish the noradrenaline levels in discrete brain re- 
gions, did not block the anxiety reduction after ejaculation. 

The physiological role of the serotonergic system in the medi- 
ation of anxiety remains controversial. Thus, while some authors 
have found an anxiogenic role of this amine (19,33), others have 
shown an anxiolytic action. In the latter line of thought an anti- 
aversive effect of increased serotonergic transmission has been 
proposed (18,27). Additionally, the antagonists metergoline and 
ketanserin blocked the effect of serotonin and its agonists, but per 
se did not show proconflict activity. These data have been inter- 
preted as a phasic, rather than a tonic, mechanism of serotonin 
antiaversive action (18). 

In relation to the sexual behavior, the inhibitory role of endog- 
enous serotonin seems very clear (3, 12, 26, 28). Thus the sero- 
tonergic fibers lesion (by 5,7-DHT administration) results in a 
facilitation of copulation reflected as a reduction in the length of 
the PEI and in a decrease of postejaculatory ultrasonic vocaliza- 
tions (39). These data suggest that there is an increase in the se- 
rotonergic transmission after ejaculation. Direct experimental 
evidence supporting this idea is given by Ahlenius et al. (2) and 
Mas et al. (30) who have found an increase in 5-HT turnover in 
discrete brain regions involved in the control of masculine sexual 
behavior. Interestingly, present data showed that treatment with 
5,7-DHT did not alter the anxiety levels in noncopulating animals 
but effectively blocked the reduction in anxiety observed after 
ejaculation. This observation, together with aforementioned data, 
led us to the proposition that ejaculation is triggering a serotoner- 
gic mechanism, which in addition to being involved in the regu- 
lation of masculine sexual behavior, participates in the reduction 
of anxiety associated to mating. Furthermore, the finding show- 
ing a differential effect of the serotonergic lesion in copulating 
and noncopulating animals strengthens the idea of a phasic con- 
trol of serotonin in the mediation of anxiety processes. Needless 
to mention, further research should be made to fully confirm 
this idea. 

From present data it is not possible to discriminate on which 
kind of serotonergic receptor subtypes the neurotransmitter is act- 
ing to produce its putative postejaculatory anxiolytic activity. Re- 
cently, we have proposed that the inhibitory action of this amine 
on masculine sexual behavior is mediated through the stimulation 
of the 5-HTm receptor subtype (12). However, on pharmacolog- 
ical basis (6,13), most likely the anxiolytic actions of endogenous 
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5-HT are mediated via the 5-HT1A receptor. Nevertheless, other 
serotonergic compounds with anxiolytic properties like 5-HT 2 and 
5-HT 3 antagonists have been reported leading to the consideration 
of these receptor subtypes in the mediation of the anxiolytic ac- 
tion of serotonin (5,22). Further experiments designed to block 
the postejaculatory anxiolytic effect of 5-HT with specific antag- 
onists should be undertaken to clarify this point. 

The role of noradrenaline in the mediation of anxiety remains 
controversial. Thus some authors have suggested that an increase 
in the noradrenergic transmission resulted in anxiogenic processes 
(1, 24, 32), and that the interference of the noradrenergic trans- 
mission by beta blockers (7,9) or by alpha presynaptic agonists 
(38) produce anxiolytic and sedative responses. However, a sec- 
ond group has failed to find alterations in anxiety by adrenergic 
blocking agents (16,35). The effects of lesioning the locus coer- 
uleus, either electrolytically or neurotoxically, on anxiety is con- 
fusing. Thus some authors (8, 15, 42) have failed to find any 
effect of the neurotoxic or electrolytic lesion of the locus coer- 
uleus on anxiety, while Velley et al. (41) have reported an in- 
creased neophobia (inferred as a reduction in ambulation in a 
novel situation) in the open-field test after lesioning this area. 
This last result, interpreted as an anxiogenic action, could be ex- 
plained on the basis of present findings showing that treatment 

with DSP4 produces a decrease in spontaneous ambulatory be- 
havior. All these results considered together would suggest that 
the locus coeruleus is not involved in the regulation of anxiety. 

The noradrenergic control of masculine sexual behavior seems 
to involve primarily arousal processes (26). In line with this idea, 
Mclntosh and Barfield (29) have shown that electrolytic lesions 
of the locus coeruleus produce a significant increase in the length 
of the postejaculatory interval. However, present findings and 
previous results (10) showed that the DSP4 locus coeruleus lesion 
does not affect the length of the postejaculatory interval. Whether 
the different results could be interpreted on the basis of the dif- 
ferent techniques used to lesion the locus coeruleus remains a 
matter of speculation. 

In closing, the results given in these series of experiments led 
us to the conclusion that ejaculation activates a serotonergic mech- 
anism that in turn produces a reduction in anxiety. The noradren- 
ergic system does not seem to participate in this phenomenon. 

A C ~ O ~ E ~ E ~ S  

We wish to thank Mr. Victor Flores-Montoya for excellent technical 
assistance and animal caring. This investigation was supported by CON- 
ACyT grant No. PO28CCOX903531. 

R E F E R E N C E S  

1. Abercrombie, E. D.; Jacobs, B. L. Single-unit response of noradren- 
ergic neurons in the locus coeruleus of freely moving cats. I. Acutely 
presented stressful and nonstressful stimuli. J. Neurosci. 7:2837- 
2843; 1987. 

2. Ahlenius, S.; Carlsson, A.; Hillegaart, V.; Hjorth, S.; Larsson, K. 
Region-selective activation of brain monoamine synthesis by sexual 
activity in the male rat. Eur. J. Pharmacol. 144:77-82; 1987. 

3. Bitran, D.; Hull, E. Pharmacological analysis of male rat sexual be- 
havior. Neurosci. Biobehav. Rev. 11:365-389; 1987. 

4. Bj6rklund, A.; Baungarten, H. G.; Reensch, A. 5,7-Dihy- 
droxytryptamine improvement in chemical lesioning of its selectivity 
for serotonin neurons in the CNS by pretreatment with desipramine. 
J. Neurochem. 24:833-835; 1975. 

5. Broekkamp, C. L. E.; Berendsen, H. H. G.; Jenck, F.; Van Delft, 
A. M. L. Animal models for anxiety and response to serotonergic 
drugs. Psychopathology 22(Suppl. 1):2-12; 1989. 

6. Carli, M.; Samanin, R. Potential anxiolytic properties of 8-hydroxy- 
2-(di-N-propylamino) tetralin, a selective serotonin 1A receptor ago- 
nist. Psychopharmacology (Berlin) 94:84-91; 1988. 

7. Covelli, V.; Antonaci, F.; Pagliarulo, E. Propranolol: Further evi- 
dence of its antianxiety effects. Acta Ther. 9:367-373; 1983. 

8. Crow, T. J.; Deakin, J. F. W.; File, S. E.; Longden, A.; Wendlandt, 
S. The locus coeruleus noradrenergic system--evidence against a role 
in attention, habituation, anxiety and motor activity. Brain Res. 155: 
249-261; 1978. 

9. Dural, C. A.; Krantz, D. S.; Barrett, J. E. The antianxiety effect of 
beta-blockers on punished responding. Pharmacol. Biochem. Behav. 
25:371-374; 1986. 

10. Fern~indez-Guasti, A.; Hansen, S.; Archer, T.; Jonsson, G. Nora- 
drenaline-serotonin interactions in the control of sexual behavior in 
the male rat: DSP4-induced noradrenaline depletion antagonizes the 
facilitatory effect of serotonin receptor agonists, 5-MeODMT and 
lisuride. Brain Res. 377:112-118; 1986. 

11. Fern~indez-Guasti, A.; Roldan-Roldan, G.; Saldivar, A. Reduction in 
anxiety after ejaculation in the rat. Behav. Brain Res. 32:23-29; 1989. 

12. Fern~tndez-Guasti, A.; Escaiante, A.; Agmo, A. Inhibitory action of 
various 5-HTla receptor agonists on rat masculine sexual behaviour. 
Pharmacol. Biochem. Behav. 34:811-816; 1989. 

13. Fernfindez-Guasti, A.; Lopez-Rubaicava, C. Evidence for the involve- 
ment of 5-HT1A receptor in the anxiolytic action of indorenate and 
ipsapirone. Psychopharmacology (Berlin) 101:354-358; 1990. 

14. Fernfmdez-Guasti, A.; Saldivar, A. Participation of the GABA-ben- 
zodiazepine system in the inhibition of defensive burying produced 
by ejaculation. Behav. Pharmacol. 1:429-436; 1990. 

15. File, S. E.; Deakin, J. F. W.; Longden, A.; Crow, T. J. An investi- 
gation of the role of the locus coeruleus in anxiety and agonistic be- 
haviour. Brain Res. 169:411--420; 1979. 

16. Fontana, D. J.; McCloskey, T. C.; Jolly, S. K.; Commissaris, R. L. 
The effects of beta-antagonists and anxiolytics on conflict behavior in 
the rat. Pharmacol. Biocbem. Behav. 32:807-813; 1989. 

17. Gardner, C. Recent developments in 5-HT-related pharmacology of 
animal models of anxiety. Pharmacol. Biochem. Behav. 24:1479- 
1485; 1986. 

18. Graeff, F. G.; Brandao, M. L.; SchUtz, M. T. B. Modulation of the 
brain aversive system by GABAergic and serotonergic mechanisms. 
Behav. Brain Res. 21:65-72; 1986. 

19. Graeff, F. G. Tryptamine antagonists and punished behavior. J. 
Pharmacol. Exp. Ther. 189:344-350; 1974. 

20. Iversen, L. L.; Glowinski, J. Regional studies of catecholamines in 
the rat brain. J. Neurocbem. 13:655-669; 1966. 

21. Jonsson, J.; Hallman, H.; Ponzio, F.; Ross, S. DSP4 (N-(2-chloro- 
ethyl)-N-ethyl-2-bromobenzylamine) a useful denervation tool for 
central and peripheral noradrenaline neurons. Eur. J. Pharmacol. 72: 
173-186; 1981. 

22. Kahn, S. R.; van Praag, H. M.; Wetzler, S.; Asnis, G. M.; Barr, G. 
Serotonin and anxiety revised. Biol. Psychiatry 23:189-208; 1988. 

23. KtJnig, J. F. R.; Klippel, R. A. The rat brain. Huntington, NY: 
Krieger Publishing Co.; 1967. 

24. Koff, J.; Aghadjanian, G. H.; Roth, R. H. Increased turnover of 
norepinephrine in the rat cerebral cortex during stress: role of the lo- 
cus coeruleus. Neuropharmacology 12:933-938; 1973. 

25. Kunos, O. Adrenoceptors. Annu. Rev. Pharmacol. 18:291-311; 1978. 
26. Kwong, L. L.; Smith, E. R.; Davidson, J. M.; Peroutka, S. J. Dif- 

ferential interactions of "prosexual" drugs with 5-hydroxytryptamine 
1A and alpha 2-adrenergic receptor. Behav. Neurosci. 100:664--668; 
1986. 

27. Leruox, A. G.; Myers, R. D. Action of serotonergic microinjected 
into hypothalamic sites at which electrical stimulation produced aver- 
sive responses in the rat. Physiol. Behav. 14:501-505; 1975. 

28. Mclntosh, T. K.; Barfield, R. J. Brain monoaminergic control of 
male reproductive behavior. I. Serotonin and the postejaculatory re- 
fractory period. Behav. Brain Res. 12:255-265; 1984. 

29. Mclntosh, T. K.; Barfield, R. J. Brain monoaminergic control of 
male reproductive behavior. HI. Norepinephrine and the postejacula- 
tory refractory period. Behav. Brain Res. 12:267-273; 1984. 

30. Mas, M.; Rodriguez del Castillo, A.; Guerra, M.; Davidson, J. M.; 
Battaner, E. Neurochemicai correlates of male sexual behavior. Physiol. 
Behav. 41:341-345; 1987. 



812 SALDIVAR,  RIOS AND FERN/~NDEZ-GUASTI  

31. Peroutka, S. J. 5-Hydroxytryptamine receptor subtypes. Annu. Rev. 
Neurosci. 11:45-60; 1988. 

32. Redmond, D. E.; Huang, Y. H. Current concepts II: New evidence 
for a locus coeruleus-norepinephrine connection with anxiety. Life 
Sci. 25:2149-2162; 1979. 

33. Robichaud, R. C.; Sledge, K. L. The effects of p-chlorophenylala- 
nine on experimentally induced conflict in the rat. Life Sci. 8:965- 
969; 1969. 

34. Saligaut, C.; Chretien, P.; Daoust, M.; Moore, N.; Boismare, F. 
Dynamic characteristics of dopamine, norepinephrine and serotonin 
metabolism in axonal endings of rats hypothalamus and striatum dur- 
ing hypoxia: a study using HPLC with electrochemical detection. 
Methods Find. Exp. Clin. Pharmacol. 8:343-349; 1986. 

35. Sepinwall, J.; Grodsky, F. S.; Sullivan, J. W.; Cook, L. Effects of 
propranolol and chlordiazepoxide on conflict behavior in rats. Psy- 
chopharmacologia 31:375-382; 1973. 

36. Siegel, S. Nonparametric statistics for the behavioral sciences. New 
York: McGraw Hill; 1956. 

37. Steel, R. G. D.; Toriie, J. H. Principles and procedures of statistics. 
A biometrial approach. New York: McGraw Hill; 1985. 

38. Str6mbom, U.; Svensson, T. H. Clonidine: attenuation of sedative 
action by facilitated central noradrenergic neurotransmission. J. Neu- 
ral Transm. 47:29-39; 1980. 

39. Treit, D.; Pinel, J. P. J.; Fibigier, H. Conditioned defensive burying: 
A new paradigm for the study of new anxiolytic agents. Pharmacol. 
Biochem. Behav. 15:619~26; 1981. 

40. Treit, D. Animal models for the study of antianxiety agents: A re- 
view. Neurosci. Biobehav. Rev. 9:203-222; 1984. 

41. Velley, L.; Mormede, P.; Kempf, E. Neurochemical lesion of the 
nucleus locus coeruleus increase neophobia in a specific exploration 
task but does not modify endocrine response to moderate stress. 
Pharmacol. Biochem. Behav. 29:1-7; 1988. 

42. Verley, M.; Bernet, F. A comparative study of the behavioral effects 
of the locus coeruleus and the dorsal noradrenergic bundle lesions in 
the rat. Pharmacol. Biochem. Behav. 21:357-363; 1984. 


