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CANONACO, M., A. VALENTI AND A. MAGGI. Effects of progesterone on [35S] t-butylbicyclophosphorothionate binding in 
some forebrain areas of the female rat and its correlation to aggressive behavior. PHARMACOL BIOCHEM BEHAV 37(3) 433- 
438, 1990.--The antiaggressive effects of progesterone (P) were evaluated in association with alterations in [asS] t-butylbicyclophos- 
phorothionate (TBPS; chloride ion channel antagonist) binding in some forebrain sites of the female rat using in vitro quantitative 
autoradiography. The administration of 4 mg P was followed by a reduction in the frequency of different aggressive behaviors such 
as circling, nose-to-nose and fighting (mostly of the defensive nature) in ovariectomized (OVX) sexually mature rats, housed in 
pairs, during male-female encounters. Quantitative autoradiography data revealed that the same P dose, at the forebrain level, was 
responsible for low [asS] t-butylbicyclophosphorothionate binding levels in the medial preoptic area, lateral and basolateral amygdala 
nucleus and oriens-pyramidalis hippocampus CA1 layer, with even lower values being obtained following the in vitro addition of 
the potent P metabolite 5 ot-pregnan-3 ct-ol-20-one. These results suggest that the probable antiaggressive role of P during hetero- 
sexual encounters may be regulated by a local potent metabolite acting at the membrane site of the GABA complex. 

Aggressive behavior Progesterone Quantitative autoradiography [3sS] t-Butylbicyclophosphorothionate binding 

PROGESTERONE (P) has been implicated in the control of sexual 
behavior (18, 24, 32) as well as reduction of anxiety (1,22) and 
aggressive behavior (5,6) in rodents. Other probable behavioral 
roles of P during sexual encounters and mechanisms of action at 
the brain level are not fully understood. High doses of P have been 
shown to induce anesthesia (25) and depress wheel-running 
activity in food-deprived rats (21). Thus, it is feasible that the 
reduced anxiety and aggression could be due to the anesthetic 
properties of P. 

At the GABA neuronal level, the potent metabolite of P, 5 
et-pregnan-3 oL-ol-20-one (DHP), has been described to exert a 
modulatory role by regulating neurotransmission and membrane 
excitability (13,28) in a manner similar to the barbiturates (15). 
There have been reports on P-induced GABA A (GABA subtype 
coupled to the benzodiazepine receptor and to a chloride channel 
supramolecular complex) receptor level changes in the different- 
forebrain sites of the female rodent (2,14). Recently, the binding 

of the cagelike convulsant t-butylbicyclophosphorothionate 
(TBPS), GABA antagonist interacting at or near the chlor- 
ide ion channel receptor (9), has been shown to be displaced by 
DHP (7,15). 

The determination of where P exerts its action at the GABA 
complex receptor sites would be of great importance in under- 
standing the physiological role of GABAergic neurons in neu- 
roendocrine (12) and behavior (6) activities. It is the aim of this 
paper to investigate the role played by P in the modulation of ag- 
gressive display of the female rat during male-female encounters, 
in absence (gonadectomized) of an endogenous source of estro- 
gen, and correlate these results to the in vivo and in vitro P-in- 
duced TBPS receptor level changes in hypothalamic, amygdala 
and anterior and posterior forebrain sites. The consequential changes 
of the GABAergic activity due to a P-chloride ion receptor inter- 
action could play an important role in the reduced aggressive be- 
havior of the female rat during social-sexual activities. 

~Requests for reprints should be addressed to Marcello Canonaco, Zoology Laboratory, University of Calabria, Via J. F. Kennedy No. 16, Roges di 
Rende (CS), 87036, Italy. 
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METHOD 

Animals 

Sexually immature (approximately 150 g) and mature (approx- 
imately 200 g) female rats (Sprague-Dawley, Charles River, 
Como, Italy) ovariectomized (OVX) 14 days prior to the hormonal 
treatment were maintained in Plexiglas cages. The animals were 
maintained either one (n = 20) or 2 (n = 24) per cage at 20-25°C 
under a reversed light cycle (14-10 hr bright/dim, lights on at 9:00 
p.m.). All animals had free access to rat chow and water. 

Aggression Test 

The effects of progesterone (P) were tested on both sexually 
mature and immature female rats maintained in both isolated and 
nonisolated conditions in order to evaluate whether the role of P on 
aggressive behavior, during heterosexual encounters, may be also 
linked to social experience (4). Only animals demonstrating 
sexually receptive (LQ>80) activity 48 hr after SC administration 
of oestradiol benzoate (10 ixg) were included in the study. After a 
two-week resting period, animals received either 1 mg P (dis- 
solved in sesame oil), a dose proven sufficient to block aggressive 
behavior (6), or 4 mg P, a dose chosen from preliminary tests that 
presented neither ataxia nor sedative effects, and confronted to 
females that only received 0.1 ml sesame oil. The treatments were 
administered 2 hr before tights-off in the colony room and the tests 
were performed 4 hr (2 p.m.) after the injection. 

The behavioral tests were conducted in a neutral arena (100 × 
30 × 40 cm) divided by a sliding door, in the colony room and 
under dim red light. The female was placed on one side of the 
arena, while a stimulus male was waiting on the other side, and 
after a five-minute habituation period the door was lifted and the 
animals were allowed to come in contact for not more than 10 rain 
or until 10 mounts were attempted by the male. The overall 
behavioral results of the female were recorded by counting those 
postures displayed in aggressive behavior (5) which were circling, 
nose-to-nose position, raising of the back (defensive behavior) and 
fighting. The sexual behavior tendency as displayed by inarching 
of the back was also registered. The mean value of each behavioral 
posture was divided by the number of attempted mounts by the 
male and expressed in percentage. 

In Vitro Quantitative Autoradiography 

Following a two-week resting period only sexually mature 
animals maintained in nonisolated conditions, that presented 
reduced aggressive behavior, were used for the in vitro receptor 
binding study. The animals received the same P dose as above 
and 4 hr (2 p.m.) after injection the rats were decapitated, the 
brains were immediately removed, frozen using powered dry ice, 
mounted onto a cryostat chuck and stored in a freezer ( -  40°C) 
until sectioning. Coronal brain sections (16 Ixm) were thaw- 
mounted onto gelatin-coated slides, transferred to a vacuum 
desiccator for thorough drying at reduced temperature (0-5°C) for 
2-4 hr and stored at - 4 0 ° C  until assay. 

The procedures for the in vitro quantitative autoradiography 
were similar to those of Wamsley et al. (31) with some modifi- 
cations. Mounted sections were subjected to 3 × 10 min preincu- 
bation washes in 50 mM ice-cold Tris-HCl buffer (pH 7.4) 
containing 200 mM KC1 and 1 mM EDTA to remove as much 
endogenous ligand as possible while retaining the integrity of the 
brain sections. Following the washes, the sections were dried with 
a stream of cold air and then incubated for 90 min in the same 
buffer containing 2.0 nM [35S] t-butylbicyclophosphorothionate 
(TBPS; 40.6 Ci/mmol, NEN). Nonspecific binding was deter- 

mined in separate sections by adding 10 IxM picrotoxin (Sigma). 
The incubation was terminated by a 20-sec rinse in ice-cold buffer, 
dipped in ice-cold bidistilled water and blown dry with cold air. 
Dried slides were transferred to cardboard film cassettes along 
with slides containing tritium plastic standard (Amersham) and a 
tritium-sensitive Ultrofilm (LKB) sheet was apposed to the sec- 
tions at room temperature. After an exposure period of 16 days, 
the film was developed for 5 min in Kodak D-19 developer dipped 
in a stop solution (4% glacial acetic aid, vol/vol) for 20 sec and 
fixed for 2 min in Kodak Rapid Fixer at 20°C. The labelled brain 
sections were stained with cresyl violet for histological verification 
according to the atlas of Krnig and Klippel (10). 

Autoradiograms of tissue sections and Amersham plastic stan- 
dards were analyzed with a Zeiss image analyzer IBAS 2000. 

In Vitro Incubation With 5 c~-Pregnan-3 cx-ol-20-One (DHP) 

In order to investigate whether the P-induced changes of [35S] 
TBPS binding in the female rat were due to the local effect of its 
potent metabolite 5 ot-pregnan-3 a-ol-20-one (DHP), coronal brain 
sections (16 ~m) of control animals (n = 5) were incubated in the 
presence of 230 nM DHP (Sigma) - 1 0  txM GABA (Sigma) 
according in part to the methods of Gee et al. (7). The final 
concentrations of the steroid, GABA as well as [35S] TBPS 
incubation values for both in vivo and in vitro effects were based 
on preliminary autoradiography and Scatchard analysis of poste- 
rior forebrain rat sections [plates 35--43 according to the KSnig 
and Klippel atlas; (10)]. DHP was initially dissolved in 95% 
ethanol at a concentration of 2.3 mM and diluted in Tris-HCl 
buffer to the desired concentration, with the final ethanol concen- 
tration in assay being 0.13095%. The brain sections were treated 
and analyzed in the same manner as described for the in vivo P 
effects. 

Data Analysis 

The ANOVA test was used for both behavioral and receptor 
studies. The significant differences, when appropriate, between 
control and treatment groups were established using Duncan's 
Multiple Range test for behavior study and Newman-Keuls' 
Multiple Range test for autoradiographic evaluations. 

RESULTS 

Behavior Test 

Tables 1 and 2 summarize the average frequencies of the 
agonistic postures of the female rat, for the doses of 1 and 4 mg P, 
exhibited during encounters with a stimulus male. Sexually mature 
females maintained in nonisolated conditions and treated with 4 
mg P registered less social investigatory behavior of circling, 
F(1,20) = 4.91, p<0.01,  while the immature females treated with 
the same dose demonstrated higher levels of nose-to-nose posture, 
F(1,20)=7.14,  p<0.05.  The immature control animals main- 
tained in nonisolated contitions presented overall higher behavior 
scores with respect to control mature animals confirming greater 
explorative behavior in young immature rats (1 I). Fighting, which 
in the case of the female rat is more of the defensive behavior, was 
tess frequent following treatment with 4 mg P for both sexually 
mature and immature rats, F(1,20) = 7.01, p<0.05.  The raising of 
back which may be considered a defensive and refusal to male- 
attempted mounts were observed less frequently in the sexually 
mature female following the administration of 4 mg P, F(1,20)= 
3.26, p<0.05.  Parallel to the low frequency of raising the back, 
the same animals displayed inarching of the back, F(1,20) = 9.32, 
p<0.05  (Table 1), however, not of the deep type observed in 
lordosis behavior. The animals maintained in isolated con- 
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T A B L E  1 

THE EFFECTS OF 1 AND 4 mg PROGESTERONE TREATMENT ON THE DIFFERENT 
AGONISTIC BEHAVIORAL POSTURES OF BOTH SEXUALLY MATURE AND IMMATURE 

FEMALE RATS, DURING HETEROSEXUAL ENCOUNTERS, MAINTAINED IN 
NONISOLATED CONDITIONS 

Groups 

Behavioral  CNMA NMA CMA MA 

Postures (n = 4) (n = 8) (n = 4) (n = 8) 

Circl ing *73.5 - 6.0 63.9 -+ 7.8 59.3 ± 7.1 57.3 - 7.6 
t70 .8  -+ 14.9 60.9 ± 7.2 61.3 ___ 12.3 25.4 --- 9.42 

Nose-to-Nose 87.3 ± 13.7 71.5 _ 18.7 38.6 ± 11.1 28.7 ± 14.3 
93.5 ± 19.2 62.6 ± 11.2 ~ 34.5 --+ 12.1 30.3 - 8.6 

Raising of Back 75.0 - 12.4 66.5 _ 17.0 61.0 ± 13.7 59.8 ± 14.7 
82.3 -+ 14.0 68.1 ± 19.6 69.5 _ 11.9 40.8 + 10.31 

Fighting 83.3 ± 10.8 69.4 - 7.6 61.8 ± 10.2 44.0 _ 14.7 
91.5 - 17.8 50.8 ± 11.51 66.5 ± 16.9 25.4 + 12.71 

Arching of Back 2.6 ± 2.4 5.5 ± 2.3 7.8 _ 3.7 6.4 ± 3.6 
4.3 ± 4.3 6.5 - 3.2 5.8 - 4.5 ~ 30.6 ± 13.0 

The frequencies of the agonistic behavioral postures in ovariectomized sexually mature 
and immature rats housed in pairs, for the different progesterone doses, were obtained 
dividing the value of each posture by the number of attempted mounts by the male and 
mult iplying by 100. The data was analyzed using ANOVA and the significant differences, 
when appropriate, to the respective controls were evaluated using Duncan 's  Multiple 
Range Test. ~p<0.05; Zp<0.01. 

Abbreviations: C N M A  = immature controls; NMA = immature; CMA = mature con- 
trois; MA = mature rats. * 1 and t 4  mg progesterone dose. 

The data are expressed in percentage (Mean ± s .e .m.)  

T A B L E  2 

THE EFFECTS OF 1 AND 4 mg PROGESTERONE TREATMENT ON THE DIFFERENT 
AGONISTIC BEHAVIORAL POSTURES OF BOTH SEXUALLY MATURE AND IMMATURE 

FEMALE RATS, DURING HETEROSEXUAL ENCOUNTERS, MAINTAINED 
IN ISOLATED CONDITIONS 

Groups 

Behavioral  CNMA NMA CMA MA 
Postures (n = 4) (n = 6) (n = 4) (n = 6) 

Circling *74.8 _± 8.3 54.0 -4- 6.4 57.0 - 9.2 47.8 ± 5.5 
t68 .2  ± 12.9 48.1 ± 8.3 54.5 ± 13.3 32.5 -4- 16.3 ~ 

Nose-to-Nose 63.2 -+ 8.5 56.1 _ 12.2 57.5 ± 10.2 45.1 ± 10.6 

80.7 ± 13.7 63.6 - 7.3 70.2 _ 9.6 50.0 -+ 8.2 

Raising of Back 83.2 __. 18.1 80.8 ± 13.2 76.2 ± 10.2 78.3 - 7.8 

93.5 - 14.8 84.1 ± 11.3 83.7 + 12.9 65.8 - 10.2 

Fighting 74.7 ± 10.8 67.0 --- 9.0 66.5 _+ 12.7 48.8 - 10.7 
76.0 ± 10.7 56.0 --+ 12.01 72.0 ± 17.2 36.8 -+ 8.31 

Arching of  Back 3.5 -_+ 3.2 2.5 ± 1.9 4.2 __ 2.9 4.3 ± 2.4 

4.7 ± 4.1 4.5 - 2.7 6.2 _ 2.9 10.6 ± 2.1 

The frequencies of the agonistic behavioral postures in ovariectomized sexually mature 
and immature rats housed in pairs, for the different progesterone doses. See Table 1 for 
legend information. 

Abbreviations: C N M A = i m m a t u r e  controls; N M A = i m m a t u r e ;  C M A = m a t u r e  con- 
trois; M A = m a t u r e  rats. *1 and t 4  mg progesterone dose. 

The data are expressed in percentage (Mean ± s.e.m.) .  
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FIGS. 1-3. [asS] t-Butylbicyclophosphorothionate binding levels for P 
treatment in mature female rats housed in pairs: 4 mg P (P4), 1 mg P (P1) 
control groups (C), as described under the Method section. Figure 1: an- 
terior forebrain area and hypothalamus; Fig. 2: amygdala and stria termi- 
nalis; Fig. 3: hippocampus CAI layer and posterior forebrain areas. Values 
are mean ± s.e.m. ".o<0.05, ~p<0.01,  ~*p<0.001 vs. control (ANOVA 
followed by Newman-Keuls' Multiple Range test). The abbreviations used 
are: Acc, accumbens nucleus; AH, anterior hypothalamus nucleus; BL, 
basolateral amygdala nucleus; BM, basomedial amygdala nucleus; BNST, 
bed nucleus stria terminalis; CE, central amygdala nucleus; CG, central 
grey; Co-Me, cortieo-medial amygdala nucleus; CP, caudate-putamen; 
GD, gyrus dentate; HAB, medial habenular nucleus; LAT, lateral amygdala 
nucleus; LSD, lateral septal nucleus dorsal; LSV, lateral septal nucleus 
ventral; MPOA, medial preoptic area; Or-Py, oriens pyramidalis hippo- 
campus Cal layer; RAD, stratum radiatum lacunosum molecular hippo- 
campus CA1 layer; SNr, substantia nigra pars reticularis; SUB, subiculum; 
VD-MS, vertical limb diagonal band-medial septal nucleus; VMN, ven- 
tromedial hypothalamic nucleus; VTH, ventral thalamic nucleus. 

FIGS. 4-6. The in vitro effects of the potent P metabolite 5 a-pregnan-3 
ct-ol-20-one (DHP) + 10 IxM GABA (DHP+GABA) on the specific 
binding levels of [35S] t-butylbicyclophosphorothionate of the different 
control forebrain sections as described under the method section. Values 
are mean ___ SEM ~p<0.05, *°p<0.01, "°p<0.001 vs. control (C), whereas 
effects of 10 IxM GABA (GABA) alone were included for confrontational 
purposes only. For abbreviations see Figs. 1-3. 

ditions displayed more  aggressive and investigatory behavior  
which were blocked following treatment with 4 mg P. The 
sexually mature animal showed less circling, F ( 1 , 1 6 ) = 4 . 9 1 ,  
p < 0 . 0 5 ,  and less fighting, F(1,16) = 9.22,  p < 0 . 0 1 ,  whereas the 
sexually immature rat displayed less fighting, F ( 1 , 1 6 ) = 9 . 2 2 ,  
p < 0 . 0 5  (Table 2) following the same P dose.  

Progesterone Effects on [35S] TBPS Binding 

The in vivo administration o f  4 mg P, but not 1 mg P, had 
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significant inhibitory effects on the binding of [355] TBPS binding 
in hypothalamic, amygdala, hippocampus and some anterior and 
posterior forebrain nuclei that are reported in Figs. 1-3. The 
specifically bound [35S] TBPS to the GABA-regulated chloride 
ionophore, under the above conditions, represented 60-75% of 
total binding in the brain areas studied. Reduced [3SS] TBPS 
binding levels (p<0.05) were obtained for the medial preoptic area 
(MPOA) and caudate putamen (CP) brain sites (Fig. 1). The same 
P dose was responsible for the low TBP receptor levels in the 
lateral (LAT) and basolateral amygdala (BL) nucleus (Fig. 2). A 
reduced TBP receptor concentration (p<0.05) was also encoun- 
tered in oriens-pyramidalis hippocampus CA1 layer (Or-Py), 
whereas high receptor levels were obtained in the substantia nigra 
pars reticularis (SNr). The in vitro addition of the P metabolite 
DHP accounted for even greater effects in the same forebrain areas 
as well as other brain sites (Figs. 4-45). Lower [35S] TBPS values 
were demonstrated not only in the MPOA (p<0.001) and CP 
(p<0.01), but also in the VD-MS and LSD (p<0.01) brain sites in 
the presence of DHP and GABA (Fig. 4). In the amygdala, the 
LAT nucleus (p<0.001) was the only brain site that presented low 
[35S] TBPS in a GABA-dependent manner, whereas the BL 
(p<0.01) and also the central amygdala nucleus (CE; p<0.05) 
displayed DHP-induced changes. The DHP activity at the Or-Py 
level was not of the GABA-dependent (p<0.01) type even though 
lower values were obtained in presence of GABA, while the DHP 
effect at habenular nucleus (p<0.01) required the addition of 
GABA (Fig. 6). Interestingly, the in vitro DHP as well as the in 
vivo P effects at the substantia nigra pars reticularis (SNr) site 
were not of the inhibiting type and furthermore the addition of 
GABA did not have any enhancing activity, rather it blocked the 
DHP effect (Fig. 6). 

DISCUSSION 

In our study 4 mg P induced a reduction of aggressive displays 
in ovariectomized rats as measured in male-female encounters. In 
contrast to an earlier study in hamsters (6), 1 mg was ineffective. 
Interesting to note is that the antiaggressive P effects are substan- 
tially greater in mature animals housed in pairs not only with 
respect to immature animals, maintained in same conditions but 
are even further evident with respect to rats housed in isolated 
conditions. These data lend support to the suggestion that social 
learning processes are influenced during development by social 
contact (4, 18, 30). 

At the brain level of sexually mature animals, it has been 
shown that the MPOA is a critically important site involved in sex 
steroid-mediated behavior and that the control of sexual activity, at 
the MPOA area, is also social contact dependent (11). Olster and 
Blaustein (18) have also demonstrated that immature animals 
contained low P receptor levels in the MPOA and this low receptor 
level may account for the reduced P antiaggressive effects in 
immature rats. However, the addition of P to the MPOA is able 
to inhibit aggressive behavior in the female animal (29) suggesting 
that this forebrain site is very actively involved in the elimination 
of the agonistic component and facilitation of lordosis behavior. 
The fact that the antiaggressive role of P was not E dependent 
tends to also imply that either P receptors not induced by E are 
involved (19), or that P may be acting in a nontraditional manner 
[e.g., nongenomic; (2)]. 

The inhibitory P effects on TBPS binding levels in the 
hypothalamic and amygdala forebrain areas indicate that a P- 
chloride ion channel receptor interaction in these sites may be an 
important mechanism involved in the control of aggressive behav- 
ior. At the hypothalamic level it has been shown that elevated 
receptor sites of the GABA complex such as GABA A receptor 

in the MPOA (key reproductive brain site) are correlated to 
P-induced antiaggressive activity in the female hamster (2), while 
lesions in this area increased sexual behavior (20); this suggests 
that P is activating the inhibitory component (GABAergic activity) 
in this forebrain area which could very well be responsible for the 
blocking of aggressive behavior during sexual encounter and 
subsequently, together with the ventromedial hypothalamic nu- 
cleus, involved in the maintenance of lordosis behavior (29). 

At the amygdala level the reduced chloride receptor activity 
was encountered in the BL and LAT brain areas. It has been shown 
that longer term P treatment rapidly inhibits amygdala kindling in 
young rats (8) and lesions in the medial-cortical (Me-Co) and BL 
of the female rat proved to be inhibitory for the regulation of 
aggressive behavior (27,30), while lesions in the posterior area of 
the LAT promoted sexual receptivity (16). As for the MPOA area, 
also for the amygdala nucleus the P-induced low TBPS receptor 
levels could be linked with an increased GABAergic inhibitory 
activity thus producing an antiaggressive effect. Changes of TBPS 
receptor levels following P treatment were also encountered in 
other forebrain sites suggesting that there may be more than the 
hypothalamic and amygdala nuclei involved with the control of 
aggressive behavior. Two areas noteworthy of mentioning are the 
CP and Or-Py, posterior forebrain sites involved with convulsive 
seizure activity. O'Connor et al. (17) have shown low binding 
levels of the convulsant [3H] t-butylbicycloorthobenzoate in the 
CP of the female rat treated with estradiol. This same steroid has 
furnished anticonvulsive activity against picrotoxin-induced sei- 
zures (26). Furthermore, it has been shown that the administration 
of more than one P dose is also implicated in the enhancement of 
GABA A receptor levels in CP and Or-Py (2). Combined with our 
data, it is interesting to consider that the protective role of 
progesterone, during agonistic events, involves the GABAergic 
complex and in particular is aimed at the chloride ion receptor site 
of the various forebrain areas in a manner similar to the barbitu- 
rates (15). 

The fact that greater P effects are evidenced in the above 
forebrains as well as other sites in the presence of the metabolite 
DHP plus GABA confirm that the regulatory P behavioral effect is 
very probably mediated by this potent metabolite at the receptor 
membrane level, at least in some brain sites. Fluctuating levels of 
DHP have been demonstrated in brain areas and ovarian plasma 
during estrous cycle and stressful conditions (1), whereas the 
administration of DHP to the female guinea pig increased lordosis 
behavior (3). It is not surprising to observe that the GABA 
component plays an important role on DHP activity, in most but 
not all forebrain areas (work to be submitted), since positive 
efficacy effects of GABA on both TBPS (7) and benzodiazepine 
[another GABAergic component; (9)] receptor activity have al- 
ready been demonstrated. In this context, plus the in vivo 
generation of DHP at neural sites that contain high content of 5 
et-reductase and 3ot-oxidoreductase (23), it may be tempting to 
suggest that the antiaggressive P effects, at least in some brain 
sites, are DHP regulated in a GABA-dependent manner and that 
this interaction is occurring via a distinct membrane-bound 'ste- 
roid site' coupled to the GABA complex (7). 

In summary, high doses of P were responsible for the blocking 
of the agonistic component in the female rat during heterosexual 
encounters, as well as the lowering of [35S] TBPS binding levels 
in the different brain areas, indicating that P may be inhibiting 
aggressive behavior via its interaction with the chloride ion 
channel receptor component of the GABA complex. Furthermore, 
the greater receptor level changes in the hypothalamus, amygdala 
and other various forebrain sites being DHP-induced, even though 
basically in a GABA-dependent manner, suggests that the P 
behavior effects could very probably be due to the activity of this 
potent metabolite DHP. 
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