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PHARMACOL BIOCHEM BEHAV 24(3)673-676, 1986 --y-Amlnobutync acid (GABA) (1 0 tzg/cannula) or muscimol (50 
ng/cannula) was injected into the ventromedlal hypothalamus or the lateral septl nuclei of ovanectomlzed rats brought to 
sexual receptivity by combined treatment of estrogen and progesterone No inhibitory effects of GABA or musclmol were 
observed on the lordosis behavior Furthermore, systemic (1 0 mg/kg) or intrahypothalamtc (50 ng/cannula) plcrotoxIn 
administration was followed by a statistically significant increase in lordosis behavior m ovanectomlzed, estrogen-primed 
rats No such effect was observed in ovanectomtzed-adrenalectomized animals, indicating its dependence on adrenal 
secretions Present results do not support the hypothesis of a GABAerglc mechanism in the hormonal control of lordosis 
behavior 
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LORDOSIS is a component of the reproductive behavior 
pattern of  the female rat, normally occurring in response to 
the combined action of ovarian estrogen and progesterone 
GABA, a recognized inMbitory neurotransmltter m the cen- 
tral nervous system (see [14] for references), participates in 
the neural regulation of pituitary hormone secretion [3], and 
GABAerglc transmission might be involved m the control of 
the lordosis behavior [ l , l l ]  Large concentrations of GABA 
and its synthetic enzyme, glutamic acid decarboxylase 
(GAD), occur in the hypothalamus, a structure of critical 
importance for the neuroendocrlne control of lordosis behav- 
ior [2,10] Moreover,  Walhs and Luttge [15] reported that 
hypothalamlc GAD activity increases after ovanectomy 
(OVX), and this increase can be counteracted by adminis- 
tration of  either estrogen or progesterone They also found 
that combined treatment with estrogen and progesterone did 
not reduce GAD activity in any brain region except the sep- 
turn, and suggested that the septum is the only brain area 
where estrogen and progesterone interact to modify GABA 
levels Interestingly, septal lesions facilitate the expression 
of lordosis in estrogen-primed rats [7, 11, 12] AI Satll et al 
[1] reported that administration of the GABA transamtnase 
Inhibitor, sodlum-n-dipropylacetate (DPA), suppressed lor- 
dosis in normal 4-day cycling rats, and caused elevated 
GABA concentrations in the hypothalamus and the olfactory 
bulbs Since olfactory bulb lesions, like septal lesions, 
faclhtate the display of lordosis in steroid hormone treated 
rats, it was speculated that the olfactory bulb and the septum 
form part of a system exerting an inhibitory influence on the 
lordosis behavior through a GABAergic mechanism [1] 

In order to study the role of GABAerglc transmission for 

the expression of lordosis, we undertook two series of exper- 
iments In the first series, lordosis was induced in OVX rats 
by sequential treatment with estrogen and progesterone 
Through cannulae implanted in the ventromedlal hypotha- 
lamlc nucleus (VMH) or in the lateral septum (LS), either 
GABA or the potent GABA agonlst, muscimol, were re- 
jected It was hypothesized that an increase in GABAergic 
activity would inhibit the lordosis behavior The second 
series of experiments was aimed at investigating whether a 
decrease in central GABAerglc activity would facilitate the 
lordosis behavior To that purpose, OVX rats were treated 
with a subthreshold dose of estrogen Plcrotoxm, a potent 
GABAerglc antagonist, was thereafter admimstered either 
lntrahypothalamlcally or systemically To control for behav- 
ioral effects due to adrenal secretions, some of the animals 
were adrenalectomlzed (ADX) in addition to OVX 

METHOD 

General 

Sexually inexperienced female Wlstar rats (200-250 g 
body wt) were used The animals were malntamed in a room 
with an inverted light-dark cycle (hghts on at 2200 hr and off 
at 1000 hr) at 22°C The animals were fed with commercial 
rat chow and water ad hb They were OVX under 
methohexltal (Brletal ~ 50 mg/kg, Lilly) anesthesia two weeks 
before the treatment ADX was performed in some of the 
animals under Bnetai ® anesthesia at least 6 days before the 
treatment Saline for drinking was available ad lib for ADX 
rats 

Animals were anesthetized with pentobarbitai (Nebumal ~ 
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T A B L E  l 

MEDIAN LORDOSIS QUOTIENT (LQ) FOLLOWING TREATMENT WITH MUSCIMOL INJECTED 
EITHER INTO THE VENTROMEDIAL HYPOTHALAMIC NUCLEUS (VMH) OR THE LATERAL 

SEPTAL AREA (LS) OR INJECTED IP, AND AFTER TREATMENT WITH GABA INJECTED INTO THE 
VENTROMEDIAL HYPOTHALAMIC NUCLEUS 

Lordosis Quotient 

Post- 
Pre- drug 60 

Groups Treatment N drug 1 l0 30 minutes 

50 ng/cannula musclmol VMH 7 100 - -  100 100 - -  
50 ng/cannula musclmol LS 6 95 - -  95 100 - -  
50 mg/kg musomol IP 8 100 - -  - -  100 100 
1 0/J.g/cannula GABA VMH 7 100 85 95 - -  - -  

Females were ovanectomized and treated with estradlol benzoate (1 25/xg/rat) followed 44 hr 
later by progesterone (1 0 mg/rat) 4 hr before drug administration Comparisons were made be- 
tween pre-drug and post-drug LQ values, Wdcoxon T-test [13] 

T A B L E  2 

EFFECTS OF PICROTOXIN ON LORDOSIS BEHAVIOR IN ESTROGEN-PRIMED RATS 

Lordosis Quotient 

Groups Treatment N 10 30 60 120 240 minutes 

5 
6 
7 
8 
9 

10 
11 
12 

0 5 ~l/cannula saline VMH ovx 9 00 30 - -  10 30 
50 ng/cannula picrotoxm VMH ovx 8 55* 65* - -  95~ 80 
2 0 ml/kg saline IP ovx 12 - -  00 00 00 40 
1 0 mg/kg plcrotoxm IP ovx 6 - -  20 25 75t 50 
0 5/xl/cannula salme VMH adx+ovx 6 05 15 - -  15 30 
50 ng/cannula plcrotoxln VMH adx+ovx 6 00 00 - -  05 l0 
2 0 mI/kg saline IP adx+ovx 8 - -  00 00 00 05 
1 0 mg/kg plcrotoxm IP adx+ovx 8 - -  00 00 00 05 

Table shows median lordosis quotient Rats were ovarlectomized (ovx) or ovanectomized and adrenalec- 
tomlzed (ovx+adx) Estradlol benzoate l 25 p.g/rat was injected 44 hr before testing Picrotoxm or saline were 
injected into the ventromedtal hypothalamus (VMH) or IP Compansons were performed between saline and 
plcrotoxm treated groups Mann-Whitney U-test, *p<0 05, lp<0  02 [13] 

40 mg/kg IP, A c o  Lakemede l )  The skull was  exposed ,  and 
two guiding cannulae  were  implanted  tamed e i ther  at the 
V M H  or  the LS Coord ina tes  were  as fol lows V M H ,  0 5 mm 
from the middle  line and 2 6 mm pos te r io r  to b regma,  LS,  0 5 
mm from the middle on the level o f  b regma  [8] Cannulae  
were  f ixed to the skull with denta l  acrylic  cemen t  At least  
four  days  were  a l lowed for r e cove ry  In t rabram inject ions 
were  made  using an inject ion cannula  (27 g) adap ted  to a 
mic roh te r  Hami l ton  s y n n g e  Dorsoven t ra l  coord ina tes  were  
9 0 mm and 4 0 m m  from the brain surface to the V M H  and 
the LS respec t ive ly  

C o m p o u n d s  were  pu rchased  f rom Sigma Chemical  Co 
Estradlol  benzoa te  (EB) and p roges t e rone  (P) were  d issolved 
in s e same  oil and re jected subcu taneous ly  in 0 1 ml G A B A ,  
musclmol  and p lcro toxln  were  d~ssolved in saline, and in- 
j ec t ed  in 0 5/zl  doses  w h e n  admin is te red  in t racerebral ly  and 
in 2 0 ml doses  w h e n  admin is te red  IP 

Rats  were  tes ted for  lordosis  behavior  In a circular  Plexl- 
glas a rena  Sires were  sexual ly expe r i enced  males Ten 
mount s  were  a l lowed of  each  female and the lordosis  quo- 

t ient  (LQ = number  of  lordosis/10 mounts  × 100) was de- 
te rmined  Group  compar i sons  were  pe r fo rmed  with the 
Mann Whi tney  U test  or the Wllcoxon T test  [13] 

Af ter  the comple t ion  of  the behavioral  tests ,  the animals 
were  decapi ta ted  and their  brains were  r emoved  and stored 
m a f reezer  The f rozen  brains were  cut in 60 /zm slices on a 
mlc ro tome  and inspec ted  for localization of  the cannulae 
t racks  Only those  animals m which the cannula  tracks were 
fo l lowed to in tended  brain nuclei were  accep ted  for fur ther  
analysis  

Erpertment I Effects o f  M u ~ t m o l  and GABA on EB + 
P-lnduc ed Lordost~ Behavior 

In this exper iment ,  rats were  brought  into sexual  recep-  
tivity by sequent ia l  admimst ra t lon  of  EB (1 25/zg/rat ,  - 4 4  
hr) and P (1 0 mg/rat) Four  hours  after P adminis t ra t ion,  rats 
were  tes ted  for  lordosis  behav ior  and a p re t rea tment  evalua- 
t ion of  LQ was  es tab l i shed  Af te r  this test ,  rats received one 
of  the t rea tments  indicated in Table 1 In this exper iment ,  
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antmals were  tested for lordosns behavtor  10 and 30 minutes 
after mtrahypothalamIc,  or  30 and 60 minutes after systemic 
musctmol  admlmstra t lon G A B A  treated rats were  tested for 
lordosis  behavior  1 and 10 mmutes  after the 
ln t rahypothalamlc  injections Test ing schedule was decided 
on the basts of  reports  showmg maximal  drug effects at t imes 
indtcated [5,6] 

Expertment  2 Effe~ ts o f  Pie rotoxm on Lordosts Behavtor m 
EB Pr imed  Rats  

In thts exper iment ,  the antmals were  primed wtth 1 25 
#.g/rat EB,  a dose whnch ts not  effect ive in reducing lordosts 
behavior  per se For ty- four  hours later, rats rece ived  one  of  
the t rea tments  lndtcated m Table 2 No pretest  L Q ' s  were  
es tabhshed because  of  the presence  of  salme treated con- 
trols Antmals  m this exper iment  were tested for lordosts 
behavtor  at 10, 30, 120 and 240 mmutes  after 
intrahypothalamnc ptcrotoxln or  saline mject lon and at 30, 
60, 120 and 240 mmutes  after systemic admlmstra t lon of  
ei ther  saline or  pncrotoxm 

RESULTS 

Expertrnent I Ejfec t~ oJ M u ~  1tool and G A B A  on EB + 
P-indue ed Lordosis  Behavior 

Table 1 shows the results of  this exper tment  
Int racerebral  (Groups 1 and 2) or  systemic (Group 3) admin- 
istration of  musctmol  dtd not suppress the lordosis behavior  
reduced by EB + P As shown in Table 1, mject ton o f  G A B A  
into the V M H  (Group 4) dtd not  affect the lordosis behavior  

Experiment  2 Effe~ ts o f  Pl~ rotortn on Lordosis Behavior tn 
EB Pr imed  Rats  

Table 2 shows the results of  this exper iment  Trea tment  
wnth sahne did not induce lordosis  behawor  under  any of  the 
condit ions studied (Groups 5, 7, 9 and 11) 
ln t rahypotha lamlc  or  systemic admlmstra t lon of  plcrotoxln 
facilitated the ehcl tat lon of  lordosis behavior  in OVX 
(Groups 6 and 8) but not m O V X - A D X  rats (Groups 10 and 
12) 

DISCUSSION 

Accord ing  to present  f indmgs, mtrahypotha lamlc  reJec- 
tion of  plcrotoxln facilitated the expressmn of  lordosis in 
OVX but not m O V X - A D X  rats, suggesting the dependence  

upon adrenal  secret ions  for thts response  This result  ~s in 
hne wtth the observat ion  that t rea tment  w~th p lc ro toxm or 
o ther  G A B A  antagonists ,  st imulates A C T H  release [9] 
which,  in turn, facthtates the display of  lordosis [4] by 
st imulating adrenal  steroid release 

N o n e  of  the two models  used in thts study to invest igate a 
role of  G A B A e r g l c  t ransmission for the express ion of  lor- 
dosis behavnor provided any ev idence  m favour  of  a 
GABAerg tc  influence on this behav ior  Thus,  an mcrease  in 
central  GABAerg tc  act ivi ty by admmtstrat ton of  G A B A  and 
musctmol  failed to inhibit lordosis behavior  induced by 
combmed  est rogen and proges terone  t rea tment  Further-  
more ,  a decrease  m central  GABAergnc act ivi ty caused by 
t rea tment  wtth ptcrotoxln,  did not induce lordosis in OVX-  
A D X  estrogen primed rats 

McGinnts  et a! [11] reported that injection of  ptcrotoxln 
in the substant la  ntgra suppressed the faclhtatory effect  on 
the lordosis behavior  which normally accompanies  septal 
lesions in es t rogen-pr imed rats They  speculated that 
GABAerg lc  neurones  control dopamlne  turnover  rate 
thereby de t e rmmmg the express ion of  Iordosts behavior  
This model ,  however ,  does not constder  the bastc fact that 
lordosis behavior  ts mduced  by gonadal hormones  AI Sath 
et al [1] observed  that an increase of  G A B A  levels  by DPA 
administrat ion in late af ternoon of  proestrous,  in normal 
4-day cycling rats, b locked the sexual  recept ivi ty  which 
normally occurs  in this phase of  the estrous cycle Thts effect  
was at tr ibuted to a direct inhibitory effect  of  the GABAerg tc  
system on neural mechan ism mediat ing the lordosis behav-  
ior H o w e v e r ,  pharmacologucal manipulation of  the 
GABAerg lc  system has been demonst ra ted  to affect anter ior  
pituitary hormone  secret ions [3], and hence the hypothesis  
cannot  be excluded that the effect  of  DPA on the Iordosns 
behavmr  was due to al terat ions in ovarian proges terone  se- 
cretmns related to variations in the gonadot rophm release 

Present  findings do not exclude the posslblhty that ma- 
nipulation of  the GABAerg tc  transmnsslon by mjectmns of  
compounds  affectmg thns system in o ther  brain regtons that 
the V M H  and the LS, influence the hormonal  induction of  
lordosis behavmr  Fur ther  work should be under taken to 
invest igate this idea 

ACKNOWLEDGEMENTS 

Supported by the Swedish Humamtles and Social Sciences Re- 
search Council (47/83) We thank Ms Ehsabeth Walhn for skillful 
techmcal assistance 

REFERENCES 

1 AI Sath, M , L CnesnelskL, E Kempf, G Mack and CI Aron 
Involvement of serotomn and gamma-ammobutync acnd in the 
timing of estrous receptivity in the cychc female rat 
P~w honeuroendoc rmologv 5: 319-328, 1980 

2 Carter, H , G Asch and C Aron New facts concerning the role 
played by the ventromednal nucleus in the control of oestrous 
cycle duration and sexual receptivity in the rat Neuroendot rl- 
nologx 13: 129-138, 1973-74 

3 Elias, A N ,  L J Valenta, A V Szekeres and M K 
Grossman Regulatory role of gamma-ammobutync acnd m pl- 
tmtary hormone secretion P~v~ honeuroendo~ rmologv 7 15-30, 
1982 

4 Gorzalka, B B and R E Whalen The effects of progestms, 
mmeralcortlconds, glucocortlconds, and steroid solubility on the 
induction of sexual receptivity in rats Horm Behav 8" 94-99, 
1977 

5 Kelly, S ,  G F Alheld. A Newberg and S P Grossman 
GABA stimulation and blockade nn the hypothalamus and mud- 
brain Effects on feeding and locomotor activity Pharmat ol 
Brat hem Behav 7" 537-541, 1977 

6 Koella. W P GABA systems and behavior In Amino Attd 
Neurotranvmttter~. edited by F V De Feudns and P Mandel 
New York Raven Press, 1981, pp 11-21 

7 Komlsaruk, B R . K Larsson and R Cooper Intense lordosns 
m the absence of ovarian hormones after septal ablation m rats 
~o~ Neuro~cl Ab~tr 2. 230. 1972 

8 Komg. S F R and R A Khppel The Rat Bruin Huntington, 
NY Kneger Publishing Co , 1967 

9 Makara, G B and E Stark Effect of gamma amino butyric 
acid (GABA) and GABA antagonist drugs on ACTH release 
Neuroendo~ rmologv 16. 178-- 190. 1974 



676 F E R N A N D E Z - G U A S T 1  L A R S S O N  A N D  B E Y E R  

10 Mat thews,  D and D A Edwards  The vent romedml  nucleus  of 
the hypotha lamus  and the hormonal  arousal  of  sexual  behawor  
m the female rat H o r m  Beha~ 8 40-51 1977 

11 McGInms,  M Y ,  J H Gordon and R A Gorskl Influence of 
g a m m a - a m m o b u t y n c  acid on lordosis behavior  and dopamme 
act ,wty  m estrogen primed spayed rats Bpatn R(,~ 184 179-191 
1980 

12 Nance ,  D M , J Shryne  and R A Gorskl Septal l esmns  Ef- 
fects  on lordosis behavior  and pattern of gonadot rophm release 
H o H ,  B e h a v  5 73-81, 1974 

13 Siegel, S N o n  PaJam(,tJt~ 3HItl~tlt ~ /ol l]ll B c h m t , . a l  ~ i- 
em e~ New York McGraw-Hall, 1956 

14 Tappaz,  M L ,  W H Oertel,  M Wasse f  and E MugnamJ 
Cenlral  GABAerg~c neuroendocrme  regulauons pharmacologi-  
cal and morphological evidence Pio~, Bpa.J R ~  55 77-96 
1982 

15 Walhs,  C J and W Luttge Influence ot e~trogen .rod 
progesterone on glutamJc acid decarboxylase  a~t~v~ty m discrete 
regions of rat brain / N e . t , ~  h~ m 34 609-613, 1980 


