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Abstract: Problem statement: There is a relationship between sexual hormondspain sensitivity
and also a role for hippocampal GABAeceptor in nociception. Therefore, the aim of phiesent
investigation was to evaluate the effect of intpgloicampal injection of GABA receptor agonist
(baclofen) and GABA receptor antagonist (CGP35348) on pain sensitiitsing the estrous cycle.
Approach: Forty eight adult female rats were used. The alsimeere divided into four groups: (1)
Control; (2) Sham; (3) Baclofen 4.25 or 8.54 pg'rdtt) CGP35348 alone with doses 3 or 5 ug'rat
and (5) CGP35348 3 or 5 pg Taafter 0.75 pL of baclofen 8.54 pg TatData were analyzed by two
ways ANOVA measuring. The level of significance was0.05. Results: Our data showed that
baclofen significantly decreased pain sensitivityall stages of the estrous cycle, but this analges
effect was higher during estrus. CGP35348 signifiyaincreased pain sensitivity in all stages & th
estrous cycle at 5 pg Fat but this hyperalgesic was least effective dutiing estrus stages of the
estrous cycle. Administration of CGP35348 dosesr B qug rat® after a high dose of baclofen
significantly increased pain sensitivity; This hyplgesic effect was greater than CGP35348 alone.
Conclusion/Recommendations. According to our results, the GARBAreceptor in the hippocampus
can modulate pain sensitivity during the estroudecy

Key words: Estrous cycle, plasma concentrations, intrahipp@edninjection, pain sensitivity,
receptor agonist, female rats, baclofen signifigartyperalgesic effect, modulate pain,
nociceptive stimulation

INTRODUCTION effects of estrogens on the GABA system are
controversial (Aloisi and Bonifazi, 2006). The GABA
It is widely recognized that experience of pain isaction is due to the activation of GABA receptors
different in women and men. For example, women aréncluding ionotropic  type-A (GABA) and
generally considered to have a lower pain thresholdnetabotropic type-B (GAB# (Kumamoto, 1997).
than men in response to most forms of nociceptiveKirouac et al. (2004) showed that both the GARA
stimulation (Wanget al., 2009). Evidence suggests and GABA; receptor coexist in A delta and C afferent
that gonadal hormones can modulate sensitivity tdibers that conduct pain stimuli (Kirouatal., 2004).
nociceptive stimuli and opioid antinociception (ler GABAg receptors can be located pre-synaptically,
et al., 2005). The plasma concentrations of thesecting through inhibition of high voltage activated
hormones vary during the estrous cycle in rodeBts. C&" channels and causing suppression of
the other hand, the levels of enkephalin andneurotransmitter release (Wu and Saggau, 1997).
dynorphins in the hippocampal granule cell mossyAlternatively, they can also be postsynaptic, meaga
fiber pathway can regulate by ovarian steroidsslow and long lasting inhibitory postsynaptic
(Torres-Reveroneet al., 2009). The hippocampal potentials by activation of inwardly rectifying 'K
formation has long been implicated in learning andchannels, therefore inhibiting neuronal exitability
memory functions, as well as in affective motivab (Bowery and Enna, 2000). Formalin-induced
response to noxious stimulus (McKenna andinflammatory pain increases the expression of
Melzackm, 2001). An interaction of estradiol, heterodimeric GABA receptor subunit mRNAs and
important in the modulation of pain mechanisms, isprotein in the dorsal horn of the rat spinal cosarids
that with the GABA system in the CNS, although theet al., 2003). In the brainstem, an increase in the
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expression of GABA receptors was found in several 12). In all animals, the formalin test was perfodie
nuclei after nociceptive stimulation (Pintet al.,  all stages of the estrous cycle. Each group cansist
2003). In addition, in an acute pain test, bacloferb rats and every rat was received formalin te$inés;
microinjection into the nucleus rape Magnus andthe duration between the tests was 4-5 days.

nucleus reticular is gigantocellularis pars alpfidhe  Determination of the estrous cycle stage in female
medulla, had either antinociceptive or hyperalgesigats. Before the experiment, different stages of the
effects depending on the dose administered (Thomagstrous cycle were detected by microscopic
et al., 1996). There is ample evidence from animalexamination of vaginal smear based on the relative
studies concerning a primary antinociceptive actibn frequency of leukocyte, cornfield and nucleated
baclofen. It has been demonstrated that baclofen igpithelial cells (Eldridget al., 1999).

antinociceptive in rats by using the hotplate aaitt t

flick tests. Intraperitoneal injection of baclofewas Formalin test: Five min after injection of ACSF or
also found to be antinociceptive to noxious thermaldrugs, 50 pL of 2.5% formalin solution was injected
stimulation in cats and in formalin-injection tests  subcutaneously into the plantar surface of rigmdhi
monkeys (Bowery, 2006). Baclofen has long beerpaw using a 30 gauge needle. A Pain score was
known to have antinociceptive activity in acute anddetermined for each 5 min block (each block coaslist
chronic pain models (Hwang and Yaksh, 1997). Orof a mean of 20 records in every 15 sec) duringnég

the other hand, pretreatment with estrogen can saJey measuring the number of each of the followingrfo
GABAg  receptor  function, probably by behavioral categories: 0, the injected paw is not
neuroprotection of neurons containing postsynaptidavored; (1) the injected paw has little or no geion
GABAg receptors (Velisek and Veliskova, 2002).it; (2) the injected paw is elevated and is notamtact
Noriegaet al. (2010) reported that estrogen decreasewith any surface; (3) the injected paw is lickedtem

the functional coupling of the mu-opioid and GABA or shaken (Abbotét al., 1995). The records of the first
receptors to the inwardly rectifying *Kchannel, 10 min were considered as phase 1 of the formedi t
possibly through an action on the G-protein (Nagieg while the records after 10 min were consideredrase

et al., 2010). On the other hand progesterone and thei of the formalin test.

metabolite have different effect on pain sensiivit

(Frye and Duncan, 1994). Al-Dahan and ThalmannSurgery: The rats were anesthetized with an IP
(1996) reported that progesterone variation dutivg  injection of ketamine 35mg k@nd xylazine 5mg Kg
estrous cycle could be responsible for one componergnd, after mounting in a stereotaxic instrument
of the regulation of GABA receptors that occurs in (Stoelting, USA) a cannula (23 gauge) was implanted
neocortex during the estrous cycle of the rat (Al-unilaterally at the right hippocampus (AP: 3.5 mm
Dahan and Thalmann 1996). Therefore, the aim of théehind the bregma, lateral: 3.1 mm and verticah 4.
present study was to investigate the effect ofdfaol mm from cerebral cortex). Two screws were placed in
(GABAg agonist) and CGP35348 (GAR/Antagonist) the skull and each cannula was anchored into pléte

on pain sensitivity during the estrous cycle irsyat ~ dental cement poured around the outer cannula and
means that we examine the effect of natural chafige screws. A stainless steel extending just beyondithe

ovarian hormone on pain sensitivity. of the cannula was inserted and left in place until
injection. The animals were allowed to recover &br
MATERIALSAND METHODS least 7 days after surgery (Soignéatral., 2000). Rats

, _ , were given a lethal dose of ether following testifige
Animals: Forty eight female Sprague Dawley rats microinjection site was marked by injecting of gfes

weighing 200-220g were used. Food and water Wergigiet (0.2 pL) into the hippocampus. The brain was
made available ad libitum. Rats were housed under famoved placed in formalin (10%) and a coronal

12h light/dark (light on at 6 am) and controlled
temperature (20+4°C) condition. Animals were didide
into five groups: (1) control group (intact animal,=
6); (2) sham (received 0.75 pL of Atrtificial
Cerebrospinal Fluids (ACSF), n = 6); (3) experinaént , .
1 (received 0.75 pL of baclofen 4.25 or 8.54 pg'rat Data analysis: For analysis of data SPSS program were
= 12); (4) experimental 2 (received 0.75 pL of use_d. Data were analyzed by one way Analysis Of
CGP35348 3 or 5 pg At n = 12) and (5) Variance (ANOVA). Tukey test was performed as post-
experimental 3 (received 0.75 pL of CGP35348 3 or #10c. Significant value was p<0.05. Data were
ng raf* 15 min after 0.75 baclofen 8.54 ugtan =  considered in results as mean + SEM.
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RESULTS Intrahippocampal injection of CGP35348 (5 ug hat
_ _ o in phase 1 of the formalin test significantly (p&®)
Effect of intrahippocampal injection of baclofen on increased pain sensitivity during the proestrug3F=

f’ai”h. Se”S”iV”IV_ _ d.“””% e‘f”o“s fbcyf'_‘;; 12, p = 0.000) and estrus [F (3) = 3.4, P = 0.038)
ntrahippocampal injection of two doses of baclohen stages of the estrous cycle, but it has no signitic

phase 1 of the form_alln testPas no effect onpaore .. . during metestrus [F (3) = 0.6, p = 0.602} an
in postures [F (3) = 0.4, p = 0.754), but signifittg . .
decreased pain sensitivity during the estrus [Fx3) diestrus [F (3) = 16, p = 022) (Fig. 2).
14.5, P = 0.000), met estrus [F (3) = 10.6, p 00)0 !ntrah|ppocampal |nject|0_n of CG_P3_5§48 (5 pgMat
and diestrus [F (3) = 5.5, p = 0.006) stages of thén phase 2 of the formalin test significantly (p&®)
estrous cycle (Fig. 1). Intrahippocampal injectioh increased pain sensitivity during the proestrug3yF=
baclofen (8.54 ug rdj in phase 2 of the formalin test 3.2, p = 0.047) and estrus [F (3) = 4.3, p = 0.017)
significantly (p<0.05) decreased pain sensitivitystages of the estrous cycle, but it has no signific
during proestrus [F (3) = 5.78, P = 0.005), esffis effect during metestrus [F (3) = 2.2, p = 0.12) and
(3) = 8.8, P = 0.001) and metestrus [F (3) = 15 P (gjestrus [F (3) = 1.1, p = 0.373) (Fig. 2). Alshete
0.000) and diestrus [F (3) = 14.6, P = 0.000) sfagfe 55 a significant (p<0.05) difference between the t
the estrous cycle (Fig. 1). . doses of CGP35348 (Fig. 1).

Analgesic effect of baclofen 4.27 and 8.54 ug@ rat Hyperalgesic effect of CGP35348 (3 and 5 ugyat

in phasel of formalin test was significantly higher A ) .
during estrus [F (3) = 13.9, P = 0.001) in the @isad was significantly (p<0.05) higher during the proest

of the formalin test the similar effect were shoffr(3) ~ Stage of the estrous cycle in phase 1 of formakn f-
= 9.33, p = 0.001) (Fig. 1). (3) = 11.7, p = 0.000). Hyperalgesic effect of CGB43

(3 and 5 ug rat) was significantly (p<0.05) higher
Effect of intrahippocampal injection of CGP35348  during the metestrus stage of the estrous cycfthase
on pain sensitivity during estrous cycle 2 of formalin test [F (3) = 14.2, p= 0.000).
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Fig. 1: Effect of intrahippocampal injection of bafen on mean of pain score during estrous cycle jfoestrus,
(B) estrus, (C) metestrus and (D) diestrus, N i éach group
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Fig. 2: Effect of intrahippocampal injection of C@348 on mean of pain score during estrous cyd@; (

proestrus, (B) estrus, (C) metestrus and (D) disstd = 6 in each group
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Fig. 3: Effect of intrahippocampal injection of bafen pretreatment by CGP35348 on mean of painesdaring
estrous cycle; (A) proestrus, (B) estrus, (C) matssand (D) diestrus, N = 6 in each group
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Effect of intrahippocampal injection of CGP35348 +  the estrous cycle, similar to the effect of
baclofen on pain sensitivity during estrous cycle: intracerebroventicular injection of baclofen in our
The simultaneous intrahippocampal injection ofprevious study (Taherianfard al., 2009). Potest al.
CGP35348 (3 and 5 pug rt+ baclofen (8.54 pg rd)  (2006) reported that baclofen injection in the
in phase 1 of the formalin test, significantly (p@®)  ventrobasal complex of the thalamus contralateréthe
increased pain sensitivity only in the proestrugdF=  formalin-injected paw decreased all nociceptive
36.6, p = 0.000) stage of the estrous cycle, whildehaviors displayed by the rats in the formalin tesi
simultaneous intrahippocampal injection of CGP35348lose-dependent manner, indicating an antinocioeptiv
(3 and 5 pg rat) + baclofen (8.54 pg rd) in phase 1  effect of this selective GABA agonist (Potest al.,
of the formalin test, had no significant effect iagr 2006). Brusberget al. (2009) demonstrated that
estrus [F (3) = 1.75, p = 0.2), metestrus [F (.2 p= Systemic activation of GABA receptors in conscious
0.078) and diestrus [F (3) = 0.8, p = 0.5) stage ofats, either by the orthosteric agonist baclofentara
estrous cycle. Simultaneous intrahippocampal igact lesser extent, by the positive allosteric modulator
of CGP35348 (3 and 5 pg ¥t + baclofen (8.54 ug CGP7930, reduces pseudo-affective responses to
rat’) in phase 2 of the formalin test, significantly Noxious colorectal distension in rats (Brusbetg.,
(p<0.05) increased pain sensitivity in proestrug¢dF= ~ 2009). Intrathecal administration of the GABA
9.76, p = 0.001), estrus [F (3) = 7.17, P = 0.084)  receptor agonist baclofen produced a dose-dependent
metestrus [F (3) = 14.3, p = 0.000) and diestruggjr= ~ decrease in response to formalin injected hind paw.
29, p = 0.000) stages of the estrous cycle (Fig. 3) This antinociceptive effect of baclofen was antaged
Simultaneous  intrahippocampal  injection of by pretreatment with GABA receptor antagonist
CGP35348 (3 and 5 pg i+ baclofen (8.54 pg rd) saclofen (Naderiet al., 2005). Patelet aI_. (2001) _
induced hyperalgesia was greater than the(eplolrteq that L-baclofen has m_arkeq a}ntlhyperad:ge5|
administration of CGP35348 (3 and 5 pgadlone. activity in a model of neuropathic pain in the réhe
The hyperalgesic effect of CGP35348 (3 and 5 u ffect of baclofen_was blocked by the selective GAB
raf!) after baclofen 8.54 ug FAtwas significantly | ceoPtor antagonist CGP56433A (Patklal., 2001).
higher during metestrus and diestrus than the prges Yang e al. (2003) demonsrated Fhat the activation of
and estrus [F (3) = 7.28, p = 0.011) stage of Hieoas GABAB receptors by baclofen in the ventrola_teral
cycle in phase 2 of formalin test. In phase 1 ofrialin periaqueductal gray neurons has a threefold acfien:

: o : hyperpolarization of periaqueductal gray neurons
:)ehsatlisetgeorfeesliroz(; (;s)llg(gzlrgﬂcant difference betweenr fo (postsynaptic inhibition), 2- decrease in the redeaf

L-glutamate nerve terminals to periaqueductal gray
neurons (presynaptic inhibition) and 3- decreasth@n
release of GABA from nerve terminals to

The rat formalin test is a reliable animal modgl o Periaqueductal gray neurons (presynaptic inhibjtion
pain induced by acute tissue injury (Tjolsenal., (Yangetal., 2003).
1992). Moreover, the formalin-induced nociceptive ~ On the other hand, pain stimulus leads to changes
behaviors elicited in animals are quantifiable ahdw  in the expression of GAB#receptors. The results of
two phases: an early phase (acute pain) that starfsastro et al. (2006) point to differences in the
immediately after formalin injection and lasts expression of GABAreceptors in spinofugal pathways
approximately 5 min and a late phase which begiis 1 targeting pronociceptive and antinociceptive region
20 min after the formalin injection lasting 20-40nm  McCarsonet al. (2005) revealed that both thermal and
This last phase, also named tonic or chronic phiase, mechanical withdrawal thresholds are lowered
dependent on local inflammation and/or prolongedsignificantly in rats 7 days following a partiabdition
changes in the CNS (Tjolsest al., 1992). Between of the sciatic nerve, while this nerve damage iases
these two phases there is a period, the interptiase, the gene expression of both the GARA and
which the animals display hardly any pain-relatedGABAg in the ipsilateral lumbar spinal cord
behaviors (Tjolseret al., 1992). Both the first and (McCarson et al., 2005). Formalin induced
the second phase of the formalin test arenflammatory pain increases the levels of mRNA and
accompanied by an increase in the activity 6fakd  protein for GABA; 15)and GABA; () in the dorsal horn
C-fiber primary afferents. of the rat spinal cord (Sandsal., 2004).

The present study showed that baclofen In the present study, baclofen has the highest
injection in hippocampus ipsilateral to the formali analgesic action in the estrus stage of the estrgels,
injected paw decreases pain sensitivity in all stagf  whereas in the other study, the analgesic effect of
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intracerbrospinal injection of the baclofen washeig pretreatment of CGP35348 in two doses before

during metestrus and diestrus (Taherianfatdal., baclofen in the metestrus and diestrus stages @f th

2009). It seems that site of injection is importantd  estrus cycle is more than in the proestrus andigstr

this difference may be related to the estradiokpéar  stages of the estrus cycle. Intracerebrospinatiioje

or GABAg receptor distribution in different brain of CGP35348 had a similar effect (Taherianfardl.,

locations. The metabotropic GABAeceptors mediate 2009). There is evidence that GABAergic mediatiébn o

slow synaptic inhibition and consist of heterodimef  opioid effects is a widespread phenomenon and eccur

B1l and B2 subunits (Bettlaat al., 2004) which share throughout most regions of the CNS. Kalyuzhny and

structural homology with class-lll G protein-couple Wessenorf (1999) observed a colocalization between

receptors (Binetet al., 2004). The only known hippocampal p-opioid receptors in CAl, CA3 and

molecular diversity of the GAB#Areceptors arises from dentate gyrus in rats. The localization of the |ieimb

two GABAg; isoforms (Kaupmannet al., 1998). receptor on the GABAergic neuron suggests thatethes

Noriega et al. (2010) reported that B7estradiol and receptors, when activated, can directly control the

17p-estradiol + progesterone led to the up regulatibn hippocampal GABAergic neurons activity (Kalyuzhny

the gene encoding the GABAeceptor subunit 1 in the and Wessendorf 1997; 1999). Torres-Reverenal.

amygdala (Noriegat al., 2010). (2009) demonstrated that ovarian steroids alter the
Administration of CGP35348 has a paradoxicaltrafficking of mu opioid receptors within

effect on pain response. In the present studysubpopulations of hippocampal GABAergic interneuron

CGP35348 injection in hippocampus ipsilateral te th (Torres-Reverone et al., 2009). Al-Dahan and

formalin injected paw alone in two doses inducedThalmann (1996) results indicated that progesterone

hyperalesia in the proestrus and estrus stage ef thvariation during the estrous cycle could be resjibas

estrous cycle, but not in the metestrus and digsttage for a component of the regulation of GABAeceptors

of the cycle, while pretreatment of CGP35348 in twothat occurs in the neocortex during the estrousecyt

doses before baclofen induced hyperalgesia irtadles  rat (Al-Dahan and Thalmann, 1996).

of the estrous cycle. Poets al. (2006) showed that

administration of CGP35348 induced a decreaseiaf pa Role of the funding source: This study was supported

related activities in both phases of the formadisttas by the Vice-Chancellery of Research of Shiraz

baclofen did (Potest al., 2006). However, there are University. The Vice-Chancellery of Research ofr&hi

other studies that have already reported similtecef  University had no further role in the study designthe

of baclofen or of CGP35348 administration upon thecollection, analysis and interpretation of data;tle

nociceptive behavior of the animals. In fact, thewriting of the report; and in the decision to subthie

intracerebrospinal administration of different dos#  paper for publication.
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antinociception in both non-ligated and ligated enic Conflict of interest: All the authors can confirm that

subjected to the hot plate test (Zarrindetsal., 2000). there is no financial or other relationship thatudo

Ataka et al. (2000) revealed that baclofen (1uM) cause a conflict of interest.
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