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PONCELET, M , P MARTIN, S DANTI, P SIMON AND P SOUBRII~ Noradrenergtc rather than GABAergtc proc- 
esses as the ~ornmon medtatton of the anttdepressant profile oJ GABA agomsts and tmtpramme-hl~e drugs tn antmals 
PHARMACOL BIOCHEM BEHAV 28(3) 321-326, 1987 --The present study was a~med at ~nvestlgat~ng ~n rats whether a 
common mechamsm might underhe the reversal of depresslve-hke behawors by classical antidepressants and by GABA 
agomsts such as musc~mol Blockade of GABA transmission w~th plcrotoxln (1 mg/kg IP) abohshed the musc~mol (0 5-1 
mg/kg)-~nduced reduction oflmmoblhty in the swimming test and the reversal of escape fmlures m the learned helplessness 
paradigm Conversely, p~crotox~n was found not to reduce the efficacy of ~m~pramlne-hke drugs m these same ammal 
models The combination of musclmol and tncychcs given at subeffect~ve doses resulted in behavioral changes that can be 
accounted for by an additive interaction between these two classes of drugs These data confirm the ant~depressant-hke 
profile of GABA agomsts but suggest that ~t ~s unhkely that the primary antidepressant mechamsm of conventional 
antidepressants ~nvolves GABA-A receptors In the swimming test, prazosln ~2 mg/kg), an alpha adrenoceptor blocker, 
antagomzed the reduction of~mmobd~ty produced by both musclmol and ~m~pramlne-hke drugs In the learned helplessness 
paradigm, penbutolol (0,25-0 5 mg/kg) and, though to a lesser extent prazosm, counter-acted the reversal of escape fadures 
caused by musc~mol and ~m~pramme On the basis of these data, tt ~s tempting to speculate that increased transmitter 
outflow at noradrenerglc receptors may be an essential component ~n the mechamsm of action of ~mlpram~ne-hke drugs but 
also of GABA agonlsts 

GABAerg~c processes Noradrenerglc systems Alpha adrenoceptors Beta adrenoceptors 
Antidepressant drugs Sw~mmmg-~nduced lmmoblhty Escape failures Learned helplessness Rat 

THE therapeutic activity of convenUonal antidepressant 
drugs has traditionally been associated w~th acute and/or 
adaptive changes in brain monoaminerg~c transmission and 
most neuroblological hypotheses on affect~ve d~sorders have 
focused on these monoam~nergic systems [4] Several hnes 
of  ewdence,  however,  suggest that additional brain proc- 
esses, and more particularly GABA-contaimng neurones, 
m~ght be involved ~n depression and/or recovery from de- 
pression. 

G A B A  receptor agomsts such as progabide have been 
reported to show antidepressant activity comparable to that 
of  tncycllc antidepressants [16,25] and CSF-GABA levels 
have been found to be reduced in depressed patients [2,8] 
Studies performed on ammal models sensmve to 
antidepressants have revealed an antldepressant-hke effect 
following pharmacological manipulations assumed to 
enhance G A B A  transmission. Reduction of the duration of  
~mmobd~ty ~n the swimming test has been observed w~th 
A O A A ,  musc~mol and THIP [3]. The peripheral rejection of  
progab~de as well as the admimstration of  G A B A  into the 

h~ppocampus or lateral gemculate body has been found to 
reverse escape deficits in the learned helplessness paradigm 
[12,22]. In addition, ~ntracerebral injection of  b~cuculhne re- 
portedly triggers helpless behavior in animals [17] 

In two ammal models of  depression: the forced swimming 
test and the learned helplessness paradigm, tbas study has a 
two fold purpose: to confirm that muscimol, a d~rect G A B A  
agomst, exerts ant~depressant-hke effects and to investigate 
whether a common mechamsm m~ght be revolved ~n the 
antidepressant profile of  musc~mol and im~pram~ne-like 
drugs. For the latter, we first studied the poss~bd~ty of a 
GABAerg~c med~atmn of the effects of  trlcychcs. F~nally, the 
potential ~nvolvement of noradrenerg~c processes m the 
antidepressant action of ~m~pramane-hke drugs and musclmol 
was investigated. 

METHOD 

The experaments were earned out on male Wistar A.F. 
(Centre d'61evage R Janv~er, France) or Sprague-Dawley 

321 



322 P O N C E L E T  ET AL 

300 DURATION OF IMMOBILIT~ 
(seconds) 

200 

100 

I ~ 

I 
1 

300 

200 

100 

0 Q5 1 

MUSCIMOL mg/kg 

FIG. 1 Musclmol-~nduced reduction of lmmobdlty (mean--SEM) in 
rats subjected to the forced swimming test The duration of~mmobdlty 
was measured between the 5th and the 10th mm after the animal was 
plunged into the water, 1 hr after recelwng musc~mol or vehicle 
N=10 to 12 rats/grQup *Significantly different from controls at 
p<0 05 (Dunnett's t-test) 

rats (Charles River, France) weighing 175-200 g at the be- 
ginning of  the experiments. The ammals were housed in 
groups of 10/cage under standard conditions, room tempera- 
ture (21± I°C); light/dark cycle (12 hr/12 hr), water and food 
ad lib 

Forced Swimming Test Sprague-Dawley Rats 

In the present study, rats were tested and injected once 
although the procedure which has been used most frequently 
w~th rats has involved two sessions m the water and two or 
more ~njections of  antidepressants before the second session 
[10,19]. Thxs departure from the usual procedure was aimed 
at extending the objectives of this study to acute behavioral 
effects of antidepressants or GABA agomsts. As shown by 
others [3, 10, 26], a single ~nject~on of  antidepressants or 
GABA agomsts before the second swim could be effective ~n 
attenuating despair behawor,  and we have previously shown 
[18] that, ~n Sprague-Dawley rats, acute or repeated injection 
of antidepressants reduced lmmobd~ty at the first swim ses- 
sion provided that immobility was scored between the 5th 
and the 10th min after the animal was plunged into the water. 

The rats were placed ~ndividually in Plex~glas cylinders 
(height 40 cm, d~ameter 18 cm) containing 15 cm of water at 
25°C. Immobd~ty was measured to the nearest second be- 
tween the 5th and the 10th rain after the rats were plunged 
~nto the water, a rat bexng judged to be immobile when ~t 
remmned floating ~n the water making only the very small 
movements necessary to keep its head above water [19]. 

Antidepressant drugs: musclmol (Sigma), des~pram~ne, 
imipram~ne, and clom~pram~ne (Ciba-Ge~gy) were xnjected 
once, 1 hr before testing according to [3] and [18] Potential 
antagomsts, l-penbutolol (Hoechst), prazos~n (Pfizer) and 
p~crotoxin (S~gma) were injected 30 m~n before testing. 

Learned Helplessness Tratntng Wtstar AF Rats 

Inescapable shock pretreatment Electric foot-shocks 
were delivered ~n 20x10×10 cm chambers with Plex~glas 
walls and cover  The floors were stmnless-steel grids (1.5 cm 
mesh). A constant current shocker was used to deliver 60 
scrambled, randomized inescapable shocks (15 sec duration, 
0 8 mA, every m~n __-15 sec) to the grid floor. Control rats 
were placed for 1 hr ~n ~dent~cal chambers but no shocks 
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FIG 2 Musc~mol-lnduced reduction of escape fadures (mean_+ SEM) 
~n rats subjected to 3 consecutive dady shuttle-box sessions Data are 
the number of escape fadures out of 30 two-way avoidance trials in 
ammals prewously subjected to 60 inescapable foot-shocks Escape 
failure refers to failure of the rat to change compartments dunng the 
electric foot-shock (0 8 mA, 3 sec duratmn) The ~ndlcated doses 
refer to the daily dose administered from the end of the shock pre- 
treatment onwards N= 16 to 20 rats/group *S~gnificantly different 
from controls at p<0 05 (Dunn's t-test) 

were administered Inescapable shock pretreatment was 
performed in the morning, on day 1 

Conditioned avotdance training To evaluate escape 
deficits, shuttle-box training was initiated 48 hr (day 3) after 
inescapable shock pretreatment tn automated two-way 
shuttle-boxes (60x21x30 cm) with Plexiglas walls and a 
floor consisting of  stmnless-steel rods spaced 1.0 cm apart 
Each shuttle-box was divided into two equal-size chambers 
by a stainless-steel partition with a gate providing access to 
the adjacent compartment through a 7×7 cm space. Animals 
were placed singly in the shuttle-box, allowed to habituate to 
the test environment for 5 rain (for the first session only) and 
then subjected to 30 avoidance trials (rater-trial intervals 
being 30 sec). Dunng the first 3 sec of each trial, a hght s~gnal 
(used as a CS) was presented, allowing the ammals to avoid 
shocks. If a response did not occur within th~s period, a 0.8 
mA shock was applied via the grid floor If  no escape re- 
sponse occurred within a 3 sec duration of  shock, shock and 
light CS were terminated The response (avoidance or es- 
cape) required of the rat was to cross the gate into the other 
compartment of the box Shuttle-box sessions were per- 
formed for 3 consecutive days (day 3, 4 and 5) in the morn- 
ing, and the number of  escape failures, referred to as absence 
of  crossing response during shock delivery, was recorded 
Although escape failure ~s defined as fadure to escape within 
a 30 to 60 sec period in most procedures used for helpless- 
ness assessment, the 3 sec duration of  shock was selected 
because the very first seconds following shock onset seem to 
be critical for detecting escape deficits in animals preexposed 
to inescapable shocks, especially under a simple FR1 
schedule [15,24]. 

Drugs were injected daffy for 5 consecutive days, from 
the end of the shock pretreatment session onwards Mus- 
cimol and tncychc drugs were adm~mstered twice a day, one 
half dose ~n the morning and one half in the afternoon, morn- 
~ng injections being performed at a time corresponding to 30 
m~n before shuttle-box session, lhcrotox~n, penbutolol, 
prazosln were injected ~n the mormng only The schedule of  
twice daffy administration was selected according to previ- 
ous results [15], and the doses used chosen from results from 
both the hterature and our pilot experiments 
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FIG 3 Effects of plcrotoxin on musc~mol- and antidepressant-tnduced reduction of immoblhty 
(mean--- SEM) m rats The duratton of immobd~ty was measured between the 5th and the 10th min after the 
ammal was plunged into the water, l hr after receiving musc~mol (MUS), ~m~pramme (IMI), des~p- 
famine (DESI) or clomlpramtne (CLOMI) Ptcrotoxm was rejected 30 mm before testing N= 10 to 12 
rats/group Performance~ of the 4 separate groups of sahne- or pmrotoxm-~njected rats assocmted w~th 
each drug tested have been pooled *p<0 05 as compared with animals not treated w~th plcrotoxln 
(Student's t-test) ns not staUstlcally s~gnlficant 

When we purported to show an antagomsm, the doses of  
antxdepressant were Mgh" l e ,  those required to produce a 
rapid, complete reversal  of  escape fadures or a substannal 
reduction in immobility; when synergism was mvesUgated, 
the doses of  antidepressant were moderate,  i . e ,  those suffi- 
cient to produce a delayed,  partial reversal of escape failures 
or mlmmal effect on lmmoblhty Drugs were dissolved in 
&stilled water or (penbutolol and prazosln) suspended in 
acacia gum and injected IP in a volume of  0.5 ml/100 mg of 
body weight 

Statistical analysis was performed by umng Student 's  
t-test,  Dunnett 's  or Dunn's  t-test after ANOVA 

RESULTS 

Musclmol reduced both lmmoblhty scores in the swim- 
ming test (Fig. 1) and escape failures in the shuttle-box 
paradigm (Fig 2). 

At  1 mg/kg, musc~mol reproduclbly shortened the dura- 
tion of  immobility (Figs. 1, 3, 7), thls effect being statistically 
sigmficant (p<0 01) ~n each case [Fig 1 t(3,33)=3.07, Fig 
3 t(4,45)=3 12, Fig 7 t(4,45)=4 15] At 0 5 mg/kg, how- 
ever, the reduction of  the duration of  immobility reached 
signrficance, t(3,33)=2 54, p<0.05,  in the initial experiment 
(Fig. 1) but the same dose produced a non slgndicant effect 
during the subsequent tr icychc-potentiatlon experiment (Fig. 
5) At  higher doses,  musclmol did not reduce and even 
worsen immobility scores probably because of  its seda- 
tive/incapacitating effects (data not shown) 

Analysis of  variance performed on the number of  escape 
failures over the 3 shuttle-box sessions (Fig. 2) indicated that 
dally rejection of  muscimol s~gnfficantly [0.25 mg/kg 
F(1,178)=9.07, p<0 .01;  0.5 mg/kg: F(1,178)=8 04, p<0.01 
and 1 mg/kg F(1,178)=7 12, p<0.01]  reduced escape defi- 
cits. Except  for muscimol 1 mg/kg, t(5,54)=2.63, p<0.05,  a 
treatment effect was not detectable at the first shuttle-box 

session (i.e., after 4 injectxons) but only at the second and 
third sessions. The fact that the beneficial effect of  doses of  
muscimol higher than 0.25 mg/kg tended to be less marked 
than that observed at 0.25 mg/kg might be accounted for by 
the sedative and incapacitating effects of  the drug. Adminis- 
tered at 0 25 or 0.5 mg/kg, muscimol exerted no significant 
effects on shuttle-box behavior m rats not trained for 
learned helplessness, nor did the drug affect intertnal shuttl- 
xng in helpless animals (data not shown) 

As shown in Fig. 3, picrotoxln 1 mg/kg slgmficantly an- 
tagonized, t(4,45)=2.54, p<0.05, the reduction of  lmmoblhty 
scores induced by musclmol I mg/kg but not that caused by 
tncychc antidepressants such as imipramlne 16 or 32 mg/kg, 
deslpramme 16 or 32 mg/kg and clomipramlne 32 mg/kg. 
Likewise, the administration of plcrotoxin before each 
shuttle-box session abolished (p<0 01) the reduction of  es- 
cape fadures observed at the second, F(1,82)=9.1 I, or third, 
F(1,82)= 10 57, shuttle-box session in muscimol (0.5 mg/kg)- 
treated rats, but did not affect the antidepressant action 
exerted by lmipramlne (32 mg/kg/day) or clomlpramine (24 
mg/kg/day) (Fig 4). When administered alone, picrotoxln 1 
mg/kg was devoid of effect on immobility scores (Fig. 3) or 
on shuttle-box performance of  controls (number of escape 
failures sahne 8__.2, 6---2, 4-+2, plcrotoxin 9-+2, 5-+1, 5-+2 
at the 1st, 2nd and 3rd shuttle-box sessions, respectively) or 
of  helpless rats (saline. 20.1-+1.9; 20 2-+2.6; 19 9-+2 5, plc- 
rotoxin: 20 8-+1.9, 20.1---2 7, 20.1-+1.4). 

When injected at the subeffective dose of  0 5 mg/kg, 
muscimol did not significantly enhance the efficacy of deslp- 
ramlne ( t= 1.6, ns) and clomipramine ( t=0 95, ns), concur- 
rently admimstered at subeffective doses, in reducing the 
duration of  lmmobihty in the swimming test (Fig 5) 
Likewise,  analysis of variance performed on data obtained 
from the three shuttle-box sesmons (Fig 6) indicated that, 
globally, the performances of  the animals receiving subef- 
fectlve doses of  muscimol + imlpramine, or muscimol + 
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FIG 4 Effects of plcrotox~n on musclmol- and antidepressant- 
reduced reversal of escape failures (mean_+SEM) m rats trained for 
learned helplessness Data are the number of escape failures out of 
30 two-way avoidance trials at the 1st, 2nd and 3rd shuttle-box ses- 
sion for musclmol (MUS)-, lmlpramlne (IMI)- or clomlprarmne 
(CLOMI)-treated animals Plcrotoxln was rejected once a day (30 
mln before shuttle-box testing) The indicated doses refer to the 
daaly dose admimstered from the end of the shock pretreatment 
onwards N=  12 to 16 rats/group The area between the broken lines 
represents the mean performance of 3 independent groups of saline, 
shocked rats *p<0 05 as compared w~th corresponding animals not 
treated with p~crotoxln (Dunn's t-test) ns not statistically signifi- 
cant 
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FIG 6 Effects of a subeffeCtlVe dose of musclmol m combination 
with tncychc dBgs on escape failures (mean~SEM) in ~ts tra~ed for 
lea~ed helplessness Data Ee the number of escape f~ures out of 
30 two-way avoidance trials at the 1st, 2nd and 3rd shuttle-box ses- 
sion The indicated doses refer to the dose admlmstered daily from 
the end of the shock pretreatment onwards N= 16 to 20 rats/~oup 
The Eea between the broken lines represents t ~  mean pe~oFma~e 
of 2 independent groups of sMme shocked rats Rats treated with 
musclmol 0 12~ m # g  + lmlpEamme ( IM I )  or  c lomlptaml~e 
(CLOMI) d~ffer s~gmficant]y from ammals given eltheF 
antidepressant Mo~e at *p<O.05 (D~nn's t-test) 

clomlpram~ne were  not  statist ically different,  F(1,178)= 3 92, 
ns and F(1,178)=3 06, ns, respec t ive ly ,  f rom those o f  the 
rats receiv ing identical  doses  o f  e i ther  ant idepressant  a lone 
Fur ther  analysis revea led  that  differences can be obse rved  
be tween  imlpramlne vs. ~miprarmne + musclmol ,  first 
shut t le-box session,  Dunn ' s  t(9,89)=2.57,  p < 0  05, or  be- 
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FIG 5 Effects of a subeffectlve dose of muscimol in combination 
w~th tncyclic drugs on the duration of lmmobthty in rats The dura- 
tion of lmmoblhty was measured between the 5th and the 10th mm 
after the ammal was plunged into the water, 1 hr after receiving 
musomol (MUS), deslpramlne (DESI) or clomlpramlne (CLOMI) 
alone, or either antidepressant in combination with musclmol N= 12 
to 14 rats/group, ns not statistically significant as compared w~th 
corresponding animals not treated w~th musc~mol (Student's t-test) 
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F]G 7 Effects of prazosm and penbutolol on musclmol- and 
deslpramlne-induced reduction oflmmobthty m rats The duration of 
Lrnmobilzty (mean_+$EM) was measured between the 5th and the ]0th 
mm after the animal was plunged into the water, 1 hr after receiving 
muse=tool (MUS) or desipramine (DES]) Prazosin (PRAZ) or pen- 
butolol (1 PENBU) were given 30 mm before testing N= ]2  to 14 
rats/group The performance of 3 separate groups of saline-treated 
rats have been pooled. Rats given prazosin or penbutolol dLffer from 
animals given muscimol or desipramine alone at *p<0 05 ns not 
statistically significant (Dunnett's t-test) 

tween  c lomlpramlne  vs. c lomlpramlne  + musclmol ,  third 
shuttle box  session,  Dunn ' s  t(9,89)=2.61,  p < 0  05. 

Statlstlcal analysis revea led  that  b lockade  o f  alpha ad- 
renoceptors  with prazosln (2 mg/kg) slgmficantly reversed  
the reduct ion  of  immobil i ty  p rovoked  by both musclmol ,  
t(3,33)=3 57, p < 0  01, as compared  with musclmol  alone, 
and deslpramlne,  t(3,33)=3.86, p < 0  01, as compared  with 
deslpramlne alone,  whereas  b lockade of  beta  adrenoceptors  
with penbutolol  did not  affect the act ion of  these same com- 
pounds (Fig 7) At  this dose,  prazosin  alone did not  al ter  
lmmobihty  scores  (209+12 vs 215+13 see). In the learned 
helplessness  paradigm, the adminis t ra t ion of  penbutolol  be- 
fore each  shut t le-box session dose-dependent ly  p reven ted  
the reduct ion  of  escape  failures observed  at the third 
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FIG 8 Effects ofpenbutolol on musc=mol- and lm~pramme-~nduced 
reversal of escape failures at the third shuttle-box session, in rats 
trained for learned helplessness Data are the number of escape failures 
(mean-SEM) out of 30 two-way avoidance trials The indicated 
doses refer to the doses admlmstered dally from the end of the shock 
pretreatment onwards N = 16 to 20 rats/group The area between the 
broken hnes represents the performance of 2 independent groups of 
sahne, shocked rats Rats treated w~th penbutolol (1 PENBU) + ~m- 
~pramme (IMI) or + musc~mol (MUS) d~ffer s~gnlficantly from 
ammals g~ven ~m~pramlne or musc~mol alone at *p<0 05 (Dunn's 
t-test) 

shuttle-box session equally in musclmol- as m lm~pramme- 
treated rats (Fig 8), F(1,158)=12 67, p < 0  01, as compared 
with musc~mol alone, F(1,158)= 15 89, p < 0  01, as compared 
with ~mlpram~ne alone. Under these same treatment condi- 
tions, penbutolol was also found to abohsh the attenuation of 
escape defictts obtained at the second shuttle-box sessmn 
both in musomol-  or ~n ~mlpramtne-treated antmals (data not 
shown). At a dose (2 mg/kg) reported to reduce the reversal 
effect of ~mtpram~ne on escape deficits [15], prazosln at- 
tenuated, but d~d not suppress the antldepressant-hke effect 
of muscimol 0.5 mg/kg (number of escape failures at the third 
shuttle-box session: musc~mol: 7 4_+2.6, musc~mol ÷ prazo- 
sin: 14.8_+3 3, t=2  32, p<0.05,  n=15 rats/group). When ad- 
ministered alone, penbutolol or prazosm were previously 
found not to alter shuttle-box behawor m controls or ~n 
"helpless" rats [15]. 

DISCUSSION 

In agreement w~th previous work [3, 12, 22] the present 
study shows that m rats, sttmulat~on of GABA receptors 
with musctmol produced an antidepressant-lhke effect, as 
suggested by the abihty of this drug to reduce the duration of 
immoblhty ~n the forced swimming test and tts ability to 
ehminate escape failures m a m m a l s  trained for learned 
helplessness. That these behavioral changes can be pre- 
vented by picrotoxin mlhtates in favor of the involvement of 
GABA-A receptor subtype (receptors linked to chloride 
lonophore) in musclmol-~nduced antidepressant-like effects 
These data are congruent with preclln~cal and clinical evi- 
dence suggesting a connection between depressive state or 
behaviors and reduced GABAerglc transmission, and be- 

tween enhanced GABAerg~c functton and recovery from de- 
pression (see introduction). 

These observations prompted us to investigate the 
posslbdlty that GABAergic processes could be a common 
neuronal substrate for the anttdepressant-hke drugs m 
antmals. Although this poss~blhty would confltct with the 
monoanunerg~c hypothests of the mode of action of 
antidepressants, some reports suggest that tncychc drugs 
may interfere with GABAerg~c processes Im~pramme and 
des~pramlne were found to increase the in v~vo release of 
endogenous GABA from various rat brain structures [11] In 
addition, repeated admlmstrat~on of a large variety of 
antidepressant drugs reportedly modulates (up regulation) 
GABA b~ndtng s~tes [14] 

The present study lends little support in favor of the ~n- 
volvement of GABAerglc processes, at least those coupled 
to GABA-A receptors, m the effect of tncycllc 
antidepressants In the swimming test and the learned 
helplessness paradigm The behavioral changes observed in 
rats under the musc~mol + tncychc drugs combination mih- 
tate in favor of additive rather than potentiating effects be- 
tween these two classes of drugs Moreover, and more con- 
v~nc~ngly, p~crotox~n, at doses able to prevent the 
antidepressant act~vtty of musclmol ~n both the swimming 
test and the learned helplessness paradigm, failed to affect 
that of ~m~pramlne-llke drugs ~n these same models Th~s 
latter observation is at variance with the reported ability of 
blcuculllne to reverse ~m~pram~ne-lnduced reduction of es- 
cape latency m rats trained for learned helplessness [1] 
Differences in the parameters taken into account (escape 
fadure vs escape latency) and possible deleterious effects of 
b~cuculhne alone on escape latency may partly account for 
these discrepant findings 

The results presented here are more congruent w~th the 
reported znablhty of antidepressants to affect various pa- 
rameters of GABAergic transmission [13]. Even m Korf and 
Venema's study [1 l] purporting to show effects of tncychcs 
on GABA transmission, the reported increases ~n release of 
GABA were observed w~th rather htgh concentrations of 
tncychcs and not specific to these drugs. Moreover, in 
Lloyds et a l ' s  study [14], the GABA binding s~tes affected 
by subchromc treatment w~th antidepressants were the 
GABA-B and not the GABA-A receptors, whereas these lat- 
ter receptors are thought to be the ones which are preferen- 
tially revolved in the anttdepressant effect of GABA agomsts 
m animals [3,12] 

When consldenng the numerous neurotransmltter sys- 
tems that have been demonstrated to be under GABAerg~c 
control, diverse neuronal populations may indirectly con- 
tribute to the antldepressant-hke profile of GABA agonists. 
In contrast to their inhibitory influence on serotonergIc 
neurons, these drugs reportedly enhance noradrenergic 
transmission [5, 7, 23] and cause desensitization of beta 
receptor-coupled adenylate cyclase [27], two effects that are 
shared by many conventional antidepressant drugs. Our ob- 
servation that the effects of muscimol on the swimming test 
and the learned helplessness paradigm were reversed by 
noradrenerglc receptor blockers, perhaps w~th a test- 
dependency s~mtlar to that observed for ~mlpramme-like 
drugs ([9, 15, 19, 20] and present study) clearly suggests that 
facd~tatlon of noradrenergic transmission mediates the 
ant~depressant-hke effects of muscimol. Under this hypoth- 
esis, the additive effects of musctmol and lmipramine-hke 
drugs observed in the learned helplessness paradigm are 
consistent w~th the additive effects of these two classes of 
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drugs  on  p a r a m e t e r s  o f  b r a tn  noradrenerg~c  t ransnuss~on  
[27]. 

In the  p r o c e d u r a l  c o n t e x t  o f  the  l ea rned  he lp l e s snes s  
mode l  dea lmg  wi th  r e p e a t e d  drug  ~nject~ons, musc lmol -  
r educed  adap t ive  c h a n g e s  xn some  t a rge t  cells  of  the  norad-  
renerg lc  n e u r o n s  c a n n o t  be  exc luded .  Indeed ,  r epea t ed  ad- 
min i s t r a t i ons  o f  r ecen t ly  d e v e l o p e d  G A B A e r g i c  agonls t s  
h a v e  b e e n  found  to desens iUze  the  be ta  a d r e n o c e p t o r -  
coup led  adeny la t e  cyc lase  [27]. In hgh t  o f  the  da ta  r epo r t ed  
by  D u n c a n  et al [6], ~t is c o n c e i v a b l e  t ha t  such  poss ib le  
G A B A - m e d ~ a t e d  adap t ive  changes  migh t  o c c u r  raptd ly  
u n d e r  i ne scapab le  s t ress  and  t hus  c o n t r i b u t e  to  the  effects  of  

musc imo l  in the  l ea rned  he lp l e s snes s  model .  
In conc lus ion ,  the  p r e s e n t  s t udy  conf'wms the  

an t idep res san t - l i ke  profi le  of  G A B A  agonls t s  bu t  suggests  
tha t  it is u n h k e l y  t ha t  the  p r ima ry  a n t i d e p r e s s a n t  m e c h a n i s m  
of  conven t i a l  a n t i d e p r e s s a n t s  invo lves  G A B A - A  recep tors -  
coup led  p r o c e s s e s  O n  the  o t h e r  hand ,  and  a l though  the  role 
of  add i t iona l  b ra in  p r o c e s s e s  c a n n o t  be  ru led  out ,  it is t empt -  
lng to specu la te  t ha t  i nc r ea sed  t r a n s m i t t e r  ou t f low at  norad-  
renerg~c r ecep to r s  (a lpha  or  a lpha  and  b e t a  a d r e n o c e p t o r s ,  
d e p e n d i n g  on  the  t es t ing  p r o c e d u r e  used)  may  be  an  essent ia l  
c o m p o n e n t  m the  m e c h a n i s m  of  ac t ion  no t  only  of  
l m i p r a m m e - h k e  drugs  bu t  a lso of  G A B A  agonis ts .  
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