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PLAffff~K, A., W. KOSTOWSKI AND R. STEFAIqSKI. The influence ofantidepressive treatment on GABA-related mechanisms in 
the rat hippocampus: Behavioral studies. PHARMACOL BIOCHEM BEHAV 33(4) 749-753, 1989.--The effect of antidepressive 
treatment upon central GABAergic mechanisms has been studied in a behavioral model. Local injections (dentate gyrus of the dorsal 
hippocampus) of picrotoxin, a chloride channel blocker linked with the function of GABA-A receptor complex, potently stimulated 
rat motility recorded in the automated open fields. The intra-hippocampal administration of GABA antagonized the behavioral effect 
of picrotoxin (0.5 i~g). Similar effects were produced by addition to picrotoxin solution (0.25 lzg) of the GABA-A receptor agonist 
muscimol (0.25 ~g). Chronic (21-day), but not single, treatment of rats with desipramine (10 mg/kg, IP, daily) significantly attenuated 
picrotoxin-induced locomotor stimulation, when the GABA antagonist was given 24 hr after the last dose of the antidepressant. 
Repeated electroconvulsive shocks did not significantly change picrotoxin effect, while single shock produced some degree of 
inhibition of drug-induced motor stimulation. It is hypothesized that chronically applied desipramine, but not electroconvulsive shocks, 
may enhance the activity of hippocampal GABA-A receptor-related system. 
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THE facilitatory involvement of brain GABA-ionophore complex 
in the central effects of antidepressant treatment has been repeat- 
edly proposed by many authors (3, 11, 15, 21, 25). The most often 
cited facts in favor of this concept have been recently summarized 
and discussed by Bartholini et al. (1) and Lloyd et al. (11). These 
are among others: (1) up-regulation of GABA-B receptor sites and 
decreased density of benzodiazepine receptors after chronic anti- 
depressants, (2) therapeutic effects in depression of GABA recep- 
tor agonists, e.g., fengabine, progabid, (3) the "antidepressive"- 
like influence of GABAergic compounds in animal models of 
depression, (4) and reported by some authors, decreased cere- 
brospinal fluid levels of GABA in depressed patients [cf. (1)]. 
However, recently some of these facts, including antidepressant- 
induced changes in the GABA-B and benzodiazepine receptors, 
have not been reproduced in other laboratories (4, 5, 18). 
Moreover, it has been proposed that contrary to the aforemen- 
tioned hypothesis, blockade but not facilitation of excessive 
GABAergic inhibition of reward systems may contribute to 
clinical effects of antidepressants (24). Accordingly, it was shown 
that 23 clinically effective antidepressants blocked GABA-related 
changes in the function of receptor-ionophore complex (antago- 
nism of the inhibitory action of GABA on 35S-t-butylbicyclophos- 
phorothionate (TBPS) binding (24). Thus, the antidepressants 
produced similar changes to that of well-known GABA antago- 
nists. The fact that almost all antidepressants can induce convul- 

sions, or are proconvulsants, supports the possibility of the 
anti-GABA activity of these compounds. 

In the light of these disparate findings we have decided to study 
the relationship between GABA-related system and antidepres- 
sants in a functional model. The effects of acute and chronic 
treatment of rats with desipramine and electroconvulsive shocks 
(ECS) upon locomotor stimulation produced by intra-hippocam- 
pally administered picrotoxin were compared. Intra-hippocampal 
injections of picrotoxin are known to produce short-latency in- 
crease in rat locomotion, followed after nigher doses (above 1 
p,g/side) by convulsions (6,7). The mechanism of this phenome- 
non involves an enhancement of disinhibitory processes in the 
structure, stimulus propagation, due to antagonism of GABA-A 
ionophore complex-related postsynaptic inhibition (6,27). Accord- 
ing to the Polc model [see (20)], the complex consists of GABA-A 
receptors, benzodiazepine, picrotoxin, barbiturate and chloride ion 
recognition sites located on neuronal membranes. On the cellular 
level, picrotoxin blocks the function of chloride channel, the 
output system of GABA-A receptor-related complex (2, 23, 26). 
Thus, we have studied the affect of the well-recognized antide- 
pressant treatment upon the function of GABA-A-related iono- 
phore, in the place where all the intrinsic and ionic mechanisms 
converge. This may be considered as a preliminary step for the 
more detailed analysis of the contribution of the elements of 
receptor complex to the central effects of antidepressant drugs and 
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ECS. The selection of this behavioral reaction, linked to the 
GABA-A receptor system, was based on several premises. Re- 
cently, chronic treatment of rats with desipramine was found to 
reduce THIP- (GABA-A receptor agonist) induced antinociception 
(3): Furthermore, the control of brain electrophysiological pro- 
cesses is believed to depend mostly on the integrity of GABA-A 
receptor complex, while central functions of GABA-B receptors 
are much less recognized. To ascertain the specificity of the effect 
of picrotoxin, an attempt was made to block drug-induced hyper- 
locomotion by local administration of GABA and muscimol (a 
selective GABA-A receptor agonist) prior to or together with 
picrotoxin injection. 

METHOD 

Animals 

Male Wistar rats weighing 200-22() g were used for the 
experiment. Following socket implantation the rats were kept 
individually in wire-mesh cages to avoid damage to the socket. 
The animals were kept in standard laboratory conditions with 
water and food ad lib. All experiments were performed between 
0900 and 1300 hour. 

Preparation of Animals 

The animals were implanted as described previously (16). 
Briefly, the rats were operated upon under ethyl ether anesthesia 
and implanted with a socket with two metal guide cannulas (0.4 
mm internal dia.) 1.5 mm above the dentate gyrus of the dorsal 
hippocampus (A 3.5 mm; L 2.8 mm; V 2. mm below the skull) 
(14). The rats were subjected to testing 7 days later. 

Microinjection Procedure 

Microinjections were given bilaterally with two Hamilton 
microsyringes connected via polyethylene tubings to two metal 
injections needles (0.3 mm external dia.) inserted 1.5 nun below 
the tip of the guide cannulas. All drugs for microinjections were 
dissolved in saline immediately before their administration and 
control rats were treated with saline only. Each rat was injected 
twice, with an interval of at least 2-3 weeks prior to subsequent 
treatment. Solutions (0.5 Ixl) were administered bilaterally over 30 
sec. The injection needle remained in place for an additional 30 
sec before it was removed and the stylet replaced. Behavioral tests 
were started 5 rain after an intracerebral injection. 

Drugs and Electroconvulsive Shocks 

Picrotoxin (PX) (Serva), muscimol hydrobromide (Serva), and 
GABA (Fluka) were freshly prepared in saline. GABA (15 ~g) 
was microinjected 5 rain before PX (0.5 Ixg) and 8-10 min prior 
to test. In the part of the experiment with picrotoxin and musci- 
mol, both drugs were applied simultaneously in a dose of 0.25 ~g 
each, in one solution. Appropriate control groups were examined 
parallely. 

Desipramine hydrochloride (DI, Ciba-Geigy) was administered 
IP in a dose of 10 mg/kg daily and dissolved in saline (2 ml/kg) for 
21 days. Twenty-four hr after the first (acute treatment) and 21st 
(chronic treatment) dose, the animals were microinjected with PX 
(0.5 ~g) and subjected to behavioral testing. 

Electroconvulsive shocks (ECS) (0.3 sec, 150 mA, 50 Hz) 
were administered to rats every second day through ear-clip 
electrodes. Intracerebral drug injections (PX, 0.5 txg) and behav- 
ioral studies were done 24 hr after the first (acute treatment) and 
the fifth (repeated treatment) electroshock. The ECS produced 

clonic-tonic fits of seizures in all rats. 

Open-Field Test (OFT) 

The open-field test was performed for 15 min in an automatic 
box (80 cm diameter round arena with 30 cm high walls) equipped 
with three horizontally placed photocells, in a sound-proof cham- 
ber under dim light and white noise conditions, at the same time of 
a day. The number of photocell interruptions was recorded and 
used as an index of locomotor activity. The animals were also 
observed from the adjacent room through a TV system and their 
behavior was recorded on video. The animals have not been 
previously habituated to the experimental conditions. 

Histological Analysis 

All animals were killed after the final testing day, their brains 
were removed and stored in 5% formalin solution, and then 
checked histologically. The frozen tissue was dissected into slices 
and the place of injection inspected with Meoflex (× 40). This 
apparatus is comprised of a magnifying glass and slide projector. 

Statistical Analysis 

All data were analysed by the one-way ANOVA followed by 
the Duncan test. All data are expressed as mean ± SEM. 

RESULTS 

Histological analysis showed that the site of injection and 
extent of tissue damage was essentially the same as observed in 
our previous experiments (16). About 10% of rats was rejected due 
to incorrect site of injection. 

All applied doses of picrotoxin (0.5, 1 and 2 i~g) stimulated rat 
activity in the OFT (Fig. 1). The stimulation consisted of bouts of 
forward-directed locomotion, without orienting reactions, inter- 
rupted by periods of immobility (data not shown). After the 
highest dose (2 Ixg) the rats exhibited seizure-like activity, 
including "wet dog" shakes, reciprocal forepaw abduction, forced 
head and body turns, and circling. Major convulsions did not 
appear. This behavior continued after the open-field test. The rats 
given 2 ~g of picrotoxin did not also show tendency to decrease 
locomotor hyperactivity during 15-min testing. Local pretreatment 
of rats with GABA (15 txg) antagonized the behavioral effect of 
0.5 Ixg of picrotoxin (Fig. 2). There was also some tendency for 
GABA alone-treated rats to be less active than control group, 
however, the difference did not reach the significance level except 
for the first 5 min of the test. Likewise, the addition of 0.25 ~g of 
muscimol to solution containing 0.25 Ixg of picrotoxin inhibited 
locomotor stimulation produced by nonselective GABA antagonist 
(Fig. 2). Muscimol also inhibited rat motor activity by itself. 

Chronic, but not acute administration of desipramine signifi- 
cantly attenuated the stimulatory effect on locomotion of intra- 
hippocampally injected picrotoxin (Fig. 3). The drug did not affect 
rat behavior on its own. In contrast to these findings, repeated ECS 
did not consistently change the picrotoxin effect, and the ECS + PX- 
treated group appeared to be the most active in the OFF (Fig. 4, 
lower part). On the other hand, single ECS attenuated, to some 
extent, the behavioral action of picrotoxin (Fig. 4, upper part). 

DISCUSSION 

Intra-hippocampal injections of picrotoxin potently stimulated 
rat locomotion. The present data corroborate other authors' find- 
ings showing that bilateral infusion of picrotoxin, in a dose of 0.1 
and 1.0 Ixg to the dentate gyrus, strongly enhanced rat locomotor 



DESIPRAMINE AFFECTS HIPPGCAMPAL GABA SYSTEM 751 

5 10 15 nin 

FIG. 1. The effect of intra-hippocampal injections of picrotoxin upon rat 
locomotion in the open-field test. Ordinate-number of photo beam 
interruptions; abscissa- time in min; C-control; PX-picrotoxin; number 
of rats is shown in the brackets; O-differs from control. O=p<O.O5. 

activity; the effect being most pronounced during the first 10 min 
(6,7). Moreover, in these experiments, similarly to our findings, 
no clear-cut dose-response effect was present. Locomotor hyper- 
activity is consistently observed after lesion to the hippocampus 
and it is believed to be part of a syndrome of impaired response 
inhibition due to a failure to habituate to novel environmental 
stimuli (8,9). The effect of picrotoxin, a well known GABA- 
ionophore antagonist, depolarizing neuronal membranes (see 
Introduction), may be viewed, therefore, as secondary to the 
drug-induced functional lesion of the limbic nucleus. It is note- 
worthy that the hippocampus is believed to be a key structure for 
modulation, transforming and transmitting of sensory output from 
associative cortical areas via nucleus accumbens and ventral 
pallidum, down-stream to brainstem centers regulating animals’ 
motor activity (13). This, however, does not seem to be the case, 
since the bilateral infusion into the dentate gyrus of 1% solution of 
the local anesthetic lidocaine, instead of stimulation, produced 
significant decrease in locomotor activity during the 40-min 
experimental session (6). The direct relationship of picrotoxin 
effect with GABAergic mechanisms is shown by attenuation of 
drug-induced hyperlocomotion by preceding microinjection of 
GABA. Thus, the effect of a relatively high dose of the nonselec- 
tive GABA antagonist appeared to be susceptible to manipulation 
with GABAergic activity. The part of the experiment with 
muscimol adds more arguments for such interpretation of the 
present data. The GABA-A receptor agonist, apart from blockade 
of picrotoxin effect, significantly depressed rat locomotion by 

x 

FIG. 2. The effect of local pretreatment of rats with GABA and muscimol 
upon picrotoxin-induced hyperlocomotion. GABA in a dose of 15 pg was 
given 5 min prior to picrotoxin (0.5 kg) and g-10 min before test. 
Muscimol (M, 0.25 kg) was added to the solution containing 0.25 kg of 
picrotoxin. x-differs from GABA/PX or M/PX; §-differs from GABA 
or M. 0, x, $ =p<O.O5, $8 =p<O.Ol. All other explanations as in Fig. 1. 

itself; this effect being contrary to the influence of the nonselective 
GABA antagonist. Moreover, the inhibitory action of muscimol 
on picrotoxin stimulation was present as quick as 5 min after 
injection, i.e., at time when the drug did not affect animal activity 
on its own. From all these data taken together, it may be concluded 
that GABA-A receptor complex is most likely to be involved in the 
effect of picrotoxin and in some of the phenomenons discussed 
below as well. 

Chronic, but not acute treatment of rats with desipramine 
significantly antagonized picrotoxin-induced locomotor stimula- 
tion. The mechanism of this interaction may involve an enhance- 
ment of local GABA release by desipramine (10). Consequently, 
it has been found that 48-hr exposition of cultured neurons from 
embryonic rat brain to GABA or muscimol down-regulates the 
benzodiazepine-GABA-chloride channel receptor complex, as shown 
by a decrease in the specific binding of 3H-muscimol and 

S-TBPS to the GABA-A and chloride channel sites, respectively 
(12). It is noteworthy that both 35S-TBPS and picrotoxin bind to a 
site which is allosterically linked to GABA-A and chloride 
recognition sites in receptor complex located on neuronal mem- 
branes (2, 22, 26). It was also found that chronically, but not 
acutely given desipramine reduced THIP- (GABA-A receptor 
agonist) induced antinociception (3). Furthermore, the combina- 
tion of muscimol and tricyclics administered at subeffective doses 
resulted in an additive interaction between these two classes of 
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FIG. 3. The effect of acute (A) and chronic (CH) treatment of rats with 
desipramine (DI) upon picrotoxin-induced hyperlocomotion (PX, 0.5 Ixg). 
§--differs from DI; x--differs from DI/PX. ©, x, §=p<0.05; ©©, 
§§ =p<0.01. All other explanations as in Fig. 1. 

FIG. 4. The effect of single (A) and repeated (CH) treatment of rats with 
electroconvulsive shocks (ECS) upon picrotoxin-induced hyperlocomotion 
(PX, 0.25 i.Lg), x--differs from ES. x, ©=p<0.05; xx=p<0.01. All 
other explanations as in Fig. 1. 

drugs in a learned helplessness model of depression (19). 
In contrast to the effect of desipramine, repeated treatment of 

rats with ECS did not univocally affect the stimulatory influence 
on locomotion of locally administered picrotoxin. In fact, ECS 
produced rather inconsistent results, except for a transient attenu- 
ation of picrotoxin-induced stimulation after single shock. The 
group of picrotoxin + chronic ECS-treated rats appeared also to be 
the most active throughout the whole experiment. One might 
suppose that the treatment with ECS was too short to produce any 
significant effect. However, it does not seem to be the case, since 
similar procedure of ECS application caused strong and significant 
changes in the activity of other brain neurotransmitter systems 
[e.g., dopaminergic system (17)]. 

Taken together, the discussed data support the role of hippo- 
campal GABA-A receptor-linked mechanisms in the central ef- 
fects of desipramine but not electroconvulsive shocks. It seems 
that the lack of uniform changes in the functional model after 
desipramine and ECS may be tentatively interpreted as opposing 
the aforementioned suggestions about the direct involvement of 

this brain neurotransmitter in the behavioral effects of all kinds of 
antidepressant treatments. However, the fact that such a corollary 
can be based on the results obtained with desipramine and ECS 
only does not allow us to draw more firm conclusion, even though 
both desipramine and ECS are believed to belong to the most 
potent antidepressive therapies. Moreover, it is quite possible that 
central mechanisms of antidepressant treatment are more closely 
related to the function of GABA-B receptor system, as it has been 
already demonstrated in receptor binding studies (see Introduc- 
tion). Apparently, more research is needed to solve this important 
problem. 
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