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In the past few years, literature has accumulated describing manifestation of seizures following administration of certain 
antidepressants. Such reports are of particular importance because depression is a freq uent psychiatric prob lcm associatcd 
with epilepsy. Therefore, in the view of the fact t.hat NMDA receptor ant agonists have been rcportcd to reduce behavioural 
deficits and have been shown to be ant iconvu lsant. it was considered imperative to study thcir antidcpressant d lcct lI si ng 
shock-induced depression model in mice. Presentation of inescapable foot shock significant ly reduced <l mbulati on and 
rearing in the open field arena and increased immobility duration in the FST. Pretreatment with imipramine. M K 80 I ;1I1U 

ketamine significantly prevented the effect of shock. Also. the combination of imipramine with ei ther of the NMDA 
antagonists antagon ised the effect of shock. Haloperidol , prazosin and ketanserin pretreatment modi lied the effect of these 
agents. These find ings suggest an antidepressant elTect of the NMDA receptor antagoni sts. and a complexi lY of 
neurotransmitter mechanisms. which are responsible for the occurrence of behaviou ral effects in shock-induced dep ression 
model. 

The possibility that drugs that block N-methyl
D-aspartate (NMDA) receptors have some therapeutic 
benefit is being investigated in detail. It has been 
shown that over-activation of NMDA receptors may 
be involved in several human neuropathologies l

.
2

. 

The high affinity of the NMDA receptor antagonists 
for their receptors, rapid CNS penetration, long 
duration of action and uncompetetive antagonism 
makes these compounds attracti ve and potential 
candidates for clinical trial s. Of these MK 80 I has 
been widely studied and is a potent anticonvulsant in 
a range of animal se izure models:1.4. Indeed MK 80 I 
has been tested as anticonvulsant in human cli nical 
trials as an add-on drug for patients with refractory 
complex partial seizures5

. 

Literature is avai lable describing manifestation of 
seizures following administration of certain 
antidepressants6

,7. Aggarwal et al. R compared a few 
antidepressants with the epi leptogenic response in 
laboratory situations. Such reports are of particular 
importance because depression IS a frequent 
psychiatric problem associated with ep ileps/. 
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Therefore, in view of the fac t that J\MDA receptor 
antagonists have been reported to reduce behavioural 
deficits lO and have been shown to be devo id of 

I . . 11 -11. 'd d' . convu sant act Ivity . It was consl ere Imperati ve 
to study the ant idepressant effect of NM DA receptor 
antagonists . 

Materials and Methods 
Animals-Adult alb ino mI ce of e ither sex , 

weighing 25±5g, rai sed in the Central Animal Facility 
of Maulana Azad Med ical College. were used in the 
study. They were maintained at a 12 hr day/ni ght 
cycle, and were acclimatized to the laboratory 
conditions 24 hr before testing and had free access ro 
food and water. The animal s were drawn at random 
for test and contro l groups _ The study was conducted 
between 0800 and 1200 hrs . 

Drugs-The dru gs used in the present study were 
imipramine hydrochloride (Torrent harmaceulicals 
Ltd .), MK 80 I (Merck Research Laborarories) , 
ketamine hydrochl oride (Themis Chemica ls Ltd. ), 
prazosin hydrochloride (S igma Chemical Co.), 
haloperidol (Searle India Ltd.), and kctanserin 
tartarate (Janssen Pharmaceutica). All th e drugs were 
freshly prepared In saline and were injected 
intraperitoneally in a volume of 5mllkg_ 

While imipramine, MK 80 J and ketamine were 
administered 30 min before; prazosi n, haloperidoi and 
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ketanserin were administered 60 min before crivincr b b 

the shock. Control animals received 0.9% saline. 

Shock-induced depressioll-The method was adop
ted as earlier I4-16

• 

(i) Delivery of Shock : Four mice were placed on a 
grid floor (26x26 cm) made of stainless steel rods 
(2 mm diameter, pl aced I cm apart) connected in 
series. The animals were prevented from escaping 
or coming in contact with each other by in verting 
separate glass beakers over all four of them. The 
grid fl oor was connected to a programmable 
electric shock generator (Medicare Research 
Stimulator SB 44, Recorders and Medicare 
Systems, India). The stimulator was programmed 
to deliver 360 foot shocks (300 ~A) of 2 sec 
duration at intervals of 9 sec. The animals were 
shocked for a total of I hr. Spec ial attenti on was 
paid to keep the grid clean from faeca l matter to 
avoid short circuits terminatin g the shock 
delivery. Control animal s Were merely pl aced on 
the grid under in verted beakers for I hI' but were 
not shocked. 

(ii ) Behavioura l Testing: Twent y-four hours after the 
shock admin istration , behavioural depress ion was 
measured by an open fi e ld test (OFT) fo ll owed by 
a forced swimming tes t (FST). The OFT was 
carried out in a circular wooden arena (84 cm 
di ameter, 30 cm hi gh) with a white sun mica base, 
with three concentri c circles di vided in to 
segments by rad ial lines ori ginating from the 
centre. Each animal was tested for 5 min . 
Ambulat ion (locomotor behav iour) was measured 
as number of lines crossed by an an imal , and 
reari ng (ex ploratory activity) was measured as 
number of times the an imal stood on its hind 
limbs with or wi thout the support of circul ar wall. 
The count ing of ambu iati on and rearing responses 
was done using a hand operated counter. 
Immediately after the behaviour testing procedu re 
the anima ls were subj ected to FST. The ani mal s 
were forced to swi m individuall y, fo r 6 min, in a 
glass beaker ( I I cm diameter, 15 cm hi gh) 
containing fresh water upt o a height of 6 cm and 
maintained at a temperature of 22°± 1°C. Each 
animal made vigorous attempts to get out of glass 
beaker during the first few minutes and thereafter 
surrendered to the experimental conditions and 
became immobi le with occasional escape 
attempts. The total durat ion of immobility duri ng 

the last 4 min of the 6 min tes t period was 
recorded. 

Statistical analysis- The results are ex pressed as 
mean ± standard error of mean. Statistical an alys is of 
data was performed using Student 's t-test , one way 
analysis of variance (ANOY A) foll owed by either 
Dunnet's test or Tukey's multi ple range test, wherever 
appropriate. 

Results 
Inescapable foot shock for hr significan tly 

reduced ambulat ion and rearing when compared to no 
shock control in the OFT and increased immobility 
duration (P<O.OO I) in the FST (Table I). 

Pretreatment with imipramine (8-32 mg/kg) . MK 
80 1 (0.05-2 mg/kg) and ketamine C2 . .'i- IO mg/kg) 
significantl y reversed the c ffect of shock on 
behaviour. The onl y difference betwee n imiprami ne 
and other agents was that i mi prami ne fai led to 
antagonise the effect of foot ,hock on rearing 
behaviour. These observat ions are shown in Table 2. 

Tab le 3 gives the modificati on of the effect of 
imipramine, MK 80 I and ketamine by haloperidol 
(0.1 mg/kg). Haloperidol per .1'(' did not modify the 
effect of inescapabl e foot shock. Though. the effect of 
Imipramine remained un altered in presence of 
haloperidol, the effect of both MK 801 and ketal1lin ' 
was antagoni sed. The effect of imipramine wi th el lilC' 
of the NMDA antagonist on ambuiati on and 
immobili ty duration were attenu ated by haloperidol. 
whereas the effect of th e combinat ions on reari ng \ a:-
a lso an tagoni sed by hal operi dol pretreatment. 

The modifi cati on of the effect of imipramine. MK 
80 I and ketami ne by prazosin (3 mg/kg) i · given in 
Table 4. Prazos in per se di d not mod ify the e ffect of 
inescapab le foot shock. The effec t of imipramine on 
ambulati on was an.tagoni sed by prazosin pretreat-

Tab le I-En'cci ofi nescapablc 1001 , hock Oil hchavillur I II mice 

Co nl ro l 

Shocked 

Ambul ali on 

I 59.50±5.42 

SO.50±4.6 1 ** 

OFT FST 
Rearing Imlllohi lit y 

22. IO±2.1' X2.20± .. 5 1 

11.30± 1 .. Y " 15X.,)()±4J11 "* 

OF r=open licld tes!. FST=fo rced swimming lesl. Results arc 
given as mean ± SE (n=I O) . Wh il e Ihe OFl ' values reprcsent 
number of episodes in 5 min , the FST values dellot c the durali oll 
of imillobil ity in iast 4 min or a 6 min test. **Pd ).OOI vs Will ro I 
using SllIdcnt's i-test. Both the groups were Ireated wi lh saline. 
Contro l ani mals werc pl aced Oil gnd but were not exposcd to 

shock . 
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ment, whereas the effects of MK 80 J and ketamine 
remained unaltered . The effect of the combinations of 
imipramine with either of the NMDA antagonists on 
ambulation was attenuated by prazosi n pretreatment. 

(4 mglkg). Though, ~etanserin per se failed to modify 
the effect of inescapable foot shock , it antagonised 
the effect of imipramine on immobili ty duration. 
Ketanserin failed to modify the effect of e ither of the 
NMDA an tagonists. The effect of co mbinati on of 
imipramine with both, MK 80 I and ketamine, on 

Table 5 gives the modification of the effect of 
imipramine and NMDA antagonists by ketanserin 

Tab le 2-Effect of imipramine, MK 80 I and ketami ne on shock-i nduced changes in behaviou r in mice 

Treatment (mg/kg) Off FST 
Ambulation Rearing Immobi lit y (,ee) 

Control 83.62 ± 4.60 10.25 ± 1.75 152.12 ± 7 .D 

Imi pramine (8) 87.50 ± 4.50 10.25±1.14 150.25 ± 4 .7X 

Imipramine ( 16) 106.75 ± 5.1 3** 12.25 ± 1.58 129.75 ± 4 .70'" 

Imipramine (32) 129.12±5.01** 15. 12 ± 1.66 107. 25 ± 5.46** 

Co ntrol 78.62 ± 4.98 10.25 ± 2.33 155.00 ± ."45 

MK 80 1 (0.05) 94.12 ± 6.46 13.00 ± 1.08 141U)O ± 4 . T'o 

MK 801 (0. 1) 112.62 ± 4.67** 18.25 ± 1.54** 122.25 ± 5. )l)*':' 

MK 80 1 (0.2) 144.87 ± 6.04** 27.12±1.93** 77 .00 ± 4.79"': 

Control 81.70±5.6 1 10. 10 ±1.75 155.20 ± 5.37 

Ketamine (2.5) 86.37±5.15 14.37 ± 1.52 150.H7 ± 5.22 

Ketamine (5) 100.25 ± 4.88** 20.75 ± 2.0 1 ** 132.62 ± 4 58 * 

Ke tamine ( 10) 124.00 ± 6.74** 29.25 ± 2.44** 102.62 ± 4. 16** 

OFf=open fi eld test, FST=forced swimming test. Resul ts are given as mean ± SE (n=IO). While the Off val ues represenr number of 
epi sodes in 5 min , the FST values denote duration of immob ility in last 4 min of a 6 min test. *P<0.05 and *·~ P<O .O I vs COI1lrol using 
ANOY A and Dunnett's test. Control (shocked) animals were ll\,ated with saline. 

Table 3-Moditication of the effect of imipramine, M K 80 I and ketamine by haloperidol on shock- induced changes In behaviour in mice 

Treat ment (mg/kg) Off FST 
Ambulation Rearing Immobility (sec) 

Control 87.87 ± 5.24 12.00 ± 1.32 15H.75 ± 6.54 

Haloperidol (0.1) 82.50 ± 6.25 10.00 ± 1. 87 160.75 ± 7.44 

Imipramine (16) 11 2.37 ± 5.84** 12.25 ± 1.5X 132.62 ±3XF 

Haloperidol (0. 1 )+Imipramine (16) 113.37 ± 5.79**" 11.75 ± 1.99 126.75 ± 4.6 1 **" 

MK 80 1 (0.1) 11 8.38 ± 3.75** 18 .25 ± 1.54* 122.25 ± 5.59*':' 

Haloperidol (0.1 )+M K 80 I (0. I ) 94.37±5.91" 11.75 ± 1.98" 150.00 ± 7.12' 

Ketamine (5) 108.75 ± 6.07* 20.80 ± 1.39** 123.75 ± 5.27 ** 

Haloperidol (0. 1 )+Ketamine (5) 9 1.75 ± 5.39" I 1.1 4 ± 1. I 0" 151 .42±7.65" 

Imipramine ( 16)+MK 80 1 (0. 1) 136.50 ± 3.26**1x: 27. 12± 1.08**1><: 89.75 ± 5 .77 **1 .... 

Imipramine ( 16)+Ketamine (5) 136.33 ± 4.4 7 * * Ix: 29 .16 ±· 1.52**'" 95 .88 ± 5.2X **hc 

Haloperidol (0.1 )+Imipramine ( 16)+M K 801 (0. 1) 115.75 ± 3.92**"" 14.00 ± 2.18.1 126.50 ± 5.49**,,,1 

Halo peridol (0.1 )+Imipramine ( 16)+Ketamine (5) 111 .25 ± 5.88**,,1 13.25 ± 1.98 r 121un :± 4.80**"1 

OFf=open field test, FST=forced swimming test. Results are given as mean ± SE (n=8- 1 0). While the Off val ues re present number of 
episodes in 5 min , the FST values denote duration of immohi lity in last 4 mi n of a 6 min test. *P<O.05 and **P<O.O I vs co ntrol usi ng 
ANOY A and Dunnett 's test. Other comparisons : " vs Haloperidol (0.1); h vs Imipramine ( 16); " vs M K IiO I (0.1 ); .I vs Imipramine 
(16)+MK 80 I (0 .1 ); c Ys Ketamine (5) and r vs Imipramine (l6)+Ketamine (5) using ANOY A and Tukey's mu lti ple range tes t at 5% 
level. Control (shocked) animals were treated with saline. 
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immobility duration was attenuated by ketanserin 
pretreatment. 

Discussion 
Exposure to uncontrollable stress is well known to 

cause physiological and behavioural alterations in a 

wide variety of experimental situations I 7
-
1
'} Similarly, 

in the present study, inescapable foot shock produced 
a depression of both ambulati on and rearing 
behaviour of mice in the OFf and increased the 
duration of immobility in the FST. Th ough. our 
findings are in agreement with those of earlier 

Table 4-Moditication of the effect of imipramine, MK 80 I and ketamine by prazosin on the shock-induced changes 
in behaviour in mice 

Treatment OFT FST 
(mg/kg) Ambulati on Rearing Im mobili lY (sec) 

Cont rol 88.00 ±7.64 11.50 ± 1.88 153.fi2 ± 6.1 3 

Prazosin (3) 89.87 ± 5.05 12.50 ± 1.62 154.62 ± 7.<)() 

Imipramine (16) 11 5.50 ± 5.67* 10.3 1 ± 1.48 126.88 ± 4.8 1* 

Prazosin (3)+Imipramine ( 16) 94.87 ± 6.331> 12.50 ± 2.27 12<).fi2 ± 5.49 "" 

MK801(0.1) 112.62 ± 4.67* 17.69 ± 1. 20* 124.50 ± 4.44"'* 

Prazosin (3)+MK 80 1 (0.1) 115.25 ± 5.76*" 18. 12±1 .63 *" I I X.OO ± 5.61"' *·1 

Ketamine (5) 11 3.00 ± 4.73** 20.65 ± 1.46** 133.38 ± 5.<):F 

Prazosin (3)+Ketamine (5) 115.38 ± 5.14**" 18.00 ± 1.63 *" I n .87 ± 6. 1 1**" 

Imipramine (l6)+MK 80 I (0.1) 141.87 ± 4.39* *oc 26. 10 ± 1.32**1>" 83.50 ± 6.03*"lx· 

Imipramine (I6)+Ketamine (5) 136.75 ± 5.45**hc 28 .21 ± 1.20**1>.: 8<) .88 ± 7.4 1 Mix' 

Prazosin (3)+Imipramine (16)+M K 80 1 (0. 1) 128.25 ± 6.34**" 26.62 ± 2.0 1**" 93.25 ± 7.". I **" 

Prazosin (3)+Imipramine (16)+Ketamine (5) 114.12 ± 4.47**,,1" 27.75 ± 1.58*"" 100.25 ± 6. 17"00"" 

OFT=open field test. FST=forced swimming test. Results are given as mean ± SE (n=S- 1 0). While the OFT val ues represenl numbcr of 
episodes in 5 min , the FST values denote duration of immobility in last 4 min of a 6 min test. *1'<0.05 and **Pdl.O I vs control usi ng 
ANOYA and Dunnett's test. Other comparisons: a vs Prazosin (3); I> vs Imipramine (16);" vs MK XO I (0. 1): d vs Imipraminc (16)+MK 
801 (0.1) ; C vs Ketamine (5) and I" vs Imipramine (I6)+Ketamine (5) using ANOY A and Tukey's multipl e range rest at 5% level. Control 
(shocked) animals were treated with saline. 

Table 5-Modification of the effect of imipramine, MK SO I and ketamine by ketanserin on shock-i nduced changes in hehaviour in mi ce 

Treatment OFT FST 
(mg/kg) Ambulation Rearing Iml1lohilit y (sec) 

Control ')0.12 ± 6.38 10.50 ± 2. 17 156.:\7 ± 6.60 

Ketanserin (4) 89.22 ± 5.03 10.44± 1.4 1 152.77 ± 7.".4 

Imipramine (16) 11 8.25 ± 5.53 ** 11.28 ± 1.26 124.87 ± 4.89"* 

Ketanserin (4)+Imipramine (16) 11 8.50 ± 5.65 **" 12.20 ± 2.0X 157.90 ± 6.07" 

MK 801 (0.1) 119.75 ± 4.S5** 20.81 ± 1.32* I 14.87 ± 4.85 ** 

Ketanserin (4)+MK 801 (0.1 ) 117.88 ± 5.69**" 19.88 ± 2.01 *" 12 1.77 ± 4.08 **" 

Ketamine (5) 109.75 ±4.99** 19.X 1 ± 1.67 * 126.50 :t 5.80"" 
Ketanserin (4)+Ketamine (5) 11 2.00 ± 6.44**" IS .87 ± 2.93*" 1 19.62 ± 5.55 **" 

Imipramine ( 16)+MK 80 I (0.1) 140.25 ± 5.49**oc 2S.26 ± 1.40**1>0 79 .". 8 ± .+ .4O**'K 

Imi pramine ( 16)+Ketamine (5 ) 138.85 ± 5.37**hc 27.50 ± / .39**1,.- 84.25 ± 6.07 *,,1, ' 

Ket anserin (4)+Imipramine (16)+M K 80 1 (0.1) 142.30 ± 4.67 **" 29.00 ± 3.08 **" 127 .X8±5.78**"d 

Ketanserin (4)+Imipramine (16)+Ketamine (5) 134.37 ± 4.8 1 **" 28.87 ± 1.4 1 *" " I 1 X.25 ± :'l.43'i'*'" 

OFT=open field test, FST=forced swimmi ng test. Results are given as mean ± SE (n=8- 1 0). Whil e the OFT values represent number of 
episodes in 5 min. the FST values denOle duration of immobility in last 4 min of a 6 min test. *P<0.05 and **P<O.OI vs control using 
ANOY A and Dunnett's test. Other compari sons: a vs Ketanserin (4): I> vs Imipramine (16): C vs MK 80 I (0. i 1: d vs Imipramine ( 16)+M K 
801 (0.1): C vs Ketamine (5) and I vs Imipramine (16)+Ketamine (5) using ANOY A and Tuke)L's multiple range lest at 5% level. Control 
(shocked) animals were treated with saline. 
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workersI5.20.21, they differed from those of Plaznik et 

al. 15, who reported a weaker effect of inescapable foot 
shock on the FST than in the OFT. It has been 
demonstrated that the behavioural disturbances 
induced by inescapable shock not only varied across 
individual mice with in a strain , but also varied across 
the strain I6.22. 

In the present work, both NMDA receptor 
antagonists , MK 80 I and ketamine antagonised the 
effect of inescapable foot shock in a dose dependent 
fashi on. The increased ambulation and rearing in the 
OFT and decreased duration of immobility in the FST 
due to these agents was antagonized by haloperidol 
pretreatment. Prazosin and ketanserin fai led to 
modify these effects. These results are in agreement 
with Meloni et al 2J who have shown that dizocilpine 
(MK 80 I) diminishes the beha vioural deficit 
produced by learned helplessness. An indirect 
dopamine (DA) activation , through blockade · of 
NMDA receptors, has been proposed for MK 80 I by 
a number of workers24.26. Recently it has been 
demonstrated that haloperidol acts as a se lective 
inhibitor of MK 80 I binding to the NMDA 
receptors27 . Furthermore, two well-known major 
inputs to the striatum are the dopaminergic 
nigrostriatal bundle and the glu tamatergic 
corticostriatal projections28

.
3o. There is considerable 

evidence indicating an interaction between these two 
h 1 1 1? V · 11 pat ways' .. -. erma and KulkarnI ' reported that 

various depaminergic blockers including haloperidol 
antagonized the MK 80 I induced stereotypic 
behaviour in nai've mice. Furthermore, Irifune et al. 34 

have shown that ketamine induced locomotion is 
an tagonized by haloperidol , in a dose which does not 
affect spontaneous locomotor activity . Moreover, the 
destruction of dopaminergic neurons resulted in the 
suppression of ketamine-induced locomotor activity, 
suggesting that the presence of intact dopaminergic 
neurons was indispensable for the response of 
ketamine. They also demonstrated that a-nora·dr
energic antagonists did not inhibit ketamine-induced 
hyperlocomotion. Our finding that prozosin was not 
able to antagonize the effect of ketamine also support 
the view of the earlier workers . Similarly, the effect 
of MK 80 I was not antagonized by prazosin pre
treatment. 

Acute uncontrollable stressors have been shown to 
increase the utilization of catecholamines and 
serotonin (5-HT), leading to reduced levels of these 

. . . . f h b . 1516 monoammes m vanous regIons 0 t e ram'· ... 

Behavioural depression followin g an acure stressor 
might result from tryptaminergic mechanisms37 or 
may be attributed to a motor acti vation deficit 
stemming from reduction of norepinephrine (NE)3H. 
As imipramine i.s a presynapti c uptake inhibitor of 
5-HT and NE19

.40, it is logica l that thi s dru g could 
correct the behavioural depress ion cl ue to acute 
inescapable foot shock by increasing the intrasynaptic 
availability of NE and 5-HT. In the present work , 
effect of imipramine on open fi eld behaviour was 
antagonised by aI-adrenergic antagonist prazos in and 
not by haloperidol or ketanse ri n. whereas its 
immobility reducing effect was antagoni zed by 
ketanserin pretreatinent and not by any other 
antagoni st used. Our findin gs are in line with the 
work of Plaznik et at. 15. who demonstrated that 
administration of N-chl oroeth yl-2. 2-d ibrolllobenzy l
amine hydrochloride (DSP-4) , a se lecti ve neurotox in 
for noradrenergic neurons, decreased onl y open field 
behaviour and had no effec t on t e duration of 
immobility in the FST. Furthermore, it has been 
shown that maprotiline, a selecti ve NE reuptake 
inhibi tor, prevented the depress ion of the open fi eld 
behaviour leaving the durati on of immobility in the 
FST unaltered21. 

In our work, imipramine fai led to restore the effect 
of inescapable foot shock on rearing behaviour, It has 
been shown that DA plays an important role in 
rearing activit/ I. As imipramine is a weak uptake 
inhibitor of DA42, therefore, it fail ed to restore the 
effect of shock on rearin g behaviour. Similar 
observation has been made by Pal and Dandi y} l. 

The present findings demonstrate the effect of 
imipramine in the. OFT is medi at ~d through the 
noradrenergic and in the FST through tryptaminergic 
pathway as the immobility redu ing effect of 
imipramine in the FST was antagonized by ketanserin 
pretreatment only. 

Furthermore, in the present study. th e concomitant 
administration of either MK 80 I or ketamine with 
imipramine produced a greater reduction in shock
induced behavioural depression than either of the 
drugs alone. The effect of concomitant administration 
of imipramine with either of the NMDA receptor 
antagonists on ambulatory activity of mi ce in the OFT 
was attenuated by both haloperidol and prazosin 
pretreatment. As both endogenous E and DA are 
considered to affect the locomotor acti vity these 
findings are not unexpected~1 . Though. imipramine 
treatment did not prevent the suppressant effect of 
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inescapable foot shock on rearing activity of mice, its 
combination with MK 80 I or ketamine increased the 
rearing. This effect of the combination of imipramine 
with NMDA receptor antagonists was antagonized -by 
haloperidol pretreatment. The DA reuptake inhibition 
by imipramine does not explain this effect fully, as 
imipramine is a weak DA uptake inhibitor42

. As both 
the typical and atypical antidepressants have been 
shown to increase DA releasing effect of NMDA 
receptor antagonists44

, our finding is not surprising, 
and suggests a common effector pathway through 
DA. Furthermore, the immobility reducing effect in 
the FST due to concomitant administration of 
imipramine and either of the NMDA receptor 
antagonists was attenuated by e ither haloperidol or 
ketanserin pretreatment thereby suggesting a role of 
both dopaminergic and tryptaminergic systems. 

In summary, our data with the shock-induced 
depression model, suggest an antidepressant effect of 
the NMDA receptor antagonists namely, MK 80 I and 
ketamine, and a complexity of neurotransmitter 
mechanisms which are responsible for the occurrence 
of behavioural effects in thi s mode l. The present 
study demonstrated that brain noradrenergic, 
dopaminergic and tryptaminergic mechani sms ~re 

involved in the behavioural suppression observed 
after inescapable foot shock. Furthermore, as the 
main action of antidepressants is (0 inhibit 
monoamine reuptake, they should be effective in 
countering the effect of inescapable shock45

, our 
study also demonstrates the effectiveness of both 
imipramine and the NMDA receptor antagonists in 
preventing the effects of inescapable foot shock. 
These findings combined with the observations of 
earlier workers suggest that the effect of shock upon 
animal behaviour is a useful model for studying the 
neurochemical basis of psychomotor retardation, 
which often occurs in endogenous depression. 
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