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Abstract 

In the learned helplessness procedure, rats can be differentiated into two distinct groups. Learned helplessness (LH) rats do 
not learn to escape a controllable shock while non-learned helplessness (NLH) rats learn this response. This deficit in 
performance in LH rats lasted for 11 days. In LH rats, pretreatment with acute desipramine (15 mg/kg i.p.) or chronic diazepam 
(0.95 mg/kg/day p.o. for 7 days) did not produce recovery from this deficit of performance, but pretreatment with chronic 
desipramine (17.7 mg/kg/day p.o. for 7 days) or chronic mianserin (6.1 mg/kg/day p.o. for 7 days) led to recovery. Before 
presentation of uncontrollable shock, there was no difference between LH and NLH rats, but 11 days after the shock, head 
shakes induced by (+)-l-(2,5-demethoxy-4-iodophenyl)-2-aminopropane (DOI) in LH rats was significantly more frequent than 
those in NLH and naive rats without change of [3H]ketanserin binding. The basal corticosterone level was higher in LH rats than 
in NLH rats. These findings suggest that the learned helplessness model is a reliable animal model of depression accompanied by 
5-HT 2 receptor hypersensitivity. 
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I.  Introduct ion 

The learned helplessness model is regarded as one 
of the most valid models for depression (Willner, 1984). 
Seligman and co-workers first demonstrated that expo- 
sure to inescapable and uncontrollable stress results in 
behavioral deficits described as ' learned helplessness' 
(Seligman and Maier, 1967). These behavioral deficits 
are similar to the vegetative symptoms of depression 
(Weiss and Glazer, 1975). The learned helplessness 
model has also been shown to have good predictive 
validity for the treatment of depression. The behavioral 
deficits in the learned helplessness model are reversed 
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by chronic treatment with tricyclic antidepressants, as 
well as with atypical antidepressants and monoamine 
oxidase inhibitors (Sherman et al., 1982; Martin et al., 
1990a). Edwards et al. (1986) proposed a modified 
version of Seligrnan and Maier's ' learned helplessness' 
model. They took hereditary vulnerability to stress into 
consideration and compared two distinct groups of rats 
which emerged when subjected to a mild course of 
inescapable shock; one group developed a performance 
deficit on a subsequent escape test (learned helpless- 
ness); another group under identical shock conditions 
performed like controls in the shock escape test (non- 
learned helplessness). 

Recently, a variety of 5-HT receptor subtypes have 
been identified, and abnormalities of 5-HT 2 receptors 
have been reported in depressed patients. Thus, sev- 
eral studies showed that 5-HT 2 receptor sites were 
increased in the post-mortem frontal cortex of de- 
pressed patients and of suicide victims (Mann et al., 
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1986; McKeith et al., 1987; Arora  and Meltzer, 1989a); 
however, these results were not confirmed by other 
investigators (Owen et al., 1986; Cheetham et al., 1988). 
Platelet 5-HT 2 binding sites were also increased in 
depressed patients (Biegon et al., 1987, 1990; Arora  
and Meltzer, 1989b; Pandey et al., 1990). 5-HT 2 recep- 
to r -media ted  intracellular  Ca 2+ mobil izat ion in 
platelets from patients with major depression was sig- 
nificantly increased (Kusumi et al., 1991; Mikuni et al., 
1992). Recently, Kusumi et al. (1994) reported that this 
increase persisted after remission of depressive symp- 
toms in unmedicated patients. These studies suggest 
that 5-HT 2 receptor-mediated responses may be in- 
creased in depression and this phenomenon may be a 
t rai t -dependent  marker  in depression. 

It  has been reported that 5-HT 2 receptor  binding in 
hippocampus and cortex did not vary significantly 
among LH, N L H  and naive-control rats 2 days after 
the inescapable shock (Martin et al., 1990b). However, 
recently the Bma x for cortical 5-HT 2 receptor  binding 
was found to be elevated in rats exposed to mild stress 
for 7 weeks, another  animal model of depression (Papp 
et al., 1994). 

In the present  study, hereditary vulnerability to stress 
was taken into consideration to evaluate learned help- 
lessness in rats. The aim of the study was to confirm 
the reliability of learned helplessness rats as a depres- 
sion model and to investigate 5-HT 2 receptor  function 
3 days before and 11 days after the induction of learned 
helplessness. [3H]Ketanserin binding was investigated 
2 days after the behavioral study. Basal plasma cortico- 
sterone was also measured t l  days after the induction 
of learned helplessness. 

and spaced 0.6 cm apart. A disk was from the ceiling 
mounted 7 cm off the grid floor. A yellow cue light was 
placed 2 cm under the disk. A rat 's tail extended 
through the rear door of the chamber  and was taped to 
a Plexiglas rod. Unscrambled electric shock was deliv- 
ered from an alternating-current shock generator 
(Model SGS-002, Muromachi Kikai Co., Japan). One 
electrode was positioned on the tail with electrode 
paste, the other was the floor grid. 

Pre-shock escape testing 
One day before the inescapable shock session, pre- 

shock escape testing was carried out. Each rat was 
fixed in the chamber 5 min before the experiment. The 
rats received pulsed (35 ms on and 35 ms off) 1 mA 
electric shocks with the yellow cue light on. Shock 
onset began a trial, which was terminated either by 
pulling and releasing the disk or the end of 60 s. 
Fifteen trials were given for a rat and intertrial latency 
was set at 15 s. Experimental  events were programmed 
and failures to escape were recorded by an NEC PC- 
9801 VM microcomputer.  

Inescapable shock training 
On the next day, inescapable pulsed electric shocks 

(1 mA, 35 ms on and 35 ms off) were delivered via 
stainless steel grids and the tail in the chamber for a 
single 40-min session. 

Post-shock escape testing 
Two days after the inescapable shock, a post-shock 

escape test was conducted. The procedure for this test 
was the same as that for the pre-shock test. 

2. Materials and methods 

2.1. Animals 

Male Wistar albino rats weighing 200-220 g at the 
beginning of the experiments were used. The animals 
were housed four per  cage in a colony room with a 12 h 
light-dark cycle (light on 7:00 h, light off 19:00 h). A 
week for setting in and handling was allowed prior to 
any behavioral experiments. A total of 284 rats were 
used in these experiments. 

Classification 
The rats were divided into two groups according to 

the following criteria. Rats scoring fewer than ten 
escape failures in the pre-shock test with an increase of 
more than five failures in the post-shock test were 
considered as the learned helplessness (LH) rats. Rats 
scoring fewer than ten escape failures in the pre-shock 
test with no increase in failures in the post-shock test 
were considered the non-learned helplessness (NLH) 
rats. In our study, 30-35% of all the rats tested be- 
came LH rats and 15-20% of all the rats tested be- 
came N L H  rats. 

2.2. Establishment o f  learned helplessness 

Learned helplessness was produced according to the 
method of Edwards et al. (1986) with some modifica- 
tions. All experimental  animals were placed in an 
experimental  chamber  with an electrifiable grid floor. 
Each chamber  was 18.5 cm long x 20 cm high × 9 cm 
wide with Plexiglas walls and covers. The floor was 
constructed of stainless-steel rods, 0.3 cm in diameter  

2.3. Escape testing before and after the inescapable shock 
and body weight gain in L H  and N L H  rats 

A total of 50 rats were used in this experiment. The 
pre-shock test, the inescapable shock and the post- 
shock test were performed.  Seventeen LH rats and 
seven N L H  rats were obtained according to the crite- 
ria. Eleven days after the inescapable shock, escape 
testing was demonstrated in LH (n = 17) and N L H  
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(n = 7) rats. One day before and 11 days after the 
inescapable shock, body weights of the rats were 
recorded. 

2.4. Effect of  acute and chronic administration in L H  
rats 

Effect of  acute desipramine administration on escape test 
with L H  rats 

The pre-shock test, the inescapable shock and the 
post-shock test were performed on the same schedule. 
At the end of the post-shock test the LH rats were 
further subdivided into two groups, matched for the 
results of body weight and pre- and post-escape tests. 
Twenty hours after the post-shock escape test, each 
subgroup then received saline (1 ml /kg  i.p.) or de- 
sipramine dissolved in saline (15 m g / k g  i.p.). Sixty 
minutes after injection, escape testing with 15 trials 
was carried out again. 

Effect of  chronic desipramine, mianserin or diazepam 
administration on escape test with L H  rats 

The pre-shock test, the inescapable shock and the 
post-shock tests were performed on the same schedule. 
The LH rats were further subdivided into two groups. 
Twenty hours after the post-shock escape test, each 
group was given food with or without 0.03% de- 
sipramine, 0.01% mianserin, or 0.002% diazepam for 
the next 7 days. The daily average intake of de- 
sipramine was about 17.7 m g / k g / d a y ,  that of mi- 
anserin was about 6.1 m g / k g / d a y  and that of di- 
azepam was about 0.95 m g / k g / d a y .  A similar escape 
test with 15 trials was carried out with the de- 
sipramine-treated, mianserin-treated and diazepam- 
treated groups and with each control group 7 days later 
while drug administration continued. 

2.5. DOI-induced head shake behavior 

DOI-induced head shake behavior before inescapable 
shock in LH, N L H  and the other rats 

The pre-shock test, the inescapable shock and the 
post-shock tests were performed on the same schedule. 
Three  days before the inescapable shock, the rats were 
placed in individual cages (38 cm x 26 cm x 13 cm) 5 
min before behavioral testing. The frequency of head 
shake responses elicited by the subcutaneous adminis- 
tration of 1 m g / k g  (+)-l-(2,5-demethoxy-4-iodo- 
phenyl)-2-aminopropane (DOI) was quantified for 30 
min, commencing immediately after the injection. A 
preliminary study confirmed that DOI induced dose- 
dependent  shaking behavior at low doses (0.25-3.0 
mg/kg)  and that a maximum response occurred at 3.0 
m g / k g  (data not shown). Therefore,  DOI at 1.0 m g / k g  
was used in this experiment. Head shakes were charac- 
terized as rapid side-to-side twitches of the head and 

ears, as previously described by Bedark and Pycock 
(1977). Two days after the DOI administration, pre- 
shock escape testing was carried out. Inescapable shock 
and post-shock escape testing was also carried out on 
the same schedule. 

DOI-induced head shake behavior in LH, N L H  and 
naive rats 11 days after the inescapable shock 

The pre-shock test, the inescapable shock and the 
post-shock tests were performed on the same schedule. 
Eleven days after the inescapable shock, LH rats (n = 
12) and NLH rats (n = 12) were used in the behavioral 
experiment. Another  naive group (NC, n = 15) without 
shock or escape test was also used. The frequency of 
head shake responses elicited by the subcutaneous 
administration of 1 m g / k g  DOI was quantified for 30 
min, commencing immediately after the injection. 

2.6. [ 3 H] Ketanserin binding 13 days after the inescapable 
shock 

Thirteen days after the inescapable shock, 24 h after 
DOI administration, LH and NLH rats were decapi- 
tated. The prefrontal cortex was dissected on ice and 
stored at - 8 0 ° C  until assayed for receptor binding. 
The binding of [3 H]ketanserin ([ethylene- 3 H]ketanserin 
hydrochloride, specific activity, 60.08 Ci /mmol;  New 
England Nuclear, USA) was demonstrated by the 
method of Leysen et al. (1982) with minor modifica- 
tions. Briefly, homogenates of the prefrontal cortex 
were prepared in 50 vols. (w/v)  of 50 mM Tris-HC1 
buffer (pH 7.4 at 25°C) with a Polytron. The ho- 
mogenates were centrifuged twice (20 min, 40 000 x g) 
at 4 ° C with resuspension of the intermediate pellet in 
the same buffer. The final pellets were resuspended in 
the same buffer and used for the binding assay. Mem- 
branes were incubated for 15 min at 37°C with six 
different concentrations (0.25-5 nM) of [3H]ketanserin. 
Non-specific binding was defined with 1 /zM methy- 
sergide. The samples were rapidly run through What- 
man G F / B  glass filters and washed 3 times with 5 ml 
of ice-cold buffer using a 24-channel cell harvester 
(Brandell, USA). The maximum number of binding 
sites (Bma x) and the apparent  dissociation constant 
(K  D) for each subject were determined by non-linear 
regression analyses of Scatchard plots. The protein 
concentration was estimated by the method of Brad- 
ford (1976). 

2. 7. Basal corticosterone levels in LH, N L H  and naive 
control 11 days after the inescapable shock 

The pre-shock test, the inescapable shock and the 
post-shock test were performed on the same schedule. 
Eleven days after the inescapable shock, between 9:00 
and 10:00 a.m. 25 /~1 blood samples were collected in 



126 M. Nankai et al. / European Journal of Pharmacology 281 (1995) 123-130 

h e p a r i n i z e d  capi l la ry  tubes  by the  tai l  t ip me thod .  
P la sma  co r t i cos t e rone  was m e a s u r e d  in 25 ~1 b lood  
sample  wi th  1 ml e thanol .  A f t e r  cen t r i fuga t ion  (2300 × 
g for  30 min),  the  solvent  was d e c a n t e d  off (100/~1 or  
50 /~1) and  dr ied .  The  d r i ed  extracts  were  assayed in 
dup l i ca t e  by add ing  100 ~1 d i lu ted  an t i s e rum (UCB-  
Bioproduc t s ,  Belgium),  100 /zl of  [1 ,2 ,6 ,7 , -3H(N)]  - 
co r t i cos t e rone  (NEN,  spec.  act. = 72.5 C i / m m o l )  and  
assay buffer .  The  tubes  were  i ncuba ted  at  37°C  for 30 
min,  fo l lowed by incuba t ion  at  4 ° C for 16 h. Sep a ra t i on  
of  b o u n d  and  f ree  h o r m o n e  f rac t ions  was ach ieved  by 
add ing  500 /~1 of  Dex t r an  (0 .025%)-coa ted  charcoa l  
(0.25 g%)  suspension.  The  m e t h o d  has a sensi t ivi ty of  4 
p g / t u b e .  

2.8. Drugs 

D e s i p r a m i n e - H C 1 ,  mianser in-HC1,  me thyse rg ide -  
HC1 and  d i a z e p a m  were  kindly  d o n a t e d  by N i p p o n  
C iba -Ge igy  (Japan) ,  N ihon  O r g a n o n  (Japan) ,  Sandoz  
(Swi tzer land)  and  Y a m a n o u c h i  Pha rmaceu t i ca l s  Co. 
( Japan) ,  respec t ive ly .  ( _+ ) - l - (2 ,5 -Dime thoxy-4 - iodo -  
p h e n y l ) - 2 - a m i n o p r o p a n e  hydroch lo r ide  ( D O I )  was pur -  
chased  f rom R e s e a r c h  Biochemica l s  (USA) .  The  o t h e r  
d rugs  were  of  analyt ica l  g rade .  

2.9. Statistical analysis 

Resu l t s  a re  usual ly  given as means  with S.E.M. T h e  
s ta t is t ical  s ignif icance of  behav io ra l  changes  was calcu-  
l a ted  by m e a n s  of  M a n n - W h i t n e y  U-tests  or  Wi lcoxon  
m a t c h e d - p a i r s  tests.  T h e  D O I  t r e a t m e n t  expe r imen t s  
( th ree  groups)  were  ana lyzed  with  the  Kruska l -Wal l i s  
test  fo l lowed by the  M a n n - W h i t n e y  U-tes ts  in group-  
to -g roup  compar i sons .  The  s ta t is t ical  s ignif icance of  
body  weight  gain  and  b iochemica l  d a t a  was c o m p a r e d  
using u n p a i r e d  two- ta i l ed  S tuden t ' s  t- tests.  The  corre-  
la t ion  b e t w e e n  n u m b e r  of  head  shakes  and Bma x or  K D 

values  of  [3H]ke tanser in  b ind ing  was ca lcu la ted  with 
S p e a r m a n ' s  rank  cor re la t ion  coeff icient .  P < 0.05 was 
chosen  as the  m i n i m u m  level of  s ignif icance.  

3. Results  

3.1. L H  and N L H  in escape test 11 days after the 
inescapable shock 

Fig. 1 shows the  m e a n s  + S.E.M. of  escape  fa i lures  
in L H  (n = 17) and N L H  (n = 7) rats.  O n e  day be fore  
the  inescapab le  shock,  the  numbe r s  of  fa i lures  in the  
p re - shock  escape  test  were  not  d i f fe ren t  in L H  and  
N L H  rats  (LH,  4.0 + 1.1; NLH,  4.1 + 1.5). Two days 
af te r  the  shock,  the  number s  of  fa i lures  in the  post-  
shock escape  test  were  inc reased  in L H  rats  ( P  < 0.01); 
in cont ras t ,  those  in N L H  rats  were  dec rea sed  com- 
p a r e d  to those  in the  p re - shock  tes t  (LH,  11.8 + 1.3; 
NLH,  1.3 + 0.9; P < 0.05). E leven  days af te r  the  shock, 
the  number s  of  fa i lures  in the  pos t - shock  escape  test  
were  still s ignif icant ly inc reased  in L H  rats  c o m p a r e d  
to those  in the  p re - shock  test  ( P  < 0.05) and  were  
s ignif icant  h igher  c o m p a r e d  to  those  in N L H  rats  ( P  < 
0.01) (LH,  8.8 + 1.8; NLH,  2.0 + 1.1). In  addi t ion ,  the  
numbe r s  of  fa i lures  in N L H  rats  11 days af te r  the  
shock were  still s ignif icant ly lower  than  those  in N L H  
rats  be fo re  the  shock ( P  < 0.05). 

The  m e a n  weight  gain in L H  rats  was s ignif icant ly 
lower  than  tha t  in N L H  rats  (LH,  54.0 + 1.3; NLH,  
81.5 ___ 1.7 g; P < 0.01). 

3.2. Effect o f  acute and chronic administration in L H  
rats 

Effect o f  acute desipramine administration on escape test 
in L H  rats 

The  resul ts  of  acute  and  chronic  admin i s t r a t ion  of  
drugs  are  summa r i z e d  in Tab le  1. The  number s  of  

Table 1 
Effects of acute desipramine treatment and chronic desipramine, mianserin 
helplessness rats 

or diazepam treatment for 7 days on escape test in learned 

Treatment Group n Pre-treatment Post-treatment 
(failures) (failures) 

Acute 

Chronic 

Control 6 13.8 + 0.7 14.6 + 0.2 
Desipramine 6 14.1 _+ 0.5 12.9 _ 0.7 
Control 12 12.7 + 0.6 13.0 + 0.3 
Desipramine 12 12.3 + 0.6 4.0 -I- 1.4 
Control 6 11.9 _+ 0.9 13.3 + 0.8 
Mianserin 6 10.3 + 0.9 5.1 + 1.8 
Control 7 10.9 + 0.9 8.7 _+ 1.4 
Diazepam 7 11.0 + 0.8 8.4 + 1.1 

In the acute treatment experiment, learned helplessness rats received saline (1 ml/kg i.p) or desipramine (15 mg/kg). After 60 min of injection 
escape testing with 15 trials was carried out. In the chronic treatment experiment, learned helplessness rats received vehicle food, desipramine 
(0.03%), mianserin (0.01%) or diazepam (0.002%) for 7 days. The average intake of desipramine, mianserin or diazepam was 17.7, 6.1, 0.95 
mg/kg/day, respectively. Numbers of failures are expressed as means _+ S.E.M. of 15 trials, a Significant difference at P < 0.01 from control 
(Mann-Whitney U-test) or the same group (Wilcoxon test) before treatment. 
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Fig. 1. Effects of the inescapable shock on escape test in learned 
helplessness rats (LH) (left column) or non-learned helplessness rats 
(NLH) (right column) before or after the shock. The escape tests 
were performed one day before and 2 and 11 days after the in- 
escapable shock. Values are means + S.E.M. of the total number of 
failures with 15 trials, ap < 0.01 versus LH before the shock (Wilcox- 
on test), bp < 0.01 versus NLH 2 days after the shock (Mann-Whit- 
ney U-test). °P < 0.01 versus NLH before the shock (Wilcoxon test). 
ap < 0.05 versus LH before the shock (Wilcoxon test), cp < 0.01 
versus NLH 11 days after the shock (Mann-Whitney U-test). fP < 0.05 
versus NLH before the shock (Wilcoxon test). 

escape fai lures in sa l ine- t rea ted  rats (control)  and  acute 
des ip ramine- t r ea ted  rats were similar before the injec- 
tion. The  n u m b e r s  of fai lures were no t  significantly 
affected by a single dose of des ip ramine  (15 m g / k g  
i.p.) given 60 min  before.  

Effect of  chronic desipramine, mianserin or diazepam 
administration on escape test in L H  rats 

The  n u m b e r s  of fai lures in all control  groups and all 
chronic  t rea ted  groups were not  d i f ferent  in the post- 
shock escape test. Chronic  admin is t ra t ion  of de- 
s ip ramine  for 7 days significantly decreased the num-  
ber  of escape fai lures ( P  < 0.01) (Table  1). The  n u m b e r  
of fai lures after  the chronic  des ip ramine  t r ea tmen t  was 
significantly lower than  that  of the control  group ( P  < 
0.01) (Table  1). The  n u m b e r  of fai lures after the chronic  
mianse r in  t r ea tmen t  was also significantly decreased 
( P  < 0.01) and  was significantly lower than  the m e a n  
n u m b e r  of fai lures of the control  group ( P  < 0.01) 
(Table  1). O n  the o ther  hand,  there  was no  difference 
be tween  the n u m b e r  of fai lures in control  and  di- 
azepam- t rea ted  groups after the t rea tment .  The re  was 
also no  difference be tween  the n u m b e r  of fai lures in 
the d iazepam- t rea ted  group before and  after  the treat-  
ment .  

3.3. DOI-induced head shake behavior 

DOI-induced head shake behavior 3 days before in- 
escapable shock in LH, N L H  and the other rats 

Fig. 2 shows D O l - i n d u c e d  head shake f requency in 
LH (n = 9), N L H  (n  = 7) and  the o ther  rats (n  = 8). 

25 
.E 
E 

o 20 

~ 1 5  

NlO 

~ 5 "1- 

0 

T 

Other LH NLH 

Fig. 2. DOI-induced head shakes 3 days before the shock in learned 
helplessness (LH), non-learned helplessness (NLH) and the other 
rats. Values are means + S.E.M. of the total number of head shakes 
occurring in the 30-min observation period following DOI (1 mg/kg 
s.c.) injection. 

The  n u m b e r s  of head shakes in LH, N L H  and  the 
o ther  rats (LH, 16.9 + 1.8; NLH,  18.3 + 2.6; the others,  
18.3 + 2.6) were not  significantly different.  

DOI-induced head shake behavior 11 days after the 
inescapable shock in LI-1, N L H  and naive rats 

As shown in Fig. 3, D O I - i n d u c e d  head shake fre- 
quency was significantly increased in LH rats as com- 
pared  to N L H  and  naive control  rats (LH, 22.4 + 2.3; 
NLH,  14.2 + 1.4; control ,  13.3 + 1.6; P < 0.01, LH ver- 
sus control;  P < 0.01, LH versus NLH). 

3.4. [ 3H]Ketanserin binding 13 days after the inescapable 
shock 

As shown in Table  2, ne i the r  the Bma x nor  the K D 
values of [3H]ketanser in  b ind ing  were different  be- 
tween LH and  N L H  rats. The re  was no significant 
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Fig. 3. DOl-induced head shakes l l  days after the shock in naive 
control (Other), learned helplessness (LH) and non-learned helpless- 
ness (NLH) rats. Values are means+S.E.M, of the total number of 
head shakes occurring in the 30-min observation period following 
DOI (1 mg/kg s.c.) injection, ap < 0.01 versus Other (Mann-Whitney 
U-test). bp < 0.01 versus NLH (Mann-Whitney U-test). 
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Table 2 
Bma x and K D values for [3H]ketanserin binding in the prefrontal 
cortex of learned helplessness rats and non-learned helplessness rats 
13 days after the inescapable shock 

Group n Bma x (fmol/mg K D (nM) 
protein) 

Learned helplessness 9 159.1 +_ 8.9 0.633 + 0.038 
Non-learned helplessness 9 148.2 + 7.6 0.574 + 0.029 

Thirteen days after the inescapable shock, 24 h after DOI adminis- 
tration, LH and NLH rats were killed. The prefrontal cortex was 
dissected and stored. Membranes were assayed with six concentra- 
tions (0.25-5 nM) of [3H]ketanserin as described in Materials and 
methods. The results are given as means + S.E.M. 

Table 3 
Basal serum corticosterone levels in learned helplessness, non- 
learned helplessness and control rats 11 days after the inescapable 
shock 

Group n Corticosterone level 
(/xg/100 ml) 

Control 5 2.16 _+ 0.73 
Learned helplessness 8 3.82_+ 1.02 a 
Non-learned helplessness 6 1.43 _+ 0.50 

Eleven days after the inescapable shock, 25 /~1 blood samples were 
collected by the tail tip method. The basal corticosterone levels were 
measured. The results are given as means + S.E.M. a p < 0.05 com- 
pared to non-learned helplessness (Student's t-test). 

co r re l a t ion  b e t w e e n  the  n u m b e r  of  D O I - i n d u c e d  head  
shakes  and  the  Bma x ( r = 0 . 1 2 )  or  KI) ( r = - 0 . 2 1 )  
va lues  of  [3H]ke tanser in  b ind ing  in L H  and  N L H  rats.  

3.5. Basal corticosterone levels 11 days after the in- 
escapable shock in LH, N L H  and naive rats 

The  basa l  p l a s m a  co r t i cos t e rone  levels in each  g roup  
are  shown in Tab le  3. T h e  m e a n  co r t i cos t e rone  level 
was s ignif icant ly  h igher  in L H  than  in N L H  rats  ( P  < 
0.05). T h e r e  was no d i f fe rence  be tween  naive cont ro l s  
and  the  L H  or  N L H  group.  

4. Discussion 

A f t e r  exposure  to uncon t ro l l ab l e  shock,  Wis t a r  ra ts  
can  be  class i f ied into L H  and  N L H  rats  accord ing  to 
the i r  response .  This  would  l end  suppo r t  to the  f indings  
of  E d w a r d s  et  al. (1986) who  r e p o r t e d  tha t  sub -popu la -  
t ions of  S p r a g u e - D a w l e y  ra ts  were  class i f ied into he lp-  
less and  non-he lp les s  ones.  Ind iv idua l  d i f fe rences  were  
also r e p o r t e d  for  a p o m o r p h i n e - s u s c e p t i b l e  and apo-  
m o r p h i n e - u n s u s c e p t i b l e  Wis t a r  ra t  l ines (Cools  et  al., 
1993) and  for shor t  a t t ack  la tency  and long a t t ack  
la tency  in male  mice ( C o m p a a n  et  al., 1993). 

The  resul ts  show tha t  l e a r n e d  he lp less  behav io r  is 
not  r eve r sed  by acu te  t r e a t m e n t  with d e s i p r a m i n e  or  
chronic  t r e a t m e n t  wi th  d i azepam,  bu t  is r eve r sed  by 

chronic  t r e a t m e n t  with d e s i p r a m i n e  or  mianser in .  The  
resul ts  a re  cons is ten t  with a previous  r epo r t  ( S h e r m a n  
et  al., 1982) tha t  showed chronic  admin i s t r a t ion  of  
tr icyctic a n t i de p re s sa n t s  or  a typical  an t idep re s san t s  to 
be  effect ive to reverse  l e a r n e d  helplessness ,  bu t  anxi- 
olytics were  not. W e i g h t  gain in L H  rats  was also 
supp re s se d  c o m p a r e d  to N L H  rat  weights .  T h e  behav-  
iora l  def ici ts  las ted  for at leas t  11 days af ter  the  in- 
e scapab le  shock. Van  Di jken  et  al. (1992) r e p o r t e d  tha t  
a b r i e f  session of  inescapab le  foot  shocks i nduced  a 
long- las t ing  change  in behav io ra l  r e sponses  to novel  
env i ronmen ta l  st imuli .  In  addi t ion ,  the  basa l  cor t ico-  
s t e rone  level was s ignif icant ly h igher  in L H  than  in 
N L H  rats  11 days af te r  the  inescapab le  shock. H a r a c z  
et  al. (1988) and G r e e n b e r g  et  al. (1989) r e p o r t e d  tha t  
he lp less  rats  showed impa i r ed  f e e d b a c k  regu la t ion  in 
the  hypo tha l a mic -p i t u i t a ry - a d re na l  ( H P A )  axis. These  
resul ts  ind ica te  tha t  this l e a rne d  he lp lessness  ra t  is a 
re l i ab le  and  val id  an imal  m o d e l  for depress ion .  

The  5 -HT2-med ia t ed  head  shake response  is thought  
to be cent ra l ly  med ia t ed ,  because  head  shake  re- 
sponses  in ra ts  were  i nduced  by in t r ace reb roven t r i cu l a r  
in jec t ion  of  se ro ton in  (Ol iver ia  and  Campos ,  1993). In  
the  p r e se n t  study,  D O I - i n d u c e d  head  shake  behaviors  
be fo re  and  af te r  the  induc t ion  of  l e a rne d  he lp lessness  
were  seen  in i n d e p e n d e n t  groups  of  animals ,  because  
5 -HT2-med ia t ed  behav io ra l  changes  af ter  a single dose  
of  D O I  pe r s i s t ed  for  at leas t  6 days in mice ( D a r m a n i  
et  al., 1992a). In  our  model ,  5 -HT2-re la ted  behav io r  
was not  d i f fe ren t  b e t w e e n  LH,  N L H  and  the  o the r  rats  
be fo re  the  inescapab le  shock, but  5 -HT z r ecep to r - r e -  
l a t ed  behav io r  was e n h a n c e d  in L H  rats  c o m p a r e d  to 
NLH,  and  c o m p a r e d  to naive rats  a f te r  the  shock. If  
these  resul ts  a re  e x t r a po l a t e d  to the  cl inical  s i tuat ion,  
it is poss ib le  tha t  5 -HT 2 r e c e p t o r  funct ion  may  be  
e l eva ted  af te r  the  induc t ion  of  depress ion .  

[3H]Ketanser in  b ind ing  was also eva lua ted ,  but  t he re  
was no  d i f fe rence  in Bma x o r  K D values  be tween  L H  
and  N L H  rats,  in a p p a r e n t  con t rad ic t ion  with our  
behav io ra l  data .  T h e r e  was no s ignif icant  co r re la t ion  
be tw e e n  the number s  of  head  shakes  i nduced  by D O I  
and Bma x o r  K D values  for  the  [3H]ke tanser in  binding.  
Severa l  s tudies  showed changes  of  5 -HT 2 r ecep to r -  
m e d i a t e d  behav io r  wi thout  any change  in 5 -HT 2 recep-  
tor  sites (De  Souza  et  al., 1986; W i e l a n d  et al., 1990; 
D a r m a n i  et  al., 1992b; Javaid  et  al., 1993). D e  Souza  et  
al. (1986) r e p o r t e d  tha t  chronic  t r e a t m e n t  with a 5- 
HTIA r e c e p t o r  agonis t  p r o d u c e d  a modes t  enhance -  
men t  of  the  5 -HT 2 r e c e p t o r - m e d i a t e d  head- twi tch  be-  
haviora l  r e sponse  in con t ras t  to a d e c r e a s e d  5 -HT 2 
r e c e p t o r  n u m b e r  in the  f ronta l  cor tex  of  mice.  The re -  
fore,  it is conce ivable  tha t  5 -HT 2 r e c e p t o r - m e d i a t e d  
responses  may  be  e n h a n c e d  i n d e p e n d e n t l y  of  the  5 -HT z 
r e c e p t o r  sites. 

Previous  s tudies  with l e a r n e d  he lp lessness  rats  
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showed that  presynapt ic  se ro tonin  mechan i sms  were 
changed  by inescapable  shock. Sero ton in  up take  and  
release were increased in the h ippocampus ,  while 5 -HT 
uptake  and  release were decreased in the hypothala-  
mus of l ea rned  helplessness  rats compared  to non-  
learned  helplessness  and  naive-control  rats (Edwards  
et al., 1992). The  Bma x for 5-HTIB receptors  in the 
cortex, h ippocampus  and  sep tum is increased in LH 
rats (Edwards  et al., 1991). These  reports  suggested 
that  presynapic  serotonergic  mechan i sms  may be in- 
creased in sep tum or cortex after the induc t ion  of 
l ea rned  helplessness.  However,  in the p resen t  study 
postsynapt ic  5-HT2-media ted  behavior  was increased 
11 days after  the induc t ion  of l ea rned  helplessness.  
Agonis ts  of 5 -HT 2 receptors  rapidly down-regula te  5- 
H T  2 receptors  (Leysen et al., 1989). In  addit ion,  pre- 
and  postsynapt ic  man ipu la t ions  of 5 -HT failed to up-  
regulate  5 -HT 2 receptors  (Leysen et al., 1983, Sander-  
Bush, 1990). There fore  the hyper func t ion  of 5 -HT z- 
med ia ted  behavior  may be i n d e p e n d e n t  of the regula-  
t ion of serotonergic  systems. The re  is evidence for a 
tight control  of centra l  serotonergic  systems by cortico- 
s te rone  (see Chaouloff,  1993 for review). Subchronic  
adenocor t ico t ropic  ho rmone  ( A C T H )  t r e a tmen t  signifi- 
cantly increased the Bma x values for [3H]ketanser in  
b ind ing  in neocor tex  of rat fo rebra in  and  D O I - i n d u c e d  
head shake behavior  (Kuroda  et al., 1992). Lesch and  
Lerer  (1991) suggested that  the different ial  regula t ion  
of 5-HTxA and  5 -HT 2 funct ion,  leading to a relative 
5-HTz-phosphoinos i t ide  complex supersensi t ivi ty may 
ma in t a in  H P A  hyperactivity dur ing  the course of de- 
pression.  In  our  study the basal  cor t icosterone level of 
LH rats was higher  than  that  of N L H  rats, so that  the 
hyper func t ion  of the serotonergic  system may be caused 
by a dysregulat ion of cort icosterone.  

O n  the o ther  hand ,  serotonergic  hyper func t ion  in 
l ea rned  helplessness  is also impor tan t ,  since se ro tonin  
deple t ion  by p -ch lo ropheny la l an ine  prevents  the devel- 
o p m e n t  of l ea rned  helplessness  (Edwards  et al., 1986). 
These  results  indicate  that  the in te rac t ion  of cortico- 
s terone and  the serotonergic  system plays an impor tan t  
role in the induc t ion  of l ea rned  helplessness and  long- 
last ing behavioral  deficits. 
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