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ZERBIB, R. AND H. LABORIT. Chronic ~tress and memory: Implication of the central cholinergic system. PHARMACOL 
BIOCHEM BEHAV 36(4) 897-900, 1990i--ttestraint stress for ten days (two times two hours daily) induces a hypersensitivity of the 
central cholinergic system, reflected by aatago~ism to amnesia induced by scopolamine at 0.1 mg/kg in a passive avoidance test and 
by hypersensitivity to the hypothermic effect of oxotremorine at 1 mg/kg. A restraint stress for 30 days, on the other hand, diminishes 
animal retention in the passive avoidance test and causes a hyposensitivity to oxotremorine-induced hypothermia, reflecting a 
hypoactivity of the central cholinergic system. An acute 24-hour stress causes no change. The relationship between chronic stress and 
associated memory deficits is discussed. 

Chronic restraint stress Memory Cholinergic system Scopolamine Oxotremorine 

THE involvement of the septo-hippocampal cholinergic system in 
stress phenomena has been shown in a large nurnbet of studies [see 
(8) for review]. The septo-hippocampal system also plays a very 
important role in the processes of learning and memorization [see 
(2) for review], in particular in situations of tmhav~oral inhibition 
(10-12). A number of authors consider that the deficit in memory 
processes encountered in senile degeneration and Alzheimer's 
disease results from the deterioration of central diolinergic neu- 
rons (1). 

In recent work (13), we have shown that a relationship exists 
among the chrouicity of stress caused by electric footshocks (EF), 
the capacity to control stress and the memorizatkm of a passive 
avoidance test. The daily application of an inescapable electric 
footshock (IEF) for 10 days inhibited scopolamine-induced amne- 
sia in a passive avoidance test, while 30 days of IEF led to a 
deterioration in the retention of the passive avoidance and an 
augmentation of the amnesic action of scopolamine. 

If the EF could be avoided, then no modific~tio~i was detected. 
These results thus highlighted the consequences Of chronic un- 
avoidable stress on the retention of a passive avoidance test. The 
application of chronic unavoidable stress, howeVer,linvolves what 
we have termed the action inhibition system ~AI~) (10) which 
includes the median septal area, the dorsal ~ipl~ocampus, the 
lateral amygdala and the ventromedian hyppth,'llamus. Since 
synoptic conduction in this system is primarily ehol!nergic, it was 
decided to measure the activation state of the ch01h~rgic system in 
the course of chronic restraint stress, using the test Of hypothermia 
induced by the muscarine agonist oxotremorine (3,4). The effect 
of chronic restraint stress on the retention of passive avoidance 
was also studied. 

METHOD 

Animals 

Male OF1 mice with mean bodyweight of 30 g were used. 
Animals were obtained from Iffa Credo (France) and were 
randomly distributed and housed in groups of 10. They were left 
for one week in standard animal facility conditions before starting 
experiments. 

Restraint Stress 

Mice were placed in 25 mm inner diameter plastic tubes with 
suitable ventilation at one extremity, the other closed off. Animals 
were kept in restraint conditions for two hours between 9 a.m. and 
noon and again for two hours between 2 and 5 p.m. for one, 10 or 
30 days, five times per week. Controls underwent no manipulation 
during this time. 

Passive Avoidance 

Twenty-four hours after the last stress, the animals were 
subjected to a passive avoidance test training. 

Passive avoidance test equipment. The training and test of 
passive avoidance were conducted with two Plexiglas cages, one 
black, one white. The white compartment (40 x40  cm) was 
illuminated by a 100 W bulb. The black compartment (30 x 40 cm) 
had an electrified floor composed of 2 mm diameter bars 1 cm 
apart. A 0.3 mA DC current (DC Shock Source: 20 V, Apelex) 
was delivered to the bars of the black compartment. A 7 x 7 cm 
opening in the partition between the two halves of the cage could 
be closed by a sliding guillotine door. 

IRequests for reprints should be addressed to Dr. H. Laborit, Laboratoire d'Eutonologie, H6pital Boucicaut, 78, rue de la Convention, 75015 Paris, 
France. 
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TABLE 1 

PASSIVE AVOIDANCE TEST 

Groups 

Latency Time to Penetrate Black Compartment 24 Hours After Training (seconds) 

Not Stressed Not Stressed Stressed Stressed 
+ Saline + Scopolamine a + Saline + Scopolamine a 
(n = 10) (n = 10) (n = 10) (n = 10) 

Acute Stress 177 --- 2.0 

< 

Ten-Day Stress 178.7 --- 0.70 

< 

Thirty-Day Stress 175.8 --- 2.20 

< 

17.6 --- 3.00 179 --- 0.7 26.8 --. 5.70 
< > NS 

- >  NS 
14.1 --+ 2.20 179.1 --- 0.60 102.1 --- 23.60 

< > t  
> NS 

79 __. 24.8 104.8 --- 21.40 25.3 --- 11.50 
< > *  

~> * 

Results are expressed as mean ___ standard error of the mean (SEM) and statistical analysis is made with the Mann-Whitney U-test: 
*p<0.05; tp<0.01; NS: nonsignificant. 

aScopolamine dose was 0.1 mg/kg for the "Acute" and "ten-day" stress groups and 0.05 mg/kg for the "thirty-day" stress group. 

Training methods and the test. The mice were subjected to a 
training session 24 hours after the last stress and were tested for the 
acquisition of the passive avoidance 24 hours later, i.e., 48 hours 
after the last stress. The training and the test were conducted 
between 9 a.m. and noon. On the day of the training, the mice 
were individually placed in the illuminated white compartment 
opposite the black compartment. When the mouse entered the 
black compartment, the door was closed and a 5-second shock was 
given. Each mouse was again placed in the white compartment 
opposite the black compartment 24 hours later and the time 
required for the mouse to enter the black compartment and the time 
spent in that compartment were measured for three minutes. Mice 
not entering the black compartment received a delay time of 180 
seconds and a duration score of  0. 

On the day of the training, controls and stressed animals were 
injected intraperitoneaUy (IP) with either isotonic saline or scopo- 
lamine hydrobromide (Sigma Chemical Company) at 0.1 mg/kg in 
the case of animals stressed for 1 or 10 days, and at 0.05 mg/kg for 
those stressed for 30 days. The low dose of scopolamine for 
animals stressed 30 days was used in order to be able to detect any 
potentiation of  the amnesic action of scopolamine by the chronic 
stress, since the scopolamine dose of 0.1 mg/kg already causes 
considerable amnesia (13). 

Oxotremorine Test 

After the passive avoidance test, both stressed and nonstressed 
animals that had not received scopolamine in the passive avoid- 
ante  test were subjected to the oxotremorine test. Thirty minutes 
before the IP injection of oxotremorine base (Sigma Chemical 
Company) at 1 mg/kg, atropine methyl nitrate (Sigma Chemical 
Company) was injected IP at 1 mg/kg in order to block the 
peripheral effects of oxotremorine (3,4). Rectal temperature of the 
animals was recorded before and 15, 30, 60, 90 and 120 minutes 
after injecting oxotremorine. The results are expressed as the mean 
difference in rectal temperature between t o and the other time 
points. The animals were tested 48 hours after the last stress since 
it had been shown that disturbances of the cholinergic system 
caused by a chronic stress lasted for at least 48 hours after the last 
stress (3,6). 

Statistics 

The statistical study was carried out with the Mann-Whitney 

U-test in the case of passive avoidance and with the Student t-test 
for the oxotremorine test. 

RESULTS 

Acute Stress 

Passive avoidance (Table I). After an acute stress, there was 
no change in retention of the passive avoidance, with or without 
scopolamine in comparison to controls. No difference was ob- 
served on the day of training between the stressed and nonstressed 
groups. All the animals entered the black compartment in 1 to 10 
seconds. 

Oxotremorine test (Table 2). There was no difference in 
oxotremorine-induced hypothermia between the controls and ani- 
mals receiving an acute stress. 

Chronic lO-Day Stress 

Passive avoidance (Table 1). After a restraint stress lasting 10 
days, there was no change in retention of the passive avoidance. It 
did, however, antagonize amnesia induced by scopolamine at 0.1 
mg/kg. No difference was observed on the day of training between 
the stressed and nonstressed groups. All the animals entered the 
black compartment in 1 to 10 seconds. 

Oxotremorine test (Table 2). Animals stressed for 10 days were 
more sensitive to oxotremorine-induced hypothermia, which was 
highly significant during the first hour of observation. 

Chronic 30-Day Stress 

Passive avoidance (Table 1). A 30-day restraint stress led to a 
significant deficiency in the retention of the passive avoidance 
test, while there was no change on the day of training. In addition, 
stressed animals were significantly more sensitive to amnesia 
induced by a low dose of scopolamine (0.05 mg/kg). No differ- 
ence was observed on the day of training between the stressed and 
nonstressed groups. All the animals entered the black compart- 
ment in 1 to 10 seconds. 

Oxotremorine test (Table 2). Animals subjected to a 30-day 
restraint stress manifested a significant hyposensitivity to oxotrem- 
orine-induced hypothermia. 
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TABLE 2 

OXOTREMORINE TEST 

Groups 

Time After 
Injection of 
Oxotremorine 
(minute) 

Mean Rectal Temperature Decrease After Injection of Oxotremorine Base 1 mg/kg IP (°C) 
Not Stressed (n = 10) Stressed (n = 10) 

15 30 45 60 90 120 15 30 45 60 90 120 

Acute Stress 2.3---0.2 3.8---0.3 5.0---0.3 5.8---0.3 5.5---0.5 4.1---0.8 2.5-+0.1 3.6--+0.2 5.2---0.5 6.0-+0.4 5.0---0.4 3.9-+0.4 
NS NS NS NS NS NS 

Ten-Day 2.2---0.2 3.4---0.2 4.2--+0.2 5.0-+0.3 4.9-+0.3 1.8-+0.4 3.5-+0.2 5.6-+0.2 6.5-+0.2 7.0-+0.3 6.1-+0.4 2.9-+0.5 
Stress * * * * * NS 

Thirty-Day 4.2-+0.2 6.5-+0.3 7.8+-0.3 8.4---0.3 8.4-+0.5 7.4-+0.6 3.6-+0.1 5.5+-0.2 6.7-+0.5 7.0-+0.l 5.7-+0.4 3.5-+0.4 
Stress * * "t * * * 

The results are expressed as the mean --- SEM and statistical analysis is made at each time interval with the Student t-test: *p<0.05; tp<0.0 I; Sp<0.001; 
NS: nonsignificant. (No statistical difference in rectal temperature is noted between stressed and not stressed groups before oxotremorine injection.) 

DISCUSSION 

The present results obtained by the use of restraint stress 
confirm those reported when IEF were given (13), i.e., a chronic 
30-day stress disturbs the retention of a passive avoidance test, 
whereas the same stress but for only 10 days antagonizes scopo- 
lamine-induced amnesia. In addition, the hypersensitivity of 
10-day stressed animals to oxotremorine-induced hypothermia, 
reflecting a hypersensitivity of the cholinergic system, agrees with 
published data (3,4) obtained by the use of forced swimming or 
IEF stress. 

There are relatively few published studies on stress continuing 
for a relatively long period. The present results show that stress 
lasting 30 days induces a hyposensitivity of the cholinergic system 
as shown by an accrued sensitivity of the animals to amnesia 
induced by a low dose of scopolamine in the passive avoidance 
test and by their hyposensitivity to oxotremorine-induced hypo- 
thermia. 

Thus, although there is apparently an up-regulation of musca- 

fine receptors during a chronic stress lasting 5 to 10 days (6), a 
down-regulation of muscarine receptors or a decrease in their 
coupling with second messenger systems would occur in the 
course of a chronic stress lasting 30 days. These behavioral results 
are to be compared to a pharmacological study (14), in which the 
authors observed a deficit in the retention of a passive avoidance 
test after the chronic administration of physostigmine, an acetyl- 
cholinesterase (ACHE) inhibitor. Similarly, it has also been shown 
(7) that the chronic administration of  another ACHE inhibitor, 
diisopropylfluorophosphate (DFP), induces a decrease in the 
density of cortical muscarine receptors and diminishes the perfor- 
mance of animals in a passive avoidance test. 

Numerous anatomical (15), neurochemical (9) and pharmaco- 
logical evidence (5) supports the hypothesis of a hypoactivity of 
the central cholinergic system which is responsible for memory 
deficits. Our work has shown that hypoactivity of the cholinergic 
system occurs in the course of a chronic stress, suggesting an 
intimate relationship between the chronic involvement of the 
action inhibition system and the appearance of memory disorders. 
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