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ABSTRACT. Investigation of the factors underlying depression is essential for contemporary clinical medi-
cine and neuroscience. A vast number of different methods and models are widely adopted for solving this
problem. Among the models of depression, a long-lasting (2 and 8 months) social isolation, along with partial
light deprivation should be considered as an adequate animal model of depression. In this model the learning
and memory processes wer e studied using active and passive avoidancetestsin rats. Porsolt’s forced swimming
test was used for evaluation of the level of depression. Analysis of the results obtained showed that long-lasting
social isolation and partial deprivation of light caused significant cognitive deficit as compared to those depres-
sive animalswhich remained in normal social environment. Thelonger wasthe social isolation the stronger was
deficiency in learning process and consolidation deterioration. Neurochemical investigation of the brain of the
depressive animals by means of *H-cetanserin (NEN, USA), has shown an increased number of the serotonergic
receptors in neocortex and caudal region of the brain. This fact indicates deficit of serotonin in the above
regions of the brain.

Presumably, serotonin deficit in this animal model of depression is the cause of disrupted learning and
memory processes.

Therefore, the proposed model of depression - social isolation plus partial deprivation of light - could be
considered as an adequate and valid model of depression suitable for the studies of other manifestations of the
brain integrative activity. © 2008 Bull. Georg. Natl. Acad. <ci.

Key words: cognitive defect, serotonin, animal model, depression.

Investigation of neurophysiologic mechanisms of
depression is a major challenge facing psychiatry and
neurobiology. Although there is a wide variety of mod-
els of depression, they reflect the lack of a single satis-
factory solution [1]. Investigation of the factors which
generate depression and create respective anima mod-
els, must promote understanding of the causes of this
disease. However, inappropriate neurotransport and

neurotropins may lead to structural and functional dis-
organization [1-4] which, in its turn, evoke some cogni-
tive disorders and deficit in the learning and memory
processes [5-8]. Among the models of depression, social
isolation of different duration, with partial deprivation
of illumination might be a useful tool for investigation
of learning and memory processes in experimental con-
ditions [9-11]. Considering, the above notion, the aim
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of this work was to study, feasibility of acquisition of
active avoidance reaction, itsretention, and processes of
memory trace consolidation in the passive avoidance
test, with further neurochemical assessment of the sero-
tonin receptors’ density in the cortical and caudal areas
of the rat brain.

Materials and methods. Experiments were con-
ducted in the outbred male adult albino rats, weighing
200-350 grams. Following natural weaning the animals
were housed in separate, dimly illuminated cages with
free access to food and water, and at ambient tempera-
ture of 18-20°C. Duration of social isolation and partial
deprivation of light was 2 months (n=12) and 8 months
(n=10). Additional fifteen animals served as control
subjects.

Selection of animals for depression properties.
The level of depression was determined with forced
swimming test (FST) [12]. The animals were immersed
into 40 cm deep water (22-26°C) for 15 min on the first
day and for 5 min - on the second. Time of forced swim-
ming and immobilization in the water were recorded.
The animals were considered depressive if they main-
tained predominance of passive vertical floating.

Experimental procedures. The active avoidance
response (AAR) was tested in the shuttle-box apparatus
consisting of a rectangular chamber with two compart-
ments (overall size 50x20x20 cm). There was a 4 cm
high partition between the compartments. The animals
should jump over the partition in response to electrical
stimulation (0.5-1.2 mA) delivered through the metal
floor grid. About 10-20 s prior to electrical stimulus a
500 Hz tone was presented. The auditory stimulus ac-
quired thus a property of conditional stimulus. TheAAR
was regarded as acquired if an animal, in response to
conditional stimulus, jumped over the partition in the 9
sequentia trials out of 10, avoiding hence the painful
stimulus.

Passive avoidance test (PAT) was conducted in a
two-compartment chamber. One compartment consisted
of Perspex cube (25x25x25 cm); on the one side it had
ahole which allowed rats to enter from the lighted com-
partment to the dark one. The lighted compartment
was illuminated with four incandescent lamps (60 W
each). The dark compartment was 20x25x25 cm. The
floor grid in the dark compartment was electrified and
an animal entering the compartment received noxious
stimulus — an AC electrical stimulation of 2 mA.

At the beginning of the PAT experiments an animal
was placed in the light chamber with its back to the
hole. Latency of entrance into the dark compartment
was recorded. After entrance into the dark compartment,
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the hole was closed and an animal received 10 s electric
shock. Then the animal was withdrawn from the dark
compartment and returned to its living cage. Retention
of the passive avoidance reaction was assessed after 24
h. The test response retention was evaluated by the la-
tent period of entrance into the dark compartment. Be-
havior was observed for 10 min. If the latency of en-
trance was over 4-5 min the reaction was considered as
retained.

Neurochemical analysis of the brain serotoner-
gic system. In this series of experiments the animals
were beheaded in order to determine the number of se-
rotonin receptors. The brains were removed and frozen.
Frontal and caudal brain slices were made. The number
of serotonin receptors was assessed with the *H-
cetanserine (NEN, USA). Synthetic membranes were
incubated with radioactive ligand (1-10nM), during
30min at 20°C, in the Tric-HCI buffer (pH-7.4). Incuba-
tion medium was decanted through Whatman CF/C and
guantities of radioactivity on the filters were determined
by means of the liquid-spring scintillation counter.
Nonspecific binding of radioactivity was calculated using
1 mM serotonin.

The obtained data were statistically processed with
the Student t-test.

Experiments were approved by the Ethical Com-
mittee of Animal Experiments at the |.Beritashvili In-
gtitute of Physiology

The Results and Discussion. In the first series of
experiments depression index was determined in the
forced swimming test in the control group, and in the
experimental animals, after 2 (n=8) and 8-months (n=10)
of social isolation and light deprivation. In the control
group (n=12) the animals with a high index of depres-
sion-like condition (above 75% of passive floating in
the water) were selected. After 2- and 8-months of iso-
lation, all the animals of experimental groups showed
passive behavior in the water (immobilization index
about 80% and over). Testing in the open field showed
that isolated animals devel oped less motor and explora-
tion activity.

In the second series of experiments the possibility
of learning in the AAR 120 trials in the two-way test
was studied. The AAR was regarded as achieved if in
response to auditory stimulus an animal jumped over
the partition in 9 sequential trials out of 10.

In addition the animals were tested in the open field
aswell. The correspondence between theindices of FST
and the open field was discovered only in those animals
of the third group which were kept in conditions of
social isolation and partial light deprivation for 8 months.



Cognitive Deficit in the Animal Model of Depression

127

100 -
80 -
60 -
40 .
20 -
0 i

Fig. 1. Acquisition of active avoidance reaction in 120 trials two-
sided test in the three groups of animals: intact animals (1);
animals after two months of isolation (I1); animals after eight
monthsof isolation (111).

| . Theintact group of the animals- 1. Control (immobility in the FST
<60%), (n=12); 2. Non-depressive (immobility in the FST
<50%), (n=8); 3. Depressive, (immobility in the FST >75%),
(n=8). I1. The second group - 4.Control (random) (n=10); 5.
After two months of isolation (immobility in the FST >75%)
(n=12). I11. The third group - 6. Control (random) (n=8); 7. After
eight months of isolation (immobility in the FST >75%) (n=10).
**p<0.001.

The average number of trialsis shown on the ordinate.

The experimentsindicated that learning and memory
processes were disturbed in the animals which were
housed in socia isolation and partial light deprivation.
These disturbances were more significant in the group
of animals which spent more time in isolation.

Figure 1 shows the results of the AAR acquisition
within 120 trias in the two-way test in the following
groups of animals: (I) Intact animals — 1. Control (im-
mobility in the FST <60%) (n=12); 2. Non-depressive
(immobility in the FST <50%) (n=8); 3. Depressive,
(n=8). (I1) Second group - 4. Control (random, home
caged) (n=10); 5. Two monthsfollowing isolation (n=12).
(111 Third group - 6. Control (random, home caged)
(n=8); 7. Eight months following isolation (n=10). The
mean number of trials is shown on the ordinate.
*p<0.001.

Acquisition of the AAR was feasible in all depres-
sive animals, although in the first and the second groups
the difference between control and experimental groups
was statistically insignificant. The worst learning was
observed in third experimental group after eight months
of isolation, compared to the random control group and
the group of the intact animals.

Retention of the AAR within 120 trials was assessed
after 24 h. Retention of the AAR in the first group was
ambiguous. The animals of the second group needed
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fewer trials. Retention in the third experimental group,
with high index of immobility, was significantly lower.
Several animals (Fig. 1, column 7), who could not
achieve the learning criterion at the first test, learned to
avoid the stimulation at the second test, but they re-
quired more trials, compared to the animals in the same
and control groups.

Figure 2 illustrates the possibility of the AAR reten-
tion in experimental and control groups of animals. (1)
Intact animals — 1. Control; 2. Non-depressive animals,
3. Depressive animals (immobility in the FST >75%).
(I1) Second experimental group - 4. Control (random,
home caged); 5. Two months after isolation. (111) Third
experimental group — 6. Control (random, home caged),
7 — Eight months after isolation, 8. The animals of the
second experimental group, which did not achieve the
learning criterion in the first test. *p<0.001. The aver-
age number of trials is shown on the ordinate.

In the next series of experiments, for investigation of
the possihility of consolidation of memory traces, the PAR
was studied in all the mentioned groups of animals. Al-
though the test of PAR is considered as suitably severe
[13], it reflects sufficiently well the possibility of retain-
ing the reaction to the aversive stimulus in rodents, the
more <0 if it is used for depressive individuals.

The PAR was considered acquired if an animal did
not enter the dark chamber for 5-10 min, this behavior
being persistent. In Fig.3 the percentage of the errorsin
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Fig. 2. Retention of the active avoidance reaction in 120 trials two-
sided test.

I Intact animals - 1. Control (first) group (immobility in the FST
<60%) 2. Non-depressive animals (immobility in the FST<50%;
3. Depressive animal's (immobility in the FST >75%). 1. The
second experimental group - 4.Control (random), 5. After two
months of isolation (immobility in the FST >75%). I11. The third
experimental group - 6. Control (random), 7. After eight months
of isolation (immobility in the FST>75%). 8. The animals of the
second experimental group, who could not achieve thelearning
criterion at thefirst testing. ** p<0.001. The average number of
trialsis shown on the ordinate.
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Fig. 3. Percent of the mistakesin the passive avoidance task.

|. Theintact animals— 1.Control (immobility in the FST<60%); 2.
Non-depressive, immobility in the FST<50%); 3. Depressive
(immobility in the FST>75%); 1. The group after two months of
isolation —4. Control (random), 5.After isolation, immobility in
the FST>75%. |11. The group after eight months of isolation - 6.
Control; 7. After isolation (immobility in the FST>75%).
**p<0.001.

The percentage (%) of mistakesis shown on the ordinate.

the PAR task is shown. (I) - Intact animals, 1.Control
(immobility in the FST<60%), 2. Non-depressive, (im-
mobility in the FST<50%); 3. Depressive (immobility
in the FST>75%); (I1) -The group after two months of
isolation; 4.Control (random, home caged); 5. After iso-
lation (immobility in the FST>75%). (l11) - The group
after eight months of isolation; 6. Control (random, home
caged); 7. After isolation (immobility in the FST>75%).
*p<0.001. The percentage of errors is shown on the
ordinate.

Satistically significant changes were observed in
the second and third experimental groups only, i.e. in
animals which were housed in conditions of social iso-
lation and partial light deprivation. Most of them could
not recall the presence of aversive, noxious stimulus in
the dark compartment. These animals followed their
natural instinct - avoidance of bright illumination - and
entered the dark compartment of the apparatus. As the
analysis of the results obtained showed, consolidation
of the memory traceswasimpaired in the animals, whose
index of immobility was > 75%, regardless of how long
they carried out under the imposed conditions.

For more detailed analysis of the results obtained
alterations of the latent period of entering into the dark
compartment of the passive avoidance apparatus was
studied. The latent period of the PAR serves as an ad-
ditional parameter for understanding the nature of con-
solidation - whether fear can interfere with the process
of the consolidation in the stressful situation (bright il-
lumination in the first chamber). If the animal, being
tested repeatedly, did not enter the dark chamber at all,
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or the latent period of entrance was over 5-10 min, con-
solidation of memory trace was considered successfully
completed.

Figure 4 illustrates aterations of these data. (1) -
Intact animals, 1. Control, (immobility inthe FST<60%),
2. Non-depressive (immohility in the FST<50%), 3. De-
pressive (immobility in the FST >75%), (I1) - Animals
after two months of isolation, 4 — Control (random), 5
- After isolation, depressive (immobility in the
FST>75%); *p<0.01, (I11) - Following eight months of
isolation, 6 — Control (random), 7 — After isolation,
depressive (immobility in the FST >75%); **p<0.001.
The latency (in minutes) of entering into the dark com-
partment is shown on the ordinate.

Thus, aterations of the latent period of entering the
dark compartment in the passive avoidance apparatus
show the possibility of memory trace consolidation. Sta-
tistically significant abnormalities (p<0.001) were only
observed in the animals with high index of immobility,
following long-lasting social isolation and partial light
deprivation. These animals did not recall the threat of
electric shock and some of them still entered the dark
compartment, hence avoiding the light.

For the last group of animals — depressive ones,
after 8 months of social isolation and partial light dep-
rivation, neurochemical analysis of serotonin level in
the frontal and caudal areas of the brain was conducted.
The investigation has shown that the amount of seroto-
nin in the above areas of the brain in depressive subjects
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Fig. 4. Alternations of thelatent period of entering the dark
compartment of passive avoidance apparatus.

I Intact animals - 1- Control (immobility in the FST<60%); 2. Non-
depressive (immobility in the FST<50%); 3.Depressive
(immobility in the FST >75%); I 1. Animals after two months of
isolation - 4. Control (random); 5. After isolation, depressive
(immobility in the FST>75%).** p<0.01; |11. After eight months
of isolation — 6. Control; 7. After isolation, depressive
(immobility in the FST >75%). **p<0.001. Thetime of entering
inminisshown on the ordinate.

FEs [} [l o
1 1

)
1




Cognitive Deficit in the Animal Model of Depression

129

NE.
[=5]
1

AKX X

1 A B‘
1 2 4

2 3

L o T = R V™ T T N
o T PR o T LD e T AT e T T e

Fig. 5. Changesin the amount of serotoninergic receptors.

Amount of serotoninergic receptorsin the frontal A) and caudal (B)
brain areas in the control (1, 3) and experimental groups (2, 4)
(after 8 months of isolation) (2).

The obtained data are statistically significant p<0.001.

was lower than in the brains of the control animals. The
difference in the amount of serotonergic receptorsin the
frontal brain area in the control (1) and in the experi-
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mental groups after 8 months of isolation (2) (Fig.5-A)
was statistically significant (p<0.001). The same is true
regarding changes of the serotonergic receptors in the
caudal brain area. (Fig.5-B, 1-control group, 2-experi-
mental animals; p<0.001).

Significant increase in the amount of serotonergic
receptors in the above brain regions after eight months
of social isolation and partial light deprivation point to
a deficit of serotonin in these regions. At the same time
it is assumed that these fields of the brain are involved
in regulation of the learning processes and subsequent
consolidation of the memory traces [14, 15]. Moreover,
they may be responsible for learning and memory pro-
cessing. The data obtained give ground to assert that the
lack of serotonin in the brain of experimental animalsis
caused by prolonged social isolation and partial depri-
vation of light. The latter is reflected in the cognitive
possibilities and it is the reason of hampering of the
learning process and disturbance of memory process-
ing, observed in this animal model of depression.
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