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We report here a comparative analysis of the acquisition of a conditioned passive avoidance reaction in mice
of the mutant strains DISC1-Q31L and DISC1-L100P and mice of the control strain C57BI/6NCr1 and de-
tection of the effects of gender and age on learning. DISC1-L100P mice showed impairments to associative
learning to avoid the dangerous dark sector of the apparatus regardless of gender and age. In DISC1-Q31L
mice, the fear memory trace formed only in young males. A deficit of aversive learning was demonstrated in
old mice of all the strains tested, with identically lower levels of learning ability in female DISC1-Q31L and
CS57BI/6NCr1 mice than males. These characteristics of learning avoidance provide an additional argument
for regarding DISC1-L100P mice as a genetic model of a schizophrenia-like state and DISC1-Q31L mice
as a model of a depression-like state.
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The ability to identify threats in the surrounding world
and mount targeted responses to them are critical for adap-
tation of the body. Fear is a fundamental adaptive manifes-
tation of behavior supporting survival [15]. This adaptive
function is linked with the potential for rapid and consis-
tent acquisition of associations between neutral stimuli, in-
cluding context, and a negative event. A typical example of
such associative learning is the conditioned fear reaction.
Paradigms forming fear memories (classical conditioned
fear reaction, fear-potentiated twitch reactions, conditioned
passive avoidance reactions) are very widely used for iden-
tifying the neuronal and molecular mechanisms of memory
in studying cognitive impairments in psychopathological
states using experimental models.

As the genetic component determines the risk of devel-
oping psychopathology [17], many investigators display
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considerable interest in studying fear memory in mice of
inbred and genetically modified strains [1,2,21,29,35,39].
The genetic factor has been shown to have a significant in-
fluence on the neuronal processes of fear memories, includ-
ing learning, consolidation, retention, and extinction of the
memory trace.

Finding an experimental model in rodents with the full
set of pathological signs of any disease is very difficult. In
the cases of schizophrenia and depression, this is made
more complex by the heterogenous nature of the symptoms
and difficulties in establishing a reliable pathological etiol-
ogy [34]. Among a multitude of experimental models of
these diseases, the greatest interest in recent years has been
in genetic models with impairment of the DISCI gene
(Disrupted in Schizophrenia 1), which has a very strong link
with the development of schizophrenia and depression [16,
27,31, 36]. Two mouse strains were created carrying point
mutations in exon 2 of the DISCI gene — DISCI-LI00OP
(substitution of a leucine by proline at position 100), which
is regarded as a genetic model of a schizophrenia-like state,
and DISCI-Q3I1L (replacement of glutamine by leucine at
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position 31), which is regarded as a genetic model of a de-
pression-like state [8, 27]. The behavioral profiles of
DISC1-L100P and DISC1-Q31L mice were shown by these
investigators to differ from the behavioral profile of mice of
the control strain C57Bl/6NCr1 [8, 25, 26]. DISC1-L100P
mice displayed a high level of movement activity in the
open field test, with no alteration in anxiety in the elevated
plus maze test or in social behavior, or in measures of de-
pression-like behavior in the forced swimming test. DISC1-
L100P mice showed a clear deficit of prestimulus inhibition
of an acoustic startle reaction, reflecting impairment to sen-
sorimotor coupling and information filtration. As regards
memory, experimental studies have demonstrated impair-
ments to latent inhibition and significant weakening of
working memory, but retention of spatial learning and
memory in the Morris test. DISC1-Q31L mice did not differ
from control mice in terms of movement activity or explor-
atory and anxiety behavior, though they differed from
DISC1-L100P mice in terms of the main measure of depres-
sivity in the forced swimming test — they showed high lev-
els of immobility. They also displayed a deficit of social
behavior and anhedonia behavior typical of the depres-
sion-like state, i.e., a decrease in interest in pleasures detect-
ed by testing preference reactions for sucrose solutions.
Weakening of working memory and latent inhibition was
demonstrated, though spatial learning and memory were not
altered. At the same time, other data have been reported on
the properties of the behavioral phenotypes in DISCI1-
L100P and DISC1-Q31L mice [36]. However, the literature
lacks data on the formation of a conditioned fear reaction in
mice of these strains, though fear memory is highly suscep-
tible to psychopathological impairments.

The second factor, along with the genetic characteris-
tics of behavior, with significant influences on the acquisi-
tion of the conditioned fear reaction, is gender [9, 12, 19,
32]. Marked gender-related differences in learning of aver-
sive stimuli in rodents have been noted mainly in tests with
powerful emotional contexts. Studies of gender-related dif-
ferences in aversive learning have recently become import-
ant because of the need for individual approaches to the
treatment of stress-induced psychopathological disorders
[11]. Furthermore, epidemiological investigations have
identified significant differences between men and women
in the manifestation of psychopathological impairments [4,
13]. In particular, men had a greater predisposition to dis-
eases such as autism and schizophrenia, while women are
more susceptible to post-traumatic disorders, depression,
and pathological anxiety. Another important factor on which
the intensity of fear memory trace acquisition depends is
age [14, 18, 20, 28, 37]. Older animals generally show de-
creased formation and retention of emotional memories. It
should be noted that no studies of the influences of gender
and age on behavioral and cognitive status in DISC1-L100P
and DISC1-Q31L mice have been reported.

On the basis of these data, and considering the lack of
data on fear memory formation in DISCI-L100P and
DISC1-Q31L mice, there is a need for comparative analysis
of the acquisition of a conditioned passive avoidance reac-
tion in these mice and C57BI/6NCr1 control mice in rela-
tion to gender and age.

Methods. Experiments used homozygous DISCI-
Q31L and DISCI1-L100P males, as well as C57BI/6NCr1
mice in the control group. Experiments were performed using
128 mice of these strains, making up 12 groups: group 1 con-
sisted of male C57Bl/6NCr1 mice aged 3—5 months (n = 10);
group 2 were female C57BI/6NCr1 mice aged 3—-5 months
(n = 10); group 3 was male C57BI/6NCrl mice aged 9-11
months (n = 8); group 4 consisted of female C57Bl/6NCr1
mice aged 9—11 months (n = 10); group 5 was male DISC1-
Q31L mice aged 3—5 months (n = 25); group 6 was female
DISC1-Q31L mice aged 3—5 months (n = 10); group 7 con-
sisted of male DISC1-Q31L mice aged 9—11 months (n = 10);
group 8 consisted of female DISC1-Q31L mice aged 9-11
months (n = 11); group 9 was male DISC1-L100P mice
aged 3-5 months (n = 8); group 10 consisted of female
DISC1-L100P mice aged 3—5 months (n = 8); group 11 was
male DISC1-L100P mice aged 9-11 months (n = 12); group
12 was female DISC1-L100P mice aged 9-11 months (n = 6).
Animals were kept in groups of four individuals per cage
with free access to food and water.

All experiments were performed in compliance with
international rules [European Communities Council Direct-
ive of November 24, 1986 (86/609/EEC)].

Training to the conditioned passive avoidance reac-
tion was by a standard single-session method in an exper-
imental chamber with dark and light sectors and an auto-
mated Gemini Avoidance System apparatus (San Diego
Instruments). On the training day, mice were placed in the
light sector with the tail towards the open door. On transfer
to the dark sector, the door was closed and the mouse re-
ceived a painful electric shock (0.5 mA, 2 sec). After 10-20
sec, the animal was transferred to the home cage. On testing
24 h after acquisition of the conditioned reflex, the mouse
was again placed in the light sector with the door openth.
The Gemini program was used for automatic recording of
the latent period of transfer to the dark sector. The latent
period of the transfer on the training day before pain stimu-
lation reflects the initial duration of preference for the dark
chamber, while on testing it is a measure of the acquisition
of the conditioned passive avoidance reaction. The maxi-
mum duration of observation of the animal was 180 sec.
Potential variation in the learning measure (latent period of
transfer) due to the animal keeping conditions and the en-
vironment were excluded, allowing more accurate assign-
ment of differences in learning to the genotype, gender, and
age factors.

Results were processed statistically by analysis of vari-
ance (ANOVA).
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Fig. 1. Comparison of mean latent periods of transfer into the dark sector in C57B1/6NCr1, DISC1-Q31L,
and DISC1-L100P mice on the day of training to the conditioned passive avoidance reaction. Light columns
show C57BI/6NCr1 mice, shaded columns show DISC1-Q31L mice, and dark columns show DISC1-L.100P
mice. The ordinate shows latent periods of transfers to the dark sector; the abscissa shows groups of mice:
1, 5, 9) male C57BI/6NCrl, DISC1-Q31L, and DISC1-L100P mice aged 3-5 months; 2, 6, 10) female
C57Bl/6NCr1, DISC1-Q31L, and DISC1-L100P mice aged 3-5 months; 3, 7, 1/) male C57Bl/6NCrl,
DISC1-Q31L, and DISC1-L100P mice aged 9-11 months; 4, 8, /2) female C57BI/6NCr1, DISC1-Q3I1L,
and DISC1-L100P mice aged 9-11 months. **p < 0.01 compared with young males; #p < 0.05, ##p < 0.001
compared with old males.

TABLE 1. Classification of Mice in Terms of the Level of Learning the Conditioned Passive Avoidance Reaction, %

Time, sec
Mice
5-30 31-60 61-120 121-180
C57BL/6NCrl
Young 0 0 30 70
7 Old 25 35 25 15
Young 30 10 0 60
¢ Old 60 10 20 10
DISC1-Q31L
Young 28 20 12 40
7 Old 60 40 0 0
Young 40 20 30 10
¢ Old 90 10 0 0
DISCI1-L100P
Young 62.5 125 25 0
7 Old 75 8 17 0
Young 62.5 25 0 12.5
¢ Old 66 34 0 0
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Results. As males and females are known to differ in
terms of movement activity [9, 19, 30], there is a need to
analyze initial latent periods of transfers recorded before
application of painful stimuli on the day of training to the
conditioned passive avoidance reaction (Fig. 1). Three-
factor analysis of variance (factors: genotype, age, gender)
identified a statistically significant genotype influence
(F123 =7.7936,p < 0.001) on the latent period of transfer,
though the influences of gender and age were not statistically
significant. Post hoc analysis (Fisher LSD) demonstrated
statistically significant differences between the C57B1/6NCr1
mice of the control group and DISC1-Q31L (p < 0.05) and
DISC1-L100P (p <0.001) mutant mice. Figure 1 shows that
male but not female DISC1-Q31L and DISC1-L100P mice
had shorter latent periods than C57B1/6NCr1 mice.

Analysis by groups (with genotype as the grouping fea-
ture) showed that gender affected the initial latent period of
transfer in C57Bl/6NCrl mice (F, 34 = 47.1387, p < 0.001)
and DISCI-L100P mice (F; 3y = 10.67242, p < 0.01) but
had no statistically significant effect in DISC1-Q31L mice
(F152,=0.01560,p >0.05). Post hoc analysis (Fisher’s LSD)
showed the following: no statistically significant differenc-
es were seen between groups of DISC1-Q31L mice; statisti-
cally significant differences in DISC1-L100P mice were
found between old male and old females (p < 0.05); young
males in groups of C57BI/6NCr1 control mice entered the
dark sector more quickly than old mice (p < 0.01) but more
slowly than young (p < 0.01) and old (p < 0.01) females,
while old males showed significantly more delayed transfer
to the dark sector than old females (p < 0.001). This is evi-
dence that gender and age make contributions to motor and
motivational components of the reaction to contextual nov-
elty only in C57B1I/6NCr1 mice, but not in mice of the mu-
tant strains DISC1-Q31L and DISC1-L100P.

Training to the conditioned passive avoidance reaction
was manifest as an increase in the latent period of transfer
to the dark sector on testing at 24 h as compared with the
training day. Qualitative analysis in terms of the learning
abilities of DISC1-L100P and DISC1-Q31L mice compared
with the control strain showed, first, that DISC1-L100P
mice had a gender-independent inability to form an associa-
tion between the context of the experimental apparatus and
the danger of the dark sector where they had received pain
punishment (see Table 1). Second, among young male and
female DISC1-Q31L mice, there were significantly fewer
showing good learning (latent periods of transfer 121-180
sec) than C57B1/6NCr1 mice (40 and 10%, compared with
70 and 60%, respectively). Third, there was a clear deficit in
the reproduction of the conditioned passive avoidance reac-
tion in older male and female C57B1/6NCr1 mice but only in
old male DISC1-Q31L mice. Fourth, lower levels of learning
were seen in young female DISC1-Q31L mice than young
males, which was not the case in mice of the control group.

We will consider the quantitative results of the ac-
quisition of the conditioned passive avoidance reaction in
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Fig. 2. Comparison of the acquisition of the conditioned passive avoid-
ance reaction in C57BI/6NCrl, DISC1-Q31L, and DISC1-L100P mice.
A) C57Bl/ 6NCrl mice; B) DISC1-Q31L mice; C) DISC1-L100P mice.
The ordinate shows the latent periods of transfers into the dark sector, sec;
the abscissa shows mouse group identification numbers as in Fig. 1. The
first column in each pair shows the latent period of transfers on the day of
training to the reflex and the second shows the latent period on testing 24 h
after acquisition. $3%p < 0.001 compared with latent periods before training
(day 0); *p < 0.005, ***p < 0.001 compared with young C57BI/6NCrl
females and males; *p < 0.05 compared with young C57BI/6NCrl and
DISCI1-Q31L males.

DISC1-Q31L and DISCI1-L100P mice as compared with
C57B1/6NCr1 mice (Fig. 2). Analysis of the repeat-mea-
sures variance of the latent period of transfer identified
statistically significant factors — genotype (F, ;64 = 14.36,
p < 0.001), age (Fy ;6 = 26.63, p < 0.001), and gender
(Fi116 = 4.57, p < 0.05). A genotype x gender interaction
was found (F, 1,6 =3.20, p <0.05), though there was no gen-
otype x age and no gender x age interaction. There was also
no interaction between the three factors. At the same time,
repeat measures analysis of the latent period of transfer on
testing showed a statistically significant difference from the
value recorded on the day of acquisition of the conditioned
passive avoidance reaction (F; ;4 = 91.58, p < 0.001).
The repeat measures factor interacted with the genotype
factor (F, 116 = 10.17, p < 0.001) and age (F; ;;6 = 29.02,
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p <0.001). A repeat measure factor x genotype x age inter-
action was found (F, 1,6 = 4.21, p < 0.05). Other complex
interactions (repeat measure x genotype X gender; repeat
measure X gender x age; repeat measure X genotype X gen-
der x age) were not statistically significant.

Comparative analysis of differences in the acquisition
of the conditioned reflex between mice of the mutant strains
and control animals showed that only young male DISC1-
Q31L mice showed formation of a memory trace; learning
did not occur in DISC1-L100P mice; young male and fe-
male C57BI/6NCrl mice demonstrated good learning
(Fig. 2). This was evident as a statistically significant in-
crease in the latent period of transfer on testing (as com-
pared with initial values) in young male and female
C57B1/6NCr1 mice (p < 0.001 and p < 0.001, respectively)
and young male DISC1-Q31L mice (p < 0.001). We would
like to draw attention to the marked tendency of young fe-
male DISCI1-Q31L mice to learn, as 60% of these mice
showed an intermediate level of reproduction of the condi-
tioned reaction (see Table 1). The same type of tendency
was characteristic of old male and female C57Bl/6NCr1
mice, but not for DISC1-Q31L or DISC1-L100P mice. Al-
though Fig. 2 shows a reduction in learning in young male
and female DISC1-Q31L mice from the level seen in the
control strain, statistically significant differences in the la-
tent period of transfers on testing were seen only for young
male and female C57BI/6NCrl and DISCI-L100P mice
(» <0.001 and p < 0.05, respectively).

As regards the influence of age, there was a statistical-
ly significant decrease in learning in males of both the
DISC1-Q31L (p =0.03) and C57B1/6NCr1 (p = 0.02) strains
aged 9-12 months (Fig. 2). A decrease in the reproduction
of the conditioned passive avoidance reflex with age was
also recorded in females of both strains, though differences
in the latent period of transfers on testing did not reach sta-
tistical significance because of the high level of individual
variation in this parameter. However, the decrease in the
acquisition of the conditioned reflex with age in DISC1-
Q31L mice was less marked than in normal animals. This
could be followed in terms of the relative decrease in the
latent period of transfers in old individuals (Fig. 2) (by 27%
in male DISC1-Q31L mice, 40% in C57BlI/6NCrl males,
25% in DISC1-Q31L females; 33% in C57BI/6NCr1 mice)
and a decrease in the proportion of animals displaying good
learning (see Table 1) (from 40% to 0% in in DISC1-Q31L
males, from 70% to 15% in C57B1/6NCrl males, from 10%
to 0% in DISC1-Q31L females, form 10% to 0% in DISC1-
Q31L females, and from 60% to 10% in C57B1/6NCrl
females).

The effect of the gender factor consisted of a decrease
in learning ability in females as compared with males, as
evidenced by shorter latent periods of transfers (Fig. 2) and
comparisons of the proportions of males and females with
good learning ability — 40 vs. 10% in DISC1-Q31L mice
and 70 vs. 60% in in C57BI/6NCrl mice (see Table 1).
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Discussion. Thus, the data presented here provide evi-
dence of differences in the acquisition of a conditioned pas-
sive avoidance reaction in DISC1-Q31L and DISC1-L100P
mice as compared with mice of the C57BI/6NCr1 control
group. Among the characteristics of fear memory trace for-
mation, we draw attention to: 1) unlike control mice and
DISC1-Q31L mice, DISC1-L100P mice showed gender-
and age-independent impairment to associative learning to
avoid the dark sector of the apparatus which had become
dangerous after pain punishment; 2) learning was seen only
in young males among DISC1-Q31L mice, while memory
traces formed in control animals in both young males and
young females; 3) there were identical statistically signifi-
cantly decreases in learning passive avoidance with age in
male DISC1-Q31L mice and control C57BI/6NCrl mice,
while females of these strains showed tendencies to learn-
ing deficits.

It is important to note that our results on learning defi-
cit in DISC1-L100P mice are consistent with data reported
from other investigations detecting learning deficit in a con-
textual conditioned fear reaction in DBA/2J mice, which are
regarded as a genetic model of a schizophrenia-like state
[7, 38,40, 41], and rats in a pharmacological model of this
behavior [6]. Along with data on the behavioral status of
DISC1-L100P mice [8, 27], this is supported by the view
of DISC1-L100P mice as a genetic model of a schizophre-
nia-like state and widens our understanding of the role of
the fear memory formation.

The potential to learn passive avoidance in young male
DISC1-Q31L mice, in contrast to that in DISC1-L100P
mice, was consistent with results obtained in an experimen-
tal model of a depression-like state (“behavioral despair’)
[3]. This serves as a cognitive indicator additional to the
behavioral characteristics of these mice [8, 25, 26], corre-
sponding to the first criterion (face validity) of the view of
DISC1-Q31L mice as a model of depression.

We will now consider the possible causes of the se-
lectivity of learning the conditioned passive avoidance re-
action seen in young DISC1-Q31L mice and the absence
of acquisition of the fear memory trace in DISC1-L100P
mice as compared with mice of the C57BI/6NCr1 control
group. These differences may be related to the genotypic
features of behavior, as such a relationship has been noted
by investigators using mice of other strains [21, 29, 35, 39].
Screening of behavioral characteristics revealed differenc-
es in movement activity between C57BI/6NCrl, DISCI-
Q3I1L, and DISC1-L100P mice (hyperactivity in DISC1-
L100P mice) and depression-like manifestations (passivity,
low social motivation, and anhedonia in DISC1-Q31L mice)
[8,24-27]. Our experiments noted that DISC1-L100P mice
showed the shortest latent periods of transfers during famil-
iarization with the experimental apparatus before training,
at least in males. This is indirect evidence of hyperactivity
in these mice, which can partially be explained in terms of
the short latent periods of transfer on testing reflex acquisi-
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tion. Linear differences in learning conditioned fear reac-
tions have often been linked in previous studies with differ-
ences in the extents of anxiety behavior [5], though this link
has not been regarded as important in recent years [21]. The
studies of Lipina et al. [8, 24-26] showed that young male
C57B1/6NCr1, DISC1-Q31L, and DISC1-L100P mice had
identical anxiety levels, i.e., basal anxiety cannot be taken
as a prerequisite for the selectivity in the acquisition of con-
ditioned passive avoidance reaction seen here.

Several possible explanations for role of the genotypic
differences in forming the conditioned passive avoidance
reaction in C57B1/6NCr1, DISC1-Q31L, and DISC1-L100P
mice can be suggested on the basis of individual-typologi-
cal characteristics of behavior. In particular, defects in
learning the conditioned passive avoidance reaction in
DISC1-L100P mice may be due to use of a different behav-
ioral strategy, i.e., attempts to escape the “dangerous” sector
instead of avoiding it (freezing), which was observed visu-
ally in these mice but not in DISC1-Q31L or C57BI/6NCr1
mice. This type of explanation of poor aversive learning in
mice of some strains was suggested by Bothe et al. and
Voikar et al. [7, 40]. A contribution from the different levels
of sensitivity to stress-inducing stimuli (the danger of the
dark sector after training) in DISC1-L100P mice as com-
pared with controls cannot be excluded. For example, a re-
lationship between a deficit in fear memory formation and
low levels of unconditioned fear reactions has been demon-
strated in terms of measures of tail beating and defecation in
assessment of the aversiveness of the context on testing in
DBA/2J mice as compared with C57B1/6J mice [41].

However, data on differences in the behavioral profiles
of the mice used in our studies — mutant strains DISC1-
Q31L and DISCI1-L100P and control C57BI/6NCr1 mice —
are insufficient to explain such different learning abilities in
these mice.

As learning a contextual conditioned fear reaction in-
volves obligatory roles for neural networks in the hippo-
campus, amygdala, and prefrontal cortex [33, 35, 39], vari-
ation in learning in mice of the DISC1-L100P, DISCI-
Q31L, and C57BI/6NCrl1 strains may be determined by the
morphological properties of these structures. Currently
there are only data showing a 6% decrease in brain volume
in DISC1-Q31L mice and a 13% decrease in DISC1-L100P
mice [8], with decreases in the numbers of cortical neurons,
but no difference in dendrite branching and no changes in
the morphology of hippocampal neurons [23] were seen in
comparison with normal animals (control strain). Thus, it
should be recognized that there is a lack of the data required
for suggesting a link between differences in the ability to
learn passive avoidance between DISC1-L100P and DISC1-
Q31L mice, as well as between mutants and C57B1/6NCr1
mice, with the anatomical phenotypes of these mice.

Synaptic pathology, particularly decreases in the den-
sity of dendritic spines in the brain, is regarded as one of
the causes of cognitive deficits in psychopathologies with

different origins, because the density of dendritic spines, as
the postsynaptic targets of synaptic transmission, serves as a
measure of the efficiency of connections in neural networks
and functional plasticity. It can therefore be suggested that
genotype-dependent modifications of learning the condi-
tioned passive avoidance reaction in DISC1-L100P, DISC1-
Q31L, and C57BI/6NCr1 mice receive contributions from
the different synaptic phenotypes of these individuals.
However, despite the differences seen in learning in DISC1-
L100P and DISC1-Q31L mice, these animals showed iden-
tical decreases in dendritic spine density in the prefrontal
cortex and hippocampus from the level in mice of the con-
trol strain [23]. It should be recognized that the problem of
analyzing behavioral, synaptic, and cognitive phenotypes of
DISC1-L100P and DISC1-Q31L mice, as compared with
normal animals, requires further multidisciplinary investi-
gations for precise identification of the importance of the
contribution of fear memory formation to the characteris-
tics of genetic models of schizophrenia- and depression-like
states. Analysis of the process of extinction of the fear mem-
ory trace in these mice is also important, as impairments
to this process constitute the main cognitive symptom of a
number of psychopathologies, particularly depression.
Comparative analysis of the relationship between fear
memory formation and gender in the mice used in genotype
studies showed that young female mice of both the DISC1-
Q31L and C57BI/6NCrl strains learned worse than males.
Decreased aversive learning in females is consistent with
most data obtained in rodents [9, 32]. The main cause of
gender-related differences in learning in response to pain
stimuli is believed to consist of the selectivity of reactions to
stressful and emotionally significant actions, as well as the
level of anxiety behavior [10, 11, 19, 22]. Females are char-
acterized by a mainly active style of responding to aversive
stimuli, including contextual stimuli, while the behavioral
repertoire in males is dominated by behavioral inhibition,
i.e., passive reactions. The fact of different styles of behavior
in response to threats is supported by data showing better
learning in female rats in tests where active-type responses
to pain stimulation are needed (conditioned active avoidance
reactions) [9]. Different behavioral strategies in males and
females on testing in “threatening” conditions may be re-
flected as decreases in the reproduction of the conditioned
passive avoidance reaction in female DISC1-Q31L and
C57B1/6NCrl mice, where freezing would be a more appro-
priate response. We should note that in our experiments, vi-
sual observation showed the active type of defensive behav-
ior (attempts to exit the sector of the apparatus) as a means
of responding to the aversive situation (the “dangerous” dark
sector) on the day of testing acquisition of the reflex. In ad-
dition, gender-related differences in emotional memory in
rodents may involve neuromorphological and neurochemi-
cal selectivity in males and females [11], though consider-
ation of this possibility requires more experimental data on
DISC1-Q31L and C57B1/6NCrl mice than as yet available.
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Thus, we did not find selective influences of gender on learn-
ing between DISC1-Q31L mice and control animals.

As regards the contribution of age to the acquisition of
the conditioned passive avoidance reaction, our experiment
showed that DISC1-Q31L,DISC1-L100P,and C57B1/6NCr1
mice aged 9-12 months, regardless of gender, showed no
statistically significant increases in the latent period of
transfer on testing from the baseline levels. This is evidence
of impairment to aversive learning in old mice of the three
strains used in these experiments. The appearance of deficit
in fear memory formation with age in DISC1-Q31L and
C57BI/6NCrl mice, on comparison of both the number of
animals with different levels of learning (see Table 1) and
the latent period of transfers on testing (Fig. 2) was quite
clear. Previously, decreases in the formation of emotional
memory were seen in old (8—19 months) C57BL/6 mice
[14, 18, 37] and rats [28]. The authors of [18, 20] took the
view that age-related learning deficit, at least in tests of con-
textual conditioned fear reactions and conditioned passive
avoidance reactions, may be due to decreases in the func-
tional activity of the hippocampus, which has been actively
discussed in analysis of data on synaptic plasticity. The
links between age-related changes in cognitive (fear memo-
ry) and behavioral (locomotor, anxiety, depressivity, etc.)
phenotypes are difficult to assess because of significant con-
flicts in the data [14, 18, 20, 28, 37]. We believe that the
age-related learning deficitin DISC1-Q31Land C57Bl/6NCr1
mice may be based on age-associated decreases in the abil-
ity to recognize the contexts of the dangerous and safe sec-
tors of the apparatus. It should be noted that unconditioned
reactions to pain stimuli did not change with age (squeaking
and jumping in response to electric shocks in female and
male mice of all strains were expressed identically), as has
been observed in C57B1/6J mice [37].

Thus, the overall data demonstrated the characteristics
of the acquisition of a conditioned passive avoidance reac-
tion in mice of the mutant strains DISC1-Q31L and DISC1-
L100P in comparison with the C57BI/6NCr1 control strain.
The process of fear memory trace formation was impaired
in DISC1-L100P mice, while the only DISC1-Q31L mice
able to learn passive avoidance were young males. There
was similarity between the emotional cognitive measure
(fear memory) and the schizophrenia-like phenotype in
DISCI1-L100P mice and the depression-like phenotype in
DISC1-Q31L mice. A deficit of aversive learning was found
in old mice of all three strains used in this study, along with
identical decreases in learning ability in female DISCI1-
Q31L and C57BI/6NCr1 mice compared with males.
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