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ABSTRACT. The indices of the elaboration of conditioned reflex of active avoidance in shuttle-box were
studied in 5 consecutive generations of adult offspring (total quantity F1-F5 — 370) of initial eight pairs of white
outbred rat-parents crossbred in the state of stable information pathology of the higher nervous activity (infor-
mation neurosis). The information neurosis identical to that of initial parent rats was formed in offspring of all
the generations before the sibling cross breeding. The estimation of good, average and poor learning ability was
based on the indices of the rate of occurrence of the first conditioned response, as well as the sums of those
during the first S days and the attainment of the learning criterion (80% of correct responses per day) during
10 days of learning. The connection of learning level with the indices of their behavior in the open field and in
proconflict situation (modified Vogel test) was traced. Worsening of learning was revealed in the first two
generations of offspring as compared to initial ancestral animals, which was most pronounced in the F2 - the
generation with dominant poor learning (the ratio of poor- and good learning animals was 1.9:0.8). Beginning
with the offspring of the third generation the process of change in the structure of the populations by learning
was observed as an initial prevalence of the quantity of average-good learning rats in F3, equalization of the
percent of good, average and poor learned rats in F4 and a sharp prevalence of the percent of good learned ones
in FS. The fifth generation of the offspring with dominant good learning has two contrast subpopulations
according to the quantity: good- and poor learned animals, in which the quantity of the former prevails by 5
times over those of the latter (the ratio 2:0.4). The offspring of the fifth generation also have the best indices
of conditioned reflex at both stages of its formation. According to the data of testing in the OF and proconflict
situation the unfavorable form of information psychogenic stress of rat-parents leads to stable changes in the
emotional sphere of their offspring - to initially increased level of emotional tension, anxiety with high levels of
excretory function and motor activity, high excitability followed by decrease of the threshold of the reaction to
environmental influences and unequal to the strength of the latter with high stress response. Good learning is
positively correlated with definite levels of increased emotional tension, anxiety; however, very high degrees of
the latter - a pronounced fear with a high level of vegetative (excretory) tension - impedes the manifestation of
the ability to accomplish the reflex of active avoidance. © 2009 Bull. Georg. Natl. Acad. Sci.
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Introduction

A large quantity of experimental data based on dif-
ferent methods of genetic analysis on various types and
species of animals showed that the peculiarities of con-
ditioned reflex activity or the ability to form temporary
connections, are hereditarily determined [1, 2]. Genet-
ics of conditioned reflex - is primarily the genetics of
the peculiarities of the nervous system, features of its
main processes, which determine the character of the
functioning of the CNS and its higher divisions pro-
cessing the information and programming behavioral
acts in response to the signals of the environment [1, 3].
The complex problem of the genetics of conditioned
reflex, as well as of the HNA, involves the following
questions: how the various forms of its variability, re-
versible and irreversible reconstructions of its heredi-
tary basis in the individual and historical development
of the organisms emerge and are realized; what their
reasons and essence are .

Stress appears to be one of the most important fac-
tors of the increase of hereditary variability of the signs
of the organism [1, 3-6]. The biological universality of
stress phenomena and the important role of the mecha-
nisms subjected to it in the formation of the resistance
of the organism to the influence of the environment as
well as in the origin of various pathological states [7-
18], on the one hand, and well-known influence of stress-
induced adaptive processes on the hereditary apparatus,
on the other [1-3, 19], determine the enduring topicality
of genetic investigations of the consequences of various
forms (favorable and unfavorable) of parent stress on
their offspring.

In our previous publications [20, 21] some results
of multi-year investigations were presented, setting the
task of genetic control of the influence of stable infor-
mation pathology of the higher nervous activity (infor-
mation neurosis) of rat-parents induced by stress on the
behavior of their offspring in the line of consecutive
generations. In adult offspring of the stressed rats the
oriented-exploratory activity, emotionality, stress-reac-
tivity as well as the ability to form defensive condi-
tioned reflex of active avoidance according to the rate
have been studied. The connection between the vari-
ability of behavior indices and the variability of the ability
to form conditioned reflexes was also observed. To ac-
complish our task 5 consecutive generations of initial 8
pairs of offspring of ancestral rats crossbred in the state
of information neurosis were grown.

Information neurosis - an experimental model of
widespread information pathology of the higher ner-
vous activity of people in conditions of their every-day
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life [16-18] was formed in animals according to the
method of chronic uncontrolled psychogenic stress by
M. Khananashvili and T. Domianidze [22] or of the so-
called biologically negative “information stress” [17].

The results of the investigation of emotional-motor
behavior in different test situations and at different stages
of the experimentation in 5 generation offspring of
stressed-rats were described by us earlier in detail [20,
21]. The data on the learning of these animals and the
ratio between their indices and the indices of emotional-
motor behavior are presented below.

Material and methods

The investigation was carried out with 386 white
outbred rats of both sexes, weighing 150-300 g. From
the first generation offspring (F1) - direct posterity of
initial, 8 pairs of ancestral rats crossbred in the state of
a strong chronic uncontrolled psychogenic stress with
the following sibling cross-breeding four consecutive
generations (F2-F5) were obtained with an overall num-
ber of 370 F1-F5 offspring. The offspring of all the gen-
erations were on maternal rearing and beginning with
the 21 day they were kept in blocks (3-5 offspring) in
conditions strictly identical for all the generations main-
taining a permanent cycle of day and night and giving
them water and food ad libitum.

After the end of the stage of the investigation of be-
havioral signs and learning in the offspring of every gen-
eration, before their crossing, information neurosis was
formed identical to that in the initial 8 pairs of ancestral
rats. By means of this, a model of repeated stress in the
continuous line of the generations was created.

Modeling of information neurosis. The method
of chronic uncontrolled psychogenic stress proposed by
M. Knananashvili and T. Domianidze [22], is based on
the complication of information loading on the brain of
the animal by means of “integration” of two indepen-
dent conditioned reflexes of active avoidance (CRAA),
preliminarily and consecutively elaborated (at different
sound conditioned signals) in the modified shuttle-box
(with three equal compartments). The “integration” of
two CRAAs consists in the presentation of both condi-
tioned signals with 30 sec intervals at random accord-
ing to the scheme by Gellerman (1936) in one experi-
ment. In such a situation the task of correct response
appears to be difficult for the animal. During 20-25
sessions of such a psychogenic stress (deficiency of prag-
matic information) a pronounced stable pathologic state
of HNA with a high level of emotional tension devel-
oped in the animal.

The design of the apparatus, the procedures of con-
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secutive elaboration of two CRAAs and their integra-
tion, as well as the procedure of testing of animal be-
havior in the open field (OF) and in “proconflict situa-
tion” (conflict test by Vogel, 1971, modified by Korda et
al., 1986) are described in detail in our previous publi-
cations [20, 21].

The 10-day episode of the elaboration of the first
CRAA (to 10 sec. exposure of conditioned sound signal
- tone, 500 Hz and with addition of unconditioned pain-
ful electrocutaneous stimulation in the absence of avoid-
ance reaction; 20 presentations with one-minute inter-
val on every experimental day) was used, besides the
goal of the “integration” at the formation of the neuro-
sis: 1) to assess the ability of the animal to learning
according to the rate of its formation and 2) as “average
stress stimulation” for the determination of stress-reac-
tivity.

Estimation of the learning ability was accomplished
on the basis of the criteria elaborated by us according to
which the animals giving 10 correct responses (i.e. of
conditioned reactions or avoidances) one after another
in one of the 5 experiments, while on the following days
the animals displaying 80% and more of correct re-
sponses were estimated as good learning ones. The ani-
mals showing 10 correct responses one after another
only after the 5" experiment while in the following
experiments they did not show more than 70% of cor-
rect responses were estimated as averagely learned ani-
mals. The animals giving no more than 50% of correct
responses in all the 10 experiments were considered to
be poorly learned animals. The number of combinations
of conditioned and unconditioned stimulations which
are necessary to evoke the first correct response, the
sum of correct responses during the first 5 days of the
experiment and achievement of the learning criterion
(80% of correct responses) during 10 experiments were
estimated.

The results were processed on average values and
statistically estimated according to Student-test.

The scheme of experimentation. The study of learn-
ing ability and peculiarities of the behavior of the off-
spring of each of 5 generations began after attainment
of puberty and was carried out according to a common
scheme for all in the following sequence: 1. The assess-
ment of initial, naive status of the offspring, i.e. up to
any special experimental impact - according to the level
of exploratory activity and excretory function in the OF
(and in addition according to the level of anxiety in
Vogel’s test); 2. The assessment of the ability to learn:
10 days of the first CRAA elaboration; 3. The determi-
nation of stress-reactivity of animals according to the
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indices of their exploratory activity and excretory func-
tion during the repeated testing in the OF after average
stress (10 days of elaboration of CRAA, 200 presenta-
tions); 4. The elaboration of the second CRAA (with
additional estimation of emotionality in the OF after it
and according to Vogel’s test); 5. The formation of in-
formation neurosis according to the above-described
method; 6) Sibling cross-breeding. The cross breeding
of offspring of each generation was carried out accord-
ing to the signs of good, average and poor learning ability
in all the possible combinations: GQ x G & GQ X A ey
G9 XPC?;A9 ng;AQ xAC?;A9 XPC?; PQXGC?; PQxAg;
PoxP, (G - good, A - average, P - poor learned female
and male rats). The complete scheme of crossing was
realized beginning from the F1.

The number of the animals in various generations
subjected to the investigation was different, which was
connected with the decrease of the ability to reproduce
the offspring of stressed rats beginning with third gen-
eration to the subsequent one and poor survival of their
offspring in the absence of evident signs of any somatic
pathology. The cases became more frequent when the
rats gave no offspring at all, or was not numerous if
they did (2-3 individuals instead of the usual 8-12). At
the same time the survival of newborn infant rats de-
creased, for example out of all the female rats only one
rat had offspring - 2 infant rats (F6) who died on the
second day. As a result in the F1 generation 82 offspring
were retained out of 96 born, in F2 generation - 212 (out
of 272 born), in F3 generation - 36 (out of 90), in F4 -
21 (out of 57) and in F5 - 19 (out of 39 born).

The results and discussion

Learning ability. The results of the estimation of
the animals of each from F1-F5 generations according
to the accepted criteria of good, average and poor learn-
ing ability are summarized in Fig. 1 and Table 1.

Among the offspring of F1 generation (n=82) good
learning ability was observed in 23.07%, average - in
49.23%, poor - in 27.69% out of the whole population,
which makes the ratio 1:2:1. Among the animals of F2
generation (n=212) good learning ability was seen in
20.25%, average - in 32.91%, poor - in 46.83% out of
the whole population with the ratio 1:1.6:2.3. Among
the animals of F3 generation (n=36) a good learning
ability was revealed in 31.42%, average - in 40%, poor
- in 28.57% out of the whole population with the ratio
1.3:1.6:1.1. Among the animals of F4 generation (n=21)
the indices of good, average and poor learning ability
were equal, the ratio - 1:1:1. Among the animals of F5
generation good learning ability was observed in 52.63%,
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Fig. 1. Dynamics of the ratio of good, average and poor learning
animals according to the rate of conditioned reflex active
avoidance acquisition in the shuttle-box (10 days of training, 200
presentations) in different generation offspring.

Table 1.

Indices of good, average and poor learning of conditioned
reflex active avoidance in the shuttle-box (10 days of
training, 200 presentations) in different generation offspring
(F 1 - F 5) and in initial ancestral group rats (Panc).

Generation; Learning

Group good | average | poor ratio
Pane. 375 43.75 18.75 | 1.1:1.3:0.6
Fl 23.07 | 49.23 27.69 1:2:1
F2 20.25 3291 46.83 1:1.6:2.3
F3 31.42 | 40.00 28.57 | 1.3:1.6:1.1
F4 33.33 33.33 33.33 1:1:1
F5 52.63 36.84 10.52 2:1.5:0.4

average - in 36.84% and poor - in 12.52% out of the
whole population, the ratio - 2:1.5:0.4.

In the initial ancestral group for all the G1-G5 rats
(n=16, Table 1, P, ) where the animals were united by
the randomization method, a good learning ability was
revealed in 37.5% of the rats of the whole group, aver-
age - in 43.75%, poor - in 18.75%, the ratio being
1.1:1.3:0.6 (the indices are given in before stress state).
Thus, the ancestral group is characterized by a distinct
domination of average-good learning ability (with in-
significant difference in the percent of the rats with
average- and good learning ability, the ratio - 1.3:1)
over the poor one. At the same time the percent of good
learning animals exceeds approximately 2 times the
percent of poor learning ability (ratio 1.1:0.6).

In the animals of F1 generation - the direct off-
spring of the initial group of ancestral rats a clear change
of the population composition was observed according
to the ratio of good, average and poor learning ability
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toward its worsening as compared to that in the parents.
Average-poor learning prevails at the expense of a sharp
decrease of the number of good learning animals with
parallel considerable increase of the number of poor and
partly of average learning ones. The animals of F2 gen-
eration - the direct F1 offspring - reveal a larger degree
of worsening of learning: the quantity of the animals
having a poor learning sharply increases at the expense
of the decrease of the animals with good, as well as with
average learning. It is possible to speak of the existence
of two sufficiently contrasting subpopulations in terms
of learning - animals with poor and good learning (Fig.
2), the number of animals of poor learning prevails twice
that of with good learning (ratio 2.3:1). In terms of poor
learning the second generation exceeds all other gen-
erations of offspring as well as the initial ancestral group
of the rats.

However, beginning with the animals of F3 - direct
offspring of F2 ones with dominant poor learning - a
clear-cut pronounced process of reconstruction of the
population composition is revealed in terms of learning:
as initial predominance of average-good learning of F3
with the subsequent equalization of good, average and
poor learning in F4 and finally, with a sharp domina-
tion of good learning in F5. The prevalence of average-
good learning in F3 is observed at the expense of a
considerable increase of good learning in parallel with
no less pronounced decrease of poor learning (which,
however, still considerably exceeds that of P__ ) and fairly
noticeable increase of average learning.

Generation F5 suffers the most radical - as com-
pared to both other generations of offspring and of the
initial ancestral group - reconstruction of population
composition in terms of learning. The percent of the
animals with good learning sharply increases, while the
percent of poor learners drops even greater. The percent
of offspring of good learning is the highest in F5, while
of poor learning is the least not only among all the F1-
F5 generations of offspring but also as compared to the
initial ancestral group. It is possible to speak of the
formation of two pronounced contrast subpopulations
in F5 according to learning: animals with good and
poor learning (Fig. 2), where the number of the former
5 times exceeds that of the latter - the ratio being 2:0.4
(Table 1); pronounced domination of good learning is
evident.

Thus, the dynamics of the changes in the composi-
tion of the populations in terms of learning ability in a
continuous line of 5 generations offspring of rat-parents
with information neurosis crossbred according to differ-
ent levels of learning in all possible combinations has

anc
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Fig. 2. Contrasting according to the ability of the conditioned reflex

active avoidance acquisition in the shuttle-box (10 days of
training, 200 presentations), the second and fifth generations.

shown that the first stage of this process (the first two
generations) appears to be the worsening of this ability
with the dominance of poor learning of F2; at the sub-
sequent stage - (F3-F5) the ability of good learning
improves, in F5 good learning becomes dominant. Be-
sides, in F5 a reliable improvement of learning ability is
observed as compared to initial animals ancestral to all
the lines of the generations.

Proceeding from the presence of different stages of
the formation of conditioned reflex - stages of generali-
zation (simple and complicated summation reflexes ac-
cording to Rusinov [23]) and specialization connected
with various genetically determined neurophysiologic
mechanisms [24] the peculiarities of the formation of
CRAA were studied in the offspring of comparatively
different generations according to the following 3 indi-

ces: 1) the number of combinations of conditioned and
unconditioned stimulations necessary for inducing the
first correct response; 2) the sum of correct responses
during the first 5 days of elaboration of conditioned
reflex; 3) the number of animals having attained the
criteria of learning during 10 days of the elaboration of
the reflex (Fig. 3, A-B; Table 2).

The maximal number of combinations (37.95) is
observed in the animals of F2 generation, which corre-
sponds to the end of the second day of learning, while
the minimal number of combinations - in F5 generation
which corresponds to the end of the first, beginning of
the second day of learning. In other words, the rapidity
of the first correct response, i.e. of conditioned reflex
temporary connection in the animals of F5 exceeds ap-
proximately 2 times that of F2 (ratio 1.8:1). The ratio of
the index in all the lines of F1-F5 from F1 to F5 makes
1.5:1.8:1.1:1.3:1.1, correspondingly (Fig. 3 A, Table 2).
The least sum of correct responses (15.6), i.e. the great-
est deficiency of avoidances was revealed in the animals
of F2 in the first five days of training; the larger sum
(39.2) - a maximal number of avoidances - in F5 with
the ratio 1:2.1. In other words, in the first 5 days the
animals of F5 are by half ahead of F2 in the ability of
formation of CRAA. The dynamics of this index as a
whole reveals a decrease of the reflex formation rate of
F2 as compared to F1 as well as the subsequent improve-
ment from F3 to F5 generations (Fig. 3, B; Table 2).

The number of the animals having attained the cri-
terion of learning over 10 days of reflex elaboration
(Fig. 3, C; Table 2) is considerably low in F2 generation
as compared to F1 (ratio is 1.6:1); an improvement of
this index is observed from the third to the fifth genera-
tion not only in comparison with F2, but also with F1
(the ratio 1.65:1:1.82:1.7:2.5 - F1-F5, respectively). At
this stage of the completion of the specialization of con-
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Fig. 3 A-C. Dynamics of formation of temporary connection at different stages of conditioned reflex active avoidance elaboration in the shuttle-box

in different generation offspring.

A — The number of combinations of conditioned and unconditioned stimulations necessary for inducing the first avoidance response. B — Sum of
avoidance reactions during the first five days of training. C — Percent of animals with attainment of the learning criterion over 10 days of

training.
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Table 2.

(to Fig. 3) Indices of formation of the conditioned temporary connection during 10 day active avoidance elaboration in various
generation offspring (the same designations as in Fig. 3 A-C).

eneration Fl ) F3 F4 ES Ratio
Index
A . 33.39 37.95 22.58 27.0 29.95 1.5:1.8:1.1:1.28:1.0
(number of combinations)
B . 20.85 15.6 27.35 24.8 39.2 1.33:1.0:1.7:1.6:2.1
(number of avoidance)
C
( %of animals with learning 41.0 247 45.0 42.0 61.9 1.65:1:1.82:1.7:2.5
criterion)

ditioned reflex connection the difference between F2 and
F5 generations is more intensified (the ratio - 1:2.5) as
compared to that at earlier stages of the elaboration (1:1.8
according to the rate of the first correct response ap-
pearance).

Thus, the difference in the character of the forma-
tion of conditioned reflex temporary connection in vari-
ous generations of the offspring, manifested already at
the very early steps of the stage of conditioned reflex
generalization (Fig. 3, A; Table 2), is maintained (Fig.
3, B; Table 2) and intensified (Fig. 3, C; Table 2) in the
course of the stage of specialization. The data of genetic
researches suggest that the variations related to the geno-
type during the learning are revealed most at its initial
steps [2, 24]. According to the results of the first two (as
well as the first five) days of CRAA elaboration, the
offspring of F1-F2 show considerable deficiency of avoid-
ances - most pronounced in F2 as compared to F3-F5.
This presupposes genetic conditioning of different lev-
els of learning in different generations. F5 offspring have
the best indices of CRAA formation at all its stages.

The rate of elaboration of active avoidance reflects
the ability of the animals to activation of their behavior
in response to escapable painful exposure. The deficiency
of avoidances during CRAA formation revealed by F2
offspring with dominant poor learning points to their
predominantly passive type of reaction to aversive im-
pact; the best indices of avoidance behavior elaboration
rate in F5 offspring with dominant good learning point
to the prevalence of an active strategy of adaptation in
them. Thus, in the line of F5 generation offspring a
replacement of the strategy of their adaptive behavior to
avoidance of aversive impact was observed: passive
avoidance in F1 to active - in F5.

The genotypic changeability of the ability of form-
ing conditioned reflexes is mainly due to the action of a
great number of genes [1]. The dependence of the suc-
cess of the formation of temporal conditioned reflex
connection on such factors as the excitation level and
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summation ability of the nervous centers, the degree of
general activation of the brain, functional state of the
CNS, which in its turn are determined by tonic mecha-
nism and related levels of motivational-emotional state
are well documented in fundamental neurophysiologi-
cal studies.

Emotional behavior. The results of study of the
peculiarities of 5 generations of rats’ offspring behavior
with information pathology of the HNA in the OF (and
additionally by Vogel test) in their initial status, as well
as after test average stress impact (10-day procedure of
learning of CRAA, 200 presentations) which are de-
scribed in detail and illustrated earlier by us [20, 21] are
summarized in table 3. The following are the main pecu-
liarities revealed:

1. Essential distinctions of the first generation off-
spring according to the indices of their emotional-be-
havioral activity from all the other consecutive genera-
tions: they have the least indices of motor activity and
excretory functions as compared to F2-F5, while the
changes in their post-stress state are incomparably
smaller than those of F2-F5. Their emotional reactivity
(in terms of defecation) is manifested with significant
increase of percent of animals’ defecating in the OF
after the stress, though the index of highly intensive
defecation (5 and more boluses) is the least as compared
to F2-F4. The post-stress change of locomotion consists
in the weak tendency to an increase - by 4% from the
initial, while the difference between the initial activity
and that suffering decrease of post-stress activity totals
51.4% in F2, 59.7% - in F3, 83.9% - in F4 and 48.9%
- in F5. The first generation of offspring was found to be
the most stable, stress- resistant as compared to the con-
secutive generations.

2. The similarity of the offspring of all the subse-
quent F2-F5 according to both the type of their behavior
in the OF in initial status and its change after average
stress. A reliably increased level of emotional tension,
anxiety coupled with a high defecation level and high
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Table 3.

Indices of emotional-behavioral activity in open field in
different generation offspring. A — Initial naive status before
beginning experiments. B — After test moderate stress
(elaboration of the first conditioned active avoidance, 10
days, 200 presentations). I. Index of overall exploratory
activity. II. Percent of the offspring of each generation
having defecation. III. Percent of the offspring of each
generation having 1-4 boluses in defecation. IV. Percent of
the offspring of each generation having 5 and more boluses
in defecation.

Generation
F1 F2 F3 F4 F5
Activity

A | 210 32.0 31.0 435 | 320

B | 22,0 15.5 12.5 7.0 17.0

A 143 37.0 72.0 43.0 | 50.0
II

B | 320 52.0 55.0 76.0 | 51.0

A 0 30.76 | 28.57 | 28.6 | 55.0
111

B | 40.0 | 46.15 16.7 17.2 | 49.0

A 6.6 7.7 425 28.9 0
v

B 0 30.76 50.0 48.5 1.0

motor activity, as compared to F1 is characteristic of
their initial behavior. After the moderate stress a further
increase of emotional tension, an expressed fear reac-
tion coupled with a high defecation level (exceeding
that of the initial) and pronounced suppression of loco-
motion are observed. The drastically increased initial
motor activity of F2-F5 offspring as compared to stable
F1, as well as more pronounced degree of its changes
(i.e. reactivity) in the post-stress state and as a result -
incommensurably larger than in F1 - scales of the motor
component of behavioral response to stress impact of
the same strength appear per se to be doubtless indices
of the high level of excitability of the animals, of its low
threshold and accordingly of the decrease of behavioral
reaction threshold and of high stress-reactivity.

3. The phenomenon of progressive growth expres-
sion of the above-said peculiarities of the behavior from
F2 to the subsequenr generations both in terms of the
indices of initial and post-stress state with the maxi-
mum of their values in F4. Thus, the initial motor activ-
ity of F2-F3 exceeds that in F1 by 52% and 47%, re-
spectively; the activity of F4 - the peak of growth - ex-
ceeds that in F3 by 39% and the activity of F1 by 107%.
The activity of F5, although lower than that in F4, ex-
ceeds the index of F1 by 52%. After a moderate stress
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the motor activity of F2 in the OF drops lower than that
in FI by 29.5%, the activity of F3 is lower than the
corresponding index of F2 by 13.6%, the activity in F4
is lower than that in F3 by 25% and lower in F1 by
68.1% - the peak of decrease. In the offspring of F5 an
appreciable decrease of emotional tension level is ob-
served in terms of all the indices as compared to F4 and
F3, but at the same time it reliably exceeds that of F1 in
their majority and is compared to F2 to a certain extent.
According to the results obtained in the F2-F5
offspring of stressed rats the increased motor activity
along with increased defecation appears to be an index
of increased emotionality in the initial status (reverse
positive correlation of two parameters of OF). Accord-
ing to the data of more detailed researches with the
control of the process of individual development [25-
28] positive correlation of the defecation and locomo-
tion indices in the OF in rats reflect their increased
emotionality (combination of anxiety, fear and attempts
to escape or an increase of exploratory behavior) and is
noted in definite experimental conditions, primarily in
animals preliminarily subjected to stress (including the
perinatal period) [25-27] or in the offspring of female
rats with experimental blockade of the hypophyseal-
adrenal system [28]. Signs of post-stress state, described
in the above mentioned studies, are found in the off-
spring of F2-F5 rats with information pathology of the
HNA in their pre-stress, initial status before any special
experimental exposures. At the same time, it is impor-
tant that the degree of the expression of these signs
increases from generation to generation. The difference
between the generation offspring in our experiments
consists in the difference of the number of previous
generations of ancestors, crossbred in the state of infor-
mation neurosis. This fact, as well as the identity of the
conditions of early postnatal ontogenesis (including the
“maternal medium” in the period of nursing), excepting
any provocative neurotization of the influence on the
offspring before the beginning of the experiments, at
the same time the presence of significant difference in
the level of emotionality both between F1, F2-F5 and,
which is no less important, between F2-F5 themselves
presuppose congenital conditioning of increased emo-
tionality, anxiety of F2-F5, related to biologically nega-
tive information stress of the parents. The same conclu-
sion was drawn on the basis of the experiments with
drinking behavior of the offspring in “proconflict” situ-
ation of Vogel, revealing immanent anxiety of the off-
spring of F2-F5 in initial status and its increase after
test stress exposure [21].
Initially increased anxiety, excitability with the de-
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crease of reaction threshold to the impact of the envi-
ronment determine the observed “discrepancy” of the
value of response changes in emotional-motor activity
to the real strength of the “stressor”” which evokes them.
This is indicated by the relatively hardly-changing be-
havior of stress stable F1 against the background of its
incomparably considerable changes in F2-F5 and the
difference between the latter in conditions of “novelty”
in the OF at testing in naive status, as well as pro-
nounced quantitative difference in post-stress changes
of behaviour between F1-F5 at the same strength of test
stressor (10 days of elaboration of CRAA) during re-
peated testing in the OF, as well as pronounced avoid-
ance reaction of F2-F5 of near-subthreshold strength of
current - indifferent for intact animals in the proconflict
test by Vogel [21]. Essentially adaptive responses of F2-
F5 in all cases have the character of redundance and
excessiveness. Such hypercompensatory reaction - ac-
cording to the principle of A.A. Ukhtomski - is biologi-
cally expedient in the situation of pragmatic uncertainty
[29]. However, it is ensured by surplus expenditure of
energy resources of the organism, and on the whole by
excess mobilization of adaptive mechanisms [10, 11].
The prolonged character of hyperadaptive reaction
(strong and long acting stressors) may lead to stable
disturbances of adaptive homeostasis and its diseases,
to a decrease of the adaptive potential of the organism,
to a lowering of viability and depression of the repro-
duction function. Hyperadaptosis as a disease of adapta-
tion, is characteristic not only of ageing but, as empha-
sized by V.M. Dilman [10, 11] also of stress as well. As
was noted above (materials and methods), the signifi-
cant decrease of viability and depression of the repro-
ductive sphere were observed precisely in the animals
investigated by us, beginning with the third generation.
The decrease of survival and depression of the repro-
ductive function, induced by stress, are described for
animals [30]. Disturbances of the reproduction function
as a result of psychogenic stress have also been identi-
fied in human beings (both in men and women of child-
bearing age) [31].

Thus, as the results of this part of the investigation
show pronounced information pathology of the HNA in
rats, induced by chronic uncontrolled psychogenic stress,
leads to stable changes in the emotional sphere of their
offspring - to an increase of emotional tension, anxiety
with increased vegetative function and motor activity,
and high stress-reactivity. In the complex of the revealed
peculiarities of the HNA of the offspring of the rats with
information neurosis special importance attaches to their
high general excitability and its low threshold as indi-
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ces of high excitability of their nervous system, the ob-
served peculiarities of their emotional-motor behavior
being their phenotypic expression [21]. On the whole,
the data obtained show that under the influence of an
unfavourable form of psychogenic information stress of
the parents, a high anxiety, easily excitable type of be-
havior with heightened vulnerability to environmental
impacts is formed in their offspring. According to the
present results two generations of ancestors with distur-
bances of adaptive behavior in the form of information
neurosis induced by stress are quite enough for the for-
mation of such a type of behavior.

The ratio of learning and emotionality behavior.
A comparison of learning dynamics indices in the ani-
mals of F1-F5 (Fig. 1-3, Tables 1, 2) and emotional-
motor behavior (Table 3) reveals complex ambiguous
interrelations between them. The comparison of the
learning of the offspring and indices of their initial be-
havior in the OF shows that definite degrees of increase
of emotional tension, anxiety, excitability level (in terms
of the indices of the excretory function and motor activ-
ity) positively correlate with the growth of the number
of well-learning animals’. However, this is observed not
in all generations, i.e. such a correlation is not rectilin-
ear. Thus, the offspring of F2 with emotional tension
increased, as compared to F1 (the percent of the ani-
mals with defecation in the OF is higher by 2.5, motor
activity - by 1.5 than those in F1) have the poorest learn-
ing among all generations. However, in the offspring of
F3-F4 against the background of further increased level
of emotionality, anxiety (the percent of the animals with
defecation is higher by 5 and 3 and with its high inten-
sity - by 6 and 4, motor activity - by 1.5 and 2, respec-
tively, than those of F2) a clear increase of the percent
of well-learning animals is observed. In the offspring of
F5, the level of anxiety and excitability of which is though
lower as compared to F3 and F4, at the same time it
remains high enough - according to the majority of the
indices it exceeds F1 and to a certain extent is compa-
rable with the most poorly learning F2, a drastic growth
of the number of well-learning animals is found in evi-
dence. Special note should be made that, as distinct from
all the previous generations, F5 shows a decrease of the
index of the highest degree of the tension in vegetative
function, i.e. the index of highly intensive defecation -
5 and more boluses, however, according to the percent
of the animals with defecation and to the percent hav-
ing in it 1-4 boluses it reliably exceeds F1 and F2. Fur-
ther analysis shows that it is the dynamics of the highest
degree of vegetative tension (in terms of the difference
of indices of highly intensive defecation in pre- and
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post-stress status) that reveals very close positive corre-
lation with poor learning of CRAA in all the genera-
tions - their curves practically repeat each other (Fig.
4). At the same time the coordinated changes in this
index and good learning (negative correlation) are ob-
served not in all the generations. Thus, as compared to
F3, F4 independently from reliable growth of the index
of high vegetative tension also increases good learning
(Fig. 4). However, at the same time it is evident that the
most pronounced growth of good learning of F5 coin-
cides with a sharp decrease of especially high degree of
vegetative (excretory) tension. These data show that good
learning is combined with increased anxiety; however,
only definite degrees of emotional tension are favourable
for learning, as its very high level, expressed fear (high
vegetative tension) impede the manifestation of the ability
to accomplish active avoidance.

The direct dependence between the levels of anxi-
ety and capacity for learning is shown in many works
[32-34], though the latest are performed with different
experimental models. Our results completely agree with
the data of V. Dennenberg’s thorough investigations with
detailed analysis of dependence between the value of
various stress influences in early age in rats and the
forming emotionality of an adult animal, as well as of
its capacity to solve the tasks of varying difficulty, con-
nected with the learning of avoidance of painful stimu-
lation [25]. The author concludes that the high emo-
tional reaction impedes the solution of moderate and
difficult tasks. A similar study of P. Goldman [35] also
leads to the conclusion that a very high level of emo-
tionality impedes the performance of tasks connected
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Fig. 4. Emotional stress-reactivity according to distinction of indices of
high-intensity defecation (5 and > boluses) in open field in post-
and pre-stress status (line 1, scale 1) and indices of good (line 2,
scale II) and poor (line 3, scale II) learning of active avoidance in
the shuttle-box (10 days of training, 200 presentations) in
different generation offspring.
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with negative motivation.

On the whole, the results of our investigation point
to the fact that the manifestation of the individual ca-
pacity to form active avoidance is affected by both ge-
netically determined motor activity and genetically
determined level of emotionality towards defecation. The
important question - the genetic variability of which of
the behavioral features can affect the learning of ani-
mals has been investigated for a long time and remains
topical to the present day. A genetic analysis of interre-
lations between the CRAA elaboration rate and the de-
gree of emotionality in terms of defecation and motor
activity was carried out by P. Broadhurst and G. Bignami,
using the method of double selective experiment [36-
38]. The results showed that there is a positive correla-
tion only between the learning rate and motor activity,
while between the learning rate and emotionality such a
correlation is absent according to defecation index. Based
on this, it was assumed that the rate of elaboration of
defensive conditioned reflexes is under the control of
other genes, as compared to those which determine the
manifestation of emotionality in rats. The “special sta-
tus” of the motor component of conditioned reaction
was stressed by P.K. Anokhin: “the entire differentia-
tion of an animal’s behavior takes place due to motor
analyzer” [1968]. The level of motor activity was cho-
sen by L.V. Krushinski as simple but adequate and fairly
trustworthy index of the state of general excitability of
animals for the estimation of the excitability of the ner-
vous system — one of the fundamental and universal
features determining the level of functional state of any
of its divisions and physiological mechanism related with
them. The level of excitability which correlates with the
level of motor activity in his physiological-genetic stud-
ies of dogs’ behavior ultimately determines the manifes-
tation and expression of the gene’s activity determining
separate behavioral acts. Comparative genetic analysis
of excitability and motor activity ratio in rodents [1, 39]
has shown that the connection of excitability with ori-
ented-exploratory activity appears to be most invariant.
At the same time the influence of excitability level on
other forms of behavior may be species- and linear spe-
cific.

To date the existence of a genetic connection be-
tween the level of nervous system excitability and the
ability to learn is proved by different methods of genetic
analysis in animals of various phylogenetic levels [1,
40-46]. Thus, a high negative correlation between the
threshold of excitability and rapidity of CRAA forma-
tion has been revealed in inbred mice [40]. Hybridologic
analysis has proved a genetic connection between these
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features [41]. Genetic dependence on the signs of excit-
ability and learning is revealed by methods of direct and
reverse selections [42-44]. The selection of the lines of
rats according to high and low rate of CRAA formation
(KHA, KLA koltush lines of Fedorov-Lopatina) led to a
distinction between these lines and the threshold of
excitability of nervous system [42]. The choice of rats
by the threshold of neuromuscular excitability (H and L
lines, the selection of the laboratory of Professor N.G.
Lopatina) also led to divergence of the lines, and in
terms of ability - to CRAA formation [43, 44]. The gene
controlling the thresholds of neuromuscular excitability
in mice in its localization on chromosome map [45]
appeared to be identical to the locus responsible for dis-
tinction in the rate of CRAA formation in the same
mice lines [46]. Based on the results of their own long-
term systematic investigations of genetic fundamentals
of the HNA as well as on the totality of literary data,
N.G. Lopatina and V.V. Ponomarenko underline that the
genes responsible for the thresholds of neuromuscular
excitability possess plural action and also take part in
hereditary determination of the thresholds of excitabil-
ity of peripheral and central divisions of the nervous
system, a large complex of the characterization of exci-
tation process, as well as the ability of conditioned re-
flex formation [1]. Furthermore, the authors come to
the conclusion about the existence of hereditary deter-
mination of the level of functional activity of the ner-
vous system or the general tonus of the CNS, underlin-
ing that the latter evidently appears to be the main physi-
ological channel of gene influence on the behavior and
general for animals of different phylogenetic level [1].

According to the results of our investigation, high
excitability appears to be one of the important peculiari-
ties of the HNA of the offspring of rat-parents with in-
formation neurosis and it positively correlates with the
ability of forming CRAA, but, as was shown above, this
correlation is not rectilinear. This is not a contradiction,
since the state of high excitability is not identical to its
optimal level, nor to the general optimal functional state
of the brain. The dynamic balance of the processes of
excitation and inhibition ultimately determining the
efficiency of the brain as a whole, underlies the normal
course of all the processes of the nervous system. The
overexcited brain is a major source of behavioral and
vegetative pathologies [47]. As M.M. Khananashvili
notes [48], in the norm the brain itself regulates its
general state in accordance with new conditions and by
decreasing the level of excitability of nervous centers
provides such a ratio of nervous processes which retains
the optimal possibilities of the brain to solve its tasks.
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The mechanisms of the regulation and self-regulation of
the general functional state of the brain are manifested
in this [48]. In the light of the foregoing, it may be as-
sumed that some decrease of the excitability level in the
offspring of F5 as compared to F4-F3 (decrease of motor
reactivity, decrease of especially high degree of vegeta-
tive tension) appear to be the expression of self-regulat-
ing processes of the brain forming optimal conditions
for manifestation of their ability to learn active avoid-
ance experience, i.e. to the improvement of their adapta-
tion to specific stressor. At the same time it should be
especially noted that according to the results of our
investigation the improvement of the adaptation of ani-
mals to specific stressor aversive influence, observed in
the line of the generation, in a certain sense has a re-
stricted narrow- directional character and does not co-
incide with their general adaptability, if under the latter
we understand the ability to survive and leave a viable
posterity capable of reproduction. As noted above, be-
ginning with F3 pronounced depression of the repro-
ductive function and survival of the offspring of stressed
rats have been revealed as one of the negative conse-
quences of an unfavourable form of parent stress.

A number of results of this study concerning the
general problem of biological expediency and compen-
satory significance of some manifestations in animal
behavior in the formation process of HNA disturbances,
and which are traditionally interpreted as harmful, as
well as the question about the possibility of early iden-
tification of neurotization of the animal that is taking
shape (particularly, the syndrome of deviation in the
functioning of different systems [17, 18], e.g. of motor
and vegetative systems) will be considered by us in a
separate publication.

Conclusions

1. In the line of 5 consecutive generations of off-
spring in rats with information neurosis in the first two
generations, the worsening of the ability to elaborate an
active avoidance conditioned reflex was observed - most
pronounced in F2 with dominant poor learning. In the
subsequent generations this ability improves - in F5 good
learning becomes dominant.

2. The difference in learning between various gen-
erations is revealed at the very earlier steps of formation
of conditioned reflex connection, which presupposes its
genetic conditioning.

3. Under the influence of an unfavourable form of
psychogenic (information) stress of rat-parents a highly
anxious, easily excitable behavior type with increased
vulnerability to the impacts of the stressor is formed.
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Two generations of ancestries having disturbances of
adaptive behavior induced by stress are enough for its
formation.

4. Good learning positively correlates with definite
levels of anxiety, increased level of emotional tension;
however, very high degrees of the latter - pronounced
fear with high level of vegetative (excretory) tension -
impede the ability to accomplish an active avoidance
reflex.

5. The improvement of adaptation to specific aver-
sive influence in the form of improvement of learning to
active avoidance in the line of the generations does not
coincide with general adaptability of the offspring. The
pronounced decrease of the viability of animals and de-
pression of their reproductive function, revealed from the
third and increased to subsequent generations, appear to
be one of the negative consequences of the unfavourable
form of psychogenic information stress of their parents.
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