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Abstract

The aim of this study was to test the hypothesis that, during adulthood,
the offspring of adolescent rats differ in emotionality, learning and
memory from the offspring of adult rats. The behavior of the offspring
of adolescent (age, 50-55 days) and adult rats (age, 90-95 days) was
tested in the open field, activity cage, and passive and active avoidance
apparatus. The latencies during training and testing in the passive
avoidance apparatus of the offspring of adolescent parents were
shorter than the latencies of control offspring (P<0.001 on both
training and testing days). Offspring of adolescent parents showed
shorter latency time in acquisition trials during active avoidance
testing compared to control offspring (P<0.001). They also showed a
higher number of active avoidance responses in the last four blocks of
acquisition (P<0.001) and first two blocks of extinction trials (P<0.05
and P<0.001, respectively). The offspring of adolescent parents showed
higher latency on the first day of testing in the open field (P<0.01) and
alower latency on the third day of testing (P<0.01). They also showed
higher activity during all three days of testing (1st and 2nd day:
P<0.01; 3rd day: P<0.05). The spontaneous activity of the offspring of
adolescent parents in the activity cage was higher in the last three
intervals oftesting (P<0.001). In summary, the offspring of adolescent
parents were less anxious and tended to be more active. The results of
two learning and memory tests were opposite, but could be explained
by a higher exploratory drive of the offspring of adolescent parents.
This was probably due to chronic malnutrition stress and the disturbed
mother-infant relationship in the litters of adolescent mothers.
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Introduction

The term adolescent pregnancy has been
applied to pregnancy at an age and/or devel-
opmental stage that is considered premature
or inappropriate, especially with respect to
its outcome. Young maternal age is believed
to be related to, and may be a causative factor
of, the higher risk of adverse neonatal out-
come (1). Increasing maternal age in humans

(up to the age of 35 years) reduces the risk of
alow-birth weight infant. Postnatal mortality
rates are approximately twice as high for
infants of adolescents under 17 years of age
as those for infants of older women (1).
One study suggests that school-age chil-
dren of adolescents exhibit more behavioral
problems and score lower on intellectual
tests than school-age children of adults (2).
However, it is unclear why these children
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have more developmental problems. Whether
the antecedents of these children’s behavior-
al and cognitive problems lie in the mother-
child interaction, socioeconomic disadvan-
tage, or in other factors is still unclear (2).

Investigations of the long-lasting effect
of adolescent pregnancy on the children re-
quire a highly complex multidisciplinary
approach. Although there is a large taxo-
nomic difference, laboratory rats can pro-
vide a convenient model to study adolescent
pregnancies and their consequences. Ad-
equately planned and continuously inter-
preted experiments using laboratory rats
might help to answer some of the questions
concerning the adolescent mothers and their
offspring in spite of the taxonomic distance
between man and rat (3-7).

To our knowledge, at this time only two
main research groups are studying the prob-
lem using rats, but neither has extended the
research beyond two postnatal weeks of the
offspring’s life (3-7). The beginning of pu-
berty in female rats has been considered to
be the day of vaginal opening which is im-
mediately followed by the first ovulation
and by sexual receptivity around the 33rd
day, when an abrupt increase of testicular
weight also occurs in males. Between 41 and
54 days, an irregular estrus cycle appears,
while in males additional secondary sex char-
acteristics mature. Normal estrus cycle and
adult body weight are established after 54
days of age (8,9). Ninety-day-old animals
are considered to be adults and completely
full-grown (8).

The aim of the present study was to in-
vestigate the association between parental
adolescence and its consequences on the
emotionality, learning and memory ability of
their offspring during adulthood.

Material and Methods

Animals. Fischer rats were raised under
controlled housing conditions (temperature,
22 + 1°C; light schedule, 14-h light/10-h

T. Zemunik et al.

dark). Laboratory food and tap water were
available ad libitum. The rats were bred and
maintained according to the Guide for Care
and Use of Laboratory Animals (NIH, 1996).
The Ethics Committee of Split University
School of Medicine approved the protocol at
the time of grant approval.

Statistical analysis

Results were analyzed by the SPSS sta-
tistical program. The nonparametric Mann-
Whitney test was used to calculate the signif-
icance of differences. Group x sex interac-
tion was evaluated by Kruskal-Wallis analy-
sis of variance and by the post hoc Mann-
Whitney test. For repeated measurements,
Freedman analysis of variance was used with
the Wilcoxon test for post hoc analysis. The
results are reported as medians. The accept-
able level of significance was set at 0.05.

Experiment 1
Methods

The offspring of adolescent (50-55 days
old) rats were compared to the offspring of
control (90-95 days old) rats. Four virgin
females were housed overnight with one
male of the same age per cage. Vaginal
smears were examined in the morning over
the five subsequent days, and the females
with sperm-positive smears were separated
for the study. Twelve pregnant females and
their respective litters were used in Experi-
ment 1. At weaning (on the 28th day) two
males and two females per litter of each
group were randomly selected for behavior-
al testing (12 males and 12 females per group
for each test). Thereafter the animals were
numbered by ear-clipping, caged four per
cage according to group and sex, and left
undisturbed except for cage cleaning twice a
week and behavioral testing. The 81- to 82-
day-old offspring were tested for passive
avoidance, and 83- to 84-day-old offspring
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were tested for active avoidance. Animals
were used for only one test. At the beginning
of behavioral testing, mean body weight
(mean = SEM) was: adolescent males = 176
+4 g, control =204 + 3 g; adolescent females
=138+3 g, control = 140 + 2 g, respectively.

Behavioral testing

Passive avoidance apparatus. A two-
compartment box divided by a guillotine
door was used (Ruder Boskovi¢ Institute,
Zagreb, Croatia). The smaller, start compart-
ment (18 x 10 x 20 cm) was illuminated by a
light at the top of the rear wall. The larger
compartment (30 x 20 x 20 cm) was dark and
had an electrifiable grid floor connected to a
timer. On the first day of testing (training
trials) each animal was placed in the small
compartment facing the door, which was
then raised and the time the animal took to
enter the large compartment was recorded.
When the animal had all four paws in the
large compartment, it received a 0.4-mA/2 s
shock and was then removed from the appa-
ratus. The procedure was repeated on the
next day (testing trials - retention) but with-
out a shock being given. The latency to enter
the large compartment was recorded for each
trial. If an animal did not leave the start
compartment within 300 s, the trial was ter-
minated and scored as 300 s (10).

Two-way active avoidance apparatus -
shuttle box. A plexiglas box (50 x 27 x 25
cm) divided into two equal compartments
separated by a 7 x 8 cm opening was used
(No. 7501, Ugo Basile, Varese, Italy). The
conditioned (light and buzzer, 90 dB) and
unconditioned (0.7-mA shock delivered
through the elevated grid floor) stimuli were
controlled by an automatic programmer. On
the first day of testing (acquisition trials)
each animal was allowed 2 min to adapt and
then was subjected to 50 avoidance-condi-
tioning trials. During each trial, the condi-
tioned stimulus preceded the shock by 3 s. If
the animal crossed to the opposite compart-

ment within this period, no shock was re-
ceived. The intertrial interval was 24 s. On
the second day, the animals were submitted
to an additional 50 trials but without shock
(extinction trials). Each testing session con-
sisted of 50 consecutive trials divided into
five blocks of 10 trials each (runs 1-10, 11-
20, 21-30, 31-40, and 41-50). The total Ila-
tency time and the number of avoidance
responses for each of these blocks were de-
termined on each occasion. The number of
fecal boluses deposited during testing was
also recorded (10).

Results

Passive avoidance. Latencies to enter the
shock compartment on the first and second
days were shorter for offspring from adoles-
cent parents than for offspring from adult
rats (group: training - z = 4.39, P<0.001;
testing - z=5.02, P<0.001). Control animals
on the testing day avoided entering the shock
compartment and their latency score was
300 s. Shorter latencies were observed in
males on the second day of testing compared
to females (sex: testing - z = 2.24, P<(0.05,
males =79 s vs females =300 s). In addition,
both sexes in the offspring of adolescent rats
had shorter latencies compared to control
rats during training and on the testing days
(group x sex: training - x2 = 20.9, P<0.001;
testing - x> = 33.9, P<0.001; Table 1). As
shown in Table 1, female offspring of ado-
lescent rats had longer latencies on the sec-
ond day than males in the same group
(P<0.001).

Repeated measurement using days as the
repeated measurement variable showed dif-
ferences in both groups (adolescent: z= 3.4,
P<0.001; control: z = 4.3, P<0.001) and in
both sexes (males: z = 3.4, P<0.001;
females: z = 4.3, P<0.001).

Two-way active avoidance (shuttle box).
Offspring of adolescent parents showed
shorter latencies in acquisition trials than
offspring of adult control rats (adolescent =
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123 s vs control =261.5 s, z=5.4, P<0.001).
Kruskal-Wallis analysis of variance showed
group X sex interaction in latencies during
acquisition trials (y? = 32.6, P<0.001). Both
sexes of offspring of control parents showed
longer latencies than male and female off-
spring of adolescent parents (P<0.001 on
both occasions). Within the adolescent group,
males also showed longer latency than fe-
males (P<0.05).

Offspring of adolescent parents exhib-
ited a larger number of active avoidance
responses in the last four blocks of the acqui-
sition trials (block: 11-20,z=3.2;21-30,z=

Table 1. Median passive avoidance latencies (s) of the offspring of adolescent and
adult control rats at 81 days (training) and 82 days (testing) of life (N = 12).

Age (days) Sex Latency (s) P
Offspring of Offspring of
adolescent rats adult control rats
81 Male 7.0 28.5 <0.01
(training) Female 5.5 16.5 <0.001
82 Male 6.0* 300.0 <0.001
(testing) Female 196.5 300.0 <0.01

P = comparison of offspring from adolescent and adult control rats (Mann-Whitney
test). *P<0.001, males vs females (Mann-Whitney test).

Figure 1. Median avoidance
scores (No.) in the shuttle box
during five blocks (10 runs each)
of acquisition and extinction tri-
als for the offspring of adoles-
cent (filled columns) and adult
control (open columns) 83- and
84-day-old rats (N = 24). The
Mann-Whitney test was used to
compare offspring from adoles-
cent and adult control animals. 11-20  21-30 ~ 31-40 ~ 41-50
P<0.01, blocks of acquisition tri- Block of acquisition trials

als: 11-20, 21-30, 31-40, 41-50;
P<0.05, blocks of extinction tri-
als: 1-10, 11-20.
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4.3;31-40, z=4.4; 41-50, z= 5.1, P<0.001
for all comparisons; Figure 1) and during the
first two blocks of extinction trials (block: 1-
10, z= 2.2, P<0.05; 11-20, z= 2.9, P<0.01;
Figure 1). Group x sex interaction was sig-
nificant in the last four block of acquisition
trials (block: 11-20, 2 =11.9, P<0.01; 21-
30, x*> = 20.4, P<0.001; 31-40, %> = 20.1,
P<0.001; 41-50, y>=27.4, P<0.001) as well
as in the first two blocks and in the last block
of extinction trials (block: 1-10, x> = 8.3,
P<0.05; 11-20, ¥> = 10.2, P<0.05; 41-50,
y? = 9.4, P<0.05). Different sex combina-
tions between and within groups contributed
to the interaction in acquisition trials (Table
2). Only differences between females of the
two groups contributed to interaction of ex-
tinction trials (P<0.05 in all comparisons),
with females from adolescent parents show-
ing better avoidance scores than females
from control parents (block: 1-10 adolescent
females = 8 vs control females = 2; 11-20
adolescent females = 7.5 vs control females
=3; 41-50 adolescent females = 7.5 vs con-
trol females = 3.5).

Repeated measurement using the block of
trials as the repeated measurement variable
showed significant differences in both groups
during the acquisition trials (offspring of
adolescent parents: % = 64.9, P<0.001; off-
spring of control parents: y>=21.3, P<0.001).

There was also a difference in the num-
ber of defecations, with offspring of adoles-
cent parents defecating more on both testing
days (acquisition: adolescent = 5 vs control =
1,z=3.7, P<0.001; extinction: adolescent =
2.5 vs control =0, z= 2.4, P<0.05). Group x
sex interaction was also shown in the num-
ber of defecations on both testing days (ac-
quisition: y2=13.9, P<0.01; extinction: 3> =
10.6, P<0.05). During acquisition trials, male
and female offspring from adolescent par-
ents showed a higher number of defecations
than their counterparts from control parents
(males: P<0.05, females: P<0.01). During
extinction trials, female offspring from ado-
lescent parents showed a higher number of
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defecations than their counterparts from con-
trol parents (P<0.001). Male offspring from
control parents defecated more than females
of the same group (P<0.05).

The results of Experiment 1 showed
shorter latency time in the passive avoidance
apparatus of the offspring of adolescent par-
ents during training and testing days. They
also showed shorter latencies in acquisition
trials during active avoidance testing and a
higher number of active avoidance responses
in the last four blocks of acquisition and first
two blocks of extinction trials.

Experiment 2
Methods

The procedure used to obtain offspring
from adolescent and control parents and the
number of animals used for testing were the
same as described in Experiment 1. The 75- to
77-day-old offspring were subjected to the
open-field test and the 78-day-old offspring to
the activity cage. At the beginning of behav-
ioral testing, mean body weight was: males
from adolescent parents = 171 + 3 g, control =
202 + 3 g; females from adolescent parents =
141 + 2 g, control = 145 + 2 g. Different
animals were used for each test.

Behavioral testing

Open field. A white circular field 83 cm in
diameter divided into 18 segments by black
lines was used. A 100-W lamp 1.2 m above the
center of the field provided the only light in the
testing room. A speaker delivering white noise
was turned on during testing to block the effect
of eventual external noises. Each animal was
placed in the central segment of the field and
latency (time the animal remains in the central
segment of the field) and activity (number of
segments crossed during 3 min of observation)
were recorded. The number of fecal boluses
deposited during each 3-min session was also
recorded. Each animal was tested on 3 con-

secutive days at approximately the same time
each day, from the 75th to the 77th day of life
(10).

The activity cage consists of a plexiglas
box 38 x 20 x 24 cm with a grid floor. A very
weak electrical current passing through the
grids provides a count of ambulatory activity
in the cage. Animals were tested on one
occasion for 30 min at 78 days of life (10).

Results

Open field. On the first day of testing in
the open field, offspring from adolescent
parents showed a longer latency to start ex-
ploratory activity than offspring from adult
parents (z = 2.6, P<0.01; Figure 2). On the
second day of testing their latency was shorter
but the difference from control was not sta-
tistically significant, while on the third day
of'testing latency was significantly less among
offspring of adolescent parents compared to
control (z=3.5,P<0.001; Figure 2). Females
of both groups showed a shorter latency
corresponding to that observed for males on
the second day of testing (females = 3 s vs
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Table 2. Median avoidance scores in the shuttle box during five blocks (10 runs each)
of acquisition trials of the offspring of adolescent and adult control rats at 83 days of

life (N =12).
Block of trials Sex Avoidance scores (No.) P
Offspring of Offspring of
adolescent rats adult control rats
1-10 Male 0 1.0 NS
Female 1.0 1.0 NS
11-20 Male 2.5 1.0 NS
Female 4.0 1.0 <0.01
21-30 Male 5.0 1.0 <0.01
Female 7.5 2.0 <0.001
31-40 Male 5.5 2.0 <0.01
Female 8.5 2.5 <0.01
41-50 Male 6.5% 3.0 <0.001
Female 10.0 2.5 <0.001

P = comparison of offspring from adolescent and adult control rats (Mann-Whitney
test). *P<0.05, males vs females within a group (Mann-Whitney test). NS, nonsignifi-

cant.
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males = 12.5 s, z= 3.6, P<0.001). Kruskal-
Wallis analysis of variance showed group x
sex interaction on all three days of latency
analysis (75-day-old offspring: x> = 8.7,
P<0.05; 76-day-old offspring: y> = 14.7,
P<0.01; 77-day-old offspring: 3> = 15.6,
P<0.001; Table 3).

Freedman analysis of variance with days
as the repeated measurement variable showed

Table 3. Median open-field latency (s) for the offspring of adolescent and adult control
rats at the age of 75-77 days (N = 12).

Age (days) Sex Latency (s) P
Offspring of Offspring of
adolescent rats adult control rats
75 Male 1.1 6.5 NS
Female 8.0 4.0 <0.05
76 Male 14.5% 9.0* NS
Female 2.0 6.5 NS
77 Male 1.0 (8] 55 <0.01
Female 1.0 3.0 <0.05

P = comparison of offspring from adolescent and adult control rats (Mann-Whitney
test). *P<0.01, males vs females (Mann-Whitney test). NS, nonsignificant.

Figure 2. Median open-field la-
tency (s) of the offspring of ado-
lescent (filled columns) and adult
control (open columns) rats at
the age of 75-77 days (N = 24).
The Mann-Whitney test was
used to compare offspring from
adolescent and adult control ani-
mals. P<0.01, 75-day-old off-
spring; P<0.001, 77-day-old off-
spring.

Figure 3. Median open-field ac-
tivity (No. of floor segments
crossed per day) of the offspring
of adolescent (filled columns)
and adult control (open columns)
rats at the age of 75-77 days (N
= 24). The Mann-Whitney test
was used to compare offspring
from adolescent and adult con-
trol animals. P<0.01, 75-day-old
offspring; P<0.001, 76-day-old
offspring; P<0.05, 77-day-old
offspring.

Braz ) Med Biol Res 36(4) 2003

Latency (s)

76 77
Age (days)
30
3251
2201
§ 15-
=
210
=
<
0 T T
75 76 77
Age (days)

T. Zemunik et al.

differences in latency in both groups of ani-
mals (adolescent: y? = 21.4, P<0.001; con-
trol: 2= 6.1, P<0.05). Sex differences were
also observed in both groups (adolescent:
¥2=6.5,P<0.05; control: x> =6.85, P<0.05),
as well as group x sex interaction (adolescent
male offspring: %2 = 13.0, P<0.001; adoles-
cent female offspring: x> = 11.5, P<0.01).

Offspring of adolescent parents showed
higher activity than offspring of adult con-
trol rats on all three days of testing (75-day-
old offspring: z = 2.7, P<0.01; 76-day-old
offspring: z = 3.3, P<0.001; 77-day-old off-
spring: z = 2.2, P<0.05, Figure 3). Males of
both groups showed lower activity scores
than females on all three days of testing (75-
day-old offspring: males = 3 vs females =
5.5,z = 2.7, P<0.01; 76-day-old offspring:
males =3 vs females=26.5,z=3.7,P<0.001;
77-day-old offspring: males = 4 vs females =
23,7z=2.9,P<0.01). Group x sex interaction
was also observed on all three days of testing
(75-day-old offspring: %> = 15.8, P<0.001;
76-day-old offspring: y> = 24.7, P<0.001;
77-day-old offspring: y* = 14.7, P<0.01,
Table 4).

Repeated measurements using days as the
repeated measurement variable showed a dif-
ference in activity in the offspring of control
parents (32 =13.1, P<0.001). A sex difference
was observed in the offspring of adolescent
parents (x> = 11.1, P<0.01). Group x sex
interaction was observed between adolescent
male offspring (x*>=11.6, P<0.01) and con-
trol female offspring (%> = 14.4, P<0.001).

No significant differences in defecation
frequency occurred in the open field. Freed-
man analysis of variance with days as the
repeated measurement variable showed dif-
ferences in defecation in both animal groups
(adolescent: y2 = 10, P<0.01; control: 3> =
9.3, P<0.01). A sex difference was observed
in the group of offspring of control parents
(%% =6.5,P<0.05). A significant group x sex
interaction was evident between adolescent
male offspring (%> = 11.1, P<0.01) and con-
trol female offspring (% = 8.3, P<0.05).
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Activity cage. The spontaneous explor-
atory activity of offspring from adolescent
parents in the activity cage was significantly
higher during the last three intervals com-
pared to control (interval: 16-20 min, z =
3.69, P<0.001; 21-25 min, z= 4.6, P<0.001;
26-30 min, z = 4.87, P<0.001; Figure 4). A
significant group x sex interaction was also
evident (interval: 16-20 min, x> = 13.9,
P<0.01; 21-25 min, %> =21.9, P<0.001; 26-
30 min, ¥? = 25.0, P<0.001). Differences
between males as well as females of the two
groups during all three intervals contributed
to this interaction (Table 5).

Freedman analysis of variance with in-
tervals included as the repeated measure-
ment variable showed differences within both
groups (offspring of adolescent parents: x> =
37.7, P<0.001; offspring of control parents:
y2=15.6, P<0.01).

No significant sex or group differences in
defecation were observed.

The results of Experiment 2 showed
higher activity of the offspring of adolescent
parents during three days of testing in the
open field and higher spontaneous activity in
the last three intervals during testing in the
activity cage.

Discussion

Effects ofadolescent pregnancies on adult
offspring were analyzed in both passive and
active avoidance conditioning situations. The
offspring of adolescent parents had shorter
latencies to enter and re-enter the shock
compartment than controls in the passive
avoidance box, indicating poorer memory
retention. This finding was not supported by
the results in the active avoidance shuttle
box which showed that the offspring of ado-
lescent parents were more successful in ac-
quisition and extinction trials than the oft-
spring of adult parents, as shown by shorter
latency time and increased number of total
shock avoidances.

The long-lasting consequences of ado-
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Table 4. Median open-field activity (No. of floor segments crossed per day) for the
offspring of adolescent and adult control rats at the age of 75-77 days (N = 12).

Age (days) Sex Field activity P
Offspring of Offspring of
adolescent rats adult control rats
75 Male 4.0* 2.5 NS
Female 28.5 3.0 <0.01
76 Male 5.5 1.0* <0.05
Female 34.5 10.0 <0.001
77 Male 19.0 3.0 <0.01
Female 24.0 21.5 NS

P = comparison of offspring of adolescent and adult control rats (Mann-Whitney test).
*P<0.05, males vs females (Mann-Whitney test). NS, nonsignificant.

Table 5. Median spontaneous activity (counts/15 min) for the offspring of adolescent

and adult control rats at the age of 78 days (N = 12).

Time interval (min)  Sex Spontaneous activity P
Offspring of Offspring of
adolescent rats adult control rats
0-5 Male 84.0 48.0 NS
Female 82.5 113.56 NS
6-10 Male 121.0 70.0 NS
Female 11.5 94.0 NS
11-15 Male 104.0 88.0 NS
Female 124.0 105.5 NS
16-20 Male 130.0 65.0 <0.01
Female 126.5 61.5 <0.05
21-25 Male 169.5 69.0 <0.001
Female 160.0 75.0 <0.01
26-30 Male 164.0 56.0 <0.001
Female 202.0 30.0 <0.001

P = comparison of offspring of adolescent and adult rats (Mann-Whitney test).
NS, nonsignificant.

Activity (counts/15 min

200 7

— —
N (o))
o o
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1-5 6-10 11-15 16-20 21-25 25-30
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Figure 4. Median spontaneous
activity (counts/15 min) in the
activity cage of 78-day-old off-
spring of adolescent (filled col-
umns) and adult control (open
columns) rats (N = 24). The
Mann-Whitney test was used to
compare offspring from adoles-
cent and adult control animals.
P<0.001, intervals: 16-20, 21-25,
25-30.
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lescent pregnancies on adult offspring were
also analyzed in the open-field conditioning
situation and in the activity cage. The off-
spring of adolescent parents after the experi-
ence of the first day showed shorter latency
to start activity in the open field and higher
activity on all three days of testing. They also
showed higher spontaneous activity than the
offspring of adult parents in the last three
intervals in the activity cage. There were no
significant differences in defecation scores
between groups in either test. The results of
these two tests indicated that the offspring of
adolescent parents were less emotionally re-
active compared to the offspring of adult
parents because animals which are less ac-
tive and defecate more in the open-field
situation are considered to be more emo-
tional than animals with high activity and
low defecation scores (11).

To our knowledge, a similar observation
has not been previously reported. On the
basis of our earlier experience, we believe
that the behavioral changes observed in the
offspring of adolescent parents were the con-
sequences of perinatal stress (12). Chronic
stress, which to a degree can explain these
results, might be induced in offspring of
adolescent parents by insufficient nutrition
during perinatal life (13,14). The results of
our previous study showed that after an in-
tensive response to birth stress the corticos-
terone levels of the offspring of adolescent
rats decreased below those of the offspring
of control rats (15). Two weeks after birth
when stabilization of corticosterone levels
was expected, the levels were high. This may
be due to disturbances of lactation and of the
relationship of litter mates (15). It has been
reported that chronic stress itself causes dis-
turbances in the circadian rhythm in terms of
physiology and endocrinology, and in some
types of behavior (16-18). It is possible that
adolescent mothers were unable to support
the normal growth of their offspring during
weaning, as indicated by the reduction of
neonate body weight that occurred during
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postnatal life (12). Hashizume et al. (3) ob-
served a normal body weight gain during the
first 15 days of life when the pups of adoles-
cent mothers were fed by an adult control
foster mother, whereas feeding by the ado-
lescent mother resulted in a reduced body
weight of the control offspring. Male rats
were more sensitive than females during
chronic perinatal malnutrition and the nega-
tive effect was retained until adulthood, a
fact also observed in the present study
(12,19). Levitsky and Barnes (20) showed
that animals submitted to malnutrition in
early life such as those who live in a poor
environment are more active. Similar results
were obtained by Schenck et al. (21), who
emphasized that this effect is more pro-
nounced on females, in agreement with the
results obtained here for the offspring of
adolescent parents.

A disturbed mother-infant relationship in
litters of adolescent mothers probably has a
negative effect on learning and memory of
their offspring but the effect on emotionality
is less pronounced (22). Early separation or
isolation of pups from the nest during lacta-
tion impairs learning and memory functions,
whereas a normal relationship between
mother and pups in the nest stimulates learn-
ing and memory (23). Maternal behavior
during the first 10 days of the offspring’s life
serves to “program” their hypothalamic-
pituitary-adrenal responses to stress. As
adults, the offspring of mothers with a nor-
mal relationship with their pups showed re-
duced plasma adrenocorticotropic hormone
and corticosterone responses to acute stress,
increased hippocampal glucocorticoid recep-
tor messenger RNA expression, enhanced
glucocorticoid feedback sensitivity, and de-
creased levels of hypothalamic corticotro-
pin-releasing hormone messenger RNA (23).
It has also been reported that inhibition of
the transport of maternal steroids through
the feto-placental barrier can permanently
program amygdala glucocorticoid receptor
messenger RNA expression and anxiety-like
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behavior in the offspring (24).

The results of both emotionality tests
reported here were uniform and showed less
expressed emotional reaction to novelty by
the offspring of adolescent parents. Both the
mild stressful testing in the passive avoid-
ance cage and the more stressful testing in
the shuttle box affected the offspring of ado-
lescent parents, but in the opposite direction.
The long-term behavioral effect on the off-
spring of adolescent parents in the shuttle
box might be attributed to the alterations in
emotionality, non-anxious habituation to a
new environment, higher activity and also
higher motor capacity. According to our pre-
vious study, offspring of adolescent rats
showed higher motor activity and physical
strength after weaning. The difference per-
sisted among males in adulthood (12). It may
be that their higher exploratory drive also
caused negative results in passive avoid-
ance. Itis important to note that the offspring
of'adolescent parents showed shorter latency
duringthe trainingtrial, i.e., before any learn-
ing in the passive avoidance task.

The fact that various neuropharmaco-
logical substances have anxiolytic as well as
amnestic effects suggests that neuronal
mechanisms of anxiety, learning and memory
closely interact (25,26). Ribeiro et al. (25)
reported that anxious rats perform better in
passive avoidance tasks and worse in active
avoidance tasks. In contrast, Fernandez-
Teruel et al. (27) showed that non-anxious
rats present a larger number of avoidance
scores in the shuttle box. Other investigators
believe that differences in anxiety-related
behavior do not accompany differences in
learning and memory performance (26).

There was no difference in defecation
frequency between the two groups in the two
emotionality tests, supporting the explana-
tion that offspring of adolescent parents were
less emotionally reactive and showed higher
expression of exploratory behavior. Offspring
of adolescent parents defecated more in the
active avoidance response test, a fact that

cannot be explained according to this point
of view. One reason for this apparent contra-
diction can be that the anxiety state is not a
uniform phenomenon.

In the present study, both male and female
offspring were used in order to examine pos-
sible sex-related differences. In the open field
males are less active and have higher defeca-
tion scores than females (11). It seems that the
emotionality response of males is influenced
by testosterone secretion (13), as also sup-
ported by the results of the present study.

In the passive avoidance test, females
usually do not retain the memory of the
electric shock applied on the first day and
quickly enter the dark compartment on the
second day of testing (28-30). In the present
study, it is possible that the negative experi-
ence of the first day caused a strong stress
reaction and a slow entrance of adolescent
females into the dark compartment of the
box on the second day of testing.

Perinatal conditions can contribute to
variability in selective responses to stress
and novelty in adult rats (17,31). Passive
avoidance is a relatively simple behavioral
screening task influenced by both cognitive
alterations and components of the stress re-
sponse. Passive avoidance performance is
known to be altered by hippocampal lesions
because it is well documented that the hippo-
campus is involved in learning and memory
processes (32,33). Altered prenatal condi-
tions (chronic stress and protein malnutri-
tion) can have effects on brain structures,
number of receptors and amount of neuro-
transmitters that consequently may contri-
bute to variability in the animals’ behavioral
responses (18,34). Rats exposed to high con-
centrations of glucocorticoids before birth
respond to stress in later life by increased
glucocorticoid secretion. Perinatal brain expo-
sure to excessive amounts of glucocorticoid
leads to premature brain aging. After steroid
administration, structural changes can be seen
in the large hippocampal pyramidal cells (14).

The offspring of adolescent parents were
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less emotionally reactive and less anxious
about novelty. The results of two learning
and memory tests were opposite, but they
were probably caused by the higher explor-
atory drive of offspring from adolescent par-
ents. Their higher activity resulted in a better
performance in an active avoidance task, but
in a worse performance in a passive avoid-
ance task. The relationship between emo-
tionality and learning and memory remains
to be clarified. It is possible that the chronic
stress of malnutrition and/or disturbed
mother-infant relationship in litters from ado-
lescent mothers may affect the behavior of
their offspring in adulthood. The current

T. Zemunik et al.

findings also suggest that alterations in peri-
natal conditions can have cognitive influ-
ences on offspring brain structure and func-
tion, and consequent selective effects on
behavioral responses to novelty in rats.
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