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Abstract
offspring. In contrast to strong stress exposure, mild prenatal stress exposure (MPSE) has been reported to increase the vulnerability of

Exposure of pregnant females to strong prenatal stress generally induces psychotic-like behavioral impairments in their

the nervous system to adverse environmental stimuli. However, the impacts of MPSE on treatment with antipsychotic medication have
not been well investigated. In addition, although commonly utilized in animal experiments, the potential influences of injections per se
on animal behavior have not been evaluated. Here, we investigated how MPSE, postnatal injections and olanzapine (OLZ) treatment
might interact to affect the behavior of rats. Pregnant female rats were exposed to mild stress or left undisturbed during the last week of
gestation. Their offspring were divided into three sub-groups and subjected to injections with saline or OLZ (2 mg/kg) on postnatal days
(PDs) 7,9 and 11 or were left undisturbed without injection. Social and olfactory discrimination tests were performed during adolescent
(PD 35) and adult (PD 60) periods. Total exploratory time and the degree of preference in the discrimination tests were measured. We
found that postnatal injections changed the degree of preference in adolescent prenatally stressed rats but had no effect on the degree of
preference in the non-stressed rats. OLZ treatment increased the social exploratory time in the non-stressed rats during the adolescent
and adult periods. However, these enhancing effects were diminished in the prenatally stressed rats. Our results indicate that MPSE
could contribute to the behavioral changes induced by adverse stimuli such as postnatal injections and could reduce the treatment
effects of antipsychotic medication.

Key words mild prenatal stress exposure, postnatal injection, olanzapine treatment, social discrimination test, olfactory
discrimination test
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In mammals, the process of neurodevelopment
during the fetal period plays an important role in the
generation of normal developmental and functional
brain abilities. Many previous studies have indicated
that prenatal exposure to stress is associated with an
increased incidence of mental disorders such as
schizophrenia and bipolar disorder later in life . In
rodents, prenatal stress exposure can also lead to
behavioral disruption and to alterations of
neurochemical levels in adult offspring that mimic
various symptoms of schizophrenic patients??,

Exposure of pregnant females to mild prenatal
stress (MPSE) generally does not induce spontaneous
behavioral impairments in the offspring . However,

previous studies have shown that MPSE increases the

release of corticotropin-releasing hormone in offspring
when they are confronted with environmental stimuli
such as postnatal handling ®. MPSE also leads to
increased freezing behavior in response to foot shock
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7 However, few studies of the

in adult offspring
potential long-term impacts of MPSE on animals'
resistance to adverse postnatal stimuli have been
conducted.

Many experiment manipulations may unexpectedly
introduce adverse stimuli to animals at postnatal
stages. For example, repeated injections can constitute
a strong harmful stimulus to pups during the postnatal
period. It may be logical to speculate that repeated
injections during the postnatal period may lead to
behavioral changes in rats exposed to mild prenatal
stress. However, no studies that explicitly address
these issues have been performed.

In addition to adverse postnatal stimuli, the
potential effects of beneficial postnatal stimuli to the
function of nervous system should also be considered.
For example, olanzapine (OLZ) is an antipsychotic
drug used as both a clinical treatment and in
experimental studies of mental disorders such as
schizophrenia®. The administration of OLZ ameliorates
the hippocampal neuronal loss triggered by kainic acid
administration in rats, suggesting that the treatment of
OLZ
treatment also reverses the pre-pulse inhibition (PPI)
subjected
hippocampal (NVH) lesions "%. In clinical research,

olanzapine has neuro-protective effects Pl

deficits in rats to neonatal ventral
OLZ treatment effectively improves symptoms in
patients,

symptoms associated with social behaviors [,

schizophrenic including the negative
However, the potential impacts of MPSE on the effects
of OLZ treatment have not been well investigated.
Because rodents are social animals, appropriate
social behaviors are important in their lives. In
addition, because rodents heavily rely on their sense of
smell, olfactory information plays an essential role in
regulating their behavior . In accordance with the
statement above, we planned to explore whether
MPSE contributes to the
behavioral changes induced by repeated postnatal

social and olfactory
injections as well as the potential effects of OLZ
treatment on behavior.

1 Materials and methods

1.1 Animals and drugs

All Sprague-Dawley rats and pups were
purchased from Vital River (Beijing, China) and
housed under a controlled 12 h light - 12 h dark cycle
(9 100 ~21 :00) with suitable temperature and

humidity. The experiments were approved by the

Animal Experimental Committee, Kunming Institute
of Zoology, Chinese Academy of Sciences and were
consistent with the National Institutes of Health
Guidelines for the Care and Use of Laboratory
Animals (NIH Guidelines). Olanzapine (Eli Lilly,
Indianapolis, USA) was dissolved in saline.

1.2  Prenatal stress paradigm and postnatal
injections

Six pregnant female rats were exposed to a stress
paradigm during the last week of gestation. The
stressors were applied in a random manner and
included restraint in a cylindrical plastic restrainer for
one hour, exposure to a cold environment for 6 h, food
deprivation for one night, forced swimming for 15 min
and reversal of the light-dark cycle. The intensity of
the stressors was controlled to avoid obvious impacts
on the cognitive and behavioral abilities of the
offspring.

On postnatal day (PD) 7, 9 and 11, the male pups
from the saline-injected and OLZ-injected groups
were intraperitoneally injected (i.p.) with saline or
OLZ (2 mg/kg). The rat pups from the non-injected
group remained in their home cages (Figure 1). On PD
21, male pups were weaned and housed with four rats
per cage based on stress exposure and injections
received. The behavioral tests for male offspring were
performed in the adolescent (around PD 35) and adult
(after PD 56) periods.

Pregnant female rats Rat pups
@& Non-injected
\ Saline
/@ \,\/? Injected with saline
\‘/L atPD7,9and 11
OLZ
Prenatal stress exposure Efﬁ Injected with OLZ (2 mg/kg)
i atPD 7,9 and 11
@ Non-injected
Sali . . .
\j_lne Injected with saline
@ = atPD7,9and 11
oLZ .
Non-stressed \,,,_\ Injected with OLZ (2 mg/kg)
@« atPD 7,9 and 11

Fig. 1 Schematic diagram of the groups subjected to
prenatal stress exposure and postnatal injection
Pregnant female rats were exposed to stress or left undisturbed during
gestation. Their offspring were divided into three groups and were
treated with saline injection or OLZ injection (2 mg/kg, i.p.) or were left
undisturbed without injection. Their social and olfactory behaviors were

tested during adolescent (5 weeks) and adult (> 8 weeks) stages.
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1.3 Social discrimination test

The social novelty discrimination test was
performed in a 60 cm x 60 cm x 40 cm open-field
chamber with a black acrylic floor and walls. The rats
were first habituated to the test environment (15 min,
twice per day) for three consecutive days. On the test
day, for each experimental rat, two same-sex,
unfamiliar rats, specified as "familiar rat" and "novel
rat", were prepared and colored with different
flavorless pigments on their backs. When the test
began, the experimental rat and the "familiar rat" were
placed in the open field and allowed to interact with
each other for 30 min. Then, the "novel rat" was
placed in the open field for another 3 min, and the
social behaviors of the rats were recorded by a camera
located above the chamber. The durations of the
investigative behaviors (including sniffing, grooming
and close following) displayed by the experimental rat
that were directed toward the "familiar rat" and the
"novel rat" were analyzed manually using a stopwatch.
1.4 Olfactory discrimination test

The social novelty discrimination test was
performed in the rat's home cage. The rats were first
habituated to the test
consecutive days (5 min, twice per day). When the test

environment for three

began, two small bottles with cotton that contained an
odor-emitting liquid were clipped onto the lid of the
cage, allowing the rats to smell the odors. For the first
three trials, the cotton balls contained the same liquid.
The exploratory time and intertrial interval were each
60 s. In the fourth trial, one piece of cotton contained
the same liquid, and the other one contained a new
liquid that the rat had not been exposed to. The
olfactory behaviors of the rats were recorded by a
camera during the fourth trial. The durations of the
investigative behaviors displayed by the rats that were
directed toward each bottle were analyzed manually
using a stopwatch.

2 Results

2.1 Postnatal injections changed the degree of
preference in social and olfactory behaviors in the
stressed group but not in the non-stressed group
When confronted with a new environmental
situation, the degree of preference to novel stimulation
plays an important role in guiding animals' behavior.
In an experimental environment, the degree of
preference can be quantified by difference coefficients
in the social and olfactory discrimination tests. To test
the potential effects of postnatal injections and
postnatal OLZ treatment (2 mg/kg, i.p.) on the degree
of preference in rats prenatally exposed to mild stress,
the social and olfactory discrimination tests were
performed during the adolescent and adult periods, and
the behavior of the rats was recorded (Table 1). The
difference coefficient was calculated as (Time spent
investigating the novel stimulus - Time spent
investigating the familiar stimulus)/Total investigation
time x 100. For rats without MPSE (the non-stressed
group), neither postnatal injections nor OLZ treatment
affected the difference coefficient of social and
olfactory behaviors during the adolescent or adult
stages (Figure 2a~ d). These results indicate a normal
stability of the nervous system when confronted with
throughout
development. However, during the adolescent period,
both postnatal injections [n =11, P =0.045] and OLZ
treatment [n =10, P=0.033] significantly increased the

adverse environmental stimuli

difference coefficient for social behavior in rats
prenatally exposed to mild stress (the stressed group)
compared to the difference coefficient of the controls
(n=8, Figure 2a). Because OLZ was also administered
via injection, we could speculate that the key factor
affecting the difference coefficient was the injections
themselves. During the adult stage, the effects of the
injections were diminished in both the non-stressed
stressed groups. The
coefficients did not differ between the controls (n=10,

and prenatally difference

Figure 2b) and the groups injected with saline (n=4) or
OLZ (n=6).

Table 1 The types of behavioral tests and the calculation methods of the indicators investigated

Social exploration

Olfactory exploration

Preference in social or

Time spent for novel rat-Time spent for familiar rat

Time spent for novel odor-Time spent for familiar odor

olfactory behavior Total time for exploration

Total time for exploration

Time spent for novel rat+Time spent for familiar rat

Total time for exploration

Time spent for novel odor+Time spent for familiar odor
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Similarly, postnatal injections also affected the
difference coefficient for olfactory behavior during the
adolescent stage. difference
coefficient of the controls (n =10, Figure 2c), the
difference coefficient was significantly decreased by

Compared to the
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both injections with saline[n=10, P=0.039] and with
OLZ[n=10, P=0.026]. Compared to controls (n=11),
postnatal injections (n=11) and OLZ treatment (n=10)
did not impact the difference coefficient during
adulthood (Figure 2d).
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Fig. 2 Interactive effects of mild prenatal stress exposure (MPSE), postnatal injections(at postnatal days 7, 9 and 11, i.p.)
and olanzapine (OLZ, 2 mg/kg, i.p.) treatment on the degree of preference in social and olfactory discrimination tests
The degree of preference was quantified by the difference coefficient. (a) Difference coefficients for social behaviors in adolescent non-stressed and

prenatally stressed rats. (b) Difference coefficients for social behaviors in adult non-stressed and prenatally stressed rats. (c) Difference coefficients for

olfactory behaviors in adolescent non-stressed and prenatally stressed rats. (d) Difference coefficients for olfactory behaviors in adult non-stressed and
prenatally stressed rats. The data represent the means + SEM; Statistics: independent-sample ¢-test. *P < 0.05. [J: None; [I: Saline; : OLZ.

2.2 OLZ enhanced the total
exploratory time in social and olfactory behaviors
in the non-stressed group but not in the stressed
group

With respect to the total exploratory time(Table 1),
at the adolescent stage, postnatal OLZ treatment(n=11,
2 mg/kg, i.p.) could significantly increase the social

treatment

exploratory time of the non-stressed rats compared to
that of the controls [n =8, P =0.044, Figure 3a].
However, the enhancing effect of OLZ treatment was
diminished in the prenatally stressed group; the total
exploratory time did not differ between rats treated
with OLZ (n=11) and control rats (n=8, Figure 3a).
Similarly, in the adult stage, OLZ treatment (n=11)
also significantly increased the total exploratory time
in the non-stressed group compared to the control

group [n =11, P =0.025] (Figure 3b). The total
exploratory time of the prenatally stressed group was
not affected by OLZ treatment (n=6) compared to the
control group (n=10) (Figure 3b).

In the olfactory discrimination test, postnatal
injections and OLZ treatment had complicated effects
on total exploratory time. During the adolescent stage,
postnatal injections (n=10) significantly decreased the
total exploratory time in the non-stressed group
compared to that in the control group[n=10, P=0.037].
OLZ treatment could reverse the reduction in the effect
of the injections: the total exploratory time of rats
exposed to OLZ (n=9) was significant longer than that
of rats exposed to saline[n =10, P=0.050, Figure 3c].
However, in contrast to the non-stressed group,
postnatal injections (n=10) could significantly increase
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the total exploratory time in the prenatally stressed
group compared to the control group[n=10, P=0.004]
(Figure 3c). In addition, when comparing the effect of
injections between prenatally stressed and non-stressed
rats, we found that the
significantly longer exploratory time in the prenatally

injections induced a
stressed group (n=10) than in the non-stressed group
[n=10, P=0.001, Figure 3c].

The behavioral effects in adult rats were different
from those in adolescent rats. Compared to the control

(@)
40 ’;‘
301
2201
10}
0
Non-stressed Stressed
(©)
20 |*—|
* * *
15+ ”
210}
Ll [
0
Non-stressed Stressed

group (n=8), both postnatal injections with saline[n=8,
P=0.013] and with OLZ[n=10, P=0.003] reduced the
total exploratory time in the non-stressed group
(Figure 3d). In the prenatally stressed group, injections
with saline (n=11) and with OLZ (n=10) also tended to
decrease the total exploratory time compared to that of
the non-injected group(n=9), although these tendencies
did not reach statistical significance [P=0.093 and P=
0.075, respectively, Figure 3d].
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Fig. 3 Interactive effects of MPSE, postnatal injections (at postnatal days 7, 9 and 11, i.p.) and OLZ treatment

(2 mg/kg, i.p.) on total exploratory time in the social and olfactory discrimination tests
(a) Total exploratory time for social behaviors in adolescent non-stressed and prenatally stressed rats. (b) Total exploratory time for social behaviors in

adult non-stressed and prenatally stressed rats. (¢) Total exploratory time for olfactory behaviors in adolescent non-stressed and prenatally stressed rats.

(d) Total exploratory time for olfactory behaviors in adult non-stressed and prenatally stressed rats. The data represent the means + SEM; Statistics:

independent-sample ¢-test. *P < 0.05. [J: None; [ : Saline; W : OLZ.

3 Discussion

The data presented here provide the first
demonstration that mild prenatal stress exposure
(MPSE) contributes to the behavioral changes induced
by repeated postnatal
offspring. MPSE also blocked the enhancing effects of
postnatal OLZ treatment on social behaviors in

injections in adolescent

adolescent and adult offspring. The combination of
exposure to MPSE and repeated postnatal injections
had complicated impacts on the olfactory behaviors of

adolescent and adult offspring. These results indicate
that MPSE
vulnerable to adverse stimuli, such as repeated

renders the nervous system more
postnatal injections, and contributes to the inefficacy
of OLZ treatments.

Our results provide the first demonstration that
adverse stimuli, such as repeated postnatal injections,
cannot affect the behaviors of rats without mild
prenatal stress exposure. However, repeated postnatal
injections can significantly change the behavior of

adolescent rats prenatally exposed to mild stress.



©548 M ESEYYERHR

Prog. Biochem. Biophys. 2015; 42 (6)

These changes cannot be reversed by OLZ treatment.
Previous studies also indicate that behavioral and
physiological conditions can be changed in rats
prenatally exposed to stress when they are confronted
with adverse environmental stimuli. For example, mild
prenatal stress impaired fear extinction in adult
offspring, probably by disrupting neural plasticity in
the brain ), Prenatal stress exposure also leads to
vulnerability to subsequent adult stress and to
dysregulation of the noradrenergic system and
(HPA

activity [, Handling has also been shown to

hypothalamic-pituitary-adrenal  axis axis)
significantly reduce corticotropin-releasing hormone
levels in rats prenatally exposed to stress compared to
controls®. Combining these results, we can reach the
conclusion that prenatal stress exposure may leave the
nervous system more vulnerable and instable when
confronted with harmful environmental challenges.
This may be because the exposure of pregnant females
to stressful stimuli can lead to hyperactivity and impair
negative feedback regulation of the HPA axis in the
offspring '\, These physiological changes therefore
alter the behavioral responses to environmental stimuli
of rats with prenatal stress exposure, including
increased immobility in the footshock chamber and
hypoactivity in a novel environment!”.

Although it is a common procedure in animal
experiments, the potential effects of saline injections
have been ignored in the majority of studies. However,
our results indicate that saline injections are also
capable of having substantial influence on animal
behavior, especially the behavior of pups or of animals
with a relatively vulnerable nervous system, as induced
by MPSE. We suggest that the potential impacts of
injection manipulations should be considered in
further studies using these types of animals.

In addition, our data reveal that postnatal OLZ
treatment improves the social interactions of
non-stressed rats during both the adolescent and adult
period. This result is consistent with a previous finding
that OLZ treatment can enhance the social abilities of

s 231 For

both schizophrenia patients and animal
example, previous research showed that acute OLZ
treatment reduced fear activities and enhanced social
interaction in rats . In clinical research of
schizophrenia, patients administered OLZ showed
improvements in social performance and their work
abilities™ .

Interestingly, MPSE can block the enhancing

effect of OLZ treatment on social behaviors. Previous
studies have shown that OLZ treatment in healthy
people
adrenocorticotropic hormone and cortisol, which play

significantly  reduces the levels of
important roles in the activity of the HPA axis in the
brain, As shown by previous studies, prenatal stress
exposure has been reported to induce a hyperactive
HPA axis, which often presents as an enhanced or
prolonged plasma corticosterone level to stressors? 2!,
Although there is no explicit conclusion with respect
to the mechanism of the negative effects of MPSE on
OLZ treatment, we can speculate that the effect may be
due to the opposite influences of MPSE and OLZ
treatment on the activity of the HPA axis.

Our research is not without limitations. For
show that MPSE

on olfactory behaviors in

example, our results elicits

complicated effects
non-stressed and stressed rats, which were different
from its effects on social behaviors. However, existing
data and previous information are not sufficient to
explain these phenomena. In addition, the trends in the
effects of postnatal injections on the difference
coefficients for social and olfactory behaviors were in
opposite directions: for the social behaviors, postnatal
injections tended to increase the difference coefficient,
whereas for the olfactory behaviors, it tended to
decrease the difference coefficient. This finding may
be partially caused by the natural differences between
social and non-social behaviors?”. However, additional
evidence is still needed regarding this issue.

In conclusion, our results provide the first
demonstration of the adverse impacts of postnatal
injections and ineffective OLZ treatments on rats
prenatally exposed to mild stress. Our study thus opens
up a new area of exploration with respect to the
interactive effects between prenatal stress exposure,
environmental stimuli and medicinal treatments, which
may contribute to research of pathological mental
disorders such as schizophrenia.

References

[1] Zucchi F C R, Yao Y, Ward I D, et al. Maternal stress induces
epigenetic signatures of psychiatric and neurological diseases in the
offspring. PLoS ONE, 2013, 8(2): ¢56967

[2] Matrisciano F, Tueting P, Dalal 1, et al. Epigenetic modifications of
GABAergic interneurons are associated with the schizophrenia-like
phenotype induced by prenatal stress in mice. Neuropharmacology,
2013, 68(S1): 184-194

[3] Wilson C A, Terry A V. Variable maternal stress in rats alters



2015; 42 (6)

BR, % FARNMEASEEE ISR TAREFBURATRER

*549+

locomotor activity, social behavior, and recognition memory in the
adult offspring. Pharmacology Biochemistry and Behavior, 2013,
104: 47-61

[4] Bourke C H, Stowe Z N, Neigh G N, et al. Prenatal exposure to
escitalopram and/or stress in rats produces limited effects on
endocrine, behavioral, or gene expression measures in adult male
rats. Neurotoxicology and Teratology, 2013, 39: 100-109

[5S] Smythe J W, McCormick C M, Meaney M J. Median eminence
corticotrophin-releasing hormone content following prenatal stress
and neonatal handling. Brain Res Bull, 1996, 40(3): 195-199

[6] Griffin W C, Skinner H D, Salm A K, et al. Mild prenatal stress in
rats is associated with enhanced conditioned fear. Physiology &
Behavior, 2003, 79(2): 209-215

[7] Louvart H, Maccari S, Darnaudéry M. Prenatal stress affects
behavioral reactivity to an intense stress in adult female rats. Brain
Research, 2005, 1031(1): 67-73

[8] Xue H B, Liu L, Zhang H, et al. Olanzapine in Chinese patients
with schizophrenia or bipolar disorder: a systematic literature
review. Neuropsychiatr Dis Treat, 2014, 10: 841-864

[9] Csernansky J G, Martin M V, Czeisler B, et al. Neuroprotective
effects of olanzapine in a rat model of neurodevelopmental injury.
Pharmacology Biochemistry and Behavior, 2006, 83(2): 208-213

[10] Le Pen G, Moreau J L. Disruption of prepulse inhibition of startle
reflex in a neurodevelopmental model of schizophrenia: reversal by
clozapine, olanzapine and risperidone but not by haloperidol.
Neuropsychopharmacology, 2002, 27(1): 1-11

[11] Corbett R, Camacho F, Woods A T, et al. Antipsychotic agents
antagonize non-competitive N-methyl-D-aspartate antagonist-
induced behaviors. Psychopharmacology, 1995, 120(1): 67-74

[12] Ciudad A, Olivares J M, Bousofio M, et al. Improvement in social
functioning in outpatients with schizophrenia with prominent
negative symptoms treated with olanzapine or risperidone in a
1 year randomized, open-label trial. Progress in Neuro-
Psychopharmacology and Biological Psychiatry, 2006, 30 (8):
1515-1522

[13] Sanchez-Andrade G K K. The main olfactory system and social
learning in mammals. Behavioural Brain Research, 2009, 200 (2):
323-335.

[14] Li M, Li X, Zhang X, et al. Effects of prenatal chronic mild stress
exposure on hippocampal cell proliferation, expression of GSK-3a,
B and NR2B in adult offspring during fear extinction in rats.
International Journal of Developmental Neuroscience, 2014,
35: 1624

[15] Green M K, Rani C S S, Joshi A, et al. Prenatal stress induces long

term stress vulnerability, compromising stress response systems in

the brain and impairing extinction of conditioned fear after adult
stress. Neuroscience, 2011, 192: 438451

[16] Miyagawa K, Tsuji M, Ishii D, et al. Prenatal stress induces
vulnerability to stress together with the disruption of central
serotonin neurons in mice. Behavioural Brain Research, 2015,
277(S1): 228-236

[17] Henry C, Kabbaj M, Simon H, et al. Prenatal stress increases the
hypothalamo-pituitary-adrenal axis response in young and adult
rats. J Neuroendocrinol, 1994, 6(3): 341-345

[18] Huizink A C, Mulder E J H, Buitelaar J K. Prenatal stress and risk
for psychopathology: specific effects or induction of general
susceptibility?. Psychological Bulletin, 2004, 130(1): 115-142

[19] Frodl T, O'Keane V. How does the brain deal with cumulative
stress? A review with focus on developmental stress, HPA axis
function and hippocampal structure in humans. Neurobiology of
Disease, 2013, 52(S1): 24-37

[20] Frye C A, Seliga A M. Olanzapine's effects to reduce fear and
anxiety and enhance social interactions coincide with increased
progestin concentrations of ovariectomized rats.
Psychoneuroendocrinology, 2003, 28(5): 657-673

[21] Seibt K J, Piato A L, Da Luz Oliveira R, et al. Antipsychotic drugs
reverse MK-801-induced cognitive and social interaction deficits in
zebrafish (Danio rerio). Behavioural Brain Research, 2011, 224(1):
135-139

[22] Hamilton S H, Edgell E T, Revicki D A, et al. Functional outcomes
in schizophrenia: A comparison of olanzapine and haloperidol in a
European sample. Int Clin Psychopharmacol, 2000, 15(5): 245-255

[23] Stensland M, Ye W, Montgomery W, et al. Factors associated with
early response to olanzapine and clinical and functional outcomes
of early responders treated for schizophrenia in the People&rsquo;s
Republic of China. Neuropsychiatric Disease and Treatment, 2014,
10: 869-878

[24] Cohrs S, Rsher C, Jordan W, et al. The atypical antipsychotics
olanzapine and quetiapine, but not haloperidol, reduce ACTH and
cortisol secretion in healthy subjects. Psychopharmacology, 2006,
185(1): 11-18

[25] Weinstock M. Does prenatal stress impair coping and regulation of
Hypothalamic-Pituitary-Adrenal axis?. Neuroscience &
Biobehavioral Reviews, 1997, 21(1): 1-10

[26] Tavassoli E, Saboory E, Teshfam M, et al. Effect of prenatal stress
on density of NMDA receptors in rat brain. International Journal of
Developmental Neuroscience, 2013, 31(8): 790-795

[27] Moura P J, Meirelles S T, Xavier G F. Long-term social recognition
memory in adult male rats: factor analysis of the social and
non-social behaviors. Braz J Med Biol Res, 2010, 43(7): 663-676



*550 £ ESEYYIRHRE Prog. Biochem. Biophys. 2015; 42 (6)

FERI RN 2 1 B B B ST 5 &2 R
(THNEFHBURAFEER

ﬁ %1,2) ;‘Ujm_ﬁﬁl) ﬂj@“iﬁl) gjjﬁgjzl)n
O WSINIERE AL, PERRERAEYYIEF TN, 6 1001015 2 R ERRERE Y, 65T 100049)

WE AL TR ECRA T, ATEAHISS AR 2 R EUR A AN RLAICE W FOHRDTRE S0 L AT BCIR 2 75 W LA i
TURAIDR 25W0XT s AT AR AE ], HENE A IR Ee. Buoh, Eahscirh, s LA w S a8t gy
BAEAR LR MBI AT N, MARA MBI, ARSI, SRR T AT N BeRA s F™ I3 S S A A ORS #icms 24
YIS sl AT T T RERIAS T . B SRAELE D17 e N CIR A e 7 AR, HEPEAT BRI I (H W28 7, 9, 11 RS2
S 52 ER K BB (2 mg/kg,  MEIEEST). AR SR I(H B2 35 TOMRAFII(H B 55 60 X), WG H AL AT R 5 H
BT H, 20T T SRR I LA T H R i S RERE PSS B, JRAT TR, 7= 0T F A A AT T A o5 7 iy I 4K B A
ARG GE H ARSI P I L FEE 0 TC MR BB S . ST S T DA K TE B ALK B AE A A5 8l 7 0 R R R I
(6], 0 ALK B A 5. WIETTR T, 7 A Gl SCER 25 T LA B A v G 7 SO0 S 8 A A5 AN R PR B 8 5 B AT 4 7
TGS HURT AR 25 ) BG40 2R LK 52

KA SRRV, B, RECE, LSRR, SRHFRSEER
ZFRPES Q42 DOI: 10.16476/j.pibb.2015.0086

* KRR AR AR T6(2012CB825500);  F KR #IF AT FE-T 55 00 i ) 28 19 50 ¢ L1 PR (201 1CB707800);  [E 5 A
RBMEREA: RS MAIE12(91132302); HK ARFHEEGE RIUH P8 FRid T ic IZAH G 2 R 8 R BT B R J77£(91132307).
AR

Tel: 010-64888471, E-mail: yuanma0716@vip.sina.com

WA H . 2015-03-27, % HWI: 2015-05-7



