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Abstract. Exposing a pregnant female to stress is a risk factor 
for the development of psychiatric disorders in the offspring. 
In the present study, we examined the effects of an extract of 
Valeriana fauriei (VF) root (100 mg/kg/day, administered on 
postnatal days 35-56) on behavioral patterns as well as protein 
expression in the prefrontal cortex of the offspring of prenatally-
stressed rats. Modified behavioral tests, including the forced swim 
test, the open field test, a social interaction test and the prepulse 
inhibition test were performed and many of the parameters were 
found to decrease in the offspring of the rats exposed to PNS 
compared with the offspring of the non-stressed rats. Western 
blot and immunohistochemical analyses of the prefrontal cortex 
revealed that the downregulation of several neurodevelopmental 
proteins in the offspring of rats dams exposed to PNS was reversed 
after treatment with VF extract. These findings demonstrate that 
the downregulation of several proteins in the prefrontal cortex 
of the offspring of prenatally‑stressed rats may be associated 
with subsequent behavioral changes, and that these phenomena 
recovered following VF treatment. Our results suggest that VF 
decreases the incidence of prenatal stress related-psychiatric 
disorders, such as depression and schizophrenia.

Introduction

Valeriana is the main genus in the family Valerianaceae, and 
valerian root extracts have been used as a traditional herbal 
medicine for centuries (1). The genus Valeriana contains >250 
species and many subspecies (2). Valeriana fauriei Briq. (VF) 

has been used to treat humans for hundreds of years (3). In 
certain countries, it is primarily sold as a sleeping aid, and in 
Europe it is used to treat restlessness, tremors and anxiety (4-8). 
Valeriana officinalis has been used as a sedative and to treat 
anxiety and sleep disorders (9,10). Various effects of V. offici-
nalis have been reported; it has been suggested that Valeriana 
exerts its effects through gamma-aminobutyric acid (GABA)
ergic mechanisms (11). In a previous study, V. officinalis exerted 
antioxidant effects and decreased lipid peroxidation induced by 
quinolinic acid (12). In addition, V. officinalis has been reported 
to exert neuroprotective effects in several neurodegenerative 
diseases, such as Parkinson's and Alzheimer's disease (13-15).

Prenatal stress  (PNS) during the critical period of fetal 
brain development is an important environmental risk factor 
for the development of human psychiatric disorders, such as 
schizophrenia, in the adult offspring, and the second trimester 
of pregnancy in humans seems to be the most vulnerable period 
for insult (16-21).

Additionally, previous studies have demonstrated that PNS 
elevates glucocorticoids during gestation and is associated 
with biochemical, physiological and behavioral changes in the 
offspring, including reduced birth weight, cardiovascular and 
neuroendocrinological abnormalities, attention dysfunction, 
enhanced anxiety-related behaviors and cognitive deficits (22-31). 
Thus, the pregnant rats in the present study were exposed to 
stressful manipulations during the third week of pregnancy, 
which is similar to the second trimester of human gesta-
tion (28-30). Previous studies have shown that PNS decreases 
dendritic length, spine density, the number of neurons, and 
diminishes the number of hippocampal synapses as compared 
with non-stressed (NS) controls (32,33). PNS also causes various 
changes in gene expression, including the expression of genes 
associated with neural development, cell differentiation, and 
neurotransmitter function in the brains of rats (27,34,35).

To the best of our knowledge, no previous studies have 
examined the effects of VF on PNS or neurodegeneration. In the 
present study, behavioral patterns and changes in protein levels 
were examined in the prefrontal cortex of the offspring of rats 
exposed to PNS, and we subsequently determined whether the 
changes caused by PNS were affected by treatment with VF.
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Materials and methods

Preparation of VF extracts and administration to rats. VF root 
extract was purchased from Yunpung (Chungbuk, Korea), and 
the specimens were identified taxonomically by an Oriental 
medicine physician at the National Institute of Horticultural 
and Herbal Science [Rural Development Administration 
(RDA); Wanju, Jeonbuk, Korea]. The voucher specimen 
(HPR-207) was deposited in the herbarium of the Herbal Crop 
Research Institute (Eumseong, Korea).

Drugs and animals. VF was dissolved in water, and the drug 
was administered on postnatal day 35 for 3 weeks until post-
natal day 56, as previously described (31). It was provided to 
the rats in regular drinking bottles (100 mg/kg/day) to avoid 
preadolescent stress exposure resulting from the administra-
tion of repeated injections.

Prenatal stress procedures. Prenatal stress procedures. 
Pregnant Sprague-Dawley rats (n=6 in each group) were 
purchased from Central Lab Animal, Inc. (Seoul,Korea) and 
arrived at the animal facility on day 7 of gestation. The rats 
were housed under standard conditions with a 12/12-h light/
dark cycle (lights on at 06:30) with free access to food and water. 
All animal procedures were performed in accordance with the 
Guidelines for the Care and Use of Laboratory Animals of the 
US National Institutes of Health. All experimental procedures 
were reviewed and approved by the institutional Review Board 
for Animal Welfare at Soonchunhyang University. The rat 
model of PNS was established as described in our previous 
studies (36,37). Briefly, PNS exposure was initiated on day 14 
of gestation and continued until day 21, and consisted of: i) 1 h 
restraint in a well-ventilated, cylindrical Plexiglas restraint 
device (Braintree Scientific, Inc. Braintree, MA, USA), ii) 6 h 
of exposure to a cold environment (4˚C), iii) overnight fasting, 
iv) 15 min of swimming stress in room-temperature water, 
v)  reversal of the light-dark cycle, and/or vi)  social stress 
induced by overcrowded housing conditions during the dark 
phase (28,29). Pregnant dams used as controls remained in the 
animal housing room during gestational days 14-21 and were 
exposed to only normal animal husbandry procedures.

All groups contained litters of between 8 and 15 pups with 
similar numbers of males and females, extremely large or small 
litters being eliminated. The offspring were weaned 21 days 
after birth and group-housed. The male offspring were selected 
and used for further experiments. Thus, 3 experimental groups 
were tested as adults: the ‘control’ (n=16 male offspring) group 
were offspring of unstressed mothers; the prenatal stress 
group ‘PNS’ (n=16 male offspring) were offspring of mothers 
subjected to stress before parturition; and the VF group, VF 
administration in a group subjected to prenatal stress (n=16 
male offspring).

Behavioral tests. Modified behavioral tests, including the 
forced swim test (FST), the open field test (OFT), a social 
interaction test (SIT), and the prepulse inhibition (PPI) test 
were performed as previously described (28,37-40).

PPI test. Briefly, an automated startle reflex system (SR-Lab, 
San Diego Instruments, San Diego, CA, USA) was used to 
measure PPI. The system consisted of a startle chamber housed 

in a sound-attenuated isolation cabinet equipped with an 
internal fan and light. A cylindrical, transparent, acrylic holding 
apparatus resting on a four-pegged platform within the isolation 
chamber was used to hold each subject throughout the testin g 
session (subject age, 56 days). Background noise and acoustic 
stimuli were controlled via the SR Lab microcomputer and inter-
face assembly, and were delivered through a speaker mounted 
above the cylindrical holding apparatus. All test chambers were 
located in a sound‑attenuated experimental room to minimize 
external noise, as previously described (41). Background noise 
of 70 dB was present throughout the test session. After a 5-min 
acclimation period to the background noise, each subject was 
presented with a series of 60 acoustic stimuli trials. The trials 
were presented in pseudorandom order, namely the individual 
startle trials (single acoustic stimulus delivered at 120 dB for 
40 msec), the prepulse stimulus trials (a single prepulse stimulus 
presented at 15 dB above background for 20 msec), the non-
stimulus trials (not following any noise), and the prepulse 
stimulus trials with acoustic stimuli (a single prepulse stimulus 
presented at 15 dB above background, followed 20 msec later by 
a startle stimulus presented at 120 dB for 40 msec). The inter-
trial interval was 15 msec, and each session lasted 22 min. The 
holding chambers were cleaned with 75% ethanol between each 
test session. Prepulse inhibition was presented as the percentage 
decrease in startle amplitude as a function of the magnitude of 
the prepulse stimulus using the following formula: percentage 
decrease = 100x [(acoustic stimuli trial) – (the prepulse stimulus 
trials + acoustic stimuli)] (42).

FST. The FST was performed (subject age, 57 days) as 
previously described (37-39). The rats were lowered individu-
ally into a cylinder filled with fresh warm tap water (25±2˚C). 
The rat was removed after 15 min and wiped with a clean 
towel to remove excess water before being returned to its home 
cage. Each rat was placed in the cylinder again for 5 min the 
following day, and swimming, climbing and immobility behav-
iors were recorded with a video camera (Samsung HMX-T10) 
and by an observer with a stopwatch.

OFT. The OFT was performed in order to assess exploratory 
activity and reactivity to a novel environment. The subjects 
were removed from their home cage on the day of the test 
(subject age, 59 days) and placed individually in an open-field 
start box for 5 min. The apparatus was constructed from black 
polygal panels (Dowin Polychem Co., Ltd., Seoul, Korea), and 
no background noise was provided. The experimenter exited 
the room, and the behavior of the subject was recorded, as 
previously described (37-39).

SIT. The SIT was adapted from previous studies (28,39,40) 
(subject age, 58 days). The social interaction partners were 
same-sex siblings that resided in the same cage after weaning 
and were of approximately equal body weight. Each session 
lasted 20 min and was scored in terms of total duration of 
social play and the number and type of interactions.

Measurement of corticosterone. Following the behavior 
tests, the adult (59 days of age) male offspring from each 
group were moved to the laboratory. At approximately 16:00 
on the last behavior test day, the experimental subjects 
were placed in cylindrical plastic restraint tubes for 60 min 
(n=5-6 animals/group). The restraint stressed male offspring 
(n=5-6 animals/group) were sacrificed by decapitation. Some 
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of the rats were anesthetized with ethyl ether and perfused 
with 4% paraformaldehyde. (n=5-6 animals/group). Trunk 
blood was collected immediately in plastic tubes. The blood 
was centrifuged at 13,000 rpm, and the serum was placed in 
a fresh tube. The brains were removed rapidly from the skull 
and the prefrontal cortex and hippocampus were separated, 
placed in a fresh tube, and frozen in liquid nitrogen. The 
brain tissue and serum were stored at -80˚C until use. Serum 
corticosterone levels were determined by immunoassay using 
the Rat Cortisol ELISA kit purchased from MyBioSource 
(cat no. MBS023335; San Diego, CA, USA). Assays were 
conducted according to the manufacturer's instructions, as 
previously described (43).

Western blot analysis. Prefrontal cortical tissues were lysed 
in RIPA buffer containing protease inhibitors and centrifuged 
at 14,000 rpm for 10 min at 4˚C. To detect dihydropyrimidi-
nase-like 2  (Dpysl2) and the neurofilament protein, 80 µg 
lysed protein was subjected to 10 and 12% sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis and transferred to 
a polyvinylidene difluoride membrane (Millipore, Milford, 
MA, USA). After blocking with 5% skim milk, the membranes 
were probed with anti-Dpysl2 (1:1,000; #9393, Cell Signaling 
Technology, Danvers, MA, USA), anti-LIM and SH3 protein 1 
(Lasp1; 1:2,000; MAB8991, Millipore), anti-neurofilament M 
(Nefm; 1:1,000; #2838, Cell Signaling Technology), anti-PSD95 
[discs, large homolog 4 (Dlg4); 1:1,000; #3450, Cell Signaling 
Technology] or anti-β-actin (Actb; 1:1,000; sc-81178, Santa 
Cruz Biotechnology, Inc., CA, USA) antibodies overnight at 
4˚C and then with peroxidase-conjugated secondary antibody 
(1:10,000; N4142, Sigma, St. Louis, MO, USA) for 1 h at room 
temperature. Immunoreactive bands were detected using an 
enhanced chemiluminescence kit (Elpis‑Biotech, Inc., Daejeon, 
Korea), and quantitative measurements of Dpysl2, Lasp1, Nefm, 
Dlg4 and Actb proteins were calculated using ImageJ software.

Immunohistochemistry. The rats were anesthetized with ethyl 
ether and perfused with 4% paraformaldehyde. The fixed brains 
were removed, frozen and cut into 30-µm sections. Frozen 
sections from the prefrontal cortex were blocked with normal 
horse serum, incubated with anti‑Dpysl2 (1:1,000; HPA002381, 
Atlas Antibodies AB, Stockholm, Sweden), Nefm (1:100; #2838, 
Cell Signaling Technology) and anti-NeuN (1:100; MAB377, 
Millipore) and then incubated with Cy3-conjugated anti-rabbit 
and mouse secondary antibodies (1:500 and 1:800; 715-545-151, 
111-165-003, Jackson ImmunoResearch Laboratories,  Inc., 
West Grove, PA, USA). Nuclei staining was carried out using 
4',6-diamidino-2-phenylindole  (DAPI) staining (Sigma). 
Fluorescent images were subsequently captured using a 
confocal laser scanning microscope (FV10-ASW; Olympus, 
Tokyo, Japan), and the images were quantified with Image J 
software according to a protocol described previously with 
minor modifications (44).

Statistical analysis. All data are expressed as the means ± stan-
dard deviation and/or standard error of the means and compared 
using the Student's t-test. All statistical analyses were 
performed using IBM SPSS Statistics 19 software (SPSS Inc., 
Chicago, IL, USA). A p-value <0.05 was considered to indicate 
a statistically significant difference.

Results

We established a rat model of variable and unpredictable PNS 
in order to evaluate the extent to which VF treatment altered 
behavioral patterns and protein expression in the prefrontal 
cortex. Thus, we aimed to examine the effects of VF on the 
pathophysiology of stress-induced psychiatric disorders caused 
by maternal stress during E14 to E21 of pregnancy.

PPI test. Prenatal stress exposure during the third week 
of gestation significantly affected sensorimotor gating. 
Significant prepulse facilitation was detected in offspring of 
prenatally‑stressed rats (PNS group) at lower prepulse stimulus 
intensities, whereas no change in the startle response was 
detected in the offspring of NS rats (NS group) (Fig. 1). In order 
to examine the effect of VF on sensorimotor gating function, we 
measured the PPI level using the acoustic startle response test 
in the NS, PNS and VF groups. The results revealed a signifi-
cantly different effect on PPI between the NS and PNS groups. 
The results indicate that PNS significantly altered the PPI level 
at prepulse stimulus levels of 1 and 10 dB above background 
between the PNS and NS offspring (p<0.05) but not at 50 dB 
above background (p>0.05). VF treatment affected the PPI level 
at 71 and 80 dB pulse levels (p>0.05); however, VF treatment 
decreased the PPI level at 120 dB pulse level (p<0.001).

FST. We noted significant differences among the NS, PNS, 
and VF-treated groups in the FST (Table I). The offspring of 
rats exposed to PNS exhibited decreased swimming ability 
and increased immobility compared with the offspring of NS 
rats (p<0.05, Fig. 2). The changed behavior recovered after VF 
treatment (p<0.05, Fig. 2).

OFT. The offspring from the NS and PNS groups were 
tested with the OFT for 20 min. The PNS group had a signifi-
cantly decreased number of central entries and line crossings as 
well as a decreased number and duration of rearing behaviors; 
these scores recovered to normal levels following VF treatment 

Figure 1. Prepulse inhibition (PPI) in adult male rats. This was measured on post-
natal day 56 in adult male rats exposed to stress during gestation or those derived 
from litters that were not stressed during gestation. Eight male rats were included 
in each group. PPI is presented as the percentage decrease in startle amplitude as 
a function of the magnitude of the prepulse stimulus using the following formula: 
percentage decrease = 100x [(acoustic stimuli trial) – (the prepulse stimulus 
trials + acoustic stimuli)]. Each bar represents the mean of eight male rats (± stan-
dard deviation), *p<0.05, NS versus PNS group; **p<0.05, PNS versus VF group; 
NS, offspring of non-stressed rats; PNS, offspring of prenatally-stressed rats; VF, 
Valeriana fauriei-treated offspring.
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(p<0.05, Table II). In the PNS group, we noted a significant 
increase in the number and duration of grooming episodes 
and immobility behaviors; these scores also recovered to the 
normal level following VF treatment (p<0.001, Table II).

SIT. Certain behavior scores measured during the SIT 
decreased significantly in the PNS group, namely, sniffing, 
following and grooming the partner. These decreased scores 
increased towards normal levels following VF treatment 
(p<0.05, Table Ⅲ). We also noted that certain scores increased 
in the PNS group: fighting, aggressive grooming (the partner) 
and biting. These increased scores also returned to normal 
levels following VF treatment.

Corticosterone. In the PNS group, we noted increased 
stress‑induced corticosterone levels (p<0.05, Fig. 3) compared 
with the NS group. The corticosterone level in the VF treatment 

group decreased and was close to the control level (p<0.05, 
Fig. 3).

Western blot analysis and immunohistochemistry. To examine 
the PNS-induced downregulation of several neurodevelop-
mental proteins, namely Lasp1, Dpysl2, Dlg4 and the Nefm 
proteins, we performed western blot analysis (Fig.  4) and 
immunohistochemical analyses (Figs. 5-7) of the prefrontal 
cortex areas of the brains of rats in the NS, PNS and VF-treated 
groups. Western blot analysis revealed that the quantities of 
these four proteins in the prefrontal cortex were significantly 
lower in the PNS group than in the NS group (p<0.05; Fig. 4). 

Table II. Behavior of the offspring of prenatally-stressed and 
non‑stressed rats as well as of the offspring of prenatally‑stressed 
rats treated with Valeriana fauriei extract in an open field test.

Behavior	 NS	 PNS	 VF

Centrala,b	 6.14±0.94	 1.14±0.46	 9.43±2.29
Line crossinga,b	 3.43±0.53	 0.00±0.00	 3.42±0.75
Run(n)	 0.14±0.14	 0.00±0.00	 0.00±0.00
Run(s)	 0.14±0.14	 0.00±0.00	 0.00±0.00
Rear(n)a,b	 72.71±5.83	 18.43±3.08	 68.29±5.27
Rear(s)a,b	 296.14±29.18	 78.85±16.88	 338.43±32.49
Grooming(n)a	 9.57±1.57	 21.00±3.29	 14.71±1.15
Grooming(s)a	 121.57±18.19	 262.86±39.75	 189.86±33.59
Cage(n)	 107.43±6.40	 78.00±33.01	 78.57±5.43
Cage(s)a	 313.29±17.42	 206.86±15.09	 241.29±21.98
Immobile(n)a,b	 0.00±0.00	 45.86±6.04	 0.00±0.00
Immobile(s)a,b	 0.00±0.00	 248.00±53.46	 0.00±0.00

Data are presented as the means ± SEM. ‘Central’ denotes central boxes 
entered and ‘Cage’ denotes cage sniffing. n, number of times behavior 
was noted; s, duration measured in seconds; NS, non-stressed group; 
PNS, prenatally-stressed group; VF, oral administration of Valeriana 
fauriei extract to the prenatally-stressed group; aComparison between 
NS and PNS, p<0.05; bcomparison between PNS and VF, p<0.05.

Table III. Behavior of the offspring of prenatally-stressed and 
non‑stressed rats as well as of the offspring of prenatally‑stressed 
rats treated with Valeriana fauriei extract in a social interaction test.

Behavior	 NS	 PNS	 VF

Sniffing(n)a,b	 84.57±8.20	 42.29±4.03	 76.57±5.22
Sniffing(s)a,b	 176.71±6.28	 57.71±7.92	 145.57±11.40
Following(n)a,b	 22.00±5.42	 7.57±1.21	 17.71±3.29
Following(s)a,b	 82.14±32.44	 11.00±2.57	 38.00±10.13
Grooming(n)a,b	 7.00±1.69	 0.00±0.00	 5.00±1.09
Grooming(s)a,b	 37.57±13.07	 0.00±0.00	 19.57±6.59
Fight(n)a,b	 1.57±0.57	 10.14±1.79	 1.71±0.64
Fight(s)a,b	 1.57±0.57	 12.43±2.66	 2.00±0.90
Aggressive(n)a,b	 1.43±0.48	 3.29±0.57	 0.43±0.43
Aggressive(s)b	 3.71±1.39	 7.71±1.35	 0.71±0.71
Biting(n)a,b	 0.00±0.00	 7.57±1.48	 0.14±0.14
Biting(s)a,b	 0.00±0.00	 9.86±2.04	 0.14±0.14

Data are presented as the means ± SEM. ‘Grooming’ denotes grooming 
partners; ‘Aggressive’ denotes aggressive grooming. n, number of times 
behavior was noted; s, duration measured in seconds; NS, non-stressed 
group; PNS, prenatally-stressed group; VF, oral administration of 
Valeriana fauriei to the prenatally-stressed group; aComparison between 
NS and PNS, p<0.05; bcomparison between PNS and VF, p<0.05.

Figure 2. Behavioral responses in the forced swim test. *p<0.05, comparison 
between NS and PNS groups; **p<0.05, comparison between PNS and VF groups. 
The rats in the PNS group exhibited decreased swimming ability and increased 
immobility. Data are presented as the means ± SEM. NS, offspring of non-stressed 
rats; PNS, offspring of prenatally‑stressed rats; VF, Valeriana fauriei-treated 
offspring.

Table I. Behavior of the offspring of prenatally-stressed and 
non‑stressed rats as well as of the offspring of prenatally‑stressed 
rats treated with Valeriana fauriei extract in a forced swim test.

Behavior	 NS (sec)	 PNS (sec)	 VF (sec)

Swimminga,b	 31.88±3.53	 19.25±1.44	 26.88±1.83
Climbingb	 27.88±3.44	 26.38±1.89	 32.50±1.87
Immobilitya,b	 0.25±0.16	 14.00±1.65	 0.63±0.32

Data are presented as the means ± SEM; NS, non-stressed group; PNS, 
prenatally-stressed group; VF, oral administration of Valeriana fauriei 
extract to prenatally-stressed group. aComparison between NS and 
PNS, p-value <0.05; bcomparison between PNS and VF, p-value <0.05.
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These changes were reversed by VF treatment (p<0.05; Fig. 4). 
Dpysl2, Dlg4 and Nefm were differentially expressed, as shown 
in the immunofluorescent-stained brain images of the NS, PNS 
and VF-treated groups as well as in the immunohistochemical 
staining intensity values (p<0.05, Figs. 5-7).

Discussion

In this study, we performed behavioral tests as well as protein 
expression analyses in a rat model of PNS in order to examine 
the potential preventive effects of VF on the pathophysiology 
of stress-related psychiatric disorders, such as depression and 
schizophrenia, according to neurodevelopmental theory (50).

Certain preclinical studies have focused on the antidepres-
sant-like effect of the Valeriana species (45), and the alterations 
in cerebral Na+/K+-ATPase activity caused by Valerian species 
in other psychiatric disorders (46,47). Additionally, valerian 
root extract has been proven to exert neuroprotective effects 
in several neurodegenerative diseases, such as Parkinson's and 
Alzheimer's disease (13-15). It has also been reported that the 
effects of valerian and its active component valerenic acid are 
closely related to the GABA system (11,48). GABA-induced 
depolarization activates cAMP response element-binding 
signaling, which promotes neuronal survival by activating 
downstream survival genes (49).

Experimental manipulation of the PNS model interrupts 
early brain and central nervous system development, thus 
inducing significant neurodevelopmental changes, increasing 
maternal stress hormones, and altering responses to prenatal 
stressors (23,50). Impaired social behavior and interaction 
was observed in prepubertal rats at 56 days of age as well as 
in young adult rats and all these rats were the offspring of 
PNS-exposed rats (56). One of the first clinical signs associ-
ated with human schizophrenia is social withdrawal during 
adolescence (51-53). The emergence of social withdrawal in 
adolescent rats in the PNS group appears to be consistent with 
the literature on clinical schizophrenia and further supports 
the theory that this model is relevant to studies of the schizo-
phrenia phenotype. This diminution of social behavior and 
interaction may reflect the increased anxiety experienced by 
the offspring of the prenatally-stressed rats (24). In the present 
study, PNS-induced decreases in non-aggressive behavior and 
increases in aggressive behavior returned towards normal 
levels following VF treatment. Additionally, certain behavioral 
patterns noted in the FST and OFT, which assess depressive 
behavior, were recovered following VF treatment.

We investigated sensorimotor gating, as reflected by 
PPI (54,55). This gating has been reported to be disrupted 
in patients with schizophrenia (56), but de Bruin et al (57) 
demonstrated that these forms of gating are independent 

Figure 3. Corticosterone levels in adult male rats. These were analyzed on 
postnatal day 59 in the male offspring of rats exposed to stress during gesta-
tion or male rats derived from mothers that were not stressed during gestation. 
Corticosterone secretion was induced by holding the rats in restraint tubes for 
60 min. *p<0.05, comparison between NS and PNS groups; **p<0.05, com-
parison between PNS and VF groups. Corticosterone levels were increased in 
the PNS group and decreased in the VF treatment group. Data are presented 
as the means ± SEM. NS, offspring of non-stressed rats; PNS, offspring of rats 
which were prenatally stressed; VF, Valeriana fauriei-treated offspring from 
prenatally-stressed rats.

Figure 4. Western blot analysis of dihydropyrimidinase-like 2 (Dpysl2), LIM and SH3 protein 1 (Lasp1), neurofilament M (Nefm) and discs, large homolog 4 (Dlg4) 
expression in the brains of the offspring of rats exposed to prenatal stress (PNS). (A) Dpysl2, Lasp1, Nefm and Dlg4 expression was detected by western blot analysis; 
Actb was used as the internal control. Rats in the PNS group exhibited decreased Dpysl2, Lasp1, Nefm and Dlg4 expression in the prefrontal cortex. Decreased 
Dpysl2, Lasp1, Nefm and Dlg4 expression recovered after Valeriana fauriei treatment. Quantitative analysis of (B) Dpysl2 expression, (C) Lasp1 expression, 
(D) Nefm expression and (E) Dlg4 expression. The data in the graphs represent the means ± SEM. *P<0.05, comparison between NS and PNS groups; **P<0.05, com-
parison between PNS and VF groups. NS, offspring of non-stressed rats; PNS, offspring of prenatally-stressed rats; VF, Valeriana fauriei-treated offspring.
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Figure 5. Immunohistochemical analysis of dihydropyrimidinase-like 2 (Dpysl2) expression in the brains of the offspring of rats exposed to PNS. (A) Confocal micro-
scopic images showing immunofluorescent staining for Dpysl2 (anti-Dpysl2, red, Cy3) with NeuN in the prefrontal cortex. Fluorescent staining revealed a decrease 
in Dpysl2 expression in the PNS group. Scale bar, 50 µm. (B) Quantitative analysis of Dpysl2 expression. The data in the graphs represent the means ± SEM. *P<0.05, 
comparison between NS and PNS groups; **P<0.05, comparison between PNS and VF groups. NS, offspring of non-stressed rats; PNS, offspring of prenatally‑stressed 
rats; VF, Valeriana fauriei-treated offspring.

Figure 6. Immunohistochemical analysis of neurofilament M (Nefm) expression in the brains of the offspring of rats exposed to PNS. (A) Confocal microscopic 
images showing immunofluorescent staining for Nefm (anti-Nefm, green, Alexa Fluor 488) with DAPI (blue) in the prefrontal cortex. Fluorescent staining revealed 
decreased Nefm expression in the PNS group. Scale bar, 50 µm. (B) Quantitative analysis of Nefm expression. The data in the graphs represent the means ± SEM. 
*P<0.05, comparison between NS and PNS groups; **P<0.05, comparison between PNS and VF groups. NS, offspring of non-stressed rats; PNS, offspring of 
prenatally-stressed rats; VF, Valeriana fauriei-treated offspring.

Figure 7. Immunohistochemical analysis of discs, large homolog 4 (Dlg4) expression in the brains of the offspring of rats exposed to PNS. (A) Confocal microscopic 
images showing immunofluorescent staining for Dlg4 (anti-Dlg4, red, Cy3) with NeuN in the prefrontal cortex. Fluorescent staining revealed decreased Dlg4 expres-
sion in the PNS group. Scale bar, 50 µm. (B) Quantitative analysis of Nefm expression. The data in the graphs represent the means ± SEM. *P<0.05, comparison 
between NS and PNS groups; **P<0.05 comparison between PNS and VF groups. NS, offspring of non-stressed rats; PNS, offspring of prenatally-stressed rats; VF, 
Valeriana fauriei-treated offspring.
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central nervous system (CNS) phenomena. Previous studies 
have noted PPI deficits in a neonatal rat model of ventral hippo-
campal lesions (58), heterozygous reeler mice (59), rats reared 
in isolation (60), and rats which received a prenatal immune 
challenge (61), and a mouse model of maternal influenza (62). 
However, Lehmann et al failed to generate PPI deficits by 
repeatedly stressing Wistar female rats during the final week 
of gestation (63). We suggest that several factors including the 
rat strain (64,65) and the homotypic stress paradigm used by 
Lehmann et al (63) contributed to the different outcomes. We 
report in the present study that repeated exposure to various 
stressors disrupted the gating, as reflected by deficits in PPI, 
and this was affected by VF treatment.

The decrease in the expression of neurofilament and 
Dpysl2 proteins in the offspring of rats with PNS was affected 
by VF treatment. Our previous studies have shown that Dpysl2 
and neurofilament protein levels decreased in the offspring of 
rats exposed to PNS (36,37). Furthermore, according to our 
unpublished data, Lasp1 protein was also downregulated in the 
PNS group. To confirm these results and to verify the effect of 
VF on the expression of the proteins, in the present study we 
examined protein expression in the brains of the offspring of 
the VF-treated group. We detected the decreased expression of 
a postsynaptic protein associated with the development of the 
dendritic spine called Dlg4 (also known as PSD95) for the first 
time, to the best of our knowledge, in the rat model of PNS. 
Thus, we conclude that PNS induced decreases in the expres-
sion of several neurodevelopmental proteins and the expression 
levels were increased following VF treatment. These changes 
in protein expression may affect brain development and may 
have influenced the behavioral changes in the offpsring of the 
prenatally-stressed rats.

Our results illustrate the beneficial effect which VF exerts, 
and we suggest that it would be useful in the treatment of 
psychiatric disorders such as schizophrenia. However, further 
research using cellular and animal model systems with a 
single extract component is necessary in order to characterize 
the potential pharmacological functions of VF in models of 
schizophrenia and depression-like behavior.
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