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a b s t r a c t

Lipopolysaccharide (LPS)-induced intrauterine infection has been associated with neurodevelopmental
injury in rodents. The purpose of the present study was to analyze the dynamic changes of neurobehaviors
in mice whose mothers were exposed to LPS during pregnancy. The pregnant mice were intraperitoneally
(i.p.) injected with LPS (8 �g/kg) daily from gestational day (gd) 8 to gd 15. A battery of neurobehavioral
tasks was performed in mice at postnatal day (PND) 70, 200, 400 and 600. Results showed that the
spatial learning and memory ability, determined by radial six-arm water maze (RAWM), were obviously
impaired in two hundred-day-old female mice and four hundred-day-old male mice whose mothers were
exposed to LPS during pregnancy. Open field test showed that the number of squares crossed and periph-
eral time, a marker of anxiety and exploration activity, were markedly increased in two hundred-day-old
female mice following prenatal LPS exposure. In addition, prenatal LPS exposure significantly shortened
pecies-typical behavior
nxiety and exploration

the latency to the first grid crossing in six hundred-day-old female offspring. Moreover, sensorimotor
impairment in the beam walking was observed in two hundred-day-old female mice whose mothers
were exposed to LPS during pregnancy. Species-typical behavior examination showed that prenatal LPS
exposure markedly increased weight burrowed in seventy-day-old male offspring and six hundred-day-
old female offspring. Correspondingly, prenatal LPS exposure significantly reduced weight hoarded in
two hundred-day-old female offspring. Taken together, these results suggest that prenatal LPS exposure

impa
induces neurobehavioral

. Introduction

Lipopolysaccharide (LPS) is a toxic component of cell walls in
ram-negative bacteria and is widely present in the digestive tracts
f humans and animals (Jacob et al., 1977). Humans are constantly
xposed to low levels of LPS through bacterial infection. Gastroin-
estinal distress and excess alcohol intake are known to increase
ptake of LPS from gastrointestinal tract into blood (Fukui et al.,
991; Zhou et al., 2003). High levels of LPS have also been detected

n women with bacterial vaginosis (Platz-Christensen et al., 1993).

n human, Gram-negative bacterial infections are a recognized
ause of embryo loss and preterm labor (Romero et al., 1988). Mim-
cking maternal infection by exposing the pregnant rodents to LPS
t early gestational stages resulted in embryonic resorption and
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irments at adulthood in an age- and gender-dependent manner.
© 2009 Elsevier Ireland Ltd. All rights reserved.

fetal death (Gendron et al., 1990; Ogando et al., 2003). Maternal
LPS exposure at middle gestational stages caused teratogenesis,
fetal death and preterm delivery (Leazer et al., 2002; Zhao et al.,
2008). In addition, several studies showed that maternal LPS expo-
sure at late gestational stages led to fetal death, growth restriction,
skeletal development retardation, and preterm labor (Rivera et al.,
1998; Buhimschi et al., 2003; Xu et al., 2005, 2006, 2007b).

Maternal inflammation during pregnancy resulted in a higher
incidence of psychiatric disorders with a presumed neurodevelop-
mental origin in the offspring, including schizophrenia and autism.
Substantial clinical studies have showed that the mothers of new-
borns with schizophrenia or brain white matter lesions had higher
levels of pro-inflammatory cytokines including tumor necrosis
factor alpha (TNF-�), interleukin-1beta (IL-1�) and interleukin-6
(IL-6) in their amniotic fluid and maternal serum than did moth-
ers delivered of newborns without schizophrenia or brain white

matter lesions (O’Callaghan et al., 1994; Naudin et al., 1997; Yoon
et al., 1997a). Another study found that the expression of TNF-�,
IL-1� and IL-6 is also much higher in brains with periventricular
leukomalacia (PVL) than in those without PVL (Yoon et al., 1997b).
Mimicking intrauterine infection and inflammation by maternal
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http://www.elsevier.com/locate/toxlet
mailto:chenguihai1964@163.com
mailto:xudex@mail.hf.ah.cn
mailto:xudex@126.com
dx.doi.org/10.1016/j.toxlet.2009.10.030


2 y Lett

L
o
o
a
L
i
a
A
l
i
s

o
w
f
m

2

2

S
c

2

B
L
(
t
f
W
f
f
l
P
r
d
p
fi
t
t
a
(
u
h
C

2

2
e
o
m
o
t

F
b
c

46 H. Wang et al. / Toxicolog

PS exposure during pregnancy significantly increased the levels
f TNF-�, IL-1� and IL-6 in maternal serum, fetal liver and amni-
tic fluid, TNF-� and IL-10 in fetal brain in rodents (Ashdown et
l., 2006; Xu et al., 2007a). Several studies showed that maternal
PS (120 �g/kg, i.p.) exposure at late gestational stages markedly
mpaired the learning abilities and social behavioral performance in
dulthood (Golan et al., 2005; Golan et al., 2006; Hava et al., 2006).
nother study found that maternal IL-6 exposure at middle and

ate gestational stages resulted in inflammatory neurodegeneration
n hippocampus with NMDA/GABAA dysregulation and impaired
patial learning (Samuelsson et al., 2006).

In the present study, we aimed to analyze the dynamic changes
f neurobehavioral impairments in adult offspring whose mothers
ere exposed to LPS (8 �g/kg, i.p.) at middle gestational stages. We

ound that prenatal LPS exposure induces neurobehavioral impair-
ents at adulthood in an age- and gender-dependent manner.

. Materials and methods

.1. Chemicals

Lipopolysaccharide (Escherichia coli LPS, serotype 0127:B8) was purchased from
igma Chemical Co. (St. Louis, MO). All other reagents were from Sigma or as indi-
ated in the specified methods.

.2. Animals and treatments

CD-1 mice (male mice: 28–30 g; female mice: 24–26 g) were purchased from
eijing Vital River whose foundation colonies were all introduced from Charles River
aboratories, Inc. The presence of a vaginal plug was designated as gestational day
gd) 0. Twenty pregnant mice were randomly divided into two groups. In LPS group,
he pregnant mice received an intraperitoneal (i.p.) injection of LPS (8 �g/kg) daily
rom gd 8 to gd 15. The normal saline-treated pregnant mice served as controls.

ithin 24 h after birth, excess pups were removed, so that four males and four
emales were kept per dam. At postnatal days 21 (PND 21), pups were separated
rom their siblings and housed five to a cage. A male mouse and a female mouse per
itter were given the behavioral tests. The same mice in each group were tested at
ND 70, 200, 400, 600. Some mice with overt blindness and large abdomen were
emoved before behavioral tests. The battery of behavioral tasks lasted for twelve
ays. Except for nesting and hoarding, each task was carried out during the light
hase and in the following order: Species-typical behaviors (days 1 and 2); Open-
eld test (day 3); Beam walking (day 4); Tightrope (day 5); RAWM (days 6–12). All
asks were performed in the feeding room in order to preserve the adaptation to
he environment. The mice were allowed free access to food and water at all times
nd were maintained in a 12-h light/dark schedule and in a controlled temperature
20–25 ◦C) and humidity (50% ± 5%) environment for a period of one week before
se. All animal experiments were carried out in accordance with the guidelines for
umane treatment set by the Association of Laboratory Animal Sciences and the
enter for Laboratory Animal Sciences at Anhui Medical University.

.3. Radial six-arm water maze (RAWM)

The protocol for RAWM was designed according to the literatures (Morgan et al.,

000; Chen et al., 2004). The maze consisted of a circular black pool (1 m in diam-
ter, 21 cm in height) with six swim arms (30.5 cm × 19 cm × 21 cm) that radiated
ut from a central area (40 cm in diameter) and was full of water (19–22 ◦C). A sub-
erged platform (10 cm in diameter and 15 cm in height) was located at the end

f one of these alleys and at a distance of 4.5 cm from three walls. In addition to
he experimenter, three spatial cues of different size and shape were surrounded

ig. 1. Effects of prenatal LPS exposure on burrowing behaviors in mice. Pregnant mice
urrowed of male (A) and female (B) offspring was tested at PND 70, 200, 400, 600. Data
ontrols.
ers 192 (2010) 245–251

the maze at a height of 150 cm and a distance of 120 cm from the outer wall of the
maze. Each day, the mice learned the location of the submerged platform, which
was placed in the same arm on each trial within a day and in a different arm across
days, during four consecutive acquisition trials (trials 1–4) followed 30 min later by
a retention trial (trial 5). In each trial, the mouse was started in one of four random
entry arms not including the arm containing the platform and its opposite alley and
allowed to swim for 60 s to find the escape platform. Upon entering an incorrect arm
(four paws within the swim alley) or failing to select an arm, the mouse was gently
dragged back to the start arm for that trial and counted an error. All mice spent 30 s
on the platform following the trial before beginning the next trial. After the fourth
trial had been completed, the mouse was dried with a towel, placed in its home cage
under a 150-W floodlight for 30 min, then returned to the maze and performed the
retention trial with the identical start alley as trial 4. The number of errors and the
latency (the time from entering the water to finding the platform) were recorded.
Due to the altered location for each mouse entering the water through trials 1–4
daily, and the different swimming orientation of the mice, the performance in trial
1 was not always worse than that in trials 2–4, so the number of errors and the
latency in the learning period (trials 1–4) daily was averaged and was considered as
the learning performance each day.

2.4. Open field

To determine spontaneous motor activity and anxiety, an open-field procedure
was designed (Tong et al., 2007). An open, black wooden box (81 cm × 81 cm inte-
rior area) with 28-cm high walls was used. The box floor was painted with white
lines (3 mm wide) to form 16 equal squares (20 cm × 20 cm) with a colored box
(8 cm × 5 cm × 3 cm) in the center of the area. Illumination was provided by a 40-W
white light placed 2.80 m above the center of the field. The mouse was introduced to
one of the four corners in the field, facing the wall, and was permitted to explore the
environment for 5 min ad libitum. During this time, squares crossed, latency to the
first grid crossing and peripheral time (the time spent in the 12 peripheral squares)
were recorded. Moreover, the area was cleaned with stupe before the next mouse
was tested.

2.5. Beam walking

The apparatus consisted of a 51-cm-long wooden beam (1 cm wide) and two
vertical supports (50 cm in height). Each mouse was given three successive trials
and perpendicularly placed on the center of the beam. There was 60 s in a maximum
duration of each trial. The balance time, during which the mice did not fall from the
beam, was recorded as each of the three trials. If the mice remained on the beam
for the duration of the trial or escaped to either of the platforms, it was recorded as
60 s. The mean time of the three trials was recorded.

2.6. Tightrope

In the task, each mouse was forced to grasp and suspend from a tightrope. A
taut and tiny cotton rope (2 mm in diameter with an ink mark at 5-cm intervals
along its length) was stretched across a tank (100 cm in diameter, 30 cm in height)
half-filled with water (at 19–22 ◦C). Before the start of the test, each mouse was
placed into the water for 5 s. During a 60-s trial, the mouse was raised to grasp the
center of the rope with its forepaws, and then slowly released in order to support its
own weight by means of its grip. The suspension time and the number of markers
crossed were separately recorded. Once a mouse had fallen off the rope, or stayed
on the rope for up to 60 s, it was immediately removed to a home cage and allowed
to rest for 30 s before the next trial. The suspension time and the number of mark-

ers crossed in three trials were averaged for performance each mouse. Among the
mice with the same average suspension time, some were immovably suspended
on the tightrope, whereas the others could not only suspend on the tightrope, but
also move laterally and horizontally. In order to distinguish these mice, we used a
transformed score [=(average suspension time) + 10(average number of the marker
crossed)].

were administered with LPS (8 �g/kg, i.p.) daily from gd 8 to gd 15. The weight
were expressed as means ± SEM of ten mice. *P < 0.05, **P < 0.01 as compared with
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Fig. 2. Effects of prenatal LPS exposure on hoarding behaviors in mice. Pregnant mice were administered with LPS (8 �g/kg, i.p.) daily from gd 8 to gd 15. The weight hoarded
and consumption of male (A, C) and female (B, D) offspring were examined at PND 70, 200, 400, 600. Data were expressed as means ± SEM. n = 10. *P < 0.05, **P < 0.01 as
compared with controls.

Fig. 3. Effects of prenatal LPS exposure on exploration and anxiety behaviors in mice. Pregnant mice were administered with LPS (8 �g/kg, i.p.) daily from gd 8 to gd 15.
Peripheral time, the number of squares crossed and latency to the first grid crossing of male (A, C, E) and female (B, D, F) offspring were examined at PND 70, 200, 400, 600.
Data were expressed as means ± SEM. n = 10. *P < 0.05, **P < 0.01 as compared with controls.
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ig. 4. Effects of prenatal LPS exposure on sensory and motor function in mice. Pre
ime and transformed scores of male (A, C) and female (B, D) offspring were exam
ompared with controls.

.7. Species-typical behaviors

The apparatus and procedure were designed according to previous studies with
ome modifications (Deacon et al., 2002, 2003).

.7.1. Burrowing
The experimental apparatus was composed of a plastic cage, which was the

ame as the home cage, contained a plastic tube (4 cm in diameter, 10 cm long) and
bright iron tube with semi-cylinder shape (5 cm in diameter, 12 cm long). In order

o aggregate food within the iron tube, two bars of 1-cm height were transversely
asted at the floor of the iron tube at 1-cm distance from each end, and the space
etween two bars was full of 40-g soybean. Each mouse (not deprived of food) was
laced into single cage during the light period. And then the soybean displaced from
he tube was weighed 2 h later.

.7.2. Hoarding
Mice were housed in wooden boxes with wire mesh lids and wood shaving

edding (30 cm × 20 cm × 15 cm), each attached to a 60-cm-long wire mesh tube, at
he far end of which was placed 50 g of normal diet food pellets. Mice were indi-
idually housed in the boxes just before the beginning of the dark cycle and had
ree access to water. The next morning, the pellets found in the box were weighed
nd were considered as the weight hoarded. Moreover, the consumption, includ-
ng the weight eaten and crunched, was also calculated (the consumption = initial

eight − the weight hoarded).

.7.3. Nesting
All mice were individually housed with food, water and new sawdust bedding.
ix pieces of white papery cloth (4 cm × 4 cm), which was used to build a nest, were
venly placed in each cage. After the overnight, the nests were scored according
o the following standards: 0, no visible crater of sawdust and no papery cloth;
, sawdust crater alone and no shredded cloth; 2, sawdust crater with shredded
r whole papery cloth gathered around and in the crater; 3, sawdust crater with
hredded or whole papery cloth gathered around and in the crater forming a cup-

able 1
ffects of prenatal LPS exposure on learning and memory performances in males over sev

Index PND 70 PND 200

Control LPS Control LPS

Latency in trials 1–4 32.4 ± 2.1 27.8 ± 2.1 34.6 ± 1.9 33.7
Errors in trials 1–4 4.3 ± 0.3 3.8 ± 0.3 4.4 ± 0.2 4.5
Latency in trials 5 33.5 ± 2.7 24.7 ± 2.5* 32.4 ± 2.8 31.5
Errors in trials 5 5.2 ± 0.5 3.3 ± 0.4** 4.7 ± 0.5 4.5

P < 0.05, **P < 0.01 as compared with controls.
mice were administered with LPS (8 �g/kg, i.p.) daily from gd 8 to gd 15. Balance
t PND 70, 200, 400, 600. Data were expressed as means ± SEM. n = 10. *P < 0.05, as

shaped nest; 4, the shredded papery cloth forms a ball-shaped nest covering the
mouse.

2.8. Statistical analysis

The results were expressed as mean ± standard error of the mean (SEM). To
evaluate the difference between control group and LPS group, data analysis was
performed by two-way ANOVA for repeated measures. When P < 0.05 or a lower
value, it was considered to be a significant difference.

3. Results

3.1. Effects of prenatal LPS exposure on species-typical behaviors
at adulthood

To investigate the effects of prenatal LPS exposure on
species-typical behaviors at adulthood, the pregnant mice were
administered with LPS daily from gd 8 to gd 15. No signs of maternal
toxicity were observed in dams treated with LPS. As shown in Fig. 1A
and B, weight burrowed was significantly increased in seventy-
day-old male mice and six hundred-day-old female mice whose
mothers were administered with LPS during pregnancy, whereas
prenatal LPS exposure decreased weight burrowed in male mice at

PND400. The effects of prenatal LPS exposure on hoarding behavior
were presented in Fig. 2. Results showed that weight hoarded was
markedly decreased in two hundred-day-old female mice whose
mothers were exposed to LPS during pregnancy. Interestingly, pre-
natal LPS exposure obviously increased consumption in male and

en consecutive days.

PND 400 PND 600

Control LPS Control LPS

± 1.9 34.5 ± 1.6 40.0 ± 1.7* 30.2 ± 1.7 33.9 ± 1.8
± 0.2 3.8 ± 0.2 4.7 ± 0.2** 4.0 ± 0.2 4.1 ± 0.2
± 2.7 32.2 ± 2.7 38.5 ± 2.6* 23.9 ± 2.5 24.1 ± 2.4
± 0.5 3.9 ± 0.4 4.9 ± 0.4* 3.5 ± 0.4 3.3 ± 0.4
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Table 2
Effects of prenatal LPS exposure on learning and memory performances in females over seven consecutive days.

Index PND 70 PND 200 PND 400 PND 600

Control LPS Control LPS Control LPS Control LPS

Latency in trials 1–4 29.4 ± 2.1 26.1 ± 2.0 23.5 ± 1.8 33.2 ± 1.5** 34.8 ± 1.8 32.0 ± 1.6 38.4 ± 1.6 31.6 ± 1.5**
Errors in trials 1–4 4.2 ± 0.3 3.8 ± 0.3 3.2 ± 0.3 4.4 ± 0.2** 4.0 ± 0.2 4.4 ± 0.2 4.3 ± 0.2 3.9 ± 0.2

30.3 ±
4.8 ±

*
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Latency in trials 5 29.8 ± 2.7 23.3 ± 2.4* 21.9 ± 2.2
Errors in trials 5 4.9 ± 0.5 3.8 ± 0.5* 3.5 ± 0.4

P < 0.05, **P < 0.01 as compared with controls.

emale mice at PND400. There was no significant difference on the
esting scores between LPS-treated mice and controls at all time
oints (data not shown).

.2. Effects of prenatal LPS exposure on exploration and anxiety
ctivities at adulthood

The effects of prenatal LPS exposure on exploration and anx-
ety activities at adulthood were detected by open field test. As
hown in Fig. 3, the average peripheral time and the number of
quares crossed were significantly increased only in middle-aged
emales (PND200) whose mothers were exposed with LPS dur-
ng pregnancy, whereas prenatal LPS exposure had little effect on
he average peripheral time and the number of squares crossed
n males and young (PND70) and old females (from PND400
o PND600). Interestingly, latency to the first grid crossing was

arkedly decreased in six hundred-day-old female mice whose
others were exposed to LPS during pregnancy (Fig. 3F). By con-

rast, prenatal LPS exposure markedly prolonged the latency to
he first grid crossing in male mice at the age of six hundred days
Fig. 3E).

.3. Effects of prenatal LPS exposure on sensorimotor function at
dulthood

As shown in Fig. 4A and B, balance time was shorter in two
undred-day-old female offspring whose mothers were exposed to
PS during pregnancy, whereas no significant difference on balance
ime was observed in males and young (PND70) and old females
from PND400 to PND600) whose mothers were exposed to LPS
uring pregnancy. In addition, prenatal LPS exposure significantly

ncreased transformed score of tightrope test in male offspring at
he age of four hundred days as compared with the controls (Fig. 4C
nd D).

.4. Effects of prenatal LPS exposure on learning and memory
erformance at adulthood

The effects of prenatal LPS exposure on learning and memory
erformances were examined by RAWM. ANOVA with repeated
easures showed that average errors during the retention phase
ere markedly reduced in seventy-day-old male mice follow-

ng prenatal LPS exposure (Table 1). In contrast, latency during
he learning phase [F(1, 14) = 13.602, P < 0.01], the number of errors
uring the learning phase [F(1, 14) = 9.557, P < 0.01] and latency
uring the memory phase [F(1, 14) = 6.243, P < 0.05] were signif-

cantly increased in two hundred-day-old female mice whose
others were exposed to LPS during pregnancy (Table 2). More-

ver, prenatal LPS exposure had mild effect on the number of
rrors during the learning phase in four hundred-day-old male

ice [F(1, 18) = 3.857, P = 0.065; Table 1]. However, no significant

ifferences in learning and memory performances between the
ontrols and LPS treatments were observed in six hundred-day-
ld male or female mice (Tables 1 and 2). We also analyzed average
rrors and latency over seven consecutive days by t-test. Results
2.6* 27.7 ± 2.5 28.9 ± 2.6 32.8 ± 2.7 31.4 ± 2.7
0.5* 3.7 ± 0.4 4.5 ± 0.5 4.4 ± 0.4 4.6 ± 0.5

showed that prenatal LPS exposure significantly increase aver-
age errors and latency during the learning and retention phase
in four hundred-day-old male mice and two hundred-day-old
female mice (Tables 1 and 2). Interestingly, prenatal LPS expo-
sure obviously decreased average errors and latency during the
retention phase in seventy-day-old male offspring and in seventy-
day-old females (Tables 1 and 2). In addition, latency during the
learning phase was markedly decreased in six hundred-day-old
female mice whose mothers were exposed to LPS during pregnancy
(Table 2).

4. Discussion

In the present study, we analyzed the dynamic changes of
neurobehavioral impairments in adult offspring whose mothers
were exposed to LPS daily from gd 8 to gd 15. A battery of neu-
robehavioral tasks was performed in mice at PND 70, 200, 400
and 600. Our results showed that prenatal LPS exposure resulted
in the impairments of neurobehaviors, such as species-typical
behaviors, exploration and anxiety, sensorimotor, and learning
and memory at adulthood in an age- and gender-dependent
manner.

The species-typical behaviors, including burrowing, hoard-
ing, and nesting, have been widely studied in rodents. It has
been demonstrated that a successful achievement of the species-
typical behaviors depends on the intact of the hippocampus and
prefrontal cortex in mice (Deacon et al., 2002, 2003). Recent
studies showed that administration of sub-pyrogenic doses LPS
to adult mice induced impairments in species-typical behaviors
that were similarly affected by hippocampal lesions (Deacon et
al., 2002; Teeling et al., 2007). In the present study, we investi-
gated the effects of prenatal LPS exposure on the species-typical
behaviors in mice at adulthood. Results showed that impacts
of burrowing behavior were observed in seventy-day-old male
mice, four hundred-day-old male mice and six hundred-day-
old female mice whose mothers were administered with LPS
at middle gestational stages. In addition, prenatal LPS expo-
sure induced hoarding impairments in two hundred-day-old
females.

Exploration and anxiety activities were determined by open
field task or elevated plus maze. Several studies indicated that
six hundred-day-old male mice whose mothers were exposed to
LPS (120 �g/kg, i.p.) at late gestational stages covered longer dis-
tances and entered frequently to the center of the field (Golan
et al., 2006; Hava et al., 2006), whereas no significant differ-
ence in exploratory behavior was observed between the control
male mice and eight-month-old male mice whose mothers were
exposed to LPS (120 �g/kg, i.p.) at late gestational stages (Golan
et al., 2005). These results are in agreement with ours, in
which there was no significant difference in exploratory behav-

ior between two hundred-day-old male mice and the controls
whose mothers were exposed to LPS (8 �g/kg, i.p.) at middle
gestational stages. However, maternal LPS exposure at middle
gestational stages induced an increase in peripheral time and
squares crossed in two hundred-day-old female mice. In addi-
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ion, latency to the first grid crossing was markedly increased
n six hundred-day-old females whose mothers were exposed
o LPS daily from gd 8 to gd 15. To get more insights into the
motional phenotype displayed by LPS-exposed offspring, the
levated plus maze test is required to be performed in further
tudies.

Effects of prenatal LPS exposure on sensorimotor function at
dulthood remain controversial. Several studies indicated that
aternal exposure to a single dose of LPS at gd 17 had no effect

n sensory and motor function in eight-month-old males and
wenty-month-old male mice (Golan et al., 2005, 2006). In the
resent study, we found that sensorimotor impairment in the
eam walking was observed in two hundred-day-old female mice
hose mothers were exposed to LPS daily from gd 8 to gd 15. Our

esults are in agreement with those by others (Borrell et al., 2002;
ortier et al., 2007; Romero et al., in press), in which maternal
PS challenge throughout gestation or at middle and late gesta-
ional stages markedly disrupted sensorimotor gating at adulthood
n rats.

Numerous studies have demonstrated that the hippocampus
ediates allocentric spatial navigation. The prefrontal cortex is crit-

cal to acquiring the rules that govern performance in particular
asks, while the dorsomedial striatum mediates egocentric spatial
rientation (Devan et al., 1996; Oliveira et al., 1997). Currently, the
orris water maze (MWM) and the radial six-arm maze (RAWM)
ere widely used to evaluate spatial learning and memory abil-

ties in rodents (Morgan et al., 2000; Vorhees et al., 2000; Vann
nd Aggleton, 2003; Colón-Cesario et al., 2006; Huang et al., 2006;
u et al., 2007). RAWM consists of the variable spatial complexity
f radial arm maze and the efficient learning of MWM. One dis-
inct advantage of RAWM is the ability to assess both reference
nd working memory errors simultaneously (Hyde et al., 1998).
everal studies showed that maternal LPS (120 �g/kg, i.p.) expo-
ure at gd 17 induced the impairments of the learning and memory
erformance detected by MWM, which was associated with spe-
ific histopathological injury in the hippocampus region in adult
ffspring (Golan et al., 2005, 2006). Another study showed that
aternal IL-6 exposure at middle and late gestational stages caused

mpairments in spatial learning (Samuelsson et al., 2006). In line
ith the previous studies, the present study also found that the

patial learning and memory ability, determined by radial six-arm
ater maze (RAWM), were obviously impaired in two hundred-
ay-old female mice and four hundred-day-old male mice whose
others were exposed to LPS (8 �g/kg, i.p.) daily from gd 8 to gd

5. These results suggested that prenatal LPS exposure induced
mpairments in the spatial learning and memory ability occurred
arlier in females than in males. However, there was no significant
ifference in four hundred-day-old female mice or six hundred-
ay-old male mice between LPS treatment group and the control
roup. The same mice had been given RAWM test at different ages,
o some tasks were learned in aged mice. Additional experiment
s required to determine whether prenatal LPS exposure induces
earning and memory impairments in test-naïve mice at different
ges.

In summary, our results indicated that prenatal LPS exposure
nduced neurobehavioral impairments at adulthood in an age- and
ender-dependent manner. The decreases of the spatial learning
nd memory performance were observed in four hundred-day-
ld males. The impairments of the anxiety activity occurred in
ix hundred-day-old females. Burrowing behavior was impaired
n seventy-day-old males and six hundred-day-old females. In

wo hundred-day-old females, all the neurobehaviors, including
oarding behavior, sensorimotor function, anxiety and exploration
ctivities, and the spatial learning and memory performance, were
mpaired.
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