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Abstract
Background: Maternal infection during pregnancy is a risk factor for some behavioral 
problems with neurodevelopmental origin. This study aimed to evaluate the effects of 
exposure of pregnant mice to the bacterial lipopolysaccharide (LPS) on sexual behaviour 
and serum level of pituitary-gonadal hormones of offspring in adulthood.  

Materials and Methods: In this Expremental study, pregnant NMRI mice (n=7/group) 
were treated with intra-peritoneal administration of LPS (1, 5 and 10 µg/kg) at day 10 
of  gestation. Induction of the pro-inflammatory cytokines, Tumor necrosis factor-alpha 
(TNF-α), interleukin-1beta (IL-1β) and interleukin-6 (IL-6) were measured in maternal 
serum 2 hours following the maternal LPS challenge. Behavior in the adult male off-
spring reproductive activity  was investigated using receptive female mice. Concentra-
tions of testosterone, luteinizing hormone (LH) and follicle-stimulating hormone (FSH) 
in adult offspring serum were measured using the enzyme-linked immunosorbent assay 
(ELISA) method (at postnatal day 60, n=10/group).

Results: One-way ANOVA showed that LPS administration induces a significant increase 
in TNF-α, IL-1β and IL-6 levels of maternal serum. Prenatal LPS exposure reduces sex-
ual behavior and serum concentration of LH and testosterone in adult male offspring. 

Conclusion: The overall results suggest that prenatal exposure to LPS increases pro-
inflammatory cytokine levels, affects development of neuroendocrine systems and results 
in the inhibition of reproductive behaviors and reactivity of hypothalamic–pituitary-go-
nadal (HPG) axis in adult male offspring. 
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Introduction

Previous studies have shown that lipopolysaccha-
ride (LPS) affects brain development and results 
in behavioral disorders in many species.  Epide-
miological researches have reported that maternal 
bacterial and viral infections during pregnancy 
represent a risk factor for several neuropsychiatric 
disorders with a presumed neurodevelopmental or-
igin. Studies using animal models have also shown 
that both bacterial and viral infections in utero can 
cause a spectrum of neuropathological and behav-

ioral abnormalities in offspring (1-3).
Previous studies have shown that exposing 

pregnant female mice to stressors during the last 
week of pregnancy, reprograms the hypothalamic-
pituitary-adrenal (HPA) axis and enhances be-
havioral responses to psycho stimulants (4, 5).

Repeated exposure of pregnant mice to stressful 
environments during pregnancy has been found to 
induce deficits in cognitional behaviors (4). More-
over, increased risk for cognitive disorders  have 
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also been associated with maternal bacterial infec-
tions such as pneumonia during pregnancy (6, 7). 
The wide range of bacteria-related infections have 
been associated with increased risk for neurode-
volepmental disorders, suggesting the common 
mechanisms to various prenatal infections that af-
fect fetal development (6, 8).

Since previous studies considered, bacterial in-
fections during pregnancy as a risk factor for brain 
and behavioral development in the fetus, this cur-
rent study aims to investigate the effects of prena-
tal exposure to bacterial LPS on the development 
of reproduction-related behaviors and serum con-
centration of luteinizing hormone (LH), Follicle-
stimulating hormone (FSH) nd testosterone in 
adult male offspring.

Materials and Methods
Animals and maintenance

 In this experimental study, female and male 
NMRI mice obtained from Pasteur Institute of Iran, 
were aged between 10-12 weeks at the time of test-
ing. Animals were housed in groups of 4 per cage 
in a room with a 12:12 hour light/dark cycle (lights 
on 07:00 am) under a controlled temperature (23 
± 1˚C). Animals had access to food and water. 
Breeding began after 2 weeks of acclimatization to 
the new animal holding room. The breeding proce-
dure and the verification of pregnancy have been 
fully described in previous studies (1, 9). All of 
the pregnant rats were allowed to give birth and 
nurture their offspring normally. Littermates of 
the same sex were kept in groups of three to five 
mice. For standard milk availability, number of 
animals in each litter was standardized (3 males 
and 3 females/dam).

Pups were weaned on postnatal day 21 (PD 
21), and offspring housed (four animals from the 
same treatment/cage) and maintained on a stand-
ard animal house condition. Adult male offspring 
randomly chose for each test were distributed into 
control and experimental groups (n=10/group, two 
pup each litter for the adulthood behaviors) before 
starting each test (10, 11).

All animal experiments have been carried out 
in accordance with the National Institutes of 
Health guide for the care and use of Laboratory 
animals (NIH).

Treatments

In order to model a physiological maternal in-
fection, at the 10th gestational day, pregnant mice 
were administered with intra-peritoneal injection 
of low doses of LPS (from Brucella abortus, Pas-
teur Ins., Tehran) which have been shown to pro-
duce optimal fever and cytokine induction in the 
mice, while having limited impact on maternal and 
pup survival (i.e. 1, 5 and 10 µg/kg of LPS, N=7/
group) (6, 12-15).

Serum cytokines assay

Maternal serum was prepared 2 hours after 
injection of saline or LPS by centrifugation at 
15000 g for 5 min, aliquoted and then stored at 
-80˚C until the cytokine assays were performed. 
Concentrations of), interleukin-1beta (IL-1β) 
(Immuno-Biological Laboratories, IB49700, 
USA), interleukin-6 (IL-6) (BioSource Inter-
national, CA 93012, USA), and Tumor necrosis 
factor-alpha (TNF-α) (Ucytech, CT 302, Neth-
erlands) were determined using commercial en-
zyme-linked immunosorbent assay (ELISA) kits 
in accordance with the manufacturer’s instruc-
tions. All samples and standards were assayed 
in duplicate.

Hormone assay

Testosterone, LH and FSH hormones of adult 
male offspring were assayed by solid phase 
ELISA kits (Demeditec Diagnostics Ltd., Ger-
many), based on the principle of competitive 
binding and according to the manufacturer’s 
instruction.

 
The microtiter wells are coated with an anti-

body directed towards a unique antigenic site on 
the hormone molecule. Endogenous hormone 
of a serum sample competes with a hormone 
horseradish peroxidase conjugate for binding 
to the coated antibody. After incubation the un-
bound conjugate is washed off.  The amount of 
bound peroxidase conjugate is proportionally 
reverse the concentration of hormone in the 
sample. After addition of the substrate solution, 
the intensity of color developed is proportion-
ally reverse the concentration of hormone in the 
serum sample.
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Experiment layout
Reproductive activity tests in the male offspring

Adult male offspring were randomly chosen for 
behavioral testing. Receptive female mice were 
used to test male reproductive activity (Sniffing, 
Following, Mounting, Coupling) in such a way 
that males were placed in the female’s acrylic 
cage (25 cm×25 cm×40 cm; L×W×H) containing 
wood chips with food and water provided. 

Before studying sexual behavior, control (prena-
tally exposed to saline) and LPS treated (prenatally 
exposed to LPS) male offspring were separately 
placed in a cage with a sexually experienced male 
and a receptive female to have prior learning 
or experience. Early morning of assessing day, 
sexually naive males were separated and main-
tained separately until that evening. Every naive 
male, currently sexually experienced, was given 
60 minutes to accompany a receptive female, 
during which male behaviors were assessed and 
compared (16). Four separate replications of the 
experiment were run for each male. Sniffing, fol-
lowing, mounting and coupling were the sexual be-
havior parameters assessed. During 30-minutess 
sexual behavior tests if the male mice showed no 
mounts, the mounting component was over, and 
if not they were further permitted up to 60 min-
utes for coupling and ejaculation (16-18). During 
all testing sessions behavioral parameters were 
recorded on videotape and analyzed after com-
pleting the experiments (19).

Statistical analysis

Since data displayed normality of distribution 
and homogeneity of variance, one-way ANOVA 
and Tukey Post Hoc test (SPSS 16) were used for 
comparison between the effects of different doses 
of extract with control. 

Results
Effects of LPS on serum concentrations of cy-
tokines in pregnant mice

As shown in figurer 1, treatment of bacte-
rial LPS in the pregnant mice increases serum 
levels of pro-inflammatory cytokines, IL-1β 
(p<0.01), IL-6 (p<0.01) and TNF-α (p<0.001) 

Prenatal LPS and Long-Lasting Effects

significantly in comparison with the saline treated 
control group.
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Fig 1: Effects of intra peritoneal injection of saline (0.05 
ml/mice) or LPS (1, 5 or 10µg/Kg) on serum level of IL-1β 
(A), IL-6 (B) and TNF-α (C) in pregnant dams. Each bar is 
mean ± SE.
*p<0.05, **p < 0.01 and ***p < 0.01, when compared to the 
saline treated group (N=7).
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Fig 2: Effects of prenatal exposure of saline (0.05 ml/mice) or LPS 
(1, 5 or 10µg/Kg) on serum level of IL-1β (A), IL-6 (B) and TNF-α 
(C) in the male adult offspring. Each bar is mean ± SE ( N=7).
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Effects of prenatal LPS exposure on serum con-
centrations of cytokines in male offspring

Figure 2 shows the effects of prenatal LPS ad-
ministration on serum levels of IL-1β, IL-6 and 
TNF-α in male offspring. As shown in the figure 
2, there is no significant change in the serum cy-
tokine levels in comparison between LPS and the 
saline treated control group.

Effects of prenatal LPS exposure on sexual be-
haviors of offspring

The results of this research suggest that pre-
natal LPS exposure decreases sexual behavior 
components including coupling (p<0.01), fol-
lowing (p<0.01), mounting (p<0.01), and sniff-
ing (p<0.001), significantly in comparison with 
the control group (Table 1).

Effects of prenatal LPS exposure on pituitary-
gonadal hormones of offspring

 Measuring pituitary-gonadal hormones after 
assessing behavioral components in prenatally 
LPS exposed mice showed that testosterone 
(p<0.001) and LH (p<0.01) concentrations of 
serum were significantly reduced (Fig 3). The 
present results also show that prenatal LPS ex-
posure has no significant effect on serum FSH 
Level when compared with the control group 
(Fig 3). 

Table 1: Effects of prenatal LPS exposure on behavioral components of adult Male offspring,
in comparison with the control group (mean ± SE)

LPS 10 
(µg/rat)

LPS 5 
(µg/rat)

LPS 1
(µg/rat)

Control

6.10 ± 1.1***7.38 ± 0.86**8.18 ± 0.78*16 ± 1.6Number of sniffing

4.25 ± 0.64**4.81 ± 8.8**6.87 ± 1.510.78 ± 0.72Number of following

1.25 ± 0.31*1.25 ± 0.44*1.7 ± 0.674.31 ± 0.6Number of  mounting

0.3 ± 0.21**0.2 ± 0.13**0.5 ± 1.160.8 ± 0.1Number of coupling

*p<0.05, **p<0.01 and ***p<0.001 when compared to the saline treated group.
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Fig 3: Effects prenatal exposure to saline (0.05 ml/mice) or LPS 
(1, 5 or 10µg/Kg) on serum level of Testosterone (A), LH (B) 
and FSH (C) in adult male offspring. Each bar is mean ± SE. 
*p<0.05, **p<0.01 and ***p<0.01, when compared to the saline 
treated group (N=10).

Discussion
It is clear that maternal bacterial infections and 

immune challenges during pregnancy have dis-
tinct effects on the development of central nerv-
ous and endocrine systems in the offspring, that 
may affect behavior (1, 20, 21).  

Results of the present study show that pre-
natal exposure of adult male NMRI mice with 
low doses of Brucella abortus LPS inhibits 
sexual behaviors and decreases serum level 
of testosterone and LH hormones. Our re-
sults also demonstrate that LPS exposure dur-
ing gestation increased serum concentration 
of pro-inflammatory cytokines such as IL-
1β, IL-6 and TNF-α. However, prenatal LPS 
treatment has no significant effect on serum 
concentrations of IL-1, IL-6 and TNF-α in the 
male adult offspring.

It is well known that lipopolysaccharide as 
a bacterial outer membrane component, in-
duces production of several pro-inflammato-
ry cytokines (22). Since LPS did not cross the 
placenta in normal conditions (11), it is pos-
sible that LPS caused it’s effects via immune 
mediators and inflammatory mediators, such 
as tumor necrosis factor (TNF-α), IL-1 and 
IL-6, to reach the fetus within the uterus and 
affect fetal developments (11, 23). However, 
it is also possible that the maternal exposure 
to infection alters pro-inflammatory cytokine 
levels in the fetal environment, which may 
have a significant impact on fetal develop-
ment (11). In addition, increased pro-inflam-
matory cytokine levels could affect the brain 
of the developing fetus and may be responsi-
ble for the inhibition of the reproductive axis 
and its normal function in the fetuses and 
male newborn mice (24).

A previous study carried out by Bernardi et 
al. (11) showed that high dose of LPS (250 
µg/kg) are able to influence some reproduc-
tive behaviors. However, the mechanism that 
LPS affects the sexual behavior and sexual 
hormone levels has not been clearly discussed 
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yet. Studies showed that LPS treatment induc-
es immune challenge, increases stress in ani-
mals and releases corticosterone in mice (11, 
25). It is well known that maternal stress has a 
demasculinizing effect on male sexual behav-
ior in mice (26-28). Bacterial LPS can activate 
hypothalamic-pituitary-adrenal (HPA) axis 
via increasing cytokine production (29, 30). 
Several studies have shown the activation of 
the HPA axis in the animals exposed to LPS. 
HPA activation provides an important negative 
feedback to cytokine production and toxicity 
because cytokine responses can be modulated 
by glucocorticoids (29, 31). Along with the in-
hibitory effects of HPA axis on reproduction of 
animals, production of pituitary-gonadal hor-
mones have been reported in several studies 
(32, 33).

Increased GABAergic inhibitory activity may 
also contribute to the effects of prenatal stress on 
behavioral alteration in adulthood.

Previous studies have shown that prenatal 
exposure to stress and elevated levels of corti-
costrone affect the GABAergic system of a de-
veloping brain. Prenatal exposure to stressful 
environment and elevated activity of HPA-axis 
alters expression of GABA-A receptor subunit 
mRNA levels in the brain. 

Prenatal exposure of the fetus to high lev-
els of corticostrone affects mRNAs expres-
sion for glutamic acid decarboxylase (GAD) 
isoforms, the enzyme that converts glutamate 
to GABA. Stone and co-workers demonstrate 
that prenatal increase of corticostrone level 
increase GAD67 mRNA in the brain’s hip-
pocampus. Therefore, prenatal activation of 
HPA axis by LPS may increase the activity of 
GABAergic system in the brain regions such 
as hippocampus that are involved in the mod-
ulation of behavior (34).

Conclusion
Our results indicate that LPS administration 

on the 10th gestational day influences sexual 
behavior and expression of the pituitary-go-

nadal hormones of male offspring. Therefore, 
this study has identified that bacterial li-
popolysaccharide exposure during pregnancy 
and the ensuing cytokine changes, can affect 
development of neural systems involved in 
reproduction of animals.

Acknowledgments

This study has been granted by Islamic Azad 
University- Karaj branch. There is no conflict of 
interest in this article.

References
1.	 Meyer U, Nyffeler M, Engler A, Urwyler A, Sched-

lowski M, Knuesel I, et al. The time of prenatal im-
mune challenge determines the specificity of inflam-
mation-mediated brain and behavioral pathology. J 
Neurosci. 2006; 26(18): 4752-4762.

2.	 Coyle P, Tran N, Fung JN, Summers BL, Rofe 
AM.Maternal dietary zinc supplementation prevents 
aberrant behaviour in an object recognition task in 
mice offspring exposed to LPS in early pregnancy. 
Behav Brain Res. 2009; 197(1): 210-218.

3.	 Brown AS, Begg MD, Gravenstein S, Schaefer CA, 
Wyatt RJ, Bresnahan M, et al. Serologic evidence 
of prenatal influenza in the etiology of schizophre-
nia. Arch GenPsychiatry. 2004; 61(8): 774-780.

4.	 Lee PR, Brady DL, Shapiro RA, Dorsa DM, Koenig 
JI. Prenatal stress generates deficits in rat social 
behavior: Reversal by oxytocin. Brain Res. 2007; 
1156: 152-167.

5.	 Bayer SA, Altman J, Russo RJ, Zhang X. Timeta-
bles of neurogenesis in the human brain based on 
experimentally determined patterns in the rat. Neu-
rotoxicology. 1993; 14(1): 83-114.

6.	 Fortier ME, Luheshi GN, Boksa P. Effects of prena-
tal infection on prepulse inhibition in the rat depend 
on the nature of the infectious agent and the stage 
of pregnancy. Behav Brain Res. 2007; 181(2): 270-
277.

7.	 Goodnight WH, Soper DE. Pneumonia in pregnan-
cy. Crit Care Med. 2005; 33(10Suppl): S390-397.

8.	 Vallée M, MacCari S, Dellu F, Simon H, Le Moal M, 
Mayo W. Long-term effects of prenatal stress and 
postnatal handling on age-related glucocorticoid 
secretion and cognitive performance: a longitudi-
nal study in the rat. Eur J Neurosci.  1999; 11(8): 
2906-2916.

9.	 Meyer U, Nyffeler M, Yee BK, Knuesel I, Feldon J. 
Adult brain and behavioral pathological markers of 
prenatal immune challenge during early/middle and 
late fetal development in mice. Brain Behav Im-

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

57

Prenatal LPS and Long-Lasting Effects

mun. 2008; 22(4): 469-486.
10.	 Gomez-Serrano M, Tonelli L, Listwak S, Sternberg 

E, Riley AL. Effects of cross fostering on open-field 
behavior, acoustic startle, lipopolysaccharide-in-
duced corticosterone release, and body weight 
in Lewis and Fischer rats. Behav Genet. 2001; 
31(5): 427-436.

11.	 Bernardi MM, Kirsten TB, Matsuoka SM, Teo-
dorov E, Habr SF, Penteado SH, et al. Prenatal 
lipopolysaccharide exposure affects maternal 
behavior and male offspring sexual behavior 
in adulthood. Neuroimmunomodulation. 2010; 
17(1): 47-55.

12.	 Jouanguy E, Döffinger R, Dupuis S, Pallier A, 
Altare F, Casanova JL. IL-12 and IFN-gamma 
in host defense against mycobacteria and sal-
monella in mice and men. Curr Opin Immunol.  
1999; 11(3): 346-351.

13.	 Dinges MM, Schlievert PM. Comparative analy-
sis of lipopolysaccharide-induced tumor necro-
sis factor alpha activity in serum and lethality in 
mice and rabbits pretreated with the staphylo-
coccal superantigen toxic shock syndrome toxin 
1. Infect Immun.  2001; 69(11): 7169-7172.

14.	 Hardy J, Margolis JJ, Contag CH: Induced biliary 
excretion of Listeria monocytogenes. Infect im-
mun. 2006; 74(3): 1819-1827.

15.	 Dinges M, Schlievert PM. Role of T cells and 
gamma interferon during induction of hypersen-
sitivity to lipopolysaccharide by toxic shock syn-
drome toxin 1 in mice. Infect immun. 2001; 69(3): 
1256-1264.

16.	 Heinrichs SC, Min H, Tamraz S, Carmouché M, 
Boehme SA, Vale WW. Anti-sexual and anxi-
ogenic behavioral consequences of corticotro-
pin-releasing factor overexpression are centrally 
mediated. Psychoneuroendocrinology. 1997; 
22(4): 215-224.

17.	 Solati J, Tondar M, Abutalebi N. Effects of Perme-
thrin on sexual behaviour and plasma concentra-
tions of pituitary-gonadal hormones in adult male 
NMRI mice. Scientific Journal of Kurdistan Uni-
versity of Medical Sciences. 2008; 13(2): 42-49.

18.	 Puopolo M, Santucci D, Chiarotti F, Alleva 
E. Behavioural effects of endocrine disrupt-
ing chemicals on laboratory rodents: statistical 
methodologies and an application concerning 
developmental PCB exposure. Chemosphere. 
1999; 39(8): 1259-1271.

19.	 Solati J, Hajkhani R,  Zaeim RT. Effects of cy-
permethrin on sexual behaviour and plasma con-
centrations of pituitary-gonadal hormones. IJFS. 
2010; 4(1): 23-28.

20.	 Hagberg H, Mallard C. Effect of inflammation on 
central nervous system development and vulner-

ability. Curr Opin Neurol. 2005; 18(2): 117-123.
21.	 Patterson PH. Maternal infection: window on neuro-

immune interactions in fetal brain development and 
mental illness. Curr Opin Neurobiol. 2002; 12(1): 
115-118.

22.	 Myers LP, Krieg AM, Pruett SB. Bacterial DNA does 
not increase serum corticosterone concentration or 
prevent increases induced by other stimuli. Int Im-
munopharmacol. 2001; 1(8): 1605-1614.

23.	 Urakubo A, Jarskog LF, Lieberman JA, Gilmore JH. 
Prenatal exposure to maternal infection alters cy-
tokine expression in the placenta, amniotic fluid, 
and fetal brain. Schizophr Res. 2001; 47(1): 27-36.

24.	 Li XF, Kinsey-Jones JS, Knox AM, Wu XQ, Tahsin-
soy D, Brain SD, et al. Neonatal lipopolysaccharide 
exposure exacerbates stress-induced suppression 
of luteinizing hormone pulse frequency in adulthood. 
Endocrinology. 2007; 148(12): 5984-5990.

25.	 Hennessy MB, Schiml-Webb PA, Miller EE, Maken 
DS, Bullinger KL, Deak T. Anti-inflammatory agents 
attenuate the passive responses of guinea pig pups: 
Evidence for stress-induced sickness behavior during 
maternal separation. Psychoneuroendocrinology. 
2007; 32(5): 508-515.

26.	 Ward IL. Prenatal stress feminizes and demas-
culinizes the behavior of males. Science. 1972; 
175(4017): 82-84.

27.	 Rhees RW, Fleming DE. Effects of malnutrition, ma-
ternal stress, or ACTH injections during pregnancy 
on sexual behavior of male offspring. Physiol Be-
hav . 1981; 27(5): 879-882.

28.	 Ward  IL, Weisz  J. Differential effects of maternal 
stress on circulating levels of corticosterone, pro-
gesterone, and testosterone in male and female rat 
fetuses and their mothers. Endocrinology. 1984; 
114(5): 1635-1644.

29.	 Besedovsky H, del Rey A, Sorkin E, Dinarello CA. 
Immunoregulatory feedback between interleu-
kin-1 and glucocorticoid hormones. Science. 1986; 
233(4764): 652-654.

30.	 Del Rey A, Besedovsky H, Sorkin E, Dinarello CA. 
Interleukin-1 and glucocorticoid hormones integrate 
an immunoregulatory feedback circuita. Ann N Y 
Acad Sci.1987; 496: 85-90.

31.	 Faggioni R, Fantuzzi G, Gabay C, Moser A, Din-
arello CA, Feingold KR, et al. Leptin deficiency en-
hances sensitivity to endotoxin-induced lethality. 
Am J Physiol. 1999;  276 (1 Pt 2): R136-142.

32.	 Wingfield JC, Sapolsky RM. Reproduction and re-
sistance to stress: when and how. J Neuroendo-
crinol. 2003; 15(8): 711-724.

33.	 Handa RJ, Burgess LH, Kerr JE, O'Keefe JA. Go-
nadal steroid hormone receptors and sex differenc-
es in the hypothalamo-pituitary-adrenal axis. Horm 
Behav. 1994; 28(4): 464-476.

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

IJFS, Vol 6, No 1, Apr-Jun  2012               58

Solati et al.

34.	 Stone DJ, Walsh JP, Sebro R, Stevens R, Pantazopolous 
H, Benes FM. Effects of pre- and postnatal corticoster-

one exposure on the rat hippocampal GABA system. Hip-
pocampus . 2001; 11(5): 492-507. 

www.SID.ir

www.sid.ir

