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Abstract

ThecytochromeP4503A(CYP3A) is a member of the cytochrome P450 monooxygenase superfamily. Themultidrug resistance
1 (MDR1) gene belongs to the ATP-binding cassette (ABC) family.PregnaneX receptor(PXR) is a nuclear receptor that regulates
its target gene transcription in a ligand-dependent manner. Lipopolysaccharide (LPS)-induced downregulation of PXR, CYP3A
and MDR1 in liver has been demonstrated in a series of studies. However, it is not clear whether LPS represses the expression of
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XR,CYP3AandMDR1in placenta. In the present study, we investigated the effects of LPS on the expression ofPXR, cyp3a11
ndmdr1ain mouse placenta. Pregnant ICR mice were injected intraperitoneally with different doses of LPS (0.1–0.5 m
estational day (gd) 17. PlacentalPXR, cyp3a11andmdr1amRNA levels were determined at 12 h after LPS treatment usin
CR. Results showed that LPS significantly downregulatedPXR, cyp3a11andmdr1amRNA levels in a dose-dependent man
PS-induced downregulation ofPXR, cyp3a11andmdr1amRNA in placenta was significantly attenuated after pregnant
ere pre- and post-treated with alpha-phenyl-N-t-butylnitrone (PBN), a free radical spin trapping agent. Additional experim

evealed that LPS increasedlipid peroxidationandproinflammatory cytokine expressionsin mouse placenta, all of which we
lso attenuated by PBN. Furthermore, LPS-induced downregulation ofPXR, cyp3a11andmdr1amRNA in mouse placenta w
revented byN-acetylcysteine (NAC). NAC also inhibited LPS-initiatedlipid peroxidation, GSH depletionandproinflammatory
ytokine expressionsin mouse placenta. These results indicated that LPS downregulates placentalPXR, cyp3a11andmdr1a

Abbreviations: cDNA, complementary DNA; CYP3A, cytochrome P450 3A; GAPDH, glyceraldehyde-3-phosphate dehydrogena
interleukin-1; IL-6, interleukin-6; iNOS, inducible nitric oxide synthase; LPS, lipopolysaccharide; MDR1, multidrug resistance 1; NN-
acetylcysteine; NF-kB, nuclear factor-kB; NO, nitric oxide; O2−, superoxide anion; PBN, alpha-phenyl-N-t-butylnitrone; PXR, pregnane
receptor; ROS, reactive oxygen species; RT-PCR, reverse transcription polymerase chain reaction; TNF-�, tumor necrosis factor-�
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mRNA expressions. Reactive oxygen species (ROS) may be involved in LPS-induced downregulation ofPXR, cyp3a11and
mdr1ain mouse placenta.
© 2005 Published by Elsevier Ireland Ltd.
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1. Introduction

Thecytochrome P450 3A(CYP3A) is a member of
the cytochrome P450 monooxygenase superfamily. In
human,CYP3A4andCYP3A5gene products account
for 30–40% of the total cytochrome P450 in the
adult liver, which is responsible for the oxidative
metabolism of numerous clinically used drugs and
toxicants (Thummel et al., 1998). AlthoughCYP3A4
and CYP3A5 in fetal liver are not detectable, fetal
hepatocytes expressCYP3A7as early as 50–60 days
gestation with continued significant levels of expres-
sion through the perinatal period (Stevens et al., 2003).
Expression of CYP3A, an enzyme that catalyzes drugs
and xenobiotics, can be detected in human placenta as
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from gastrointestinal tract into blood (Mathurin et al.,
2000). On the other hand, numerous studies indicated
that inflammation and infection reduce hepatic CYP
levels in various species including human, rat and
mouse (Morgan, 1997, 2001). The effect of LPS on
P450 expression is very well documented in a vari-
ety of systems and tissues (Renton and Nicholson,
2000; Li-Masters and Morgan, 2001; Morgan et al.,
2002; Pan et al., 2003; Kalitsky-Szirtes et al., 2004).
LPS-induced downregulation ofcyp3a in liver has
also been demonstrated in mouse model (Sewer et
al., 1998). Moreover, LPS-induced downregulation of
hepatic CYP3A is associated with a marked reduc-
tion in PXRmRNA and protein levels (Beigneux et
al., 2002; Sachdeva et al., 2003). Our earlier stud-

me-

,

arly as the first trimester of pregnancy (Hakkola et
l., 1996a,b). In mice,cyp3a11andcyp3a13are major
embers ofcyp3asubfamily in the adult liver. In the
eveloping mouse embryo, the amount ofcyp3a11
ndcyp3a13expressions gradually increases with the

ies showed that reactive oxygen species (ROS)
diate LPS-induced downregulation ofPXR and its
target genecyp3a in mouse liver (Xu et al., 2004
2005).

On the other hand,PXR, CYP3AandMDR1were

dvancement of embryonic development (Choudhary
t al., 2003). Multidrug resistance 1(MDR1) gene
elongs to the ATP-binding cassette (ABC) family.
DR1 encodes P-glycoprotein (P-gp), which func-

ions as a transmembrane efflux pump that translocates
ts substrates from its intracellular domain to its
xtracellular domain (Fromm, 2004). P-glycoprotein

s expressed constitutively in small intestine and
iver. Pregnane X receptor(PXR) is a member of the
uclear receptor superfamily, which regulatesCYP3A
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also expressed in placenta of human and rodent an-
imals (Masuyama et al., 2001; Leazer and Klaassen,
2003; Novotna et al., 2004). Together with xenobiotic-
metabolizing enzymes,MDR1 encoded P-gp in pla-
centa is a drug efflux transporter that limits the entry
of various potentially toxic drugs and xenobiotics into
the fetus and is thus considered a placental protective
mechanism (Lankas et al., 1998). Several studies have
demonstrated that placental P-gp deficiency enhances
susceptibility to chemically induced birth defects in
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ndMDR1 gene transcription in a ligand-depend
anner (Kliewer et al., 1998; Lehmann et al., 199
ertilsson et al., 1998; Teng and Piquette-Mil
005).

Lipopolysaccharide (LPS) is a toxic componen
ell walls of Gram-negative bacteria and is wid
resent in the digestive tracts of humans and
als. Humans are constantly exposed to low le
f LPS through infection. Gastrointestinal distress
lcohol drinking often increase permeability of L
ice (Lankas et al., 1998; Smit et al., 1999). However
t is not clear whether LPS represses the expressi
XR, CYP3AandMDR1 in placenta.
In present study, we investigated the effects

PS onPXR, cyp3a11andmdr1a gene expression
n mouse placenta. Our results found that LPS do
egulates placentalPXR, cyp3a11and mdr1a gene
xpressions. ROS may be involved in LPS-indu
ownregulation ofPXR, cyp3a11andmdr1ain mouse
lacenta.
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2. Materials and methods

2.1. Chemicals

Lipopolysaccharide (EscherichiacoliLPS, serotype
0127:B8), alpha-phenyl-N-t-butylnitrone (PBN) and
N-acetylcysteine (NAC) were purchased from Sigma
Chemical Co. (St. Louis, MO). All other reagents were
from Sigma or as indicated in the specified methods.

2.2. Animals and treatments

The ICR mice (8–10-week-old; male mice: 28–30 g;
female mice: 24–26 g) were purchased from Beijing
Vital River whose foundation colonies were all intro-
duced from Charles River Laboratories Inc. The ani-
mals were allowed free access to food and water at all
times and were maintained on a 12-h light/12-h dark
cycle in a controlled temperature (20–25◦C) and hu-
midity (50± 5%) environment for a period of 1 week
before use. For mating purposes, four females were
housed overnight with two males starting at 9:00 p.m.
Females were checked by 7:00 a.m. the next morning
and the presence of a vaginal plug was designated as
gestational day (gd) 0.5. The present study included
three separate experiments.

2.2.1. Experiment 1
To investigate the effects of LPS onPXR, cyp3aand

mdr1agene expressions in mouse placenta, gestational
d s of
L ted
p acri-
fi was
e

2
ced

d -
s ided
i PS-
t .p.)
o ere
i re
a . A
s rved
a to-
t -

IL-1� and IL-6 mRNAs at 2 h after LPS treatment.
Three pregnant mice (one-third of the total) were sacri-
ficed at 6 h after LPS treatment. Mouse placentas were
excised for the measurements of thiobarbituric acid-
reactive substance (TBARS) contents. Three pregnant
mice (one-third of the total) were sacrificed at 12 h after
LPS treatment. Mouse placentas were excised for the
measurements ofPXR, cyp3a11andmdr1amRNA.

2.2.3. Experiment 3
To investigate the effects of NAC on LPS-induced

downregulation ofPXR,cyp3aandmdr1agene expres-
sion in mouse placenta, pregnant mice were divided
into four groups randomly. The pregnant mice in LPS
group were injected with 0.2 mg/kg of LPS (i.p.) on
gd 17. Pregnant mice in LPS + NAC group were in-
jected with 100 mg/kg of NAC (i.p.) at 30 min before
and 3 h after LPS (0.2 mg/kg, i.p.) treatment. Saline- or
NAC-treated pregnant mice served as controls. Three
pregnant mice (one-third of the total) were sacrificed
for the measurements of placental TNF-�, IL-1� and
IL-6 mRNAs at 2 h after LPS treatment. Three pregnant
mice (one-third of the total) were sacrificed at 6 h after
LPS treatment. Mouse placentas were excised for the
measurements of thiobarbituric acid-reactive substance
and GSH contents. Three pregnant mice (one-third of
the total) were sacrificed at 12 h after LPS treatment.
Mouse placentas were excised for the measurements of
PXR, cyp3a11andmdr1amRNA.

All procedures on animals followed the guidelines
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ay 17 ICR mice were injected with different dose
PS (0.1, 0.2 and 0.5 mg/kg, i.p.). The saline-trea
regnant mice served as controls. The mice were s
ced at 12 h after LPS treatment. Mouse placenta
xcised for total RNA extraction.

.2.2. Experiment 2
To investigate the effects of PBN on LPS-indu

ownregulation ofPXR,cyp3aandmdr1agene expres
ions in mouse placenta, pregnant mice were div
nto four groups randomly. The pregnant mice in L
reated group were injected with 0.2 mg/kg of LPS (i
n gd 17. The pregnant mice in LPS + PBN group w

njected with 100 mg/kg of PBN (i.p.) 30 min befo
nd 3 h after LPS administration (0.2 mg/kg, i.p.)
aline-treated and PBN-treated pregnant mice se
s controls. Three pregnant mice (one-third of the

al) were sacrificed for the measurements of TNF�,
or humane treatment set by the Association of La
atory Animal Sciences and the Center for Labora
nimal Sciences at Anhui Medical University.

.3. Isolation of total RNA and RT

About 50 mg of placental tissue was collected fr
ach sample. Total cellular RNA was extracted

ng TRIzol reagent (Invitrogen, Carlsbad, CA)
ording to the manufacturer’s instructions. RNase-
Nase (Promega) was used to remove genomic D
he integrity and concentration of RNA was de
ined by measuring absorbance at 260 nm follo
y electrophoresis on agarose gels. Total RNA
tored at−80◦C. For the synthesis of cDNA, t
al RNA (2.0�g) from each sample was resuspen
n a 20-�l final volume of reaction buffer, whic
ontained 25 mM Tris–HCl, pH 8.3, 37.5 mM KC
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Table 1
Oligonucleotide primers used in PCR

Name Dir Oligonucleotide sequence (5′–3′) Size (bp) Reference

gapdh F GAG GGG CCA TCC ACA GTC TTC 340 Xu et al. (2004)
R CAT CAC CAT CTT CCA GGA GCG

PXR F GCG CGG AGA AGA CGG CAG CAT C 254 Li et al. (2000)
R CCC AGG TTC CCG TTT CCG TGT C

cyp3a11 F CTC AAT GGT GTG TAT ATC CCC 423 Ueda et al. (2002)
R CCG ATG TTC TTA GAC ACT GCC

mdr1a F AGC ATC TGT GAA CCA CAT 249 Veau et al. (2002)
R GTT GCT GTT CTA CCG CTG G

TNF-� F GGC AGG TCT ACT TTG GAG TCA TTG C 307 Murray et al. (1990)
R ACA TTC GAG GCT CCA GTG AAT TCG G

IL-1� F TCA TGG GAT GAT GAT GAT AAC CTG CT 502 Ehlers et al. (1992)
R CCC ATA CTT TAG GAA GAC ACG GAT T

IL-6 F CTG GTG ACA ACC ACG GCC TTC CCT A 600 Ehlers et al. (1992)
R ATG CTT AGG CAT AAC GCA CTA GGT T

Fig. 1. The effects of LPS onPXR, Cyp3a11andMdr1amRNA expressions in placenta. (A) Pregnant mice were injected with different doses
of LPS (0.1–0.5 mg/kg, i.p.) on gd 17. Placentas were excised and total RNA was extracted at 12 after LPS treatment.PXR,Cyp3a11andMdr1a
mRNA levels were determined using RT-PCR. Six samples each group were representatives of 12 placentas from three dams. (B) Quantitative
analysis ofPXR, Cyp3a11andMdr1amRNA levels on 12 placentas from three dams at each point was performed. ThePXR, Cyp3a11and
Mdr1amRNA levels were normalized toGapdhmRNA level in the same samples. ThePXR, Cyp3a11andMdr1amRNA levels of the control
was set at 100%.∗P< 0.05 and** P< 0.01 as compared with control group.
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10 mM dithiothreitol, 1.5 mM MgCl2, 10 mM of each
dNTP and 0.5 mg oligo(dT)15 primer (Promega). Af-
ter the reaction mixture reached 38◦C, 400 units of
RT (Promega) was added to each tube and the sam-
ple was incubated for 60 min at 38◦C. Reverse tran-
scription was stopped by denaturing the enzyme at
95◦C.

2.4. PCR amplification

The final PCR mixture contained 2.5�l of cDNA,
1× PCR buffer, 1.5 mM MgCl2, 200�M dNTP mix-
ture, 1 U of Taq DNA polymerase, 1�M sense and
antisense primers and sterile water to 50�l. The reac-
tion mixture was covered with mineral oil. PCR for
glyceraldehyde-3-phosphate dehydrogenase(gapdh)
was performed on each individual sample as an internal
positive-control standard. Following primers were syn-
thesized by Shanghai Sangon Biological Engineering
Technology and Service Company (Shanghai, China),
according to sequence designs previously described
(Table 1). Number of cycles and annealing tempera-
ture were optimized for each primer pair. Forgapdh
andcyp3a11, amplification was initiated by 3 min of
denaturation at 94◦C for 1 cycle, followed by 30 cycles
at 94◦C for 30 s, 56◦C for 30 s and 72◦C for 1 min. For
mdr1a, amplification was initiated by 3 min of denat-
uration at 94◦C for 1 cycle, followed by 30 cycles at
94◦C for 30 s, 53◦C for 30 s and 72◦C for 1 min. For
PXR, amplification was initiated by 3 min of denatu-
r at
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Fig. 2. The effects of PBN on LPS-inducedlipid peroxidation in
mouse placenta. Pregnant mice were injected with PBN (100 mg/kg,
i.p.) at 30 min before and 3 h after LPS (0.2 mg/kg, i.p.) treatment.
Placenta were excised and homogenized at 6 h after LPS treatment.
TBARS content was measured as described in Section2. Data were
expressed as means± S.E.M. (n= 9). ††P< 0.01 as compared with
control group.** P< 0.01 as compared with LPS-treated group.

2.5. Determination of glutathione content

The glutathione (GSH) was determined by the
method ofGriffith (1980). Proteins of 0.4 ml tissue ho-
mogenates were precipitated by the addition of 0.4 ml
of a metaphosphoric acid solution. After 40 min, the
protein precipitate was separated from the remaining
solution by centrifugation at 5000 rpm at 4◦C for 5 min.
Four hundred microliters of the supernatant was com-
bined with 0.4 ml of 300 mM Na2HPO4, and the ab-
sorbance at 412 nm was read against a blank consisting
of 0.4 ml supernatant plus 0.4 ml H2O. Then, 100�l
DTNB (0.02%, w/v; 20 mg DTNB in 100 ml of 1%
sodium citrate) was added to the blank and sample and
absorbance of the sample was read against the blank
at 412 nm. The GSH content was determined using a
calibration curve prepared with an authentic sample.
GSH values were expressed as nmol mg−1 protein. Pro-
tein content was measured according to the method of
Lowry et al. (1951).

2.6. Lipid peroxidation assay

Lipid peroxidation was quantified by measuring
thiobarbiturics acid-reactive substance as described
ation at 94◦C for 1 cycle, followed by 45 cycles
4◦C for 30 s, 68◦C for 30 s and 72◦C for 1 min. For
NF-� and IL-1�, amplification was initiated by 3 m
f denaturation at 94◦C for 1 cycle, followed by 30 cy
les each of denaturation at 94◦C for 45 s, annealin
f primer and fragment at 60◦C for 45 s and primer ex

ension at 72◦C for 1 min. For IL-6, amplification wa
nitiated by 3 min of denaturation at 94◦C for 1 cycle
ollowed by 35 cycles each of denaturation at 94◦C for
5 s, annealing of primer and fragment at 60◦C for 45 s
nd primer extension at 72◦C for 1 min. A final exten
ion of 72◦C for 10 min was included. The amplifi
CR products were subjected to electrophoresis at

hrough 1.5% agarose gels (Sigma) for 45 min.
BR322 DNA digested with Alu I was used for mole
lar markers (MBI Fermentas). Agarose gels w
tained with 0.5 mg/ml ethidium bromide (Sigma) T
uffer.
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previously (Ohkawa et al., 1979). Tissue was homog-
enized in nine volumes of 50 mmol/l Tris–HCl buffer
(pH 7.4) containing 180 mmol/l KCl, 10 mmol/l EDTA
and 0.02% butylated hydroxytoluene. To 0.2 ml of the
tissue homogenate, 0.2 ml of 8.1% sodium dodecyl sul-
fate, 1.5 ml of 20% acetic acid, 1.5 ml of 0.9% thiobar-
bituric acid and 0.6 ml of distilled water were added and
vortexed. The reaction mixture was placed in a water
bath at 95◦C for 1 h. After cooling on ice, 1.0 ml of
distilled water and 5.0 ml of butanol/pyridine mixture
(15:1, v/v) were added and vortexed. After centrifu-
gation at 10,000×g for 10 min, absorbance of the re-

sulting lower phase was determined at 532 nm. The
TBARS concentration was calculated using 1,1,5,5-
tetraethoxypropane as standard.

2.7. Statistical analysis

ThePXR, Cyp3a11andMdr1amRNA levels were
normalized toGapdhmRNA level in the same sam-
ples. ThePXR, Cyp3a11andMdr1amRNA levels of
the control was assigned as 100%. Quantified data from
analysis of RT-PCR, GSH and TBARS contents were
expressed as means± S.E.M. at each point. ANOVA

F
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w
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ig. 3. The effects of PBN on LPS-induced downregulation ofPXR,Cyp3a
njected with PBN (100 mg/kg, i.p.) at 30 min before and 3 h after LPS
as extracted at 12 h after LPS treatment.PXR, Cyp3a11andMdr1amRNA
ere representatives of 12 placentas from three dams. (B) Quantita

rom three dams at each point was performed. ThePXR,Cyp3a11andMdr1
amples. ThePXR, Cyp3a11andMdr1amRNA levels of control was set
11andMdr1amRNA levels in mouse placenta. Pregnant mice were
(0.2 mg/kg, i.p.) treatment. (A) Placentas were excised and total RNA
levels were determined using RT-PCR. Three samples each group

tive analysis ofPXR, Cyp3a11andMdr1amRNA levels on 12 placentas
amRNA levels were normalized toGapdhmRNA level in the same
at 100%.** P< 0.01 as compared with LPS-treated group.
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and the Student–Newmann–Keuls post hoc test were
used to determine differences between the treated ani-
mals and the control and statistical significance.

3. Results and discussion

CytochromeP4503Ais a member of the cytochrome
P450 monooxygenase superfamily, which is responsi-
ble for the oxidative metabolism of numerous clinically
used drugs. LPS-induced downregulation of CYP3A
in liver has been demonstrated in a series of re-
ports (Morgan et al., 2002). Several studies found that
CYP3A is detectable in human and mouse placenta as
early as the first trimester of pregnancy, which play a
key role in the detoxification of drug or other xenobi-
otics (Hakkola et al., 1996a,b). Therefore, we investi-
gated the effects of LPS on placentalcyp3a11mRNA
levels. Pregnant ICR mice were administered with dif-
ferent doses (0.1–0.5 mg/kg) of LPS on gestational day
17.Cyp3a11mRNA levels were determined using RT-
PCR at 12 h after LPS treatment. As shown inFig. 1A
and B, LPS significantly decreased placentalcyp3a11
mRNA levels in a dose-dependent manner.
MDR1 gene belongs to the ATP-binding cassette

family. Several studies showed that LPS dramatically
downregulated the expression ofMdr1a in liver, brain
and intestine (Hartmann et al., 2001; Goralski et al.,
2003; Kalitsky-Szirtes et al., 2004; Cherrington et
al., 2004). MDR1 is expressed constantly in placenta,
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Fig. 4. The effects of NAC on LPS-inducedlipid peroxidation in
mouse placenta. Pregnant mice were injected with NAC at 30 min
before and 3 h after LPS (0.2 mg/kg, i.p.) treatment. Placentas were
excised and homogenized at 6 h after LPS treatment. TBARS content
was measured as described in Section2. Data were expressed as
means± S.E.M. (n= 12).††P< 0.01 as compared with control group.
** P< 0.01 as compared with LPS-treated group.

Fig. 5. The effects of NAC on GSH content in placenta. Pregnant
mice were injected with NAC (100 mg/kg, i.p.) at 30 min before and
3 h after LPS (0.2 mg/kg, i.p.) treatment. Placentas were excised and
homogenized at 6 h after LPS treatment. GSH content was measured
as described in Section2. Data were expressed as means± S.E.M.
(n= 12). ††P< 0.01 as compared with control group.∗P< 0.05 as
compared with LPS-treated group.
hich is a drug efflux transporter that limits the entry
arious potentially toxic drugs and xenobiotics into
etus (Fromm, 2004; Novotna et al., 2004; Leazer
laassen, 2003). Present study investigated the effe
f LPS on placentalmdr1amRNA levels. Our result

ound that LPS significantly decreasedmdr1amRNA
evels in a dose-dependent manner (Fig. 1A and B).

Pregnane X receptor is a nuclear receptor
egulatesCYP3A and MDR1 gene transcription i

ligand-dependent manner (Kliewer et al., 1998
ehmann et al., 1998; Bertilsson et al., 1998; Teng
iquette-Miller, 2005). Previous study showed th
PS repressed hepatic PXR mRNA and protein lev
oreover, LPS-induced downregulation of CYP3A
ssociated with a marked reduction in the expres
f PXR in liver (Beigneux et al., 2002; Sachdeva
l., 2003). Recent study found thatPXR is expresse
onstitutively in mouse placenta (Teng and Piquette
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Fig. 6. The effects of NAC on LPS-induced downregulation ofPXR,Cyp3a11andMdr1amRNA levels in placenta. Pregnant mice were injected
with NAC (100 mg/kg, i.p.) at 30 min before and 3 h after LPS (0.2 mg/kg, i.p.) treatment. (A) Placentas were excised and total RNA was
extracted at 12 h after LPS treatment.PXR,Cyp3a11andMdr1amRNA levels were determined using RT-PCR. Three samples each group were
representatives of 12 placentas from three dams. (B) Quantitative analysis ofPXR,Cyp3a11andMdr1amRNA levels on 12 placentas from three
dams at each point was performed. ThePXR, Cyp3a11andMdr1amRNA levels were normalized toGapdhmRNA level in the same samples.
ThePXR, Cyp3a11andMdr1amRNA level of control was set at 100%.** P< 0.01 as compared with LPS-treated group.

Miller, 2005). In this study, we investigated the effects
of LPS on placentalPXRmRNA levels. Consistent
with downregulation of cyp3a11 and mdr1a, LPS
treatment markedly inhibited the expression of PXR
in mouse placenta (Fig. 1A and B).

Reactive oxygen species are known to influence the
expressions of a number of genes and signal trans-
duction pathways (Allen and Tresini, 2000). Previous
studies found that ROS are involved in LPS-induced
downregulation ofPXRandcyp3ain adult mouse liver
(Xu et al., 2004, 2005). Several studies demonstrated
that LPS significantly increased placental 4-hydroxy-2-

nonenal (HNE)-modified proteins, an indicator of ox-
idative stress and nitrotyrosine, a marker for O2

•−, NO
and ONOO− formation (Miller et al., 1996; Ejima et
al., 1999; Asagiri et al., 2003). In this study, we in-
vestigated LPS-induced lipid peroxidation in mouse
placenta. Results showed that LPS significantly aug-
mented thiobarbituric acid-reactive substance levels in
mouse placenta (Fig. 2). To determine the role of ROS
on LPS-induced downregulation of placentalPXR,
cyp3a11andmdr1agene expressions, pregnant mice
were treated with alpha-phenyl-N-t-butylnitrone before
and after LPS administration. As expected, PBN, as a
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Fig. 7. The effects of PBN on LPS-inducedproinflammatory cytokine expressionsin mouse placenta. Pregnant mice were injected with PBN
(100 mg/kg, i.p.) at 30 min before LPS (0.2 mg/kg, i.p.) treatment. Placentas were excised and total RNA was extracted at 2 h after LPS treatment.
TNF-�, IL-1� and IL-6 mRNA levels in placentas were determined using RT-PCR. Three samples each group were representatives of 12 placentas
from three dams.

Fig. 8. The effects of NAC on LPS-inducedproinflammatory cytokine expressionsin mouse placenta. Pregnant mice were injected with NAC
(100 mg/kg, i.p.) at 30 min before LPS (0.2 mg/kg, i.p.) treatment. Placentas were excised and total RNA was extracted at 2 h after LPS treatment.
TNF-�, IL-1� and IL-6 mRNA levels in placentas were determined using RT-PCR. Three samples each group were representatives of 12 placentas
from three dams.

free radical spin trapping agent, significantly attenu-
ated LPS-induced lipid peroxidation in mouse placenta
(Fig. 2). In accordance with its antioxidative effects,
PBN significantly attenuated LPS-induced downregu-
lation of PXR, cyp3a11andmdr1amRNA in mouse
placenta (Fig. 3A and B). These results suggest that
ROS may mediate LPS-induced downregulation of
PXR, cyp3a11andmdr1agene expressions in mouse
placenta.
N-acetylcysteine is a glutathione precursor and a di-

rect antioxidant. To investigate the protective effects

of NAC on LPS-induced downregulation of placental
PXR, cyp3a11andmdr1amRNA expressions, preg-
nant mice were treated with NAC before and after LPS
administration. The effects of NAC on LPS-induced
TBARS and GSH contents in mouse placenta were
measured at 6 h after LPS treatment. Results showed
that NAC attenuated LPS-induced TBARS (Fig. 4)
and GSH depletion (Fig. 5) in mouse placenta. Fur-
thermore, the effects of NAC on LPS-inducedPXR,
cyp3a11andmdr1agene downregulation were deter-
mined at 12 h after LPS treatment. Results showed that
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NAC significantly attenuated LPS-induced downreg-
ulation ofPXR, cyp3a11andmdr1amRNA levels in
mouse placenta (Fig. 6).

Numerous studies demonstrated that pro-
inflammatory cytokines, such as TNF-�, IL-1�
and IL-6 were involved in LPS-induced downreg-
ulation of cytochrome P450s (Sewer et al., 1997;
Monshouwer et al., 1996). The present study showed
that LPS induced TNF-�, IL-1� and IL-6 mRNA
expressions in mouse placenta (Figs. 7 and 8). These
results are in agreement with the earlier work by
others (Bell et al., 2004; Gayle et al., 2004), in which
placental TNF-�, IL-1� and IL-6 mRNA levels
significantly increased after pregnant rats were treated
with LPS. Furthermore, the present study also found
that PBN and NAC treatments significantly attenuated
LPS-induced TNF-�, IL-1� and IL-6 expressions in
mouse placenta. Therefore, our results do not exclude
the involvement of proinflammatory cytokines in
LPS-induced downregulation ofPXR, cyp3a11and
mdr1agene expressions in mouse placenta.

In summary, the present results allow us to reach the
following conclusions. First, LPS downregulatespreg-
nane X receptor, cyp3a11andmdr1aexpressions in
mouse placenta; second, reactive oxygen species may
be involved in LPS-induced downregulation of placen-
tal PXR, cyp3a11andmdr1a gene expressions; and
third, NAC prevents LPS-induced downregulation of
PXR, cyp3a11andmdr1ain mouse placenta via coun-
teracting LPS-induced oxidative stress.
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