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Abstract

Thecytochrome P450 3fCYP3Ais amember of the cytochrome P450 monooxygenase superfamiljndltidrug resistance
1(MDR1J) gene belongs to the ATP-binding cassette (ABC) farRitggnane X receptdPXR) is a nuclear receptor that regulates
its target gene transcription in a ligand-dependent manner. Lipopolysaccharide (LPS)-induced downregulation of PXR, CYP3A
and MDRL1 in liver has been demonstrated in a series of studies. However, it is not clear whether LPS represses the expression c
PXR CYP3AandMDR1in placenta. In the present study, we investigated the effects of LPS on the expre$aR ofp3all
andmdrlain mouse placenta. Pregnant ICR mice were injected intraperitoneally with different doses of LPS (0.1-0.5 mg/kg) on
gestational day (gd) 17. PlacenBXR cyp3allandmdrlamRNA levels were determined at 12 h after LPS treatment using RT-
PCR. Results showed that LPS significantly downregulBd® cyp3allandmdrlamRNA levels in a dose-dependent manner.
LPS-induced downregulation &XR cyp3allandmdrlamRNA in placenta was significantly attenuated after pregnant mice
were pre- and post-treated with alpha-pheNyt-butylnitrone (PBN), a free radical spin trapping agent. Additional experiments
revealed that LPS increasbplid peroxidationandproinflammatory cytokine expressionsmouse placenta, all of which were
also attenuated by PBN. Furthermore, LPS-induced downregulati®XRfcyp3allandmdrlamRNA in mouse placenta was
prevented bN-acetylcysteine (NAC). NAC also inhibited LPS-initiatigoid peroxidation, GSH depletioandproinflammatory
cytokine expressioria mouse placenta. These results indicated that LPS downregulates pld¢Rtalyp3allandmdrla

Abbreviations: cDNA, complementary DNA; CYP3A, cytochrome P450 3A; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IL-1,
interleukin-1; IL-6, interleukin-6; INOS, inducible nitric oxide synthase; LPS, lipopolysaccharide; MDR1, multidrug resistance INNAC,
acetylcysteine; NF-kB, nuclear factor-kB; NO, nitric oxide? Q superoxide anion; PBN, alpha-phemy-butylnitrone; PXR, pregnane X
receptor; ROS, reactive oxygen species; RT-PCR, reverse transcription polymerase chain reactonufitF-necrosis factos-
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MRNA expressions. Reactive oxygen species (ROS) may be involved in LPS-induced downregulRfdR ofp3alland

mdrlain mouse placenta.
© 2005 Published by Elsevier Ireland Ltd.
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1. Introduction

Thecytochrome P450 3fCYP3A is a member of
the cytochrome P450 monooxygenase superfamily. In
human,CYP3A4and CYP3A5gene 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 Although CYP3A4
and CYP3Abin fetal liver are not detectable, fetal
hepatocytes expres3YP3A7as early as 50-60 days
gestation with continued significant levels of expres-
sion through the perinatal perio8tevens et al., 2003

from gastrointestinal tract into bloodathurin 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 tissueRdgnton and Nicholson,
2000; Li-Masters and Morgan, 2001; Morgan et al.,
2002; Pan et al., 2003; Kalitsky-Szirtes et al., 2004
LPS-induced downregulation afyp3ain liver has
also been demonstrated in mouse modstwer et
al., 1999. Moreover, LPS-induced downregulation of
hepatic CYP3A is associated with a marked reduc-

Expression of CYP3A, an enzyme that catalyzes drugs tion in PXR mRNA and protein levelsBeigneux et
and xenobiotics, can be detected in human placenta asal., 2002; Sachdeva et al., 200Dur earlier stud-

early as the first trimester of pregnandyakkola et
al., 1996a,h In mice,cyp3allandcyp3al3are major
members otyp3asubfamily in the adult liver. In the
developing mouse embryo, the amount ayfp3all
andcyp3al3expressions gradually increases with the
advancement of embryonic developme@hudhary
et al., 2003. Multidrug resistance 1(MDR1) gene
belongs to the ATP-binding cassette (ABC) family.
MDR1 encodes P-glycoprotein (P-gp), which func-

ies showed that reactive oxygen species (ROS) me-
diate LPS-induced downregulation &XR and its
target genecyp3ain mouse liver Xu et al., 2004,
20095.

On the other hand?XR CYP3Aand MDR1 were
also expressed in placenta of human and rodent an-
imals (Masuyama et al., 2001; Leazer and Klaassen,
2003; Novotna et al., 2004Together with xenobiotic-
metabolizing enzymedyIDR1 encoded P-gp in pla-

tions as a transmembrane efflux pump that translocatescenta is a drug efflux transporter that limits the entry

its substrates from its intracellular domain to its
extracellular domainKromm, 2004. P-glycoprotein

is expressed constitutively in small intestine and
liver. Pregnane X receptofPXR is a member of the
nuclear receptor superfamily, which regula@@¢P3A
and MDR1 gene transcription in a ligand-dependent
manner Kliewer et al., 1998; Lehmann et al., 1998;
Bertilsson et al., 1998; Teng and Piguette-Miller,
2009.

Lipopolysaccharide (LPS) is a toxic component of
cell walls of Gram-negative bacteria and is widely
present in the digestive tracts of humans and ani-
mals. Humans are constantly exposed to low levels
of LPS through infection. Gastrointestinal distress and
alcohol drinking often increase permeability of LPS

of various potentially toxic drugs and xenobiotics into
the fetus and is thus considered a placental protective
mechanisml(ankas et al., 1998 Several studies have
demonstrated that placental P-gp deficiency enhances
susceptibility to chemically induced birth defects in
mice (Lankas et al., 1998; Smit et al., 1998iowever,
it is not clear whether LPS represses the expression of
PXR CYP3AandMDRL1in placenta.

In present study, we investigated the effects of
LPS onPXR cyp3alland mdrlagene expressions
in mouse placenta. Our results found that LPS down-
regulates placentadPXR cyp3alland mdrla gene
expressions. ROS may be involved in LPS-induced
downregulation oPXR cyp3allandmdrlain mouse
placenta.
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2. Materials and methods IL-1B8 and IL-6 mMRNAs at 2h 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 ¢¥XR cyp3allandmdrlamRNA.

2.1. Chemicals

Lipopolysaccharidefscherichia colLPS, serotype
0127:B8), alpha-phenyi-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.
2.2.3. Experiment 3

To investigate the effects of NAC on LPS-induced
downregulation oPXR cyp3aandmdrlagene expres-

2.2. Animals and treatments

The ICR mice (8-10-week-old; male mice: 28-30g;
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-

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-

mals were allowed free access to food and water at all jected with 100 mg/kg of NAC (i.p.) at 30 min before
times and were maintained on a 12-h light/12-h dark and 3 h after LPS (0.2 mg/kg, i.p.) treatment. Saline- or
cycle in a controlled temperature (20-25) and hu- NAC-treated pregnant mice served as controls. Three
midity (504 5%) environment for a period of 1 week pregnant mice (one-third of the total) were sacrificed
before use. For mating purposes, four females were for the measurements of placental TNFiL-18 and
housed overnight with two males starting at 9:00 p.m. IL-6 mRNAs at 2 h after LPS treatment. Three pregnant
Females were checked by 7:00 a.m. the next morning mice (one-third of the total) were sacrificed at 6 h after
and the presence of a vaginal plug was designated asLPS treatment. Mouse placentas were excised for the
gestational day (gd) 0.5. The present study included measurements of thiobarbituric acid-reactive substance
three separate experiments. 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
To investigate the effects of LPS &XR cyp3aand PXR cyp3allandmdriamRNA.
mdrlagene expressions in mouse placenta, gestational  All procedures on animals followed the guidelines
day 17 ICR mice were injected with different doses of for humane treatment set by the Association of Labo-
LPS (0.1, 0.2 and 0.5mg/kg, i.p.). The saline-treated ratory Animal Sciences and the Center for Laboratory
pregnant mice served as controls. The mice were sacri-Animal Sciences at Anhui Medical University.
ficed at 12 h after LPS treatment. Mouse placenta was

2.2.1. Experiment 1

excised for total RNA extraction.

2.2.2. Experiment 2
To investigate the effects of PBN on LPS-induced
downregulation oPXR cyp3aandmdrlagene expres-

2.3. Isolation of total RNA and RT

About 50 mg of placental tissue was collected from
each sample. Total cellular RNA was extracted us-
ing TRIzol reagent (Invitrogen, Carlsbad, CA) ac-

sions in mouse placenta, pregnant mice were divided cording to the manufacturer’s instructions. RNase-free
into four groups randomly. The pregnant mice in LPS- DNase (Promega) was used to remove genomic DNA.
treated group were injected with 0.2 mg/kg of LPS (i.p.) The integrity and concentration of RNA was deter-
ongd 17. The pregnant mice in LPS + PBN group were mined by measuring absorbance at 260 nm followed
injected with 100 mg/kg of PBN (i.p.) 30 min before by electrophoresis on agarose gels. Total RNA was
and 3 h after LPS administration (0.2 mg/kg, i.p.). A stored at—80°C. For the synthesis of cDNA, to-
saline-treated and PBN-treated pregnant mice servedtal RNA (2.0p.g) from each sample was resuspended
as controls. Three pregnant mice (one-third of the to- in a 20+l final volume of reaction buffer, which
tal) were sacrificed for the measurements of TRlF-  contained 25mM Tris—HCI, pH 8.3, 37.5mM KCl,
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Table 1

Oligonucleotide primers used in PCR

Name Dir Oligonucleotide sequenceé«3) Size (bp) Reference

gapdh F GAG GGG CCATCCACAGTCTTC 340 Xu et al. (2004)
R CAT CAC CAT CTT CCA GGA GCG

PXR F GCG CGG AGAAGACGG CAG CATC 254 Li et al. (2000)
R CCCAGGTTCCCGTTTCCGTGTC

cyp3all F CTC AAT GGT GTG TAT ATC CCC 423 Ueda et al. (2002)
R CCG ATG TTC TTA GAC ACT GCC

mdrla F AGC ATC TGT GAA CCA CAT 249 Veau et al. (2002)
R GTTGCT GTTCTACCGCTG G

TNF-a F GGCAGG TCTACTTTGGAG TCATTGC 307 Murray et al. (1990)
R ACA TTC GAG GCT CCA GTG AAT TCG G

IL-1B F TCA TGG GAT GAT GAT GAT AACCTG CT 502 Ehlers et al. (1992)
R CCC ATACTT TAG GAAGACACG GAT T

IL-6 F CTG GTG ACAACCACGGCCTTCCCTA 600 Ehlers et al. (1992)
R ATG CTT AGG CAT AACGCACTAGGTT

Doses 0 0.1 0.2 0.5
(mg/kg)

(A)
120

OCyp3all BMdria OPXR

100 | P

80 |

60 |

40 |

20

Cyp3ali(mdria,PXR)ImRNA/Gapdh mRNA
(% of control)

] 0.1 0.2 0.5
(B) Doses (mg/kg)

Fig. 1. The effects of LPS oRXR Cyp3allandMdrla mRNA expressions in placenta. (A) Pregnant mice were injected with different doses

of LPS (0.1-0.5mg/kg, i.p.) on gd 17. Placentas were excised and total RNA was extracted at 12 after LPS tf@édRreépp3allandMdrla

mRNA levels were determined using RT-PCR. Six samples each group were representatives of 12 placentas from three dams. (B) Quantitative
analysis ofPXR Cyp3allandMdrla mRNA levels on 12 placentas from three dams at each point was performe®XR&€yp3alland
MdrlamRNA levels were normalized BapdhmRNA level in the same samples. TRXR Cyp3allandMdrla mRNA 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 MgCl, 10 mM of each 50
dNTP and 0.5 mg oligo(dT} primer (Promega). Af- a5 | ¥t
ter the reaction mixture reached 38, 400 units of a0 }
RT (Promega) was added to each tube and the sam- s | [
ple was incubated for 60 min at 38. Reverse tran-

30 |

|
20 |

scription was stopped by denaturing the enzyme at
95°C.

2.4. PCR amplification

Placental TBARS(nmol/mg protein)

15
T *%
The final PCR mixture contained 2.5 of cDNA, L I T
1x PCR buffer, 1.5mM MgGJ, 200uM dNTP mix- 5 I
ture, 1U of Tag DNA polymerase, M sense and 0 L L
antisense primers and sterile water tq30The reac- Control LPS LPS+PBN
tion mixture was covered with mineral oil. PCR for .

glyceraldehyde-3-phosphate dehydrogenégapdh

was performed on each individual sample as an internal Fig. 2. The effects of PBN on LPS-inducéigid peroxidationin
positive-control standard. Following primers were syn- mouse placenta. Pregnant mice were injected with PBN (100 mg/kg,
thesized by Shanghai Sangon Biological Engineering 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.
Technology and Service Company (Shanghal’ Chma)’ TBARS content was measured as described in Segtibata were

according to sequence designs previously describedexpressed as meansS.E.M. (1=9). ITP<0.01 as compared with
(Table 7. Number of cycles and annealing tempera- control group” P<0.01 as compared with LPS-treated group.

ture were optimized for each primer pair. Fgpdh

andcyp3all amplification was initiated by 3min of ~ 2.5. Determination of glutathione content
denaturation at 94C for 1 cycle, followed by 30 cycles

at94°Cfor 30, 56 C for 30 s and 72C for 1 min. For The glutathione (GSH) was determined by the
mdrla amplification was initiated by 3 min of denat- method ofGriffith (1980). Proteins of 0.4 ml tissue ho-
uration at 94C for 1 cycle, followed by 30 cycles at mogenates were precipitated by the addition of 0.4 ml
94°C for 30's, 53C for 30 s and 72C for 1 min. For of a metaphosphoric acid solution. After 40 min, the
PXR amplification was initiated by 3 min of denatu- protein precipitate was separated from the remaining
ration at 94C for 1 cycle, followed by 45 cycles at  solution by centrifugation at 5000 rpm &t@ for 5 min.
94°C for 30 s, 68C for 30s and 72C for 1 min. For Four hundred microliters of the supernatant was com-
TNF-a and IL-18, amplification was initiated by 3min  bined with 0.4 ml of 300 MM NgHPQ,, and the ab-

of denaturation at 94C for 1 cycle, followed by 30 cy- ~ sorbance at412 nm was read against a blank consisting
cles each of denaturation at 9 for 455, annealing  of 0.4 ml supernatant plus 0.4 ml;B. Then, 10Qul

of primer and fragment at 6@ for 45s and primerex-  DTNB (0.02%, w/v; 20mg DTNB in 100 ml of 1%
tension at 72C for 1 min. For IL-6, amplification was  sodium citrate) was added to the blank and sample and

initiated by 3 min of denaturation at 9€ for 1 cycle, absorbance of the sample was read against the blank
followed by 35 cycles each of denaturation at@4for at 412nm. The GSH content was determined using a
45 s, annealing of primer and fragment at@X¥or 45 s calibration curve prepared with an authentic sample.
and primer extension at 7Z for 1 min. A final exten- GSH values were expressed as nmothgrotein. Pro-

sion of 72°C for 10 min was included. The amplified tein content was measured according to the method of
PCR products were subjected to electrophoresis at 75 vV Lowry et al. (1951)

through 1.5% agarose gels (Sigma) for 45min. The

pBR322 DNA digested with Alu | was used for molec- 2.6. Lipid peroxidation assay

ular markers (MBI Fermentas). Agarose gels were

stained with 0.5 mg/ml ethidium bromide (Sigma) TBE Lipid peroxidation was quantified by measuring
buffer. thiobarbiturics acid-reactive substance as described
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previously Ohkawa et al., 1979 Tissue was homog-  sulting lower phase was determined at 532nm. The
enized in nine volumes of 50 mmol/l Tris—HCI buffer TBARS concentration was calculated using 1,1,5,5-
(pH 7.4) containing 180 mmol/I KCI, 10 mmol/EDTA  tetraethoxypropane as standard.

and 0.02% butylated hydroxytoluene. To 0.2 ml of the

tissue homogenate, 0.2 ml of 8.1% sodium dodecyl sul- 2.7. Statistical analysis

fate, 1.5 ml of 20% acetic acid, 1.5 ml of 0.9% thiobar-

bituric acid and 0.6 ml of distilled waterwere addedand ~ ThePXR Cyp3allandMdrlia mRNA levels were
vortexed. The reaction mixture was placed in a water normalized toGapdnmRNA level in the same sam-
bath at 95C for 1 h. After cooling on ice, 1.0ml of  ples. ThePXR Cyp3allandMdria mRNA levels of
distilled water and 5.0 ml of butanol/pyridine mixture the control was assigned as 100%. Quantified data from
(15:1, viv) were added and vortexed. After centrifu- analysis of RT-PCR, GSH and TBARS contents were
gation at 10,00& g for 10 min, absorbance of the re-  expressed as meatisS.E.M. at each point. ANOVA

Control PBN LPS LPS+PBN
-
Gapdh
(A) - - S
< 140
=
€ 120
-
o
o
<
g‘ﬂ‘-
33
E-‘l
£5
EU
E"c'»
o
2’2\:.
S
£
3 NAC LPS LPS+NAC
(B) < Treatments

Fig. 3. The effects of PBN on LPS-induced downregulatioR¥R Cyp3allandMdrlamRNA levels 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. (A) Placentas were excised and total RNA
was extracted at 12 h after LPS treatm@&XR Cyp3allandMdrlamRNA levels were determined using RT-PCR. Three samples each group
were representatives of 12 placentas from three dams. (B) Quantitative analpP3fdfyp3allandMdrla mRNA levels on 12 placentas

from three dams at each point was performed. PRK& Cyp3allandMdrlamRNA levels were normalized BapdhmRNA level in the same
samples. Th®XR Cyp3allandMdriamRNA levels of control was set at 100% P <0.01 as compared with LPS-treated group.
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and the Student-Newmann—Keuls post hoc test were 35
used to determine differences between the treated ani-

mals and the control and statistical significance. # [

25 | [
20 \
15

10 |

3. Results and discussion

Cytochrome P450 3is 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., 200R Several studies found that
CYP3A is detectable in human and mouse placenta as 0 L :
early as the first trimester of pregnancy, which play a Control LPS LPS+NAC
key role in the detoxification of drug or other xenobi-
otics Hakkola et al., 1996a)bTherefore, we investi-
gated the effects of LPS on placentghb3allmRNA Fig. 4. The effects of NAC on LPS-inducdipid peroxidationin
levels. Pregnant ICR mice were administered with dif- mouse placenta. Pregnant mice were injected with NAC at 30 min
ferent doses (0_1_0_5 mg/kg) of LPS on gestational day befgre and 3 h after LES (0.2 mg/kg, i.p.) treatment. Placentas were
17.Cyp3allmRNA levels were determined using RT- excised and homogenlzeq at 6_h after LPS treatment. TBARS content

. was measured as described in SectorData were expressed as
PCR at 12 h after LPS treatment. As showririg. 1A meanst S.E.M. (= 12).7TP<0.01 as compared with control group.
and B, LPS significantly decreased placenig3all " P<0.01 as compared with LPS-treated group.
MRNA levels in a dose-dependent manner.

MDR1 gene belongs to the ATP-binding cassette
family. Several studies showed that LPS dramatically
downregulated the expressionMfirlain liver, brain
and intestine flartmann et al., 2001; Goralski et al.,
2003; Kalitsky-Szirtes et al., 2004; Cherrington et
al., 2004. MDR1 is expressed constantly in placenta,
which is a drug efflux transporter that limits the entry of
various potentially toxic drugs and xenobiotics into the
fetus Fromm, 2004; Novotna et al., 2004; Leazer and
Klaassen, 2003 Present study investigated the effects
of LPS on placentaindrlamRNA levels. Our results
found that LPS significantly decreasedirlamRNA
levels in a dose-dependent manrieig( 1A and B).

Pregnane X receptor is a nuclear receptor that
regulatesCYP3A and MDR1 gene transcription in 0
a ligand-dependent manneKligwer et al., 1998; Control LPS LPS+NAC
Lehmann et al., 1998; Bertilsson et al., 1998; Teng and
Piguette-Miller, 200h Previous study showed that
LPS repressed hepatic PXR mRNA and protein levels. Fig. 5. The effects of NAC on GSH content in placenta. Pregnant
Moreover, LPS-induced downregulation of CYP3A is Mmice were injected with NAC (100 mg/kg, i.p.) at 30 min before and
associated with a marked reduction in the expression 3hafter L_PS (0.2mg/kg, i.p.) treatment. Placentas were excised and

. . homogenized at 6 h after LPS treatment. GSH content was measured
of PXRin liver (Belgneux et al., 2002; Sachdeva et as described in Sectidh Data were expressed as mearS.E.M.
al., 2003. Recent study found th&XRis expressed  (n=12).tP<0.01 as compared with control groufP <0.05 as
constitutively in mouse placentddng and Piquette-  compared with LPS-treated group.

—f
*
—t—%

Placental TBARS (nmol/mg protein)

Treatments

35

——

25 |

S

20 |

B

Placental GSH (nmol/mg protein)

Treatments
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Fig. 6. The effects of NAC on LPS-induced downregulatioR¥R Cyp3allandMdrlamRNA 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 treatmePXR Cyp3allandMdriamRNA levels were determined using RT-PCR. Three samples each group were
representatives of 12 placentas from three dams. (B) Quantitative analP3{fdfyp3allandMdriamRNA levels on 12 placentas from three

dams at each point was performed. B¥R Cyp3allandMdrlamRNA levels were normalized t8apdhmRNA level in the same samples.
ThePXR Cyp3allandMdrlamRNA level of control was set at 10096.P <0.01 as compared with LPS-treated group.

Miller, 2005). In this study, we investigated the effects nonenal (HNE)-modified proteins, an indicator of ox-
of LPS on placentaPXR mRNA levels. Consistent idative stress and nitrotyrosine, a marker fof O, NO
with downregulation of cyp3all and mdrla, LPS and ONOO formation Miller et al., 1996; Ejima et
treatment markedly inhibited the expression of PXR al., 1999; Asagiri et al., 2003In this study, we in-
in mouse placentdg. 1A and B). vestigated LPS-induced lipid peroxidation in mouse
Reactive oxygen species are known to influence the placenta. Results showed that LPS significantly aug-
expressions of a number of genes and signal trans-mented thiobarbituric acid-reactive substance levels in
duction pathwaysAllen and Tresini, 2000 Previous mouse placentd{g. 2). To determine the role of ROS
studies found that ROS are involved in LPS-induced on LPS-induced downregulation of placenfRKR
downregulation oPXRandcyp3ain adult mouse liver cyp3allandmdrlagene expressions, pregnant mice
(Xu et al., 2004, 2006 Several studies demonstrated were treated with alpha-phenyd-butylnitrone before
that LPS significantly increased placental 4-hydroxy-2- and after LPS administration. As expected, PBN, as a
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LPS+PBN

TNF-o

IL-B
. -

Gapdh

Fig. 7. The effects of PBN on LPS-inducedinflammatory cytokine expressioinsmouse 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-a, IL-1B and IL-6 mMRNA levels in placentas were determined using RT-PCR. Three samples each group were representatives of 12 placentas

from three dams.

Control

LPS

NAC+LPS

Fig. 8. The effects of NAC on LPS-inducgdoinflammatory cytokine expressiomsmouse 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-o, IL-18 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 cyp3allandmdrlamRNA in mouse
placenta Fig. 3A and B). These results suggest that
ROS may mediate LPS-induced downregulation of
PXR cyp3allandmdrlagene 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 cyp3alland mdrlamRNA 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 TBARSid. 4)

and GSH depletionHig. 5 in mouse placenta. Fur-
thermore, the effects of NAC on LPS-inducBXR
cyp3allandmdrlagene downregulation were deter-
mined at 12 h after LPS treatment. Results showed that
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NAC significantly attenuated LPS-induced downreg- drostane receptor) and PXR (pregnane X receptor) in mouse liver
ulation of PXR cyp3allandmdriamRNA levels in during the acute phase response. Biochem. Biophys. Res. Com-
mouse placentaFg. 6). mun. 293, 145-149.

N tudi d trated  that Bell, M.J., Hallenbeck, J.M., Gallo, V., 2004. Determining the fetal
umerous  studies emonstrate a pro- inflammatory response in an experimental model of intrauterine

inflammatory C)_/mkinesn _ such as TNE- IL-1B inflammation in rats. Pediatr. Res. 56, 541-546.

and IL-6 were involved in LPS-induced downreg- Bertilsson, G., Heidrich, J., Svensson, K., Asman, M., Jendeberg, L.,

ulation of cytochrome P450sSéwer et al., 1997; Sydow-Backman, M., Ohlsson, R., Postlind, H., Blomquist, P.,

Monshouwer et al 1996The present study showed Berkenstam, A., 1998. Identification of a human nuclear receptor
. " defines a new signaling pathway for CYP3A induction. Proc.

that LPS induced TN, IL-18 and IL-6 mRNA Natl. Acad. Sci. U.S.A. 95 1208-1213.

expressions in mouse placentdds. 7 and & These  cherrington, N.J.,, Slitt, AL., Li, N., Klaassen, C.D., 2004.
results are in agreement with the earlier work by Lipopolysaccharide-mediated regulation of hepatic transporter
others Bell et al., 2004; Gayle et al., 20p4n which mRNA levels in rats. Drug Metab. Dispos. 32, 734-741.
pIacentaI TNFe, IL-1P and IL-6 MRNA levels Choudhary, D., Jansson, |., Schenkman, J.B., Sarfarazi, M., Stoilov,

ianifi ty i d aft t rat treated I., 2003. Comparative expression profiling of 40 mouse cy-
signimcantly increased aiter pregnant rats were treate tochrome P450 genes in embryonic and adult tissues. Arch.

with LPS. Furthermore, the present study also found  gjochem. Biophys. 414, 91-100.
that PBN and NAC treatments significantly attenuated Ehlers, S.M., Mielke, E.A., Blankenstein, T., Hahn, H., 1992. Kinetic
LPS-induced TNFa, IL-1B and IL-6 expressions in analysis of cytokine gene expression in the livers ai/@and

mouse placenta. Therefore, our results do not exclude immune mice infected with Listeria monocytogenes. J. Immunol.

. . . . 149, 3016-3022.

the I.nVOIVement of promflammatory CytOkmes In Ejima, K., Koji, T., Nanri, H., Kashimura, M., lkeda, M., 1999. Ex-

LPS-induced downregulation d?XR cyp3alland pression of thioredoxin and thioredoxin reductase in placentae

mdrlagene expressions in mouse placenta. of pregnant mice exposed to lipopolysaccharide. Placenta 20,
In summary, the present results allow usto reachthe ~ 561-566.

foIIowing conclusions. First, LPS downregulameg- Fromm,_ M.F., 2004. Importance of P-glycoprotein at blood-tissue
barriers. Trends Pharmacol. Sci. 25, 423-429.

nane X receptqrcypSalland m.drlanprESS'ons In Gayle, D.A., Beloosesky, R., Desai, M., Amidi, F., Nunez, S.E., Ross,
mouse plac_enta, Se_C()nd, reactive OXygen Species may  m.G.,2004. Maternal LPS induces cytokines in the amniotic fluid
be involved in LPS-induced downregulation of placen- and corticotropin releasing hormone in the fetal rat brain. Am. J.

tal PXR cyp3alland mdrlagene expressions; and Physiol. Regul. Integr. Comp. Physiol. 286, R1024-R1029.
third, NAC prevents LPS-induced downregulation of Goralski, K.B., Hartmann, G., Piquette-Miller, M., Renton, K.W.,

. . 2003. Downregulation of mdrla expression in the brain and
PXR cyp3a11andmdr1a|n mouse placenta via coun- liver during CNS inflammation alters the in vivo disposition of

teracting LPS-induced oxidative stress. digoxin. Br. J. Pharmacol. 139, 35-48.
Griffith, O.W., 1980. Determination of glutathione and glutathione
disulfide using glutathione reductase and 2-vinylpyridine. Anal.
Biochem. 106, 207-212.
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