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Abstract

Lipopolysaccharide (LPS) has been associated with adverse developmental outcomes including embryonic resorption, intra
uterine fetal death (IUFD), intra-uterine growth retardation (IUGR) and preterm labor. Reactive oxygen species (ROS) mediate
LPS-induced developmental toxicity. Ascorbic acid is an antioxidant. In the present study, we investigated the effect of ascorbic
acid on LPS-induced IUFD and IUGR in mice. All ICR pregnant mice except controls received an intraperitonegk(y,5.p.)
injection of LPS daily on gd 15-17. The experiment was carried out in three different modes. In mode A, the pregnant mice were
pretreated with a single dose (500 mg/kg, i.p.) of ascorbic acid before LPS. In mode B, the pregnant mice were administered with
a single dose (500 mg/kg, i.p.) of ascorbic acid at 3 h after LPS. In mode C, the pregnant mice were administered with 500 mg/kg
(i.p.) of ascorbic acid at 30 min before LPS, followed by additional dose (500 mg/kg, i.p.) of ascorbic acid at 3h after LPS. The
number of live fetuses, dead fetuses and resorption sites was counted on gd 18. Live fetuses in each litter were weighed. Crowr
rump and tail lengths were examined and skeletal development was evaluated. Results showed that maternally administered LP
significantly increased fetal mortality, decreased fetal weight and crown-rump and tail lengths of live fetuses, and retarded skeleta
ossification in caudal vertebrae, anterior and posterior phalanges, and supraoccipital bone. LPS-induced IUFD and IUGR were
associated with lipid peroxidation and GSH depletion in maternal liver, placenta and fetal liver. Pre-treatment with ascorbic acid
significantly attenuated LPS-induced lipid peroxidation, decreased fetal mortality, and reversed LPS-induced fetal growth and
skeletal development retardation. By contrast to pre-treatment, post-treatment with ascorbic acid had less effect on LPS-induce
IUFD, although post-treatment significantly attenuated LPS-induced lipid peroxidation and reversed LPS-induced fetal growth and
skeletal development retardation. Furthermore, post-treatment with ascorbic acid reduced the protective effects of pre-treatmer
on LPS-induced IUFD. All these results suggest that pre-treatment with ascorbic acid protected against LPS-induced fetal deatt
and reversed LPS-induced growth and skeletal development retardation via counteracting LPS-induced oxidative stress, wheree
post-treatment had less effect on LPS-induced IUFD.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Lipopolysaccharide (LPS) is a toxic component of
cellwalls of gram-negative bacteria and is widely present
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o levels, suggesting a restricted permeability of placenta
to proinflammatory cytokines.

LPS stimulates macrophages to generate reactive
oxygen species (ROS) and increases nitrotyrosine, a

in the digestive tracts of humans and animals. Humans marker for @*~, NO and ONOO formation, in

are constantly exposed to low levels of LPS through
infection. Gastrointestinal distress and alcohol drinking
often increase permeability of LPS from gastrointestinal
tract into blood Fukui et al., 1991 LPS has been asso-
ciated with adverse developmental outcome, including
embryonic resorption, intra-uterine fetal death (IUFD),
intra-uterine growth retardation (IUGR) and preterm
labor in animals Q@’Sullivan et al., 1988; Collins et al.,
1994). However, the exact mechanism of LPS-induced
developmental toxicity remained unclear.

Silver et al. (1995)eported that pregnant C3H/HeN
mice injected with LPS showed an increase in decid-
ual eicosanoid production and C@Xxpression, fol-
lowed by a dose-dependent increase in embryo death
Furthermore, COX suppressors decreased IUFD and
prevented LPS-induced preterm delive8akai et al.,
2002, indicating that eicosanoids might be important

mediators of LPS-induced adverse developmental out-

macrophage-rich organB4utista et al., 1990A recent
study showed tha¥-acetylcysteine, a glutathione (GSH)
precursor and direct antioxidant, protected fetal death
and preterm labor induced by maternal inflammation
(Buhimschi et al., 2003 suggesting that ROS may
mediate LPS-induced developmental toxicity. Ascorbic
acid is an antioxidant and has been demonstrated to be
effective on preventing fetal malformation in experi-
mental diabetic pregnancgéderberg et al., 2001In

this study, we investigated the effect of ascorbic acid
on LPS-induced IUFD and IUGR in ICR mice. The
present results indicated that pre-treatment with ascor-
bic acid protected against LPS-induced fetal death and

reversed LPS-induced fetal growth and skeletal develop-

ment retardation via counteracting LPS-induced oxida-
tive stress, whereas post-treatment with ascorbic acid
had less effect on LPS-induced IUFD.

come. On the other hand, a recent study showed that2. Materials and methods

maternal LPS exposure significantly increased inducible
nitric oxide synthase (iNOS) expression in decidual
and myometrial cells and nitric oxide (NO) produc-
tion in decidual and uterineQgando et al., 2003 1In
addition, aminoguanidine (AG), a specific inhibitor of
iINOS activity, reversed LPS-induced embryonic resorp-
tion and abortion Athanassakis et al., 1999These
results suggest that NO fulfils a fundamental role in LPS-
induced embryonic resorption and abortion. However,
recent unpublished results from our laboratory show
that AG had little effect on LPS-induced IUFD and
IUGR.

Numerous studies indicated that maternal LPS expo-
sure increased TNE-production in maternal serum and
amniotic fluid Gayle et al., 2004 Our earlier report
showed that a single dose of LPS upregulated TNF-
MRNA expression in mouse placen@hen et al., 2006
Mother-derived TNFe has been associated with LPS-
induced preterm labor and delivellysazer et al., 2002
However, a recent study found that LPS-induced IUFD
was not blocked by treatment with anti-TNF antibody
that inhibited LPS-induced TNE-production in preg-
nant femaleskohmura et al., 2000 Another important
study byCasado et al. (1997¢omparing difference in
plasma TNFe levels between in mother and in fetus,
showed that less than 7% TNFwas detected in the
corresponding fetal serum although serum from mother
treated with LPS exhibited a significantincrease in TNF-

2.1. Chemicals

Lipopolysaccharide Kscherichia coli LPS, serotype
0127:B8) and ascorbic acid (AA) were purchased from Sigma
Chemical Co. (St. Louis, MO). All other reagents were
obtained from Sigma if not otherwise stated.

2.2. Animals and treatments

The ICR mice (8-10 week-old; male mice: 30-32 g; female
mice: 26—28 g) were purchased from Beijing Vital River whose
foundation colonies were all introduced from Charles River
Laboratories Inc. The animals were allowed free access to food
and water at all times and were maintained on a 12 h light/dark
cycle in a controlled temperature (2025 and humidity
(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 des-
ignated as gestational day (gd) 0. The present study included
two separate experiments.

2.2.1. Experiment 1

The timed pregnant mice were divided randomly into six
groups. All pregnant mice except controls received an intraperi-
toneal (75.9/kg, i.p.) injection of LPS on gd 15-17. The exper-
iment was carried out in three different modes. In mode A, the
pregnant mice were pretreated with a single dose (500 mg/kg,
i.p.) of ascorbic acid before LPS administration. In mode
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B, the pregnant mice were administered with a single dose 2.5. Lipid peroxidation assay

(500 mg/kg, i.p.) of ascorbic acid at 3 h after LPS treatment. In

mode C, the pregnant mice were administered with two doses  Lipid peroxidation was quantified by measuring thio-
of ascorbic acid in 24 h, one (500 mg/kg) injected at 30 min barbituric acid-reactive substance (TBARS) as described
before LPS and the other (500 mg/kg) injected 3 h after LPS. previously Ohkawa et al., 1979 Tissue was homogenized
The saline- and AA-treated pregnant mice served as controls.in nine volumes of 50 mmol/L Tris—HCI buffer (pH 7.4)
All dams were sacrificed on gd 18 and gravid uterine weights containing 180 mmol/L KCI, 10 mmol/L EDTA, and 0.02%
were recorded. For each litter, the number of live fetuses, dead butylated hydroxytoluene. To 0.2 ml of the tissue homogenate,
fetuses and resorption sites was counted. Live fetuses in each0.2 ml of 8.1% sodium dodecyl sulfate, 1.5 ml of 20% acetic
litter were weighed. Crown-rump and tail lengths were mea- acid, 1.5 ml of 0.9% thiobarbituric acid, and 0.6 ml of distilled
sured. All fetuses were then stored in ethanol a minimum of water were added and vortexed. The reaction mixture was

2 weeks for subsequent skeletal evaluation. placed in a water bath at 9& for 1 h. After cooling on ice,
1.0 ml of distilled water and 5.0 ml of butanol/pyridine mixture
2.2.2. Experiment 2 (15:1v/v) were added and vortexed. After centrifugation at

The timed pregnant mice were divided randomly into six 10,000x g for 10min, absorbance of the resulting lower
groups. All pregnant mice except controls received an intraperi- Phase was determined at 532nm. The TBARS concentra-
toneal (75.g/kg, i.p.) injection of LPS on gd 15. Ascorbic acid tion was calculated using 1,1,5,5-tetraethoxypropane as
treatments were the same as in experiment 1. In this experiment,Standard.
dams were sacrificed at 6 h after LPS treatment. Maternal liver,
placenta and fetal liver samples were excised for measurement2-6. Statistical analysis
of TBARS and GSH contents.

All procedures on animals followed the guidelines for Quantified data were expressed as meaBsE.M. at
humane treatment set by the Association of Laboratory Ani- €ach point. Binomial data were analyzed uskfganalysis
mal Sciences and the Center for Laboratory Animal Sciences Or Fisher's exact test where appropriate. ANOVA and the
at Anhui Medical University. Student—Newmann—Keuls post hoc test were used to deter-

mine differences between the treated animals and the control

2.3. Skeletal examination and evaluation and statistical significance.

The fetuses stored in ethanol were cleared from skin, 3. Results
viscera and adipose tissue. Fetuses were then incubated in
acetone overnight and subsequently macerated and stained./. Effects of ascorbic acid on LPS-induced IUFD
with alizarin red S for 2d. After an overnight incubation in
70% ethanol/glycerol/benzyl alcohol, the fetuses were stored  The effects of ascorbic acid (AA) on LPS-induced

in glycerol until examination. Skeletal evaluation included IUFD are presented ifable 1 Results showed that

determination of the degree ossification of the p_halanges,_ the incidence of resorptions did not differ among dif-
metacarpals, vertebrae, sternatrae and skull. The size of ossi-

fication of the supraoccipital was scored (1=well ossified, fere_nt groups. LPS. and ascorbic acid exhibited no
4= completely unossified). _ob\_/lous maternal side effects (data not show_n). The
incidence of fetal death was 63.2% (98/155) in LPS
group, significantly higher than 0.4% (1/232) in con-
trol group. Fetal mortality was 0.8% (1/121) in AA

The glutathione (GSH) was determined by the method of 9roup, suggesting that AA alone did resultin fetal death.
Griffith (1980). Proteins of 0.4 ml liver homogenates were pre- The effects of ascorbic acid on LPS-induced IUFD
cipitated by the addition of 0.4 ml of a metaphosphoric acid depend on the schedule of treatment. Fetal mortality
solution. After 40 min, the protein precipitate was separated was 23.6% (34/144) in pre-treatment group, signifi-
from the remaining solution by centrifugation at 5000rpm at  cantly lower than 63.2% in LPS group (OR: 0.18; 95%
4°C for Smin. Fqur hundred microliter of the supernatant - 0.10-0.31). Fetal mortality was 48.8% (62/127) in
\;vl?:of;;[;SZ? fi?n%4vﬂso:ezgo:;]gnEtHaP%ér?E‘igzgsﬂngpost-treatment group, significantly lower than 63.2%
of 0.4 ml supernatant plus 0.4 ml,B. Then, 10G.| DTNB in LPS group (OR: 0'55' 95% Cl: 0'33_0'92).' How-
(0.02%, wiv; 20mg DTNB in 100 ml of 1% sodium citrate) ever, post-treatment with AA was less effective than
was added to the blank and sample. Absorbance of the sam-Pre-treatment (post-treatment versus pre-treatment, OR:
ple was read against the blank at 412 nm. The GSH content 3-09; 95% CI: 1.78-5.37). Furthermore, post-treatment
was determined using a calibration curve prepared with an reduced the protective effects of pre-treatment (pre- and
authentic sample. GSH values were expressed as nmdlmg post-treatment versus pre-treatment, OR: 2.29; 95% ClI:
protein. 1.42-3.70).

2.4. Determination of glutathione content
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Table 1
The effects of AA on LPS-induced fetal death
Treatments Litters Gestational Fetal Live Dead Fetal mortality

sacs resorption  fetuses  fetuses % (95% C.l.)
Control 21 243 11 231 1 0.4 (0, 1.3)
AA (500 mg/kg) 10 128 6 121 1 0.8(0.6, 1.0)
LPS (75p.g/kg) 12 161 6 57 98 63.2 (55.6, 70182
AA (pre-, 500 mg/kg) + LPS (7fg/kg) 11 150 6 110 34 23.6 (16.7, 3075)
LPS (75ug/kg) + AA (post-, 500 mg/kg) 10 132 5 65 62 48.8 (40.1, 57.5)
LPS (75p.g/kg) + AA (pre- + post-, 500 +500 mg/kg) 14 187 6 106 75 41.4 (34.3, 48%6)

2 Fetal mortality (%) =(dead fetuses/live fetuses + dead fetuse$pO0.
* Significantly different from LPS groug? <0.05.

™ Significantly different from LPS groug? <0.01.

it Significantly different from controlP < 0.01.

8 significantly different from pre-treatment with A& <0.01.

3.2. Effects of ascorbic acid on LPS-induced IUGR 3.4. Effects of ascorbic acid on LPS-induced lipid
peroxidation
The effects of ascorbic acid on LPS-induced IUGR

are presented iMable 2 Results showed that maternally Lipid peroxidation was quantified by measuring
administered LPS significantly decreased fetal weight TBARS. The effects of AA on LPS-induced lipid peroxi-
and crown-rump and tail lengths. All treatments with dation are presentediiable 4 Results showed that a sin-
AA significantly attenuated LPS-induced decrease in gle dose (7g/kg) of LPS caused anincrease in TBARS
fetal weight and crown-rump and tail lengths. Placental levels by 90.1% in maternal liver, 87.5% in placenta,
size was statistically indistinguishable among different and 78.3% in fetal liver. Both pre- and post-treatments

groups (data not shown). with AA significantly attenuated LPS-evoked increase

in TBARS level in maternal liver, placenta and fetal
3.3. Effects of ascorbic acid on LPS-induced liver. However, the protective effects of pre-treatment
skeletal development retardation on LPS-induced lipid peroxidation in maternal liver and

placenta were counteracted when the pregnant mice were
The effects of AA on LPS-induced skeletal devel- administered with additional dose of AA at 3 h after LPS
opment retardation are presentedTable 3 The fetal treatment.
skeleton of the LPS-treated mice, compared with the
control group, exhibited fewer ossification centers in 3.5. Effects of ascorbic acid on LPS-induced GSH
caudal vertebrae, anterior and posterior phalanges. Indepletion
addition, LPS also retarded supraoccipital ossification.

All treatments with AA significantly attenuated LPS- The effects of ascorbic acid on GSH content are pre-

induced skeletal development retardation. sented inTable 5 Results showed that LPS decreased

Table 2

The effects of AA on LPS-induced intra-uterine growth retardation

Treatments Litters Live Crown-rump Tail length Fetal weight
fetuses length (mmyx =+ S) (mm,x £ S) (9, x£9)

Control 21 231 23.5-0.54 11.74 0.23 1.30£0.05

AA (500 mg/kg) 10 129 22.80.50 11.5+ 0.20 1.310.05

LPS (75p.g/kg) 10 57 19.8-0.56 9.4+ 0.46T  1.02+0.051

LPS (75u.g/kg) + AA (pre-, 500 mg/kg) 11 110 2261.23" 11.3+ 0.49"  1.19+0.08"

LPS (75pg/kg) + AA (post-, 500 mg/kg) 10 65 22:60.82" 11.54+ 043"  1.17+0.11"

LPS (75p.g/kg) + AA (pre- + post-, 500 + 500 mg/kg) 14 106 22:8.40" 11.1+ 052"  1.15+0.14"

* Significantly different from LPS groug? <0.01.
it Significantly different from controlP < 0.01.
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Table 3
The effects of ascorbic acid on LPS-induced skeletal development retardation
Control AA (n=10) LPS £=12) LPS +AA LPS +AA LPS +AA
(n=21) (pre-) @=11) (post-) ¢ =10) (pre- + post-)
(n=14)
Number examined
Live fetuses 231 121 57 110 65 106
Scores
Supraoccipital borfe 1.02+0.01 1.10+0.03 2.02+0.251 1.20+0.20" 1.32+0.217 1.12+0.10"
Number ossified
Sternum 6.0&:0.00 5.94+0.25 5.87+0.26 6.00+0.00 6.00+0.00 5.9A40.09
Metacarpus 4.08:0.00 3.95+0.02 3.88t0.29 4.00+0.00 4.00£ 0.00 4.00£0.00
Anterior phalanx 4.08:0.00 3.95:0.10 3.08+ 1.421 3.95+0.07 4.00+0.00 3.95+0.10
Metatarsus 4.980.01 4.60+0.30 4.56+0.391 4.73£0.54 4.93:0.14 4.85+0.18
Posterior phalanx 4.950.02 3.80:0.74 2.99+ 2.091 4.914+0.18" 4.824+0.36 4.07+0.92
Caudal vertebrae 6.390.21 5.50+0.85 3.670.911 5.1441.31" 5.36+1.54" 4.90+0.87"
@ Supraoccipital bone scores—1: well ossified, 4: completely unossified.
* Significantly different from LPS grougk, < 0.05.
™ Significantly different from LPS groug? <0.01.
t Significantly different from controlP < 0.05.
it Significantly different from controlP < 0.01.
§ Significantly different from pre-treatment with AR <0.05.
Table 4
The effects of AA on LPS-induced lipid peroxidation
Treatments TBARS (nmol/mg protein)
Maternal liver Placenta Fetal liver
Control 0.81£0.27 0.4G+0.07 1.43£0.23
AA (500 mg/kg) 0.80+0.25 0.42+0.06 1.45-0.19
LPS (75p.g/kg) 1.54+0.331 0.75+0.161 2.55+0.251
AA (pre-, 500 mg/kg) + LPS (7Rg/kg) 1.12+0.18" 0.49+0.11" 1.9140.25"
LPS (75ug/kg) + AA (post-, 500 mg/kg) 1.240.18 0.51+0.09" 2.22+0.21T
LPS (75u.g/kg) + AA (pre- + post-, 500 + 500 mg/kg) 1.220.47% 1.72+0.54" 8 2.09+0.23"
* Significantly different from LPS grougk < 0.05.
™ Significantly different from LPS groug? <0.01.
tt Significantly different from controlP < 0.01.
8 Significantly different from pre-treatment with A&<0.01.
Table 5
The effects of AA on LPS-induced GSH depletion
Treatments GSH content (nmol/mg protein)
Maternal liver Placenta Fetal liver
Control 34.4+1.8 6.20+ 1.60 25.1+ 3.9
AA (500 mg/kg) 35.0£2.0 6.02£1.71 24.9+ 3.8
LPS (75u.g/kg) 22.5+ 2.1 3.70+1.60° 12.44 1.2
LPS (75pg/kg) + AA (pre-, 500 mg/kg) 15.51.4" 1.30+0.70" 4.7+ 1.0"
LPS (75u.g/kg) + AA (post-, 500 mg/kg) 1732.8" 1.454+0.42" 9.7+ 44
LPS (75p.g/kg) + AA (pre- + post-, 500 + 500 mg/kg) 1793.7" 0.66+0.21™ 8 59+ 2.1

™ Significantly different from LPS groug? <0.01.
tt Significantly different from controlP < 0.01.
§ Significantly different from pre-treatment with A&,<0.05.
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GSH content by 34.6% in maternal liver, 40.3% in pla- a single dose of ascorbic acid (500 mg/kg) showed a
centa, and 50.6% in fetal liver. All treatments with ascor- slightdecrease in fetal mortality, although post-treatment
bic acid significantly aggravated LPS-induced GSH reversed LPS-induced fetal growth development and

depletion in maternal liver, placenta and fetal liver. skeletal ossification retardation. Furthermore, the protec-
tive effects of pre-treatment with ascorbic acid on LPS-
4. Discussion induced IUFD were counteracted when the pregnant

mice were administered with additional dose of ascor-

The present study investigated the effects of LPS on bic acid (500 mg/kg) at 3 h after LPS treatment. These
IUFD and IUGR in mice. Results indicated that mater- results suggest that the effect of ascorbic acid depends
nally administered LPS on gd 15-17 resulted in 63.2% on the schedule of administration. Pre-treatment with
fetal death. In addition, LPS significantly reduced fetal ascorbic acid protected against LPS-induced fetal death
weight and crown-rump and tail lengths and retarded and reversed LPS-induced growth and skeletal develop-
skeletal ossification in caudal vertebrae, anterior and ment retardation, whereas post-treatment had less effect
posterior phalanges, and supraoccipital bone. Theseon LPS-induced IUFD.
results are in agreement with earlier workRifrera et Usually, ascorbic acid is mentioned as an “antioxi-
al. (1998) in which administration with 100.g/kg LPS dant”. However, under certain in vitro and in vivo con-
to rats on gd 14-20 caused 43% fetal death and reduceditions, ascorbic acid has been demonstrated to be also a
the size of the surviving fetuses. prooxidant Halliwell, 1996; Paolinietal., 1999; Otero et

To this date, the exact mechanism for LPS-induced al., 1997. Previous study showed that treatment of cells
IUFD and IUGR remained unclear. Previous study withascorbicacid 24 h priorto treatment of the cells with
demonstrated that LPS stimulates macrophages to genera radical generating system, this vitamin behaved as an
ate ROS and increases nitrotyrosine, a marker f8rQ antioxidant and protected against ROS-induced mutage-
NO and ONOO formation, in macrophage-rich organs nesis. Conversely, cotreatment of cells with ascorbic acid
(Bautistaetal., 1990In addition, LPS enhanced placen- and the radical generating system, this vitamin behaved
tal expression of 4-hydroxy-2-nonenal (HNE)-modified as a prooxidant and aggravated ROS-induced mutage-

proteins, markers of oxidative stre&gi(na et al., 199% nesis Bijur et al., 1997. The present study also found
Our earlier report showed that maternally administered that antioxidant or prooxidant activities of ascorbic acid
LPS increased TBARS levels in fetal liveXy et al., greatly depend on the schedule of ascorbic acid adminis-

2009. A recent study indicated thatacetylcysteine, a  tration and the dose administered. Pre-treatment with a
glutathione (GSH) precursor and direct antioxidant, pro- single dose of ascorbic acid (500 mg/kg) significantly
tected against fetal death and preterm labor induced byattenuated LPS-induced increase in TBARS levels in
maternal inflammationBuhimschi et al., 2003 Ascor- maternal liver, placenta and fetal liver, whereas post-
bic acid is an antioxidant and has been demonstratedtreatmentwith a single dose of ascorbic acid (500 mg/kg)
to be effective on inhibiting LPS-evoked ROS produc- was less effective on LPS-induced lipid peroxidation.
tion in lymphocytesDe la Fuente and Victor, 2001A When the pregnant mice were administered additional
recent report showed that ascorbic acid decreased oxida-dose of ascorbic acid (500 mg/kg) at 3h after LPS
tive stress and prevented fetal malformation in exper- treatment, this vitamin counteracted the effect of pre-
imental diabetic pregnancyCéderberg et al., 2001 treatment on LPS-induced lipid peroxidation in maternal
The present study found that pre-treatment with ascor- liver and placenta, and eventually reduced the protective
bic acid reduced fetal mortality, alleviated LPS-induced effects of pre-treatment on LPS-induced IUFD.
IUGR, and reversed LPS-induced skeletal ossification In summary, the present results suggest that the
retardation in caudal vertebrae, anterior and posterior effects of ascorbic acid on LPS-induced IUFD and
phalanges, and supraoccipital bone. Furthermore, pre-lUGR depend on the schedule of ascorbic acid adminis-
treatment with ascorbic acid significantly attenuated tration. Pre-treatment with a single dose of ascorbic acid
LPS-induced increase in TBARS level in maternal liver, protected against LPS-induced fetal death and reversed
placenta and fetal liver. All these results suggest that LPS-induced growth and skeletal development retar-
ascorbic acid-mediated protection against LPS-induced dation via counteracting LPS-induced oxidative stress.
IUFD and IUGR s, at least partially, associated with When administered at 3 h after LPS treatment, ascorbic
decreased lipid peroxidation. acid had less effect on LPS-induced IUFD, although
The present study also investigated the effect of post- post-treatment significantly attenuated LPS-induced
treatment with ascorbic acid on LPS-induced IUFD and IUGR. Factually, when administered additional dose of
IUGR. By contrast to pre-treatment, post-treatment with ascorbic acid at 3 h after LPS treatment, this “antiox-
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idant” reduced the protective effects of pre-treatment  and corticotropin releasing hormone in the fetal rat brain. Am. J.
with ascorbic acid on LPS-induced IUFD. Physiol. Regul. Integr. Comp. Physiol. 286, R1024-R1029.

Griffith, O.W., 1980. Determination of glutathione and glutathione

disulfide using glutathione reductase and 2-vinylpyridine. Anal.
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