
Abstract. – OBJECTIVE: To discuss the rela-
tionship between the internal oxidation-reduc-
tion system and fetal distress in pregnant pa-
tients with intrahepatic cholestasis in order to
provide a new basis for clinical treatment and re-
search.

PATIENTS AND METHODS: From March 2012
to March 2015, eighty patients with intrahepatic
cholestasis of pregnancy (ICP) were selected and
divided into two groups: the distressed group (n =
31) and non-distressed group (n = 49). We com-
pared the two groups for differences in MDA,
SOD, NO level, GSH level, venous blood and total
bile acid level. The relevance of the oxidation-re-
duction system indicators and the venous blood
and total bile acid levels, as well as the differ-
ences in the delivery outcome and fetal distress,
were compared between the two groups.

RESULTS: The serum MDA level of the dis-
tressed group was higher than the non-dis-
tressed group while the SOD, NO, and GSH lev-
els were lower than the non-distressed group.
All differences were statistically significant (p <
0.05). Both the venous blood and total bile acid
levels in the distressed group were higher than
the non-distressed group and were statistically
significant (p < 0.05). Based on Pearson’s
analysis, MDA was positively associated with
the venous blood and total bile acid levels
while SOD, NO and GSH levels were negatively
associated with it. All differences were statisti-
cally significant (p < 0.05). The death rate of ce-
sarean section and perinatal infant in the dis-
tressed group were higher than that of the non-
distressed group. The proportion of mild and
severe asphyxia was higher than the non-dis-
tressed group. However, the neonatal weight of
the distressed group was lower. All differences
were statistically significant (p < 0.05).

CONCLUSIONS: The internal oxidation-reduc-
tion system indicators of pregnant patients
with intrahepatic cholestasis, which are MDA,
SOD, NO and GSH levels, may contribute to the
occurrence of fetal distress.
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Introduction

Intrahepatic cholestasis of pregnancy (ICP)
usually appears in the third trimester and is ac-
companied with typical skin itch and jaundice.
The biochemical detection mainly contains an
abnormal increase of venous and total bile acid.
Most puerperae prognosis is pretty good, but can
harm the infant’s health1,2. Recent studies3,4 have
discovered that an abnormal imbalance of the pa-
tients’ intrahepatic oxidation-reduction reaction
system could result in the cellular metabolic ma-
trix disturbances. This can then lead to a change
of placental trophoblastic molecular structure and
would weaken and reduce the transport of bile
acid. This research investigates whether oxida-
tion-reduction reaction system within the ICP pa-
tients’ body, MDA, SOD, NO, GSH are related
to fetal distress.

Patients and Methods

Patients
Eighty cases of patients diagnosed with ICP

from March 2012 to March 2015 in our hospital
were selected and divided into two groups: the
distressed group (n = 31) and non-distressed
group (n = 49). The age range in the distressed
group was from 23 to 36 years old with an aver-
age age of 25.7 ± 6.3 years old and the gesta-
tional age ranged from 31 to 38 weeks with an
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tress between the two groups. In the analysis,
thiobarbituric was applied to detect malonyl di-
aldheyde (MDA); xanthine oxidase to detect
SOD; Hafeman micro method to detect GSH and
nitrate reductase to detect NO. Latex enhanced
immunoturbidimetric assay was used to detect
venous blood bile acid while V generation cycle
enzyme rate was used to detect the total bile acid.
All reagents were provided by Nanjing Jindun
Biochemical Reagent Factory, and the instruc-
tions were strictly followed.
The Apgar grade, 1 minute after the infants

were born, were as follows: normal: 8-10, mild
asphyxia: 4-7, severe asphyxia: 0-3.

Statistical Analysis
SPSS 19.0 software (SPSS Inc., Chicago, IL,

USA) was used to analyze the data. The mean
value ± the standard deviation was applied to ex-
press the quantitative data. The t-test was applied
to check the comparisons among the groups. The
number of cases or (%) were adopted to show the
enumeration data. The χ2 or Fisher exact test
were adopted to examine the differences among
groups. The Pearson test was used to check the
relevance. p < 0.05 indicates that the diversities
are statistically significant.

Results

The Comparisons of MDA, SOD, NO,
GSH Levels Between the two Groups
The serum MDA level of the distressed group

was significantly higher than the non-distressed
group while the SOD, NO, and GSH levels were
significantly lower than the non-distressed group.
All differences were statistically significant (p <
0.05) Table I.

The Comparisons of the Venous Blood
Bile Acid and the Total Bile Acid Level
Between the two Groups
Both of the venous blood and total bile acid

levels in the distressed group were significantly
higher than the non-distressed group. The differ-
ences were statistically significant (p < 0.05)
(Table ΙΙ).

The Relevance Between the Oxidation-
Reduction System Indicators and the
Venous Blood and Total Bile Acid Levels
Based on Pearson’s analysis, it is known that

MDA is positively associated with venous blood

average of 35.4 ± 2.7 weeks. Within the dis-
tressed group, there were 18 cases of primiparas
and 13 cases of multiparas. The age in the non-
distressed group ranged from 22 to 35 years old
with an average of 25.8 ± 4.9 years old. The
gestational age ranged from 30 to 39 weeks
with an average of 35.8 ± 3.1 weeks. And with-
in the non-distressed group, there were 27 cases
of primiparas and 22 cases of multiparas. The
comparisons and diversities in age, gestational
weeks and maternal types between the two
groups were statistically insignificant (p >
0.05). This research obtained permission from
the hospital’s Ethics Committee and the in-
formed consent of family members.
The diagnostic criteria of ICP: (1) Clinical fea-

tures included skin itch, jaundice, no rash, and no
digestive tract symptom. (2) Abnormal liver
functions were manifested with a direct increase
in serum bilirubin and a mild increase in ALT
and AST. (3) Skin itch and jaundice faded away
rapidly, and liver functions returned to normal
promptly after delivery. (4) If the venous blood
bile acid ≥ 10.75 µmol/l (the normal value ≤ 5.61
µmol/l) or the total bile acid ≥ 10 µmol/l, a defi-
nite diagnosis would follow.
The diagnostic criteria of fetal distress was as

follows: (1) The meconium-stained amniotic flu-
id reached the second or third degree. (2) Auscul-
tate twice or more during the contraction breaks.
Fetal heart rate was less than160/min or greater
than 120/min (severe abnormity of fetal heart
rate is ≤ 100/min or ≥ 180/min) (3) Fetal heart
electric monitor slows down, and variable decel-
eration appears frequently. The NST baseline rate
is abnormal, with decreased or no variation, or
no response. (4) Fetal movements are less than
three times/hour
The exclusion criteria include the following: 1.

Primary liver diseases, severe digestive tract dis-
eases, diabetes mellitus, hypertension, placenta
previa, premature rupture of the membranes, ab-
normal amniotic fluid volume, and fetal malfor-
mations,

Methods
We compared and analyzed the monoamino

oxidase (MOA), superoxide dismutase (SOD),
nitric oxide (NO) level, reduced glutathione
(GSH) level differences between the two groups,
including the relevance between the oxidation-re-
duction system indicators and the venous blood
and total bile acid level. Finally, we analyzed the
differences in the delivery outcome and fetal dis-
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Discussion

It has been found in the survey of epidemiolo-
gy5 that the high-risk factors of ICP are advanced
age, abnormal liver functions, multiple pregnan-
cy and family history. ICP will cause severe com-
plications such as fetal growth restrictions, pre-
mature rupture of the membranes, spontaneous
premature delivery, meconium-stained amniotic
fluid, neonatal asphyxia, perinatal death, in-
tracranial hemorrhage, and neural sequel of the
newborn. At present, the research on ICP patho-
genesis involves internal secretion6 (including es-
trogen, progestin, thyroid hormones, chorionic
gonadotropin), genetic factors7,8 (including BSEP
gene, also called ABCBLL gene, MDR3 gene,
farnesoid X receptor gene, ABCC2 gene, OATP-
A gene, familial intrahepatic cholestasis gene),
environmental factors, immune factors (including
Th1 cell factor, Th2 cell factor, IFN-γ, anticardi-
olipin antibody), cell apoptosis, HCV, and leptin.
All factors involved can give explanations to the
clinical features to some extent.
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bile acid (r = 0.524, p = 0.036) and total bile
acid level (r = 0.402, p = 0.043); SOD was neg-
atively associated with venous blood bile acid (r
= -0.328, p = 0.041) and total bile acid level (r
= -0.516, p = 0.029); NO was negatively associ-
ated with venous blood bile acid (r = -0.607, p
= 0.029) and total bile acid level (r = -0.384, p
= 0.038); GSH was negatively associated with
venous blood bile acid (r = -0.394, p = 0.035)
and total bile acid level (r = -0.537, p = 0.037).

The Comparisons of the Delivery
Outcome and Fetal Distress Between
the Two Groups
The mortality rate of cesarean section and

perinatal infant in the distress group were higher
that the non-distressed group. Besides, the pro-
portion of mild and severe asphyxia were also
higher than the non-distressed group. However,
the neonatal weight of the distressed group was
lower. All differences were statistically signifi-
cant (p < 0.05) (Table III).

Groups MDA (µµmol/L) SOD (U/ml) NO (µµmol/L) GSH (mg/L) 

Distress group 4.32±0.41 34.46±6.57 65.72±11.56 416.63±52.45
Normal group 3.24±0.55 46.45±7.26 95.66±16.32 451.52±63.69
t 2.456 3.341 3.825 4.326
p 0.034 0.023 0.019 0.013

Table I. The comparisons of MDA, SOD, NO, GSH levels between the two groups.

Groups Bile acid (µµ mol/1) Total bile acid (µµ mol/1)

Distress group 15.67±3.62 18.74±4.16
Normal group 11.23±2.85 12.39±3.52
t 3.856 4.521
p 0.029 0.024

Table II. The comparisons of the venous blood bile acid and the total bile acid level between the two groups.

Cesarean Perinatal Mild Severe Neonatal 
Groups Cases section infant asphyxia asphyxia weight (kg)

Distress group 31 9 (29.03) 3 (9.68) 6 (19.35) 4 (12.90) 2.59±0.71
Normal group 49 3 (6.12) 1 (2.04) 3 (6.12) 2 (4.08) 3.17±0.53
t（χ2） 5.386 4.957 4.127 5.026 3.524
p < 0.001 < 0.001 < 0.001 < 0.001 0.018

Table III. The comparisons of the delivery outcome and fetal distress between the two groups [percent (%)].
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The change of the oxidation-reduction sys-
tem that causes the generation of many free rad-
icals is the main factor that damages the tissue
proteins, nucleic acid, and fat. At the same time,
it will produce lipid peroxide magnifying the
oxidation damage further and generate a series
of reactions resulting in the complications of
patients, thus, inducing fetal distress. MDA is
the product of lipid peroxide with the effect of
O2. The content can be used as the widest index
to reflect free radicals in our bodies. The MDA
level increases in the plasma of the distressed
group during this study. The SOD and GSH are
the main substances that clear free radicals in
our bodies. SOD can react with free radicals di-
rectly, and the mechanism is to disproportionate
O2 into H2O, forming free radicals with strong
oxidative activities by impeding decomposition
and, then, generating peroxidation with unsatu-
rated fatty acid. Thereby, the damage and degra-
dation of NO by free radicals would be inter-
dicted, and NO would remain active. As a re-
sult, its half-life period would be extended11-13.
GSH is one type of important enzymes which
exists widely in our bodies. Its main function is
to catalyze the decomposing reaction of hydro-
gen peroxide. Some toxic substances such as
hydrogen peroxide, superoxide anion, lipid per-
oxide could turn into low toxic substances by
catalysis and protect biological membrane and
biomacro molecules from the damage of free
radicals14-16.  Reduced form of GSH is a
polypeptide compound that activates the oxida-
tion-reduction system, thereby, detoxifying, and
activating the SH enzyme. GSH will facilitate
toxic substances’ conversion of non-toxic sub-
stances, promote metabolic disorder and reduce
bile acid level effectively. It can also relieve the
symptoms of intrahepatic cholestasis. Accord-
ing to this research, SOD and GSH levels de-
creased in the distressed group.
NO is an unstable gas with small molecules.

Its half-life period is pretty short and is 20-30s in
general19. NO compounds many biological activi-
ties with protein such as platelet aggregation, in-
testines and stomach activities, neural informa-
tion delivery, immune and so on. Its biological
functions can only be developed with the help of
redox reactions. NO can also maintain the flabby
of the uterine smooth muscle during the pregnan-
cy period20,21. It has been found in the clinical re-
search that22,23 the NO content will decrease dur-
ing the pregnancy period, and it may cause the
occurrence of uterine contraction. Consequently,

the fetal distress may also appear. According to
this research, NO level decreased in the dis-
tressed group.
Fetal distress means that the fetus’ health is

threated because of acidosis and anoxia. It is
one of the important reasons causing perinatal
mortality and neonatal asphyxia. Until now, the
definition of fetal distress and the judgment of
acidosis and anoxia are not clear. Therefore, ex-
aminations during the pregnancy period are es-
sential to understand the mechanism of fetal
distress. It has been found in this research that
both the venous blood and total bile acid levels
in the distressed group were significantly higher
than the non-distressed group. MDA was posi-
tively associated with the venous blood and to-
tal bile acid levels while the SOD, NO, and
GSH levels were negatively associated with it.
The death rate of cesarean section and perinatal
infant in the distressed group were higher than
that of the non-distressed group. However, the
proportion of mild and severe asphyxia were
higher than the non-distressed group and, the
neonatal weight of the distressed group was ob-
viously lower. All differences were statistically
significant (p < 0.05).

Conclusions

The internal oxidation-reduction system indi-
cators of pregnant patients with intrahepatic
cholestasis, such as MDA, SOD, NO and GSH
levels, may contribute to the occurrence of fetal
distress. This provides an important guideline in
diagnosing and treating fetal distress.

–––––––––––––––––-––––
Conflict of Interest
The Authors declare that there are no conflicts of interest.

References

1) SEN U, SIRIN E, KURAN M. The effect of maternal nu-
tritional status during mid-gestation on placental
characteristics in ewes. Anim Reprod Sci 2013;
137: 31-36.

2) WIKSTRÖM SHEMER E, MARSCHALL HU, LUDVIGSSON JF,
STEPHANSSON O. Intrahepatic cholestasis of preg-
nancy and associated adverse pregnancy and fe-
tal outcomes: a 12-year population-based cohort
study. BJOG 2013; 120: 717-723.

3) ATIBA AS, ABBIYESUKU FM, ADEKANLE DA, OPARINDE
DP, AJOSE OA, NIRAN-ATIBA TA. Malondialdehyde

B. Zhou, C.-H. Wang, R.-B. Ding, J.-G. Chen, Y.-H. Che, Y.-X. Deng



The relationship between the internal oxidation-reduction system and fetal distress

3821

14) XIE C, WEN X, NIU Z, DING P, LIU T, HE Y, LIN J, YUAN
S, GUO X, J IA D, CHEN W. Combinations of
CYP2A6*4 and glutathione S-transferases gene
polymorphisms modify the association between
maternal secondhand smoke exposure during
pregnancy and small-for-gestational-age. Nicotine
Tob Res 2015; 6: 134-135.

15) SHAHEEN SO, RUTTERFORD CM, LEWIS SJ, RING SM, HOL-
LOWAY JW, GOLDING J, HENDERSEN J. Maternal seleni-
um status in pregnancy, offspring glutathione perox-
idase 4 genotype, and childhood asthma. J Allergy
Clin Immunol 2015; 135: 1083-5.e3.

16) ORHAN O, ATALAY MA, ORHAN F, KARKUCAK M,
CENTINKAYA DEMIR B, YAKUT T, CENGIZ C. Glutathione
s-transferase m1 and t1 gene polymorphisms are
not associated with increased risk of gestational
diabetes mellitus development. West Indian Med
J 2014; 63: 300-306.

17) LUTSENKO MT, ANDRIEVSKAYA IA, KUTEPOVA OL. Mor-
phofunctional characteristics of the glutathione
cycle in peripheral blood erythrocytes of pregnant
women with a history of cytomegalovirus infection
exacerbation during gestation. Bull Exp Biol Med
2014; 157: 278-281.

18) THOMPSON MD, MEI Y, WEISBROD RM, SILVER M, SHUK-
LA PC, BOLOTINA VM, COHEN RA, TONG X. Glu-
tathione adducts on sarcoplasmic/endoplasmic
reticulum Ca2+ ATPase Cys-674 regulate en-
dothelial cell calcium stores and angiogenic func-
tion as well as promote ischemic blood flow re-
covery. J Biol Chem 2014; 289: 19907-19916.

19) WU L, LI Z, DAI Y, LI F. [Significance of fractional
exhaled nitric oxide in the diagnosis of asthma in
pregnant women]. Zhonghua Jie He He Hu Xi Za
Zhi 2015; 38: 115-118.

20) PEILI D, ZHIHUA L, LILI D, HUILI Z, YANMEI Z, WEN S,
XUE X,YUTIAN H, BIN S, YANHONG Y, DUNJIN C. The
effects of PBDE-209 exposure during pregnancy
on placental ET-1 and eNOS expression and the
birth weight of offspring. Int J Dev Neurosci 2015;
43: 86-91.

21) BOLNICK JM, KILBURN BA, BOLNICK AD, DIAMOND MP,
SINGH M, HERTZ M. Sildenafil stimulates human
trophoblast invasion through nitric oxide and
guanosine 3′,5′-cyclic monophosphate signaling.
Fertil Steril 2015; 23: 15-22.

22) MATOS A, DA SILVA AP, GIL Â, BEATRIZ C, PORTELINHA A,
REBELO I. [70-OR]: myeloperoxidase and endothe-
lial nitric oxide synthase genetic polymorphisms
and its modulation of some cardiovascular risk
parameters in women with previous pregnancy
hypertension. Pregnancy Hypertens 2015; 5: 38.

23. PALEI AC, SPRADLEY FT, GRANGER JP. [13-OR]: role of
nitric oxide on blood pressure regulation in preg-
nant rats on a high-fat diet (HFD). Pregnancy Hy-
pertens 2015; 5: 7.

and antioxidant enzymes in second and third
trimesters of pre-eclamptic Nigerian women. -
Niger Postgrad Med J 2014; 21: 150-154.

4) WANG C, TURUNEN SP, KUMMU O, VENESKOSKI M,
LEHTIMÄKI J, NISSINEN AE, HÖRKKÖ S. Natural antibod-
ies of newborns recognize oxidative stress-relat-
ed malondialdehyde acetaldehyde adducts on
apoptotic cells and atherosclerotic plaques. Int
Immunol 2013 ;25:575-587.

5) LIU XH, LYNCH C, CHENG WW, LANDON M. Increased
risk of maternal and infant adverse outcomes in
the coexistence of preeclampsia and intrahepatic
cholestasis of pregnancy. Am J Obstet Gynecol
2014; 210(Suppl. 1): S132. 

6) REYES H. Sex hormones and bile acids in intrahep-
atic cholestasis of pregnancy. Hepatology 2008;
47: 376-379.

7) MEALEY KL, MINCH JD, WHITE SN, SNEKVIK KR, MAT-
TOON JS. An insertion mutation in ABCB4 is asso-
ciated with gallbladder mucocele formation in
dogs. Comp Hepatol 2010; 9: 6.

8) PAULUSMA CC, DE WAART DR, KUNNE C, MOK KS,
ELFERINK RP. Activity of the bile salt export pump
(ABCB11) is critically dependent on canalicular
membrane cholesterol content. J Biol Chem 2009;
284: 9947-9954.

9) RAHIMI Z, KAZEMIAN L, MALEK-KHOSRAVI S, NAJAFI F,
RAHIMI Z. Matrix metalloproteinase-7 A-181G and
its interaction with matrix metalloproteinase-9 C-
1562T polymorphism in preeclamptic patients: as-
sociation with malondialdehyde level and severe
preeclampsia. Arch Gynecol Obstet 2015; 291:
45-51.

10) KUMAR A, DHILLON BS, RAO DN, MENON G, SHANKAR
H, DHALIWAL LK, LEEMA M, CHANDHIOK N, KUMAR N,
SEHGAL R, MITTAL S, SAHDEV S, SHOBHA K, JINDAL VL.
Temporal trends of malondialdehyde in stored hu-
man plasma. Indian J Clin Biochem 2012; 27:
405-409.

11) AL-GUBORY KH, ARIANMANESH M, GARREL C, FOWLER
PA. The conceptus regulates tryptophanyl-tRNA
synthetase and superoxide dismutase 2 in the
sheep caruncular endometrium during early
pregnancy. Int J Biochem Cell Biol 2015; 60:
112-118.

12) ZHU LJ, CHEN YP, CHEN BJ, MEI XH. Changes in
reactive oxygen species, superoxide dismu-
tase, and hypoxia-inducible factor-1α levels in
missed abortion. Int J Clin Exp Med 2014; 7:
2179-2184.

13) ORHAN N, UGUR YILMAZ C, EKIZOGLU O, IMDAT E, CAN-
DAN G, RIVAZE K, MEHMET K. The effects of superox-
ide dismutase mimetic MnTMPyP on the altered
blood-brain barrier integrity in experimental
preeclampsia with or without seizures in rats.
Brain Res 2014, 14:91-102.


