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 Background: Intrahepatic cholestasis of pregnancy (ICP) is a condition specific to pregnancy, leading to increased fetal mor-
bidity and mortality. Nitric oxide synthase (iNOS) may be a factor regulating the vasodilation of blood vessels, 
which are relevant to ischemic-hypoxic conditions. We aimed to explore the potential relationship between 
iNOS and ICP.

 Material/Methods: A prospective, case-control study was conducted including 77 pregnant women with ICP and 80 healthy preg-
nant women as controls. Enzyme-linked immunosorbent assays were used to investigate maternal plasma iNOS 
levels. The placenta mRNA levels and cell-specific localization of iNOS were determined by quantitative poly-
merase chain reaction, western blotting, and immunohistochemical analysis. A multivariate linear regression 
model was used to identify the independent factors of serum total biliary acids (TAB) in ICP.

 Results: Compared with controls, the expression of iNOS was significantly lower in maternal serum and placentas with 
ICP (P<0.001). Maternal plasm iNOS levels were negatively correlated with TAB (r=-0.450, P<0.001), cholyglycine 
(r=-0.367, P<0.001), alanine aminotransferase (r=-.359, P<0.001), and aspartate aminotransferase (r=-0.329, 
P<0.001). iNOS level was an indicator for ICP by multivariate linear regression analysis (b=-0.505, P<0.001). 
The ROC curve indicated the optimal cut-off level for iNOS was 2865.43 pg/mL (sensitivity, 85.71%; specifici-
ty, 63.75%). The ROC curve area for iNOS was 0.793 (95% CI 0.722-0.864).

 Conclusions: iNOS plays an important role in poor fetoplacental vascular perfusion and adverse pregnancy outcomes. iNOS 
can provide complementary information in predicting the extent and severity of ICP.
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Background

Intrahepatic cholestasis of pregnancy (ICP) is a medical con-
dition that mostly occurs in the third trimester, with a prev-
alence ranging from 0.1% to 15.6% worldwide [1,2]. It pres-
ents most often in the form of pruritus in the third trimester 
of pregnancy, with elevated serum liver aminotransferase ac-
tivity and total bile acid (TBA) levels (>10 μmol/L) [3]. ICP can 
lead to several adverse pregnancy outcomes, including intra-
uterine growth retardation (IUGR), premature birth (20-60%), 
intrauterine asphyxia (up to 44%), and even sudden intrauter-
ine death (0.13-3.44%) [4]. Biochemical surveillance meth-
ods and regular assessments of fetal uterine growth are of-
ten used to identify a worsening condition, despite a lack of 
good evidence [5,6].

It is currently believed that the pathogenesis of ICP may be as-
sociated with genetic variation, ethnicity, immune imbalance, 
raised steroid hormone levels, and environmental factors [7]. 
However, the etiology of ICP and the causes of maternal and 
infant adverse outcomes remain unclear. Recently, many stud-
ies have found that vasorelaxation factors can play an impor-
tant role in the pathogenesis of ICP [8,9]. Recent studies have 
revealed that inducible nitric oxide synthase (iNOS) might be 
related to ICP-related fetal complications [10]. There is a signif-
icant decrease in the expression of iNOS in patients with ICP. 
Nitric oxide (NO) plays an important role in increasing uter-
ine blood flow and is produced biologically by iNOS and se-
creted by the placenta [11]. NO is one of the most important 
vasodilator factors that can improve uterine placental blood 
flow [12]. The iNOS/NO system may participate in the cascade 
reaction of ischemia and hypoxia [13].

Our team has been involved for many years in studying the 
vascular vasodilatation of ICP and the contribution of iNOS to 
this condition. The purpose of our study was to detect the ex-
pression of iNOS in maternal serum and placentas of patients 
with ICP and to investigate whether any other clinical index-
es have diagnostic values for the prediction of adverse preg-
nancy outcomes.

Material and Methods

Patient Selection

The study was conducted over a period of 2 years from January 
2015 to October 2017. We designed a case-control study and 
collected clinical data and samples from 77 cases of pregnant 
women with ICP and 80 cases of healthy pregnant women in 
their third trimester of pregnancy. The protocol of this study 
was approved by the Ethics Committee of our university and 
hospital. Each participant signed an informed consent.

The diagnosis of ICP was made according to the following crite-
ria: (1) unexplained pruritus during the second trimester, which 
resolved after delivery; (2) TBA >10 μmol/L in maternal serum; (3) 
the presence of abnormalities in liver function tests suggestive of 
ICP: serum levels of alanine aminotransferase (ALT) >40 U/L or as-
partate aminotransferase (AST) >40 U/L; (4) total bilirubin (TBIL) 
was normal or increased (>20 µmol/L), and no other causes could 
be found for the hepatic dysfunction. The participants in the con-
trol group had no chronic diseases or gestational complications. 
None of the participants had a history of smoking. As illustrat-
ed in Figure 1, 77 women with ICP were enrolled in our study.

Preparation of Samples

During the antenatal care in the third trimester, samples of 10 
mL of venous blood were obtained from all of the pregnant 
women. Processing involved centrifugation at 35 000 g for 10 
min at 4°C and storage at-80°C until analysis. Placental tissues 
for the experiment were collected immediately after delivery 
of the placenta. A section of the placental tissue was frozen in 
liquid nitrogen and stored at-80°C and the other section was 
fixed in 10% formalin for immunohistochemistry.

Deliveries
5034

4 11 cases were diagnosed as intrahepatic cholestasis of
pregnancy without other diseases

231 ICP-diagnosed cases
Total biliary acids ≥10 μmol/l

180 did not participate
in the study

111 lost to
follow-up

120 cases with ICP
conrmed

43 cases excluded
– 15 patients with Gallbladder diseases
– 19 patients with hepatitis B virus
– 9 gemellary pregnancy

77 cases included
in the study

Figure 1.  Flow chart of intrahepatic cholestasis of pregnancy 
(ICP) cases included in the study. Flow chart showing 
the ICP cases at the Affiliated Suzhou Hospital of 
Nanjing Medical University, Suzhou Municipal Hospital 
from January 2015 to October 2017, and reasons for 
the exclusion of some cases from the study.
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Enzyme-Linked Immunosorbent Assay

Serum markers, including TBA, cholyglycine (CG), AST, ALT, and 
TBIL, were measured in a batch without dilution by using an en-
zyme-linked immunosorbent assay (ELISA) kit (Beckman Coulter, 
USA), according to the manufacturer’s instructions. iNOS was 
quantitated using an ELISA kit (Signalway Antibody, USA). 
The optical density was measured at 450  nm (BioRad, USA).

Hematoxylin and Eosin Staining and 
Immunohistochemistry Analysis

Paraffin blocks made from placental tissues were collected and 
the sections were used for hematoxylin and eosin staining (H&E) 
and for immunohistochemical examinations. Tissue sections 4 
μm in thickness were cut from the paraffin-embedded tissues 
and mounted on slides. Then, they were deparaffinized in xy-
lene, dehydrated in alcohol, and stained with H&E staining.

Immunostaining was performed using a streptavidin-peroxi-
dase method. Hydrogen peroxide was used to block endoge-
nous peroxidase activity after antigen retrieval. Sections were 

Parameter (mean±SD) Normal (n=80) ICP (n=77) p-Value

Age at delivery (years) 28.97±4.43 28.62±4.48 NS

BMI before pregnancy (kg/m2) 26.35±2.27 24.81±3.29 NS

Gravidity 1.96±1.07 2.05±1.06 NS

Parity 1.30±0.46 1.24±0.43 NS

GA at delivery (week) 38.70±1.31 37.21±1.47 p<0.001

TBA (μmol/L) 6.89±1.82 29.71±19.04 p<0.001

CG (μmol/L) 9.40±3.95 27.50±18.20 p<0.001

ALT (U/L) 28.19±10.24 72.90±67.09 p<0.001

AST (U/L) 24.35±12.57 84.22±70.07 p<0.001

TB (μmol/L) 9.09±3.43 14.88±7.44 p<0.001

CB (µmol/L) 2.51±1.90 4.45±3.62 p<0.001

UCB (µmol/L) 6.65±2.32 10.40±4.76 p<0.001

TC 4.30±1.30 5.97±1.68 p<0.001

TG 2.21±1.03 3.12±1.32 p<0.001

iNOS (pg/ml) 3073.77±457.16 2337.70±483.46 p<0.001

Rate of caesarean section 18.75% 48.05% p<0.001

Birth weight (g) 3386.97±412.03 3120.10±413.52 p<0.001

Placnetal weight (g) 518.99±61.42 478.44±77.23 p<0.001

APGAR Score

1st min 10 (10, 10) 9 (9, 10) p<0.001

5th min 10 (10, 10) 9 (9, 10) p<0.001

FIUD 3.75% 12.99% 0.034

Preterm delivery 5.00% 16.88% 0.021

IUGR 3.75% 14.29% 0.025

Neonatal unit admission 8.75% 16.56% 0.009

Table 1. Clinical characteristics of women with intrahepatic cholestasis of pregnancy (ICP) and normal pregnancies.

BMI – body mass index; GA – Gestational age; TBA – total bile acid; CG – Cholyglycine, ALT – alanine transaminase; AST – aspartate 
transaminase; TB – total bilirubin; CB – conjugated bilirubin; UCB – unconjugated bilirubin; TC – total cholesterol; TG – triglyceridel 
FIUD – fetal distress in uterus; IUGR – intrauterine growth retardation. Results are expressed as mean±standard error of the mean. 
APGAR Scores were expressed as median (interquartile range). p<0.05 indicates significance.
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incubated overnight at 4°C with the diluted primary antibody 
against human iNOS (Cell Signaling Technology, USA). The 
next day, the sections were washed 3 times with phosphate-
buffered saline (PBS) and then incubated with goat anti-rab-
bit antibody (Cell Signaling Technology, USA) overnight at 4°C. 
A brown color was developed with diaminobenzidine (DAB kit, 
Abcam, UK), then the slides were counterstained with Mayer’s 
hematoxylin solution and dehydrated with alcohol. Finally, the 
placental sections were sealed with neutral resin and exam-
ined microscopically.

For the quantification analyses, we used Image Pro Plus 6.0 
software (Media Cybernetics, Rockville, MD). Each specimen 
of placental tissue was photographed in 5 non-repeating ar-
eas under a 40-fold objective lens (Olympus IX70 microscope, 
Japan). The brown-yellow areas of tissue cells were consid-
ered positive expressions of iNOS. The expression intensity 
was measured by the average density (integral optical densi-
ty/area of the target region [IOD/area]).

Western Blotting

The placental tissues were extracted to obtain protein by us-
ing a protein extraction kit. The bicinchoninic acid (BCA) as-
say (Pierce, Rockford, USA) was utilized to determine the pro-
tein concentration. Fifty micrograms of protein were separated 
by sodium dodecyl sulfate polyacrylamide gel electrophoresis 
and transferred to polyvinylidene difluoride membranes for 70 
min. The membranes were blocked in PBS-Tween for 2 h, incu-
bated overnight at 4°C, washed with PBS 3 times (10 min per 
time), and incubated with secondary antibody at room tem-
perature. To control the sampling error, the band intensities 
of b-actin were used as a control. Images were captured using 
a luminescence/fluorescence imaging system (GE Healthcare).

Quantitative Real-Time Reverse Transcription-Polymerase 
Chain Reaction

Quantitative reverse transcription-polymerase chain reaction 
(RT-PCR) was done on the ABI Prism 7500 Sequence Detection 
System (Applied Biosystems). Total RNA was extracted by Trizol 
reagent from placental tissues. The PCR mixture consisted of 

A

C

B

D

Figure 2.  (A) Hematoxylin and eosin (H&E) staining of the control group (HE×400). (B) H&E staining of cholestasis of pregnancy (ICP) 
group (HE×400). (C) Immunohistochemical staining of inducible nitric oxide synthase (iNOS) in the control group (IHC×400). 
(D) Immunohistochemical staining of iNOS in ICP group (IHC×400).
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Figure 3.  Quantitative data concerning inducible nitric 
oxide synthase (iNOS) in placental tissues. iNOS 
immunostaining as indicated by integral optical 
density/area of the target region (IOD/area). The 
mean value was significantly different from that of 
cholestasis of pregnancy (ICP) group (* P<0.05).
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Figure 4.  Protein and mRNA levels of inducible nitric oxide synthase (iNOS) in placentas from the control and cholestasis of pregnancy 
(ICP) groups. (A) Protein expression (western blotting) of iNOS in placental tissues. (B) Quantitative reverse transcription-
polymerase chain reaction (RT-PCR) showed different mRNA levels of iNOS in placental tissue from the 2 groups (* P<0.05). 
(C) Quantitation of western blotting (mean±SD). Western blotting showed iNOS protein levels in placental tissue from the 2 
groups (* P<0.05).

2.5 μL 10×buffer, 1.0 μL of each primer (10 μM/μL), 0.35 μL 
10 mM dNTP mix, 2.0 μL cDNA, 0.5 μL 10 μM probe, and 5 μL 
distilled water. The primer sequences of iNOS were forward 
CAGGGTGTTGCCCAAACTG and reverse GGCTGCGTTCTTCTTTGCT. 
The PCR samples were denatured at 94°C for 2 min, annealed 
at 45°C for 2 min, and prolonged at 72°C for 5 min. The mRNA 
levels of iNOS were measured by the Ct value (threshold cycle), 

and the relative expression levels were calculated with the 2–

DDCt method.

Data Analysis and Statistics

SPSS 21.0 software was used for statistical analyses. 
Quantitative data were presented as the mean±standard de-
viation. The Mann-Whitney U test and 2-sided t test were 
used to compare the variables between the 2 groups, accord-
ing to the normality distribution. The chi-square test was used 
for qualitative data analysis. Receiver operating characteris-
tic (ROC) analysis was used to evaluate the diagnostic perfor-
mance of iNOS. The P value <0.05 at a 95% confidence inter-
val (CI) was considered statistically significant.

Results

Clinical Findings

The clinical characteristics of the 157 study participants are 
presented in Table 1. There were no statistically significant dif-
ferences in obstetric characteristics such as age, body mass in-
dex, gravidity, and parity between the control and ICP groups 
(P>0.05). TBA, ALT, AST and CG levels of the ICP group were 
higher than those of the control group (P<0.001). The iNOS 
levels were found to be normally distributed in maternal 
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serum, which was statistically significantly lower in the ICP 
group than in the control group (2337.70±483.46 pg/mL vs 
3073.77±457.16 pg/mL, P<0.001). Gestational age at delivery 
was lower in the ICP group than in the control group (P<0.001). 
In the ICP group, the rates of cesarean section, fetal intrauter-
ine distress (FIUD), preterm delivery, IUGR, and neonatal unit 
admission were higher (P<0.001).

iNOS Localization and Protein Expression in Human 
Placenta Tissues

The localization of iNOS in placental tissues in the 2 groups 
was investigated by immunohistochemistry. Our results showed 
that iNOS was expressed in the cytotrophoblastin, syncytio-
trophoblast, and vascular endothelium cells in the placentas 
(Figure 2). The expression of iNOS was significantly lower in ICP 
placental tissues than in the normal placental tissues (Figure 3).

Expression of iNOS mRNA in Human Placenta Tissues

Quantitative RT-PCR was used to examine the expression of 
iNOS mRNA in the placentas of the pregnant women in both 
groups. The levels of iNOS mRNA were significantly lower in 
the ICP placental tissue than in the normal placental tissue 
(Figure 4B). The expressions of iNOS proteins were significantly 
lower in ICP placental tissues than in the normal placental tis-
sues by western blotting (Figure 4A, 4C).

Correlations Between Serum iNOS Concentrations and 
Clinical Parameters

The correlations between iNOS and other indicators were not 
significant in either of the 2 groups. In general, iNOS was neg-
atively correlated with liver function-related indexes, includ-
ing ALT, AST, TBIL, and conjugated bilirubin (Table 2). Serum 
iNOS was negatively correlated with TBA (r=-0.450, P<0.001), 

iNOS Normal ICP

r p-Value r p-Value

Age at delivery (years) 0.029 p<0.001 0.085 p<0.001

BMI before pregnancy (kg/m2) -0.040 p<0.001 0.066 p<0.001

Gravidity 0.145 p<0.001 0.083 p<0.001

Parity 0.028 p<0.001 0.172 p<0.001

GA at delivery (week) -0.157 p<0.001 0.046 p<0.001

TBA (μmol/L) -0.227 p<0.001 -0.514 p<0.001

CG (μmol/L) -0.204 p<0.001 -0.437 p<0.001

ALT (U/L) -0.273 p<0.001 -0.327 p<0.001

AST (U/L) -0.324 p<0.001 -0.432 p<0.001

TB (μmol/L) -0.122 p<0.001 -0.101 p<0.001

CB (µmol/L) -0.223 p<0.001 -0.029 p<0.001

UCB (µmol/L) -0.005 0.021 -0.137 p<0.001

TC (mmol/L) 0.032 p<0.001 -0.049 p<0.001

TG (mmol/L) -0.150 p<0.001 -0.008 p<0.001

Birth weight (g) 0.286 p<0.001 0.176 p<0.001

Placnetal weight (g) 0.214 p<0.001 0.246 p<0.001

APGAR Score

1st min 0.121 p<0.001 0.204 p<0.001

5th min 0.313 p<0.001 0.196 p<0.001

Table 2. Bivariate correlation between inducible nitric oxide synthase (iNOS) levels and other variables.

BMI – body mass index; GA – gestational age; TBA – total bile acid, CG – cholyglycine; ALT – alanine transaminase; AST – aspartate 
transaminase; TB – total bilirubin; TG – triglyceride; TC – total cholesterol; CB – conjugated bilirubin; UCB – unconjugated bilirubin. 
p<0.05 indicates significance.
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CG (r=-0.367, P<0.001), ALT (r=-0.359, P<0.001), and AST levels 
(r=-0.329, P<0.001) in the women with ICP (Figure 5).

Correlations Between TBA Concentrations and Clinical 
Parameters

Multivariate linear regression analysis showed that TBA lev-
el was negatively associated with iNOS (b=-0.505, P<0.001), 
1-min Apgar score (b=-0.879, P<0.001), and 5-min Apgar score 
(b=-0.389, P<0.001). TBA was positively associated with CG 
(b=0.435, P<0.001), ALT (b=0.092, P<0.001), AST (b=0.064, 
P<0.001), TBIL (b=0.048, p<0.001), and total cholesterol (TC) 
(b=1.361, P<0.001) (Table 3).

ROC Curves

In our study, the ability of iNOS to detect ICP was assessed us-
ing ROC curves. According to the ROC curve, the optimal cut-
off level for iNOS was 2865.43 pg/mL (sensitivity, 85.71%; 

specificity, 63.75%). The ROC curve area for iNOS was 0.793 
(95% CI 0.722-0.864) (Figure 6).

Discussion

ICP is a liver disease of pregnancy that increases fetal morbid-
ity and mortality; therefore, making an early diagnosis and as-
sessment of the severity of the disease is important. Patients 
with ICP have an increased risk of adverse perinatal outcomes, 
such as decreased Apgar score, FIUD, preterm delivery, IUGR, 
and neonatal unit admission. The blood supply of the uterus 
and placenta in patients with ICP can be insufficient, which 
can affect the growth and development of the fetus and cause 
hypoxia. The etiology and pathogenesis of ICP are unknown; 
however, potential causes of ICP are considered to be relat-
ed to female hormones, genetic predisposition, and environ-
mental factors. All factors involved can explain the disease to 
some extent; however, at present, there are few indicators for 
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Figure 5.  Scatter plots showing the correlation between inducible nitric oxide synthase (iNOS) levels and total bile acid (TBA), 
cholyglycine (CG), alanine aminotransferase (ALT), and aspartate aminotransferase (AST) in patients with intrahepatic 
cholestasis of pregnancy (ICP). (A) Correlation between TBA levels and iNOS (r=-0.450, P<0.001); (B) correlation between CG 
levels and iNOS (r=-0.367, P<0.001); (C) correlation between ALT levels and iNOS (r=-0.359, P<0.001); and (D) correlation 
between AST levels and iNOS (r=-0.329, P<0.001).
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Variable b (95% confidence interval) SE p-Value

Age at delivery(years)  -0.034 (-0.041 to-0.026) 0.004 0.203

BMI before pregnancy(kg/m2)  0.589 (0.577 to 0.601) 0.006 0.063

Gravidity  1.557 (1.521 to 1.592) 0.018 0.201

Parity  -1.790 (-1.876 to -1.704) 0.044 0.161

GA at delivery (week)  -1.608 (-1.632 to -1.584) 0.012 0.072

CG (μmol/L)  0.435 (0.432 to 0.437) 0.001 p<0.001

ALT (U/L)  0.092 (0.091 to 0.093) 0.001 p<0.001

AST (U/L)  0.064 (0.063 to 0.065) 0.001 p<0.001

TB (μmol/L)  1.326 (1.231 to 1.420) 0.048 p<0.001

CB (µmol/L)  -0.071 (-0.167 to 0.025) 0.049 0.149

UCB (µmol/L)  -1.092 (-1.186 to -0.998) 0.048 0.061

TC (mmol/L)  1.361 (1.338 to 1.383) 0.011 p<0.001

TG (mmol/L)  0.263 (0.260 to 0.266) 0.015 0.306

iNOS (pg/ml)  -0.505 (-0.597 to -0.414) 0.047 p<0.001

Birth weight (g)  -0.006 (-0.007 to -0.006) 0.001 0.130

Placnetal weight (g)  0.003 (0.003 to 0.004) 0.001 0.392

APGAR Score

1st min  -0.879 (-0.925 to-0.832) 0.024 p<0.001

5th min  -0.315 (-0.389 to -0.241) 0.038 p<0.001

Table 3. Multivariate linear regression analysis between total bile acid (TBA) and clinical characteristics.

BMI – body mass index; GA – gestational age; TBA – total bile acid; CG – cholyglycine; ALT – alanine transaminase; AST – aspartate 
transaminase; TB – total bilirubin; TG – triglyceride; TC – total cholesterol; CB – conjugated bilirubin; UCB – unconjugated bilirubin.
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Figure 6.  Receiver operating characteristic (ROC) curves of 
inducible nitric oxide synthase (iNOS) value for 
cholestasis of pregnancy (ICP) diagnosis. (AUC=0.793 
[95% CI 0.722-0.864], P<0.001).

the prediction of ICP. It has been reported that the AST/plate-
let count ratio in the first trimester can predict the incidence 
of ICP, but this needs to be verified by large-sample experi-
ments [14]. Recent studies demonstrated increased circulat-
ing levels of systemic and vascular active factors in pregnan-
cies with ICP [15]. In this study, we aimed to investigate the 
associations between iNOS and ICP.

In our study, a variety of experimental methods were used to 
detect the expression of iNOS in the human maternal plasma 
and placenta. iNOS has been found to be highly expressed in 
cholangiocarcinomas and in primary sclerosing cholangitis [16]. 
Khalid et al [17] showed that the upregulation of endothelial (e)
NOS occurs in the thoracic aortas of rats with biliary cirrhosis. 
Despite the conflicting findings, eNOS activity in the cirrhotic 
liver is consistently reported to be decreased [18,19]. The inves-
tigation by Zimmermann et al showed that eNOS is decreased 
in the hepatocytes of secondary biliary fibrosis [20]. We found 
that iNOS protein and mRNA were significantly downregulated in 
ICP maternal plasma and placentas. iNOS protein was predom-
inantly stained in cytotrophoblastin, syncytiotrophoblast, and 
vascular endothelium cells by immunohistochemistry analysis. 
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In the second and third trimester of pregnancy, the fetal-placen-
tal resistance gradually decreases to ensure the normal growth 
of the fetus. It is well known that NO plays an important role in 
dilating blood vessels and ensuring enough blood flow to the 
fetus and is secreted by the placenta and synthesized by iNOS 
as a rate-limiting enzyme [21,22]. NO is an unstable gas, and 
its half-life period is only 20 s to 30 s, in general. This crucial 
role of NO relies on its effect on the vascular smooth muscle. 
Some studies have shown that NO at the maternal-fetal inter-
face may affect fetal development [23]. Downregulated iNOS 
expression in ICP maternal serum and placenta might lead to 
the dysfunction of vascular vasodilatation and result in poor 
utero-placental-fetal perfusion and fetal hypoxia, or even sud-
den intrauterine deaths. This suggests that normal blood flow 
due to iNOS released from the placenta plays a significant role 
in the pathogenesis of ICP.

TBA and other liver function tests (TBIL, direct bilirubin, ALT, 
AST, and CG), combined with the typical symptoms of pruritus 
and jaundice are important criteria for the diagnosis of ICP. TBA 
is an important indicator to identify the severity and prognosis 
of ICP. Many studies had found that with a higher TBA level, 
there is a higher rate of adverse perinatal outcomes [24,25]. 
Because elevated TBA is not obvious or is later abnormal in 
some patients with liver dysfunction or pruritus, it is partic-
ularly important to evaluate a patient’s condition by testing 
iNOS levels. In the present study, the lower concentration of 
iNOS was a marker of increased ICP risk. Geenes et al report-
ed higher rates of preterm delivery with higher levels of serum 
transaminases, especially ALT [26]. Our present study had sim-
ilar results as previous studies. In the present study, ALT, AST, 
TBIL, TC, and unconjugated bilirubin levels were significantly 
higher in patients with ICP than in the control group. The ac-
tivity of transaminases and conjugated bilirubin concentration 
were considerably higher in patients with ICP. Patients with ICP 
and elevated transaminases have a higher number of adverse 
pregnancy outcomes and should be followed up regularly [27].

We found that low Apgar scores and FIUD were positively cor-
related with TBA levels in patients with ICP. This finding is con-
sistent with the results of other studies suggesting a relation-
ship between TBA and neonatal respiratory distress syndrome, 
as they can affect the synthesis of alveolar surface active sub-
stances [28]. Fetal asphyxia in the newborns of women with 

ICP has been reported frequently in the literature [29]. Zecca 
et al [30] reported that the incidence of respiratory distress 
syndrome in infants from mothers with ICP was almost double 
that of the control group. Furthermore, our results confirmed 
the lower levels of iNOS in patients with ICP and its negative 
relationship with TBA, CG, ALT, and AST. We found that ele-
vated TC and triglyceride (TG) levels could be useful biomark-
ers for the early identification of ICP. These results have the 
potential to provide insights into strategies to diagnose and 
treat ICP. The symptoms of ICP disappear shortly after birth, 
which is probably associated with an imbalance of some sul-
fated progesterone metabolites such as estrogen/progester-
one and a vasoactive substance.

There were no stillbirths in our study even though we did not 
perform elective delivery before full term. This may have been 
due to our strict antenatal examination, drug therapy, and close 
fetal monitoring. Our study revealed that iNOS played an im-
portant role in the development and progression of ICP, and 
underexpressed iNOS was positively associated with the se-
verity of ICP and low Apgar scores. Therefore, we believe that 
iNOS may be a potential target for ICP therapy.

Conclusions

The underexpression of iNOS, especially with elevated TBA, ALT, 
and TG levels, seemed to be associated with adverse perina-
tal outcomes in patients with ICP, particularly those with IUGR 
and preterm delivery. Our data suggest that iNOS might serve 
as a beneficial factor associated with the development of ICP. 
This study provides evidence that the expression of iNOS in 
ICP may enable obstetricians to diagnose ICP. This will pro-
vide a new perspective for the study of ICP.
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