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Abstract

Aims: The abnormal increase of bile acid is found in intrahepatic cholestasis
of pregnancy (ICP). It also can be observed the damage of placental tissue in
ICP. The aim of this study was to find the associations of the bile acid in um-
bilical vein and the damage of placental tissue. Methods: Thirty women di-
agnosed with ICP and fifty normal pregnant women between September 2015
and September 2017 at Nanshan District Maternity & Child Healthcare Hos-
pital of Shenzhen were included in this study. The glycocholic acid (GA), total
bile acids (TBA), total bilirubin (TB), direct bilirubin (DB) and albumin level
in umbilical vein were measured by cycle enzyme method in ICP and control
group. The placental damage was analyzed by morphologic study using he-
matoxylin dyes in two groups. The correlation between the level of the bile
acid in the umbilical vein and the damage of the placenta was assessed using
SPSS software. Results: The GA, TBA, TB, DB and albumin level in umbilical
vein were significantly higher in ICP than those of pregnant women, respec-
tively. The placental villis were expanded and the structure was destroyed in
ICP. The vessel was damaged and the cell trophoblast hyperplasia in ICP. It
also can be seen that there was obvious nodules and a typical fibrous necrotic
substance in ICP but not in control group. There is a positive correlation be-
tween the level of the TBA in the umbilical vein and the damage of the pla-
centa in ICP. Conclusion: The TBAs were significantly higher in umbilical
vein and were related to the placental damage in ICP.
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1. Introduction

Intrahepatic cholestasis of pregnancy (ICP) is a disorder of pregnancy occurring
in the third trimester, characterized by pruritus, accompanied by the elevation of
serum transaminases and serum bile acids (SBA) [1]. The elevation of SBA has
been associated with increased neonatal respiratory distress syndrome [2] [3],
premature delivery [4], fetal asphyxia [5] and mortality [6]. The placenta has key
roles in the regulation of fetal growth and development during pregnancy [7].
Although the pathogenesis and etiology of ICP have not been clarified, increas-
ing evidence demonstrates that the placenta has a vital role in the development
of ICP [8] [9], especially for the fetal BA metabolism and excretion [10].

During pregnancy, fetal liver synthesize primary bile acids (PBA), while the
PBA can not be eliminated because of immaturity of fetal liver and kidney [11].
The placenta is the major route to eliminate fetal primary bile acids by transfer-
ing them to the maternal serum [12]. There is a transplacental gradient for bile
acids in the fetal-to-mother direction [13]. And the bile acid in the fetus trans-
ported to the maternal serum through the placenta, actually need to cross the
chorionic vascular endothelium, chorionic microvilli matrix and trophoblast
[14]. Several experimental lines of evidence suggest that not only simple diffu-
sion, but also the ATP-dependent transportation are the main mechanism by BA
cross the human placenta, which depends on the bile acid transporter [15] [16].

In ICP, we have not only seen the abnormal increase of maternal serum bile
acid, but also seen the damage of placenta, accompanied by the poor fetal out-
come [17]. The fetal bile acid cannot transport to the maternal serum because of
the damage of placenta and abnormal accumulate in the umbilical vein in ICP
[18] [19]. Besides, the high level of primary bile acids is the biomarkers for the
clinical of grade ICP [11] [20]. The relationship between the bile acids in umbil-
ical vein and placental damage in intrahepatic cholestasis of pregnancy is still
undefined, while the high level of bile acids in umbilical vein may be the reason
for the damage of placenta.

In this pilot study, we raised a novel hypothesis that the high level of bile acids
in umbilical vein damaged the placenta, even damaged the bile acid transporter
in placenta, then lead the bile acid abnormal accumulate in the umbilical vein
and cause to bad results. We compared the level of bile acid in umbilical vein
between the ICP and control group. Subsequently, we also observed the damage
of placental in ICP, especially the chorionic villis, the microvessels and trophob-
last cells proliferation. Finally, we investigated the relationship between the level

of bile acid in umbilical vein and the placental damage.

2. Materials and Methods
2.1. Subjects

Thirty consecutive pregnant women with ICP were enrolled in the study. A con-

trol group of 50 consecutive healthy women with physiological pregnancies were

also studied as controls. The diagnosis of ICP was followed the guidelines for the
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management of intrahepatic cholestasis of pregnancy (2015) [21]. All pregnan-
cies complicated by severe congenital malformations, consisting of chromosom-
al abnormalities and/or multiple congenital anomalies, and all twin pregnancies
were excluded from the study. It also exclude some liver disease caused by alco-

hol, drug abuse, infectious, cholesterol gallstones, viral, or metabolic disorders.

2.2. Placenta Morphology Detection

Once the placenta is delivered, the central zone of the maternal face of placenta
was collected and was saved in the 4°C physiological saline. Then the placenta
was fixed with 4% formaldehyde, embedded by paraffin, and made into slices.
The pathologic changes of placenta were observed by Optical microscope using

hematoxylin dyes.

2.3. Total Bile Acids in Umbilical Vein Detection

At the time of delivery, the cord blood was collected and was centrifuged at 2000
r/min for 15 min, then saved in the —20°C. The GA, TBA, TB, DB and albumin

were measured by enzymatic colorimetric determination.

2.4. Correlation Analysis between the Total Bile Acids in
Umbilical Vein and the Placenta Damage

According to the placenta morphology of observation, the damage of placenta
was classified by 3 grades. The correlation between the level of bile acid in the
umbilical vein and the tissue injury of the placenta was assessed using Spear-

man’s correlation coefficient.

2.5. Statistical Analysis

All data are presented as the mean + SD of the indicated number of measure-
ments. The unpaired t test was used to determine the significance of two groups,
with P < 0.05 as the cutoff for statistical significance. Correlations between TBA
levels in umbilical vein and placental tissue damage were calculated using

Spearman’s correlation coefficient.

3. Results

3.1. The Expression of Glycocholic Acid, Total Bile Acids (TBA),
Total Bilirubin, Direct Bilirubin and Albumin Level in
Umbilical Vein

All the study populations were from September 2015 until September 2017 in
Nanshan District Maternity & Child Healthcare Hospital of Shenzhen. All the
patients had an elective caesarean delivery. Baseline characteristics of the study
population were shown in table 1. Maternal age, and gestational age did not dif-
fer between women with ICP and women without ICP (Table 1).

When a pregnant woman delivers a cesarean section, once the placenta is de-
livered, we collected the cord blood and detected the level of GA, TBA, TB, DB
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Table 1. The maternal age, gestational age and neonatal sex of the two groups.

Maternal Age Gestational Age Gender
rou n
group (M £ SD, year) (M £ SD, week) (male/female)
control 50 32.24 +£3.58 39.28 +1.26 25/25
ICP 30 30.77 £ 5.15 38.34 £ 1.55 18/12

(Data are mean * SD of 4 independent experiments).

and albumin in umbilical cord. We found that TBA, GA, TB, DB and albumin
level in ICP were significantly higher than those of pregnant women (Table 2).

3.2. The Damage of Placental in ICP Patients

Once the placenta is delivered, the pathological tissue section was made by the
fresh tissue of 2 cm x 2 cm x 2 cm in the central zone of the maternal face of the
placenta in the sterile condition. The pathologic changes of placenta were ob-
served by Optical microscope using hematoxylin dyes. In microscope, some of
the complete chorionic villis, with small volume, and little exudations were ob-
served in the control group (Figure 1(A)); while in ICP group, the structure of
the chorionic villis was destroyed and dilated, the exudations are increased
(Figure 1(B)).

The control group can be seen with intact microvessels and red blood cells in
the vessels (Figure 2(A)); while in ICP group, the microvessels are damaged in
placenta, and there is no complete vascular structure, only see the sinus (Figure
2(B)). All these showed that microvascular damage is observed in ICP patients
placenta.

In control group, the complex nodules are not obvious (Figure 3(A)), the cell
trophoblast cells are normal (Figure 3(C)), and the fibroid necrosis is rarely
seen (Figure 3(E)); while in ICP group, the complex nodules are more obvious
(Figure 3(B)), and the trophoblast cells proliferate (Figure 3(D)), and there is a

typical fibrinoid necrotic material deposition (Figure 3(F)).

3.3. Correlation Analysis between Total Bile Acid Level and
Placental Tissue Damage in ICP

The damage of the placenta of 30 ICP patients was observed under an optical
microscope, and the results were followed in the Table 3. The correction be-
tween total bile acid level and placental tissue damage was assessed by SPSS. The
results showed that the total bile acid was positively correlated with the damage

of placenta, and the correlation coefficient was 0.889 (Figure 4).

4. Discussion

It was proved that fetal physiological cholestasis exists and the concentration of
serum bile acid in maternal and fetal circulation was significantly increased in
ICP [22] [23]. The concentration of serum bile acid in maternal acts as an indi-

cator for the diagnosis and determination of ICP, while the fetal bile acid could
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Table 2. The expression of glycocholic acid, total bile acids (TBA), total bilirubin, direct
bilirubin and albumin level in two groups.

group n GA TBA TB DB albumin

control 50 0.53 +£0.63 4.26 £ 1.89 8.03 £3.27 2.09 £1.92 594 +1.76

10.07 + 26.10 + 21.39+ 6.70 + 14.69 £

ICP 30
11.62** 18.84** 12.35%* 5.15%%* 8.774%¢

(Data are mean + SD of 4 independent experiments. *P < 0.05 vs control group; ***P < 0.0001 vs control
group).

control group ICP group

Figure 1. The damage of the placental villi (hematoxylin dyes 10 x 10; red arrow: exuda-
tions.

control group ICP group

Figure 2. The microvessels in the placental (hematoxylin dyes 10 x 10; white arrow: mi-
crovessels; black arrow: sinus).

not be reflected because of pregnancy [13]. In our results, we detected the bile
acid in umbilical cord to find the level of fetal bile acid when the time of the pla-
centa is delivered. We found that the levels of TBA in umbilical cord abnormal
increased in ICP than control group. Not only TBA, but also the expression of
GA, TB, DB and albumin level all increased in umbilical cord. It is reported that
a high rate of fetal complications was related to a TBA in maternal serum level of
more than 40 pmol/L [13]. In our results, the TBA in umbilical cord is 26.10 £
18.84 pmol/L, really lower to 40 pmol/L. But it is not clearly that the relationship
of TBA between in maternal serum and in umbilical cord. Further research is
needed to confirm that if the high level of bile acid in umbilical cord is also re-

lated to fetal complications.
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control group ICP group

Figure 3. The damages in the placental (hematoxylin dyes 10 x 10).

In adults, bile acid metabolism and excretion are mainly through the liver and
kidneys [24]. During pregnancy, the placenta as a bile acid barrier and the excre-
tion of bile acids mainly depends on the placenta [25] [26]. There are several
papers showed that placentas from women with ICP are associated with mor-
phological abnormalities, such as increased occurrence of syncytial knots,
thought to represent areas of apoptosis, reduced intervillous space and smaller
blood vessels [27] [28] [29]. In our results, we also observed the morphological
changes in placenta of patients with ICP. The chorionic villis were destroyed and
the whole chorionic vessels could not be seen in ICP patient placenta. We also
observed that the complex nodules are generated, the trophoblast stromal cells
abnormal proliferated and the typical fibrinoid necrotic material deposited in
ICP. These structural changes in the placenta, implicating bile acids in the pa-
thology, can have severe consequences for the fetus.

There are many reports showed that the rise in bile acids in the feto-placental
unit that occurs in ICP has multiple detrimental effects on the placenta [30] [31]
[32]. The influence of high bile acid on placental tissues is mainly manifested in:
The toxicity of high bile acid level can direct damage the placental tissue, induce
the trophoblast cells apoptosis, also damage the placental chorionic veins, af-
fecting the fetal and placental blood circulation [33] [34] [35]. Futhermore, some
reports showed that the high bile acid levels damaged the placenta by induced
hypoxia or inflammation [36] [37]. We used SPSS to detect the correlation
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Table 3. The total bile acids and the damage of the placenta of 30 ICP patients.

number Maternal age Gestational age TBA Placental damage level

1 Y27 38w +5 42 3
2 Y24 38w +2 38 2
3 Y24 37w +5 74 3
4 Y34 38w 70 3
5 Y29 40w 42 2
6 Y30 41w +1 18 1
7 Y35 35w+ 3 36 2
8 Y30 39w +5 33 2
9 Y23 35w+ 4 14 1
10 Y34 36w+ 5 27 1
11 Y43 34w + 4 25 2
12 Y29 37w+ 6 16 1
13 Y27 39w +2 21 2
14 Y37 40w +2 20 2
15 Y29 37w+ 1 15 1
16 Y34 38w +3 61 3
17 Y23 38w 17 1
18 Y30 39w 10 1
19 Y33 37w+ 4 10 1
20 Y34 38w+ 2 7 1
21 Y27 40w + 3 6 1
22 Y34 39w + 4 19 1
23 Y39 40w + 2 8 1
24 Y36 39w +1 10 1
25 Y36 39w +1 30 2
26 Y21 38w +6 16 2
27 Y29 38w + 2 4 1
28 Y34 36w 9 1
29 Y28 39w 50 3
30 Y30 40w +1 35 2

between total bile acid level and placental tissue damage and found there is a po-
sitively correlation between the total bile acid level and placental tissue damage.
Several experiments have provided evidence that a causal relationship between
levels of BA and adverse fetal outcome [10] [38]. The accumulation of bile acid
in the placenta directly damage the placenta tissue, influence the material ex-
change between fetus and mother, lead to the supply of nutrients and oxygen

barrier fetus, and jeopardize fetal health.
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Figure 4. The correlations between total bile acids and the damage of the pla-
centa (r2 = 0.889, p < 0.001).

We need to highlight some limitations of this study. First of all, all the study
populations we selected with cesarean section and did not include patients with
vaginal delivery. Then, we do not demonstrate the relationship of TBA between
in maternal serum and in umbilical cord. Moreover, we do not found what is the
normal value of TBA in umbilical cord and what is the risk value of TBA in um-
bilical cord to cause placental damage. In addition, we do not test the molecular

mechanism of high bile acid causes placental damage.

5. Conclusion

The level of total bile acid in umbilical vein was significantly higher in ICP
than those of pregnant women. And we add an important new piece of infor-
mation revealing that there is a positive correlation between the level of the
bile acid in the umbilical vein and the damage of placenta in ICP which in-
cludes the direct damage of chorionic villis/the destroy of blood vessels/the
abnormal proliferation of trophoblast stromal cells. Our results suggest that
the high levels of total bile acid in umbilical cord damaged the placenta, and
broke the bile acid circulation between the fetal and maternal, ended up dan-

gers of maternal and fetus.
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