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Abstract
AIM: To investigate the association between total bile acid (TBA) level during intrahepatic cholestasis of pregnancy (ICP) and fetal lung surfactant alteration. 

METHODS: We recruited 42 ICP and 32 normal pregnancy women in this study. The maternal blood, fetal blood, and amniotic fluid TBA level were detected using circulating enzymatic method. Umbilical blood pulmonary surfactant protein A (SP-A) was evaluated with enzyme-linked immunosorbent assay. High performance liquid chromatography was used for the determination of phosphatidyl choline (PC), phosphatidyl inositol (PI), lysolecithin (LPC), and sphingomyelin (SM). Amniotic fluid lamellar body was counted with fully automatic blood cell counter. Fetal lung area and fetal body weight were calculated from data obtained with iu22 color supersonic diagnostic set. Clinical information of nonstress test, amniotic fluid properties and neonatal Apgar score, birth weight were recorded for review. 
RESULTS: The TBA level in maternal blood, fetal blood, and amniotic fluid in the ICP group were significantly higher than that in the control group (maternal blood: 34.11 ± 6.75 mmol/L vs 4.55 ± 1.72 mmol/L, p < 0.05; fetal blood: 11.9 ± 2.23 mmol/L vs 3.52 ± 1.56 mmol/L, p < 0.05; amniotic fluid: 3.89 ± 1.99 mmol/L vs 1.43 ± 1.14 mmol/L, p < 0.05). Amniotic fluid PC, PI in ICP group were significantly lower than that in the control group (PC: 65.71 ± 7.23 µg/mL vs 69.70 ± 6.68 µg/mL, p < 0.05; PI: 3.87 ± 0.65 µg/mL vs 4.28 ± 0.74 µg/mL, p < 0.05). PC/LPC ratio of ICP group was lower than that of control group (14.40 ± 3.14 vs 16.90 ± 2.52, p < 0.05). Amniotic LB in ICP group was significantly lower than that of the control group ((74.13 ± 4.37) × 109/L vs (103.0 ± 26.82)x109/L, p < 0.05). Fetal umbilical blood SP-A level in ICP group was significantly higher than that of the control group (30.26 ± 7.01 ng/mL vs 22.63 ± 7.42 ng/mL, p < 0.05). Fetal lung area/body weight ratio of ICP group was significantly lower than that of the control group (5.76 ± 0.63 cm2∕kg vs 6.89 ± 0.48 cm2∕kg, p < 0.05). In ICP group, umbilical cord blood TBA concentration was positively correlated to the maternal blood TBA concentration (r = 0.746, p < 0.05) and umbilical blood SP-A (r = 0.422, p < 0.05), but it was negatively correlated to the amniotic fluid lamellar corpuscle (r = 0.810, p < 0.05) and fetal lung area/body weight ratio (r = 0.769, p < 0.05). Furthermore, umbilical blood TBA showed a negative correlation to PC, SM, and PI (rpc = 0.536, rsm = 0.438, rpi = 0.387 respectively, p < 0.05). The neonatal asphyxia, neonatal respiratory distress syndrome, fetal distress, perinatal death rates in ICP group are higher than that of control group. 
CONCLUSION: ICP has higher TBA in maternal, fetal blood, and amniotic fluid. The high concentration of TBA may affect fetal pulmonary surfactant production and fetal lung maturation.

(2014 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: We studied total bile acid (TBA) concentration in maternal, fetal, amniotic fluid and its relationship with fetal surfactant, surfactant protein A, amniotic lamellar body, and fetal lung development. Results demonstrated that intrahepatic cholestasis of pregnancy (ICP) has higher TBA in maternal, fetal blood, and amniotic fluid. The high concentration of TBA may affect fetal pulmonary surfactant production and fetal lung maturation. It calls attention to delayed maturation of fetal lungs in ICP patients and take steps to carefully check and to improve fetal pulmonary maturity.
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INTRODUCTION
Intrahepatic cholestasis of pregnancy is a maternal metabolic disease affecting up to 5% of pregnancies[1]. It is characterized by rising maternal serum bile acids and can complicated by fetal distress, neonatal asphyxia, neonatal respiratory distress syndrome[2-4]. The etiology of ICP is poorly understood but the perinatal complications are closely correlated with maternal total bile acid (TBA) level[5,6]. Savonius found high TBA can cause neonatal lung injury but its mechanism is not clear[7]. In order to explore fetal lung alteration during intrahepatic cholestasis of pregnancy (ICP) and its possible mechanisms, we investigated maternal, fetal TBA, fetal surfactant production, and fetal lung development. 

MATERIAL AND METHODS
Protocols were approved by Central South University Xiangya Second Hospital Scientific Research Department. Informed consents were obtained from all patients involved in this study. 

Clinical information
There are totally 72 cases recruited in this study during 2010 and 2011. It includes 40 ICP patients and 32 normal pregnant women with singleton pregnancy delivered using cesarean section. In ICP group, the patients age were from 18 to 40 years old and the average age were 27.7 ± 1.37 years. The gestational age were from 33 to 41+5 wk and the average gestational age were 37.25 ± 2.34 wk. In normal pregnant group, the patients age were from 19 to 36 years old and the average age were 27.2 ± 4.67. The gestational age were from 33 ± 2 to 40 ± 6 wk and the average gestational age were 37.5 ± 2.67 wk. There were no statistical differences between the ICP group and control group for maternal age, gestational age, or pregnancy times. ICP was diagnosed with the diagnostic criteria referenced in the eighth edition of national text book of obstetrics and gynecology[8]. Patients with liver disease, gall bladder disease, chronic vascular disease, gestational hypertension, gestational diabetes, anemia, kidney disease, heart disease, or other pregnancy complications were excluded. 

Sample collections
Maternal blood was collected at fasting state before cesarean section. Fetal blood was collected through umbilical artery immediately after delivery of fetus during cesarean section. Amniotic fluid was collected with a syringe through amniotic membrane just after cutting and separating the myometrium during cesarean section with carefully attention to avoid blood pollution. 

Blood specimens were injected into a test tube dedicated with heparin immediately after collected. After centrifuge (3000 r/min, 15 min), the supernatant was collected and stored at -20 ℃ for future experiments. For amniotic fluid, the upper solution was collected after centrifuge (3000 r/min, 15min), then mixed 1:1 volume with methanol/chloroform. After centrifuge again (2500 r/min, 10min), extract the lower liquid and mix with methanol-water extractor (1:1, v/v). Discard the supernatant and interface impurities after centrifuge (2500 r/min, 10 min), take a 10 mL lower fluid and seal it into a test tube then store for future tests at -20 ℃. Before test, use a mobile phase contains chloroform to dissolve the samples.

Amniotic fluid assay for TBA, SPA, Phospholipids:

TBA was detected using the automatic biochemical analyzer (Hitachi 7060, Japan) with the TBA detection kit (Sigma, Shanghai Trading co LTD) following the instruction of the assay kit. The calibration was made each time using the standard calibrator. surfactant protein A (SP-A) was detected with the SP-A detection kid using enzyme-linked immunosorbent assay assay (Wuhan technology co., China and United States)[9]. Phospholipids phosphatidyl choline (PC), phosphatidyl inositol (PI), lysolecithin (LPC), and sphingomyelin (SM) were detected with high-performance liquid chromatography (HPLC, Shanghai National Medicine Chemical Reagent co. LTD) with the standard phospholipids (Sigma, Shanghai Trading co. LTD). uPrasil column (300 mm × 4 mm, 5 µm) were used with a HW2000 chromatographic data station for data analysis. The procedures and steps were carried out accurately following the instructions of the agent kit and instrument. The phospholipids concentration results are show in Figure 1. Amniotic fluid lamellar body was counted using hematology analyzer (ABX-Pentra120, Diomond Diagnostics, United States).

Ultrasonography

Color ultrasonic diagnostic system (Philips iu22, United States, probe frequency 2.5-6.0 OMHZ) were used for fetal lung area and fetal body weight within 3 d to delivery. Fetal body weights were assessed and calculated by checking the fetal biparietal diameter, head circumference, abdominal circumference, and femural length. Fetal lung areas were calculated by measuring fetal left and right lung area by freezing an image shot when the fetal heart is at the diastolic phase while the probe is parallel to the longitude line of the fetus. The area will be digitally analyzed by the computerized system automatically. Data was taken by one professional individual using mean by 3 times measurements. Total lung area and lung area/body weight will be digitally calculated[10]. 

Fetal heart rate patterns, amniotic fluid characteristics, and neonatal Apgar score were recorded for evaluation. The situation of the neonates was also recorded for three days to evaluate the fetus and neonates. 

Statistical analysis

Software SPSS13.0 was used for statistics. Student t-test was used for measurement data and χ2 test was used for numerous data. Correlation was analyzed using Pearson and Spearman correlation analysis.
RESULTS
Total bile acid level
The TBA concentration in maternal peripheral vein blood, fetal umbilical artery blood, and amniotic fluid in ICP group were 34.11 ± 6.76, 11.9 ± 2.23, 3.89 ± 1.99 mmol/L respectively. They were significantly higher than that of the control group which were maternal: 4.55 ± 1.72 mmol/L, fetal: 3.52 ± 1.56 mmol/L, and amniotic fluid: 1.43 ± 1.14 mmol/L (p < 0.05 respectively). In addition, the TBA level in maternal serum was higher than that in fetal serum or amniotic fluid in both ICP group and control group (Table 1).
Amniotic phospholipid components and lamellar body
The PC, PI concentration in amniotic fluid in ICP group were 65.71 ± 7.23 µg/mL and 3.87 ± 0.65 µg/mL respectively. They were evidently lower than that in the normal control group (69.70 ± 3.68, 4.28 ± 0.74 µg/mL respectively, p < 0.05). In the ICP group, LPC content in amniotic fluid was 4.72 ± 0.86 µg/mL, which was much higher than that in control group (4.21 ± 0.64 µg/mL，p < 0.05); the SM content in both groups had no statistical difference. The ratio of PC/LPC in ICP group (14.40 ± 3.14) was much lower than that of the control group (16.90 ± 2.52，p < 0.05). The lamellar body in ICP group was evidently lower than that of the control group (p < 0.05) (Table 1).

Fetal SP-A and fetal lung area/body weight

In ICP group, fetal SP-A concentration is 30.26 ± 7.01 ng/mL, which is significantly higher than that of the control group 22.63 ± 7.42 ng/mL (p < 0.05). The fetal lung area/body weight ratio of the ICP group was 5.76 ± 0.63 cm2/kg while control group was 6.89 ± 0.48 cm2/kg, which has significant difference (p < 0.05) (Figure 2).

Correlation analysis
The maternal TBA concentration and fetal TBA level are positively correlated (r = 0.746, p < 0.05). Fetal TBA is positively correlated with fetal SP-A concentrations (r = 0.422, p < 0.05); but negatively correlated with amniotic fluid lamellar small mass (r = 0.810, p < 0.05) or fetal lung area/body weight ratio (r = 0.769, p < 0.05). Furthermore, fetal TBA is negatively correlated with amniotic fluid PC, SM, and PI (rpc = 0.536, rsm = 0.438, rpi = 0.387, p < 0.05). In addition, amniotic fluid lamellar body are positively correlated with fetal lung area/body weight ratio (r = 0.929，p < 0.05).

Perinatal outcomes

The fetal distress, neonatal asphyxia, neonatal respiratory distress syndrome, and perinatal death rates in ICP and control group were showed in Table 1.

DISCUSSION
Intrahepatic cholestasis of pregnancy is a peculiar disease in middle-late pregnancy with the pathological characteristics of hepatic capillary bile duct silts and cause clinical bile components increasing in peripheral blood and liver function damage[11,12]. High TBA has toxic cellular effects to many organs mainly affects the fetus[13], leading to perinatal complications such as fetal distress, meconium inhaled syndrome, neonatal asphyxia[3,4]. The mechanism of ICP causing poor perinatal outcome has not yet been elucidated. Current studies suggest that maternal TBA level is the most sensitive index to diagnose ICP and predict the perinatal outcomes[4,14,15]. 

Fetal serum bile acid was synthesized from fetal liver, which increases with the gestational weeks. During late normal pregnancy, fetal blood bile acid concentration is higher than maternal level[16,17]. Bile acid as fat soluble small molecules, diffuse through placenta, then to maternal blood circulation and the normal liver system removes them from the body. During ICP, under the action of various factors, maternal bile acid levels increase, which damages the placenta, causing insufficiency of placental transferring , leading to fetal bile acid deposition in the body, finally the fetal blood and the amniotic fluid bile acid levels become higher[18]. With the rise of maternal bile acid concentration, fetal blood bile acid increases and causes delay immature of fetal lung development[15].

Animal experiments and clinical studies have demonstrated that ICP leads fetal and neonatal acute lung injury, causes bile acid pneumonia[19]. The cause of poor perinatal outcomes due to ICP is not very clear. Injection of cholic acids into the rabbit trachea could induce dyspnea and respiratory failure[20]. The morphological changes consist with neonatal pulmonary hyaline membrane disease, decreasing of light transmittance, swelling, atelectasis, and pulmonary hyaline membrane disease[6,14,21]. After giving pulmonary surfactant treatment, the symptoms and pathological changes reduce or disappear[22,23]. In a broncho-alveolar fluid study (BALF), It was found in a broncho-alveolar fluid study (BALF) that the more bile acid content in BALF, the less production of the pulmonary surfactant A and D. It was demonstrated that the lung injury induced by bile acid is associated with pulmonary surfactant insufficient[6]. Zecca found that bile acids exist in all newborns in the BALF study on ICP[19].

Cholic acid can cause a dysfunction of surface active substances synthesis in the lung; induce inflammatory reaction and chemical pneumonia. With bronchoalveolar lavage, Hills found that pulmonary phospholipid content is lower in sudden infant death syndrome than in normal cases, and bile acid content increased. It prompted that bile acid may achieve the role of pulmonary surfactant to the lungs through acting on phospholipase[24]. In this study, umbilical cord blood SP-A in ICP group is higher than that of normal group, and the umbilical cord blood total bile acid concentration is higher too. SP-A is the lung protein component of pulmonary surfactant, which is a hydrophilic multifunctional glycoprotein. Under normal circumstances, the alveolar capillary barrier is intact which can prevent SP-A serum from entering the blood circulation. When the lungs are injured, the alveolar capillary permeability increase, then SP-A leak from the alveolar cavity to the alveolar capillaries, which induces an increasing blood SP-A concentration[25]. We speculated that high amniotic bile acid concentrations can destroy the continuity of the pulmonary vascular endothelium, causing the fetus alveolar capillary damage, and increasing alveolar capillary permeability. SP-A can damage the alveolar capillary membrane barrier then into the blood circulation, leading SP - A rise in serum[26,27].

Pulmonary surfactant are synthesized in alveolar Type Ⅱ epithelial cells. When lung injury happens, the AT Ⅱ cell synthesis ability decreases which leads the alveolar capillary permeability to increase and pulmonary surfactant to decrease[28,29]. Cholic acid can promote the secretion of phospholipase A2, restrain and reduce the secretion of pulmonary surface active substance[20]. So, even though amniotic fluid lecithin/sphingomyelin ratio (L/S) indicate mature lung, unusual high levels of cholic acid can still reverse the activity of phospholipase A2 and causing a relatively lack of lung surface. When using pulmonary surfactant to treat newborns diagnosed with bile acid pneumonia, Zecca found clinical symptoms and signs obviously improved[16]. In our study, PC, PI levels in ICP amniotic fluid are lower than that in normal pregnancy. We speculate that there may be high concentrations of bile acids in the amniotic fluid and fetal circulation, which work together in the respiratory tract and lungs of the fetus. A high level of bile acid has cytotoxic effect in the lungs, destroying the AT-Ⅱ cells, decreasing PS, PC, and PI synthesis. Our results showed that the ICP's LPC in amniotic fluid levels are higher than that of normal group, it might be caused by the degradation in the amniotic fluid. But as to what causes the degradation of the PC, further studies are needed. LPC has a direct toxic effect which may damage AT II cells then affect the synthesis of PS. It can increase the damaging effect to the alveolar capillary system caused by TBA in fetal blood and amniotic fluid. This change may results in increasing cell membrane permeability and alveolar infiltrates. 

Lamellar body is the special structure of lung surface active material stored in alveolar type Ⅱ cellular cytoplasm which has a typical structure like onion[30]. LB can be found in normal middle pregnancy and increases obviously at 34 to 36 gestational weeks. It is discharged by alveolar type Ⅱ cells and attached to the alveolar surface then contacts with amniotic fluid. Amniotic fluid LB increases gradually with the progress of pregnancy and fetal maturity. So the LB measurement can predict fetal lung maturity[31]. Reports shows high bile acid can induce fetal rat alveolar type II epithelial cells degenerate through necrosis, cell surface microvilli structure disappears, swelling of the nucleus, mitochondria swelling, the balloon sample change, ridge cavitations disappear[25]. It can also result in the decrease of lamellar corpuscle number and disappearing of the board layer structure. 

In conclusion, our study demonstrated that maternal bile acid concentration is associated with fetal and amniotic fluid bile acid level. Maternal high blood bile acid level results in an increased fetal and amniotic bile acid level, which leads a reduced synthesis of fetal pulmonary surfactant and delayed fetal lung development. High bile acids concentration has an increased perinatal morbidity and mortality. This study may help us to predict perinatal outcomes, to develop strategies improving the prenatal outcome, and to further study the mechanism of how fetal pulmonary AT-II cells are affected. It calls attention to delayed maturation of fetal lungs in ICP patients and take steps to carefully check and to improve fetal pulmonary maturity.
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COMMENTS
Background

Intrahepatic cholestasis of pregnancy (ICP) can complicated by fetal distress, neonatal asphyxia, neonatal respiratory distress syndrome. The etiology of ICP is poorly understood but the perinatal complications are closely correlated with maternal total bile acid (TBA) level. It is necessary to explore fetal lung alteration and development during ICP and its possible mechanisms affecting fetal pulmonary maturation.

Research frontiers

Lung development in ICP is a research hotspot since neonatal respiratory distress syndrome is a serious complication which is usually related with the immature of fetal lungs. Find out the relationship of TBA concentration in maternal, fetal, amniotic fluid and its association with fetal surfactant, surfactant protein A, amniotic lamellar body, and fetal lung development will help us to predict and improve perinatal outcomes. It calls clinical attention to delayed maturation of fetal lungs in ICP and to improve fetal pulmonary maturity.
Innovations and breakthroughs

Previous studies have found that high TBA can cause neonatal lung injury but its mechanism is not clear. In order to explore fetal lung alteration during ICP and its possible mechanisms, the authors investigated maternal and fetal TBA, fetal surfactant production, fetal surfactant protein level, and fetal lung development. The study demonstrated that maternal high blood bile acid level results in an increased fetal and amniotic bile acid level, which leads a reduced synthesis of fetal pulmonary surfactant and delayed fetal lung development.

Applications 

This study may help to predict perinatal outcomes, to develop strategies improving the perinatal outcome, and to further study the mechanism of how fetal pulmonary AT-II cells are affected. It calls attention to delayed maturation of fetal lungs in ICP patients and take steps to carefully check and to improve fetal pulmonary maturity.

Terminology
ICP: It is also named as: obstetric cholestasis, jaundice of pregnancy, or pruritis of pregnancy. It is a medical condition during pregnancy, in which hepatic capillary bile duct silts. It typically presents with itching and can lead to complications for both mother and fetus. Pulmonary surfactant: It is a surface-active lipoprotein complex formed by type II alveolar cells. It reduces surface tension. Mature surfactant in fetus is very important for neonates to start normal breathes after birth.
Peer review
The manuscript is new information on lung volume and levels of surfactant phospholipid and surfactant protein A in IC. This information advances to understand fetal lung injury in ICP.
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Figure 1 Chromatogram of phospholipids. High-performance liquid chromatography were used for phospholipids measurement. Peaks represents the phospholipids extracted from amniotic fluids. Peaks refer to the following components: 1: Phosphatidylinositol; 2: Phosphatidylchline; 3: Lysolecithin; 4: Sphingomyelin. 

Figure 2 Fetal lung area/body weight ratio and fetal surfactant protein A. A: Ration between fetal lung area (FLA) and fetal body weight (BW). aP <005 vs control; B: Fetal surfactant protein A (SP-A) concentration. intrahepatic cholestasis of pregnancy (ICP) has higher SP-A than that in the control group, aP <005 vs control.

Table 1 Variable characteristics between intrahepatic cholestasis of pregnancy and control group
	
	Control
(n = 32)
	Intrahepatic cholestasis of pregnancy

(n = 40)

	Total bile acid (mmol/L)
	
	

	Maternal serum
	4.55 ± 1.72
	34.11 ± 6.75 a

	 Umbilical artery serum
	3.52 ± 1.56
	11.9 ± 2.23 a

	Amniotic fluid
	1.43 ± 1.14
	3.89 ± 1.99 a

	Amniotic fluid phospholipids
	
	

	 PC (µg/mL)
	69.70 ± 6.68
	65.71 ± 7.23a

	PI (µg/ml)
	4.28 ± 0.74
	3.87 ± 0.65a

	 LPC(µg/mL)
	4.21 ± 0.64
	4.72 ± 0.86a

	SM(µg/mL)
	3.95 ± 0.53
	3.63 ± 0.66

	PC/LPC(µg/mL)
	6.90 ± 2.52
	14.40 ± 3.14a

	Lamellar body(×109/L)
	103.0 ± 26.82
	74.13 ± 4.37a

	Perinatal outcomes
	
	

	Fetal distress


	4 (12.4)
	13 (32.5)

	Neonatal asphyxia


	1 (3.13)
	2 (5)

	NRDS


	2 (6.25)
	6 (15)

	Perinatal Death


	0
	1 (2.5)


Data are expressed as absolute mean ± SD or numbers (percentage). PC: Phosphatidyl choline; PI: Phosphatidyl inositol; LPC: Lysolecithin; SM: Sphingomyelin.
