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Abstract

Recent metabonomic studies have identified an important role of bile acids in patients with liver 

cirrhosis. Serum bile acids, such as glycocholate (GCA), glycochenodeoxycholate (GCDCA), 

taurocholate (TCA) and taurochenodeoxycholate (TCDCA), increased significantly in liver 

cirrhosis patients. Our recently published urinary metabonomic study showed that glycocholate 3-

glucuronide, taurohyocholate, TCA, glycolithocholate 3-sulfate and glycoursodeoxycholate 

(GUDCA) were markedly increased in hepatitis B-induced cirrhotic patients (n = 63) compared 

with healthy controls (n = 31). The urinary levels of GUDCA were able to differentiate among 

three stages of cirrhotic patients with Child Pugh (CP) score A, B and C. In this study, we 

recruited two new cohorts of patients with hepatitis B-induced cirrhosis and healthy control 

subjects and quantitatively profiled their serum bile acids using ultra performance liquid 

chromatography triple quadrupole mass spectrometry. Serum bile acid profile and corresponding 

differential bile acids were characterized, in addition to the blood routine, liver and renal function 

tests. The alterations of bile acids contributing to the inter-group variation between healthy 

controls and cirrhotic patients, and among pathological stages of CP grade A, B and C were also 

investigated. Five bile acids, GCA, GCDCA, TCA, TCDCA and GUDCA were significantly 

altered among different stages of liver cirrhosis (n = 85), which was validated with an independent 

cohort of cirrhotic patients (n = 53). Our results show that dynamic alteration of serum bile acids is 

indicative of an exacerbated liver function, highlighting their potential as biomarkers for staging 

the liver cirrhosis and monitoring its progression.
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INTRODUCTION

Cirrhosis is the final stage of chronic liver damage characterized by a substitution of the 

lobular liver architecture with regenerative nodules surrounded by fibrous septa, leading to 

portal hypertension and end-stage liver disease.1 Cirrhosis is the twelfth leading cause of 

death in the United States, accounting for nearly 32,000 deaths each year.2 The most 

common causes of cirrhosis include hepatitis B virus (HBV)- and hepatitis C virus (HCV)-

related viral hepatitis, alcohol-related liver diseases, autoimmune and metabolic disorders, 

representing a major health problem. In cirrhosis due to HBV, which is the major cause of 

deaths related to HCC worldwide,3, 4 the 5-year cumulative occurrence of HCC is 15% in 

highly endemic areas and 10% in the USA and Europe.1

Cirrhosis is irreversible, and treatment usually focuses on preventing progression and 

complications. In advanced stages of cirrhosis the only option is a liver transplant. 

Understanding the severity of cirrhosis as well as the range of potential outcomes is essential 

to predict treatment outcomes and individualize therapy. Many studies have attempted to 

develop a classification system that can both characterize the degree of liver injury and 

predict the prognosis of patients with cirrhosis on the basis of clinical and laboratory 

parameters, including the most widely used Child–Pugh (CP) classification5, 6 and the model 

for end-stage liver disease (MELD).7, 8 Liver cirrhosis patients can be classified into three 

groups, A (least), B (moderate), and C (worst) according to the CP score,5, 6 with one-year 

survival rates of 100%, 81% and 45%, respectively. To date, the CP classification is still 

considered the cornerstone in prognostic evaluation of liver cirrhosis,9, 10 however, the CP 

score does not provide direct evidence of the stage of a patient’s cirrhosis and it has some 

disadvantage that clinical evaluation might be imperfect and biochemical parameters could 

have similar physiopathological meanings.11–14 Doctors must make a diagnosis using past 

clinical experience or an invasive liver biopsy.
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With the increasing use of effective anti-viral treatments and the emergence of effective anti-

fibrotic agents, there is a pressing necessity for establishing a more refined cirrhosis staging 

method for the management of liver cirrhosis. Moreover, there is a strong need to redefine 

cirrhosis in a manner that better recognizes its underlying relationship to portal hypertension 

and related circulatory changes, and more accurately reflects its progression, reversibility 

and prognosis, ultimately linking these parameters to clinically relevant outcomes and 

therapeutic strategies.13 Correct disease staging is also the main step towards improving the 

timing of listing for liver transplantation so as to avoid premature or late entry. Novel 

biomarkers that are non-invasive, reliable, and cost-effective are urgently needed for the 

clinical classification of cirrhosis, as well as assessing the disease risk and monitoring 

disease progression in a timely manner.

Emerging evidence showed that the gut milieu plays an important role in the progression of 

complications of cirrhosis.15–17 Studies have found dysbiosis in the gut microbiota, e.g. 

Bacteroides and Firmicutes in patients with cirrhosis.23, 24 One critical component of the 

intestinal milieu is bile acids,18 alteration of which has been closely associated with liver 

cirrhosis.19–21 Cirrhotic patients have been shown to have a lower proportion of secondary 

bile acids in their bile22 and serum primary bile acids were higher in advanced cirrhosis 

compared to the rest.23 We also observed that HCC and liver cirrhosis is in direct association 

with significantly altered bile acid profiles in blood and urine.19, 20 Particularly, urinary 

glycoursodeoxycholate (GUDCA) was significantly altered among the three CP grades, A, 

B, and C, suggesting that bile acids could be potential biomarkers for patient’s stratification 

at different pathological stages of cirrhosis.

In this study, we used a targeted metabonomics approach with ultra-performance liquid 

chromatography triple quadrupole mass spectrometry (UPLC-TQMS) to characterize the 

bile acid profiles in serum of patients with liver cirrhosis and healthy subjects. The bile acids 

significantly altered among the three CP grades in the discovery set were validated using an 

independent group of liver cirrhotic patients.

Materials and Methods

Participants

Two independent groups of participants were enrolled in this study. The demographic 

information and clinical characteristics of all subjects are shown in Table 1. In the first group 

(discovery set), a total of 85 patients diagnosed with liver cirrhosis were recruited at 

Shuguang Hospital affiliated with Shanghai University of Traditional Chinese Medicine 

(Shanghai, China), and Xiamen Hospital of Traditional Chinese Medicine (Xiamen, China) 

from April 2013 to December 2013. Patients were clinically diagnosed with post-hepatitis B 

liver cirrhosis according to the “Guideline on prevention and treatment of chronic hepatitis B 

in China (2005)”.24 Patients with human immunodeficiency virus (HIV), hepatitis C virus 

(HCV), hepatitis D virus (HDV), or hepatitis E virus (HEV) infection, alcohol consumption, 

neoplastic liver diseases and hepatotoxic medication in the past 6 months were ruled out 

before entering the study. Patients were divided into three subgroups, class A (n=39), class B 

(n=30) and class C (n=16) according to CP scores. A cohort of 88 participants was recruited 

as healthy controls from the Physical Examination Center of Shuguang Hospital. There was 
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no significant difference in age and BMI between healthy controls and liver cirrhosis 

patients (Table 1 and 2). In the second group (validation set), serum samples were obtained 

from 53 liver cirrhosis patients and 50 healthy controls at First Hospital Affiliated to 

Guangxi University of Traditional Chinese Medicine, Guangxi, China. Inclusion and 

exclusion criteria were the same as for the discovery set samples. There is a difference in the 

information summarized in Table 1 for the discovery vs. validation set due to the difference 

between the biochemical testing performed at the two different collection sites.

Ethical approval for these studies was obtained from the ethics committee of the above three 

hospitals and all participants signed the informed consent prior to the study.

Biochemistry Tests

Serum biochemical assay was performed with an automatic biochemistry analyzer (Hitachi 

Ltd, Tokyo, Japan) for the analysis of blood routine, liver, and renal function markers. 

Ascites was examined by ultrasonography. The biochemical determinations were performed 

on the same day as blood was taken.

Serum Sample Collection

Serum samples were obtained in the morning from cirrhotic patients and control subjects 

before breakfast and stored at −80 °C until UPLC-TQMS analysis.

Serum Sample Preparation and Bile Acid Detection

Serum bile acids were prepared and measured according to our previously published 

method.25 Briefly, the serum samples were extracted with methanol and the supernatant 

were transferred and vacuum-dried. After reconstituted with mobile phase, the serum extract 

as well as the bile acid reference standards were analyzed with a Waters ACQUITY ultra 

performance liquid chromatography coupled with a Waters XEVO TQ-S mass spectrometer 

with an ESI source (Waters, Milford, MA). The entire UPLC–MS/MS system was controlled 

by MassLynx 4.1 software. All chromatographic separations were performed with an 

ACQUITY BEH C18 column (1.7 µm, 100 mm × 2.1 mm internal dimensions) (Waters, 

Milford, MA) and the injection volume was 5 µL. UPLC-MS raw data obtained with 

negative mode were analyzed using TargetLynx applications manager version 4.1 (Waters 

Corp., Milford, MA) to obtain calibration equations and the quantitative concentration of 

each bile acid in the samples.

Statistical Analysis

All the demographic data were analyzed at a univariate level using SPSS 22 (SPSS Inc). The 

continuous variables were analyzed using the Mann-Whitney U test while the categorical 

variables were analyzed with chi-square test. The bile acid data generated from the UPLC-

TQMS analysis were imported to SIMCA P+ 13.0 (Umetrics, Umeå, Sweden) for 

multivariate statistical analysis. Orthogonal partial least squares-discriminant analysis 

(OPLS-DA)26 was performed to discriminate between the cirrhosis patients and healthy 

controls. The differences between the groups in bile acids measurements were analyzed by t 

tests with Holm-Sidak method for multiple comparisons correction using the Graphpad 

Prism 6.0 (GraphPad software, CA, USA). We regarded p values of < 0.05 as significant.
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Results

Demographic Information and Clinical Characteristics of Liver Cirrhosis Patients

Demographic and clinical parameters including age, gender, body mass index (BMI), liver 

function, kidney function, and serum biochemical markers were listed in Table 1. Age, 

gender and BMI showed no significant differences among all the groups. Cirrhotic patients 

have significantly elevated levels of alanine transaminase (ALT), aspartate transaminase 

(AST), creatinine (CREA), direct bilirubin (DBIL), total bilirubin (TBIL) and total bile acids 

(TBA) while have significantly decreased levels of albumin (ALB), cholesterol (CHOL), 

triglyceride (TG), high density lipoprotein-cholesterol (HDL-C), and low density 

lipoprotein-cholesterol (LDL-C) as compared to healthy controls in both discovery set and 

validation set. The levels of indirect bilirubin (IBIL), gamma-glutamyl transferase (GGT), 

globin (GLB), alkaline phosphatase (ALP), and mean corpuscular hemoglobin (MCH), 

mean platelet volume (MPV), platelet distribution width (PDW) were increased while the 

levels of blood urea nitrogen (BUN), hematocrit (HCT), hemoglobin (HGB), prealbumin 

(PALB), mean corpuscular hemoglobin concentration (MCHC), plateletocrit (PCT), platelet 

(PLT), total protein (TP), red blood cell (RBC) and white blood cell (WBC) were decreased 

in cirrhotic patients as compared to healthy controls in the discovery set. However, these 

biochemical markers cannot be compared in the validation set due to the lack of information.

Patients’ clinical characteristics of the three stage subgroups in the discovery set were 

summarized in Table 2. As liver function gradually aggravated with increased CP scores, 

serum levels of ALB, HGB, PALB, GGT, RBC, TP, and CHOL were decreased 

progressively, while serum levels of AST, TBA, BUN, TBIL, DBIL, and IBIL were 

significantly increased.

Bile Acid Profiles of Cirrhosis Patients in the Discovery Set

A number of 16 bile acids were significantly increased in cirrhotic patients compared to 

healthy controls. The comparison of the differentially expressed bile acids between control 

and CP A, B, C liver cirrhotic patients were summarized in Table 3. OPLS-DA revealed a 

separation between liver cirrhotic patients and healthy controls (Figure 1, R2Xcum=0.719, 

R2Ycum = 0.778, Q2Ycum = 0.744) using the 16 bile acids.

Additionally, as illustrated in Figure 2, five bile acids, including GCA, GCDCA, TCA, 

TCDCA and GUDCA were significantly altered among the three CP grades, A, B, and C, 

suggesting that these metabolites could be potential biomarkers for patients stratification at 

different pathological stages of liver cirrhosis. We also performed the OPLS-DA 

(R2Xcum=0.802, R2Ycum = 0.448, Q2Ycum = 0.379) based on the five representative bile 

acids among the three groups to visualize the relationship between the differential bile acids 

and the cirrhosis progression from CP A to B and C. As a result, distinct separation was seen 

among the bile acid profiles of the 3-staged cirrhotic patients (A, B and C), indicative of the 

progressive aggravation of liver function (Figure 2).
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GCA, GCDCA, TCA, TCDCA and GUDCA in the Validation Set

The results obtained with the samples in the discovery set revealed that five bile acids, GCA, 

GCDCA, TCA, TCDCA and GUDCA were significantly altered among the three CP grades, 

A, B, and C. In the validation set, we focused on the levels of GCA, GCDCA, TCA, 

TCDCA and GUDCA in serum (Figure 3). The results were similar to those obtained in the 

discovery set. The levels of the five bile acids were higher in cirrhotic patients and were 

significantly altered among CP A, B and C. OPLS-DA (R2Xcum=1.000, R2Ycum = 0.571, 

Q2Ycum = 0.437) scores plot constructed with the five bile acids demonstrated a clear 

separation among the three groups (Figure 3).

Discussion

Increasing evidence demonstrated that cirrhosis is closely associated with the significantly 

altered bile acid levels in serum.19, 21 Elevated serum bile acid concentrations have been 

shown to be a more sensitive test for the detection of liver cirrhosis than conventional liver 

function tests.27, 28 However, the level of TBA in serum does not seem to offer any help in 

diagnosis or prognosis.29, 30 The present study is designed to characterize the alteration of 

serum bile acid profiles associated with the pathophysiology of cirrhosis complementary to 

the conventional biochemical indices. Sixteen bile acids including GCDCA, GCA, TCA, 

TCDCA, GDCA, GUDCA, G λ-MCA, GLCA, CDCA, CA, UDCA, λ-MCA, TUDCA, 

TDCA, T λ-MCA, and TLCA were significantly increased in cirrhotic patients (Table 3). 

The increased bile acids in cirrhotic patients compared to healthy controls were consistent 

with the clinical biochemical measurement that the concentrations of TBA were increased in 

liver cirrhosis (Table 1). The OPLS-DA models derived from our current bile acid analysis 

showed good separations between cirrhotic patients and healthy controls, highlighting the 

diagnostic potential of this noninvasive analytical approach. Additionally, as shown in 

Figure 2 and 3, five serum bile acids, GCA, TCA, GCDCA, TCDCA and GUDCA were 

significantly altered among the three CP grades, A, B, and C, suggesting that these 

metabolites could be potential biomarkers for patients stratification at different pathological 

stages of cirrhosis.

Cirrhosis is associated with significant alterations in the gut microbiome compared with 

healthy subjects,15, 31 which in turn significantly influence the serum bile acid profile due to 

the altered gut microbiome.32–34 Among the 16 significantly altered bile acids, GCA, 

GCDCA, TCA and TCDCA, the conjugated BAs, were found significantly increased in the 

serum of cirrhotic patients, which have been demonstrated by other research groups that 

have found significant increase in bile acids similar to ours.21 It was believed that the 

conjugated bile acids could be the indicators of liver dysfunction in cirrhosis or chronic 

hepatitis.21, 35, 36 When hepatic trauma occurred, the hepatic clearance of bile acids 

decreased, leading to an increased serum bile acids concentration.37 Increased serum levels 

of bile acids in cirrhotic patients probably reflect a modification in the proportions of the 

bile acids present in the enterohepatic and systemic circulations. It is also possible that the 

increase in serum bile acids in cirrhosis is their reduced clearance that is manifested in 

various hepatopathies,38 which is different from that in normal populations, the efficiency of 

the liver in removing bile acids from portal blood is notable and only very small quantities 
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of bile acids pass through the liver daily. The presence of serum GLCA, TLCA, GDCA, and 

TDCA suggest an enterohepatic circulation in cirrhotic patients and healthy controls, since 

DCA and LCA are formed by bacterial biotransformation through 7α-dehydroxylation from 

CA and CDCA, respectively, in the large intestine and returned to liver via portal 

circulation.39 DCA and LCA are reconjugated with glycine and taurine, accumulated in 

hepatocytes, and released to the blood pool through BA efflux transporters, leading to 

significantly increased GLCA, TLCA, GDCA, and TDCA levels in serum. It is well known 

that the LCA and its conjugates are cirrhogenics40 and may induce intrahepatic cholestasis 

in a variety of experimental animals.41 This could set up a vicious circle in which the 

increase in serum LCA conjugates, TLCA and GLCA, determines further hepatic damage.28

Conclusion

Bile acid analysis identifies a panel of bile acid markers that are of clinical potential for 

disease diagnosis and patient stratification for liver cirrhosis. The significantly increased 

serum bile acids warrant further validation as biomarkers for diagnosis and prognosis of 

post-hepatitis B cirrhosis. Five bile acids, GCA, TCA, GCDCA, TCDCA and GUDCA, 

were significantly altered among cirrhotic patients with CP A, B and C, reflecting abnormal 

metabolism of bile acids and intestinal microbial metabolism and showing a mechanistic 

association between serum bile acid alteration and pathological progression of the post-

hepatitis B cirrhotic patients.
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Figure 1. 
OPLS-DA scores plot of the serum bile acids from liver cirrhotic patients and healthy 

controls.
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Figure 2. 
Bar charts of five bile acids (ng/mL, mean ± SEM) that are differentially expressed among 

Child-Pugh A, B and C cirrhotic patients in the discovery set, ** p<0.01 from a Student’s t 

test. OPLS-DA scores plot of bile acids in Child-Pugh class A, B and C of liver cirrhotic 

patients in the discovery set.
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Figure 3. 
Bar charts of five bile acids (ng/mL, mean ± SEM) that are differentially expressed among 

Child-Pugh A, B and C cirrhotic patients in the validation set, ** p<0.01 from a Student’s t 

test. OPLS-DA scores plot of bile acids in Child-Pugh class A, B and C of hepatic cirrhotic 

patients in the validation set.
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Table 1

Clinical information of human subjects.

Discovery Set Validation Set

Group
No.

Control
n=88

liver cirrhosis
n=85

Control
n=50

liver cirrhosis
n=53

CP A/B/C 39/30/16 16/26/11

BMI 23.6±0.32 22.87±0.32 23.42±0.33 22.56±0.45

Sex (M/F) 55/23 53/32 31/19 37/16

age 48.26±1.22 48.65±1.25 50.68±7.46 52.85±1.36

ALB 48.26±0.27 32.35±0.93** 47.86±3.10 32.59±1.11**

ALP 87.52±2.07 125.07±12.79**

ALT 30.43±1.48 91.8±12.97** 24.26±9.48 48.91±9.85*

AST 21.65±0.49 76.14±9.17** 23.82±5.63 82.89±23.56**

BUN 5.05±0.13 4.99±0.29*

CREA 75.54±0.79 78.58±3.62* 74.84±14.41 78.25±4.56*

CHOL 5.46±0.11 4.17±0.21** 5.01±0.73 4.11±0.17**

TG 1.6±0.06 1.16±0.12* 1.44±0.55 0.96±0.06*

HDL-C 1.25±0.23 0.97±0.05* 1.38±0.35 1.10±0.06*

LDL-C 3.44±0.56 2.73±0.15* 3.04±0.62 2.45±1.05*

DBIL 2.18±0.08 15.33±2.89** 2.19±0.70 29.12±7.67**

GGT 15.74±0.89 79.49±17.97**

GLB 29.96±0.28 35.28±0.77**

GLU 5.51±0.11 5.65±0.23

HCT 43.67±0.44 37.02±0.7**

HGB 138.12±2.27 110.19±3.47**

IBIL 10.09±0.45 32.76±3.64**

MCH 28.16±0.2 30.19±0.35**

MCHC 352.5±0.92 338.69±2.12**

MPV 8.17±0.06 9.07±0.13**

PALB 339.03±3.9 165.42±7.21*

PCT 0.14±0.01 0.08±0**

PDW 15.35±0.05 16.42±0.13**

PLT 267.35±8.21 92.56±6.94**

RBC 4.64±0.05 3.79±0.09**

TBA 4.93±0.29 63.07±6.73** 3.30±2.42 74.17±12.09**

TBIL 14.88±0.49 50.09±6.53** 11.30±3.23 54.27±11.34**

TP 74.05±0.51 63.67±1.47**
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Discovery Set Validation Set

Group
No.

Control
n=88

liver cirrhosis
n=85

Control
n=50

liver cirrhosis
n=53

WBC 6.53±0.17 4.57±0.24**

Note: Values are expressed as mean ± SEM.

*
, p <0.05;

**
, p<0.01 when compared to healthy controls.

ALT, Alanine transaminase; AST, Aspartate transaminase; TBIL, Total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin; ALP, alkaline 
phosphatase; GGT, gamma-glutamyl transferase; GLB, globin; TP, Total Protein; ALB, Albumin; PALB, prealbumin; TBA, Total bile acid; CREA, 
creatinine; BUN, Blood urea nitrogen; CHOL, cholesterol; TG, Triglyceride; HDLC, High-Density Lipoprotein Cholesterol; LDLC, low-density 
lipoprotein cholesterol; GLU, Glucose; RBC, red blood cell; WBC, white blood cell; HCT, hematocrit; HGB, hemoglobin; MCH, mean corpuscular 
hemoglobin; MCHC, Mean corpuscular hemoglobin concentration; MPV, Mean platelet volume; PLT, platelet; PCT, plateletocrit; PDW, platelet 
distribution width
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Table 2

Clinical information and characteristics of liver cirrhotic patients in the discovery set.

Child-Pugh grade p

Variable Class A (score 5–6) Class B (score 7–9) Class C (score
10–13)

Patients (n) 39 30 16

Age (mean± SD) 44.1±1.7 54.33±1.65 49.06±3.35

BMI (kg/m2) 23.63±0.53 21.86±0.42 22.89±0.69 ns

ALB 39.58±0.76 27.97±1.05 22.92±1.12 * † ‡

ALP 116.38±26.32 113.55±7.33 167.85±15.5 † ‡

ALT 93.02±13.19 99.91±28.28 73.62±31.59 ns

AST 64.22±10.36 81.67±18.04 94.84±24.69 ns

BUN 4±0.18 5.42±0.47 6.58±1.08 * ‡

CHOL 4.61±0.22 4.13±0.34 3.17±0.71 ‡

DBIL 6.7±1.66 10.39±1.19 45.64±12.24 † ‡

GGT 102.86±36.44 61.41±16.86 56.44±14.44 ns

GLB 35.41±1.44 34.74±0.89 35.98±1.31 ns

GLU 5.33±0.15 5.76±0.33 6.22±1.01 ns

HCT 40.85±0.83 35.43±0.96 30.69±1.32 * † ‡

HGB 130.41±3.74 101.21±5.1 77.73±5.51 * † ‡

IBIL 16.28±1.17 30.2±2.42 77.73±13.58 * † ‡

MCH 30.14±0.36 29.51±0.65 31.62±1.01 ns

MCHC 337.11±2.51 338.26±3.9 343.34±6.14 ns

MPV 9.39±0.17 8.85±0.26 8.7±0.24 * †

PALB 179.82±9.75 158.62±13.32 143.06±15.63 ns

PCT 0.1±0.01 0.06±0 0.06±0 * ‡

PDW 16.59±0.13 16.34±0.27 16.18±0.35 ns

PLT 124.58±10.54 64.27±8.96 67.55±12.15 * ‡

RBC 4.32±0.08 3.61±0.12 2.81±0.13 * † ‡

TBA 35.34±6.36 67.92±8.98 121.59±21.21 * † ‡

TBIL 22.28±1.87 42.63±3.2 131.86±25.1 * † ‡

TP 73.18±1.62 57±2.03 53.01±2.32 * ‡

WBC 5.14±0.28 3.74±0.4 4.75±0.68 *

Note: Values are expressed as mean ± SEM.

*
P<0.05, Class A vs. Class B;

†
P<0.05, Class B vs. Class C;

‡
P<0.05, Class A vs. Class C, ns, non-significant

ALT, Alanine transaminase; AST, Aspartate transaminase; TBIL, Total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin; ALP, alkaline 
phosphatase; GGT, gamma-glutamyl transferase; GLB, globin; TP, Total Protein; ALB, Albumin; PALB, prealbumin; TBA, Total bile acid; CREA, 
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creatinine; BUN, Blood urea nitrogen; CHOL, cholesterol; TG, Triglyceride; HDLC, High-Density Lipoprotein Cholesterol; LDLC, low-density 
lipoprotein cholesterol; GLU, Glucose; RBC, red blood cell; WBC, white blood cell; HCT, hematocrit; HGB, hemoglobin; MCH, mean corpuscular 
hemoglobin; MCHC, Mean corpuscular hemoglobin concentration; MPV, Mean platelet volume; PLT, platelet; PCT, plateletocrit; PDW, platelet 
distribution width
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