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Objectives. We determined the serum bile acid (BA) composition in patients with liver diseases and healthy volunteers to investigate
the relationship between the etiologies of liver disease and BA metabolism. Material and Methods. Sera from 150 patients with liver
diseases and 46 healthy volunteers were obtained. The serum concentrations of the 16 different BAs were determined according to
the LC-MS/MS method and were compared between the different liver diseases. Results. A total of 150 subjects, including patients
with hepatitis C virus (HCV) (n = 44), hepatitis B virus (HBV) (n = 23), alcoholic liver disease (ALD) (n = 21), biliary tract
disease (n = 20), nonalcoholic fatty liver disease (NAFLD) (n = 13), and other liver diseases (n = 29), were recruited. The levels of
UDCA and GUDCA were significantly higher in the ALD group, and the levels of DCA and UDCA were significantly lower in the
biliary tract diseases group than in viral hepatitis group. In the UDCA therapy (—) subgroup, a significantly lower level of TLCA
was observed in the ALD group, with lower levels of CDCA, DCA, and GLCA noted in biliary tract diseases group compared to
viral hepatitis group. Conclusions. Analysis of the BA composition may be useful for differential diagnosis in liver disease.

1. Introduction

Many blood biochemical markers, such as AST, ALT, gamma
GTP and ALP, are utilized to evaluate the liver function. Most
of these classical blood biochemical markers are enzymes
and are elevated as a result of hepatic cell injury. Thus, these
tests cannot be expected to provide a definitive diagnosis of
liver disease. The development of more specific liver function
tests is desired to differentiate one form of hepatitis from
another, or to determine whether the cholestasis is intra- or
extrahepatic.

Bile acids (BAs) are the largest organic components in
bile and are synthesized from cholesterol in the liver. BAs
play an important role in the elimination of cholesterol from
the body and are also crucial for lipid absorption. Two
primary BAs, cholic acid (CA) and chenodeoxycholic acid

(CDCA), are synthesized from cholesterol in the liver [1].
After being secreted into the small intestine through the bile
duct, deoxycholic acid (DCA), lithocholic acid (LCA), and
ursodeoxycholic acid (UDCA), which are considered to be
secondary BAs, are converted from primary BAs by the action
of intestinal flora [2]. Free BAs are easily conjugated with
glycine or taurine in the liver [3]. About 95% of primary and
secondary BAs are reabsorbed from the ileum, returning to
the liver by portal circulation and then are secreted into bile
again via a process called enterohepatic circulation [2].
Some BAs leak into the systemic circulation, but under
normal physiological conditions, the serum BA concentra-
tions are much lower than those of the bile due to efficient
first-pass extraction [4]. On the other hand, in liver and
intestinal diseases, the serum BA concentrations are changed
due to the impairment of hepatic synthesis and extraction
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of BAs or to changes in the intestinal absorption. Since
liver diseases can affect BA synthesis and metabolism, the
serum BA concentration has been utilized as a prognostic and
diagnostic marker for some diseases, such as recurrent intra-
hepatic cholestatic jaundice of pregnancy [5-7]. However, the
detailed metabolism of BAs in patients with liver diseases,
especially those associated with the different etiologies of liver
diseases, remains to be clarified.

In this study, we determined the serum BA composition
in patients with several liver diseases and healthy volunteers
according to a LC-MS/MS method in order to investigate the
relationship between the etiologies of liver diseases and BA
metabolism.

2. Materials and Methods

2.1. Patients and Healthy Controls. A total of 150 patients
with liver diseases who visited The Jikei University Hospital
from March 2011 to March 2013 and 46 healthy volunteers
were recruited. The background of healthy volunteers was
as follows. They consisted of 25 males and 21 females, the
age ranged from 20 to 39 years old, the BMI was within the
Japanese normal range (18.5~25.0kg/m?), and the average
amount of ethanol was less than 20 g per day. None of them
had diabetes and dyslipidemia in the most recent medical
examination. They were not diagnosed as gallstone and any
liver dysfunction and never had a medication of UDCA in
the past.

This clinical study was carried out with the approval of the
Ethics Committee of The Jikei University School of Medicine,
and written informed consent was obtained from all patients
and healthy volunteers.

2.2. Sampling and Measurement of the Serum BA Levels.
The sera of patients and healthy volunteers were obtained
using their fasting blood in the early morning. The serum
concentrations of the following 16 BAs were determined by
a LC-MS/MS method: cholic acid (CA), chenodeoxycholic
acid (CDCA), deoxycholic acid (DCA), glycocholic acid
(GCA), glycochenodeoxycholic acid (GCDCA), glycodeox-
ycholic acid (GDCA), glycolithocholic acid (GLCA), glycour-
sodeoxycholic acid (GUDCA), lithocholic acid (LCA), tauro-
cholicacid (TCA), taurochenodeoxycholic acid (TCDCA), tau-
rodeoxycholic acid (TDCA), taurolithocholic acids (TLCA),
tauroursodeoxycholic acid (TUDCA), ursodeoxycholic acid
(UDCA), and 12-ketolithocholic acid (12-KLCA). The LC
system was an ACQUITY Ultra Performance LC (Waters).
The LC was connected to a Xevo TQ MS (Waters). HPLC
was performed on an ACQUITY UPLC BEH CI8, 1.7 ym,
2.1 x 50 mm column (Waters), and the column temperature
was maintained at 50°C.

Individual BAs were eluted with a gradient at a flow rate of
0.8 mL/min. Mobile phase A was water/formic acid (1000:1,
v/v) and mobile phase B was acetonitrile. The samples were
eluted with 80% mobile phase A and 20% mobile phase
B for an initial 0.30 min after injection, then with a linear
gradient of mobile phase B of 20% to 30% over 5.00 min,
followed by mobile phase B at 80% over 8.50 min, which was
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held for 0.50 min. Before the injection of the next sample,
the column was equilibrated with 80% mobile phase A for
1 min. After centrifugation of the mixture with 20 uL of serum
sample, 80 L of ethanol and 20 uL of IS (naptalam) solution,
10 L of the supernatant with water/formic acid (1000:1,
v/v) solution was injected into the LC/MS/MS system. The
method was validated ranging from 0.010-30 nmol/mL. The
mass spectrometer was equipped with an electrospray source
operated in the negative ion mode using the selected ion
monitoring mode.

We also examined the following biochemical markers in
the serum samples: AST, ALT, ALP, y-GTP, albumin (ALB),
total bilirubin (T-Bil), direct bilirubin (D-Bil), prothrombin
time (PT), and total bile acids (TBA). Total bile acid was
measured independently by enzyme cycling method.

2.3. Statistical Analysis. Descriptive statistics were used to
summarize the patient characteristics. The concentrations for
the biochemical data and the BAs were log-transformed to
approximately normalize the distributions. The least square
geometric mean of the biochemical data and the BAs were
estimated for the different etiologies of liver diseases and were
compared between them using multiple linear regression
models adjusted for sex, age, body mass index (BMI), alcohol
consumption, type of liver disease, dyslipidemia, diabetes
mellitus, and the use of UDCA. A significance level of 0.05
was used for all statistical tests, and two-tailed tests were
applied. All statistical analyses were performed using the SAS
software program, version 9.2 (SAS Institute, Cary, NC).

3. Results

3.1 Clinical Patient Characteristics. A total of 150 subjects,
including patients with hepatitis C virus infection (n = 44),
hepatitis B virus infection (n = 23), alcoholic liver disease
(ALD) (n = 21), biliary tract disease (n = 20), nonalcoholic
fatty liver disease (NAFLD) (n = 13), autoimmune hepatitis
(AIH) (n = 6), primary biliary cirrhosis (PBC) (n = 8),
liver abscess (n = 3), drug-induced liver injury (n = 2),
cytomegalovirus (CMV) hepatitis (n = 2), and unknown
etiology (n = 8) were recruited. The 20 patients with biliary
tract disease included those with biliary tract stones (n =
11), obstructive jaundice due to malignancy (n = 8), and
primary sclerosing cholangitis (PSC) (n = 1). The patient
characteristics classified by the etiologies of the liver diseases
are shown in Table 1. Acute hepatitis/liver damage type was
observed more frequently in patients with biliary tract disease
than in those with other diseases. The percentage of UDCA
therapy was higher in patients with viral hepatitis than in
those with other diseases. More than half of the patients with
NAFLD had dyslipidemia or DM.

3.2. Biochemical Data and BA Composition. The results of the
multiple linear regression analyses for the biochemical data
classified by liver diseases are shown in Table 2. Significantly
higher levels of serum ALP, gamma GTP, and bilirubin were
observed in the patients with biliary tract diseases than in
those with viral hepatitis (ALP: 566.0 U/L versus 279.4 U/L
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TABLE 1: The patient characteristics.
Vb ap MRTESgnp OReRe
(n=67) (n=21) (n =20) (n=13) (n=29) (n = 150)
Sex (male) 40 (59.7%) 20 (95.2%) 14 (70.0%) 6 (46.2%) 9 (31.0%) 89 (59.3%)
Age (Yr)* 59.9 £16.3 61.0 £12.7 66.5 £ 11.6 62.5+16.5 58.0 +15.2 60.8 £ 15.1
BMI (Kg/mz)* 23.4+4.0 235+43 23.6 +3.3 255+2.8 22.2+2.7 23.4+37
Z*:;g};‘;}i:;))r‘sumpnon 8 (11.9%) 17 (81.0%) 4 (20.0%) 0 (0.0%) 5 (17.2%) 34 (22.7%)
Type of liver disease
(% in each etiology)
Acute hepatitis/liver damage 6 (9.0%) 1(4.7%) 11 (55.0%) 0(0.0%) 11 (37.9%) 29 (19.3%)
Chronic hepatitis/liver damage 32 (47.7%) 9 (42.9%) 4 (20.0%) 9 (69.2%) 14 (48.3%) 68 (45.3%)
Liver cirrhosis 11 (16.4%) 5 (23.8%) 0 (0.0%) 1(77%) 2 (6.9%) 19 (12.7%)
With HCC 18 (26.9%) 6 (28.6%) 5(25.0%) 3(23.1%) 2 (6.9%) 34 (22.7%)
Complications
(% in each etiology)
Obstructive jaundice 1(1.5%) 0 (0.0%) 6 (30.0%) 0 (0.0%) 0 (0.0%) 7 (4.7%)
Biliary tract stone 8 (11.9%) 6 (28.6%) 13 (65.0%) 1(7.7%) 3(10.3%) 31(20.7%)
Dyslipidemia 7 (10.4%) 5 (23.8%) 8 (40.0%) 9 (69.2%) 4 (13.8%) 33 (22.0%)
DM 8 (11.9%) 9 (42.9%) 5(25.0%) 7 (53.8%) 3(10.3%) 31(20.7%)
UDCA therapy 40 (59.7%) 9 (42.9%) 5 (25.0%) 3 (23.1%) 11(38.0%) 68 (45.3%)

*The values are the means + standard deviation or numbers (%).

TaBLE 2: The biochemical data for the patients with different liver diseases.

Viral hepatitis

(HBV + HCV) ALD Biliary tract disease NAFLD Other liver diseases ~ Healthy controls
Z%/TL) 771(59.0,100.8)  79.7 (49.6,128.0) 79.7 (49.6, 128.0) 64.1 (34.2,120.0) 57.4 (38.5, 85.6) 12.0 (6.0, 23.0)
?S/TL) 74.9 (59.3,94.5)  54.9 (34.4, 875) 673 (44.5,101.7) 46.2 (26.8,79.8) 62.0 (43.7, 87.8) 19.0 (14.0, 32.0)
(Aé‘/I;) 279.4 (241.8,322.9) 3474 (260.1,464.0) 566.0 (438.0,731.3)"" 261.8 (186.5,367.5) 433.5(349.3,538.0)"" 163.5 (121.0, 291.0)
(FL'I(/}LT)P 70.4 (55.4,89.6)  113.6(70.2,183.8) 224.1(146.3,343.2)""  451(25.7,79.3) 102.9 (71.9, 147.4) 16.0 (11.0, 32.0)
(Tr;lBgi} an) 118(095146) 1.05 (0.69, 1.62) 2.09 (1.43, 3.05)* 119 (0.72,1.97) 1.41 (1.02, 1.94) 0.8 (0.5, 1.9)
El_lgj}ﬂ) 015 (0.10,0.23)  0.12(0.05, 0.29) 0.49 (0.22,1.06)" 0.12 (0.04, 0.33) 0.16 (0.08, 0.31) 0.1 (0.0, 0.1)
?[E\j}) 14.57 (10.55,20.11)  15.67 (8.27,29.70) 22.64 (12.64,40.56)  13.04 (6.03, 28.20) 15.60 (9.59, 25.37) 2.8 (1.0,15.1)
E;EL) 3.65(3.49,3.82)  345(316,377)  3.09(2.86,3.35)"*  377(3.40,418)  3.25(3.03,3.47)"" 4.8 (4.3,5.2)
PT (%) 80.9 (76.4, 85.7) 84.2(75.0,94.4) 82.3(74.2,91.3) 86.5 (75.6, 99.0) 76.3 (70.1, 83.1) 93.0 (71.0, 112.0)

The values in patients with liver disease are the least square geometric mean concentrations with 95% CI.

The values in healthy controls are the median with 2.5% point and 97.5% point.
**P <0.01and " P < 0.05 versus viral hepatitis in patients with liver disease.

(P < 0.01); gamma GTP: 224.1U/L versus 70.4 U/L (P <
0.01); T-Bil: 2.09 mg/dL versus 118 mg/dL (P < 0.05); D-Bil:
0.49 mg/dL versus 0.15mg/dL (P < 0.05)). In contrast, the
serum Alb level was significantly lower in patients with biliary
tract diseases than in those with viral hepatitis (3.09 g/dL
versus 3.65 g/dL (P < 0.01)).

The results of the multiple linear regression analyses of
the serum BA composition of patients classified by liver
diseases are shown in Table 3. The levels of UDCA and
GUDCA were significantly higher in the patients with ALD
than in those with viral hepatitis (UDCA: 1.15uM versus
0.237 uM, (P < 0.01); GUDCA: 3.34 uM versus 0.900 yM
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(P = 0.02)). On the other hand, the DCA and UDCA
levels were significantly lower in the patients with biliary tract
disease than in those with viral hepatitis (DCA: 0.032 uM
versus 0.129 uM, (P < 0.01); UDCA: 0.088 uM versus
0.237uM (P = 0.03)). The TCA level was significantly
higher in the patients with biliary tract disease than in those
with viral hepatitis (TCA: 0.690 uM versus 0.229 uM, (P <
0.05)). Since the number of patients with biliary tract disease,
alcoholic liver disease, NAFLD, and other liver diseases was
too small, there was no significant difference between groups.

A subgroup analysis was performed to eliminate the effect
of UDCA therapy, and the results are shown in Tables 4(a)
and 4(b). In the UDCA therapy (-) group, a significantly
lower level of TLCA in the ALD patients, and CDCA, DCA,
and GLCA levels in the patients with biliary tract diseases
were observed compared to the levels in patients with viral
hepatitis (TLCA: 0.0034 uM versus 0.0183 uM (P < 0.01);
CDCA: 0.0532 uM versus 0.187 uM (P < 0.05); DCA: 0.0284
versus 0.126 uM (P < 0.05); GLCA: 0.0098 uM versus
0.0234 uM (P < 0.01)). The UDCA level in patients with
ALD was significantly higher than that in patients with viral
hepatitis (0.335 yM versus 0.0505 uM (P < 0.01)). To present
comparison between healthy control and liver disease group,
the percentage of patients whose bile acid concentration and
biochemical data exceed 97.5% cut-off value of healthy control
is shown in Tables 5(a) and 5(b).

Contrasting results were observed in the UDCA therapy
(+) group. Significantly higher levels of GCA and GCDCA
were observed in patients with ALD, biliary tract diseases,
and NAFLD compared to those with viral hepatitis (GCA:
2.57 uM versus 3.44 uM versus 3.86 uM versus 0.556 uM (P <
0.05); GCDCA: 8.14 uM versus 10.0 4M versus 13.0 M versus
2.46 uM (P < 0.05)). A higher level of TCA was also observed
in the patients with ALD and biliary tract diseases compared
to those with viral hepatitis (0.757 yuM versus 1.07 uM versus
0.148 uM (P < 0.05)). The serum level of several other BAs,
such as CA in the NAFLD patients, TCDCA in the patients
with biliary tract diseases, and GUDCA and TUDCA in the
ALD patients, was higher than those in patients with viral
hepatitis (CA:1.27 uM versus 0.0788 uM (P < 0.05); TCDCA:
4.18 uM versus 0.681 yuM (P < 0.05); GUDCA: 21.8 uM versus
4.24 uM (P < 0.05); TUDCA: 2.49 uM versus 0.454 uM (P <
0.05)).

4., Discussion

Since BA synthesis and metabolism are affected by liver
diseases, the BAs and their composition have been studied
and utilized as diagnostic and prognostic markers. However,
it has been unclear how the etiologies of liver diseases affect
the BA composition. In this study, we investigated the serum
BA compositions, including the levels of conjugated BAs,
using LC-MS/MS in a large number of patients with different
etiologies of liver diseases. In healthy human controls, the
serum BA composition, including the conjugated BAs, deter-
mined according to the LC-MS/MS method has recently been
reported [4, 8, 9]. Bathena et al. reported that the BAs were
dominated by CDCA and DCA in the serum, and amidation

with glycine was predominant over taurine. They reported
that 55% of the serum BAs were conjugated with glycine, and
13% of the serum BAs were conjugated with taurine [8]. In
our study, GCDCA was the predominant BA of the major
BAs (CA, CDCA, DCA, LCA and UDCA, and the amidation
products of these BAs with glycine or taurine) in healthy
controls as well and was also predominant in patients with
liver disease of all etiologies in the UDCA therapy (-) group.

In healthy controls, the serum concentrations of BAs were
much lower than those of patients with liver diseases, because
BAs are rarely noted in the systemic circulation due to
enterohepatic circulation with efficient first-pass extraction.
In the case of some liver diseases, such as PBC and obstructive
jaundice, which cause disorders of BA excretion, the serum
BA concentrations were markedly increased [10]. The types of
liver disease (acute or chronic), especially liver cirrhosis, also
affect the BA metabolism. In cirrhotic patients, it has been
reported that the serum BA concentrations are increased due
to the impairment of bile production and secretion [10].

Particularly in patients with cholestatic liver diseases, the
serum BAs levels are utilized as biomarkers [5]. Trottier et al.
reported that the levels of taurine and glycine conjugates of
primary BAs were elevated in both patients with PBC and
PSC compared to noncholestatic donors [11]. In our study,
the levels of BAs conjugated with taurine and glycine were
elevated in patients with all kinds of liver diseases compared
to healthy volunteers. Thus, the elevation of the levels of
taurine- and glycine-conjugated BAs may not be disease
specific. On the other hand, there were significantly lower
levels of CDCA, DCA, and GLCA in patients with biliary
tract disease without UDCA treatment than in those with
viral hepatitis in our study (Figure 1(a)). Trottier et al. also
reported that the levels of secondary BAs, such as DCA and
LCA, were reduced in patients with PSC when compared with
noncholestatic patients and patients with PBC [11]. These
results may imply that there is a significant impairment of
dehydroxylation to secondary BA in patients with biliary
tract diseases, since secondary BAs are formed through an
enzymatic dehydroxylation of primary BAs catalyzed by
bacterial enzymes in the intestine.

It is reasonable that the impairment of BA excretion from
the liver into the intestine, especially that due to extrahepatic
obstruction, results in decreased level of secondary BAs.
In contrast, the glycine- and taurine-conjugated forms of
primary BAs were significantly elevated in patients with
biliary tract disease receiving UDCA treatment compared
to patients with viral hepatitis (Figure 1(b)). In patients with
biliary tract disease, enhancement of BA excretion by UDCA
may lead to a significant elevation of primary BAs in the blood
circulation because of the impairment of dehydroxylation to
secondary BAs. In our study, the TLCA levels in patients
with ALD were significantly decreased compared to those
in patients with viral hepatitis (Figure 1(c)). Although the
differences were not statistically significant, all of the other
forms of taurine-conjugated BAs were also decreased in
patients with ALD. The altered expression of genes related to
BA metabolism and the changes in the gut microbiota due
to ethanol consumption may be possible explanations for our
results.
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TABLE 5: (a) The percentage of patients whose biochemical data exceed 97.5% cut-off value of healthy control. (b) The percentage of patients
whose serum concentration of bile acid exceeds 97.5% cut-off value of healthy control.

()

(%) Viral hepatitis ALD Biliary tract disease NAFLD Other liver diseases
(HBV + HCV)
ALT 53.7 38.1 70.0 46.2 379
AST 52.2 61.9 55.0 23.1 44.8
ALP 43.3 571 70.0 30.8 55.2
I'-GTP 343 81.0 90.0 15.4 51.7
T-Bil 46.3 47.6 80.0 61.5 48.3
D-Bil 44.8 55.0 78.9 50.0 33.3
TBA 57.6 52.4 52.6 16.7 42.9
ALB 55.2 42.9 20.0 84.6 429
PT 429 41.5 571 57.9 615
(b)
(%) Viral hepatitis ALD Biliary tract disease NAFLD Other liver diseases
(HBV + HCV)

n 67 21 20 13 29
CA 53.7 61.9 35.0 46.2 44.8
GCA 44.8 71.4 60.0 23.1 51.7
TCA 46.3 61.9 65.0 231 51.7
CDCA 58.2 71.4 20.0 53.8 34.5
GCDCA 52.2 61.9 60.0 231 414
TCDCA 50.7 57.1 60.0 231 48.3
DCA 56.7 38.1 25.0 84.6 44.8
GDCA 53.7 42.9 60.0 53.8 379
TDCA 55.2 42.9 65.0 30.8 414
LCA 64.2 38.1 40.0 53.8 31.0
GLCA 62.7 28.6 35.0 53.8 44.8
TLCA 55.2 42.9 65.0 38.5 379
UDCA 61.2 66.7 25.0 23.1 414
GUDCA 61.2 61.9 25.0 231 44.8
TUDCA 59.7 571 25.0 231 51.7
12-KLCA 62.7 42.9 25.0 61.5 379

In support of this, Xie et al. reported that ethanol con-
sumption led to a significant elevation of unconjugated and
glycine-conjugated BAs and a reduction of taurine-conju-
gated BAs in rats. In their report, ethanol consumption
altered the expression of genes related to BA metabolism
and BA transport in the liver and ileum in rats. They
also mentioned the possibility that the reduced taurine-
conjugated BAs in ethanol-treated rats were partially due to
an ethanol-induced disturbance of the gut microbiota [12].
In addition, it has been reported that ethanol consumption
promotes the overgrowth of bacteria in the small intestine
13, 14].

Recently, BAs have been discovered to play an important
role in the regulation of the metabolism of glucose and lipids
in humans [15-19] through the activation of the farnesoid
X receptor (FXR) [20, 21], which is a nuclear receptor, and

TGR5 [22-24], which is a membrane receptor. Lake et al.
reported that there were elevated levels of taurine-conjugated
BAs and decreased levels of CA and GDCA in the livers
from patients with NASH. They also revealed that there was a
potential shift toward the alternative pathway of BA synthesis
during NASH based on a transcriptomic analysis of 70 BAs.
They postulated that the transcriptomic changes in the BA
synthesis pathway enzymes, together with altered hepatic BA
composition, signify an attempt by the liver to reduce the
hepatotoxicity during disease progression to NASH [25].

In our study, the glycine- or taurine-conjugated pri-
mary BAs levels were more elevated in patients with ALD
and NAFLD than in those with viral hepatitis on UDCA
treatment. For example, GCA, TCA, and GCDCA were
significantly elevated in patients with ALD on UDCA treat-
ment (Figure 1(d)). In addition, the levels of CA, GCA, and
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FIGURE 1: (a) Bile acid composition in patients with biliary tract disease (without UDCA treatment). (b) Bile acid composition in patients
with biliary tract disease (with UDCA treatment). (c) Bile acid composition in patients with ALD (without UDCA treatment). (d) Bile acid
composition in patients with ALD (with UDCA treatment). (e) Bile acid composition in patients with NAFLD (with UDCA treatment).

GCDCA were significantly elevated in patients with NAFLD
on UDCA treatment (Figure 1(e)). The exact mechanisms
underlying the changes in BA composition induced by
UDCA treatment are unclear, but dyslipidemia and diabetes
were observed less frequently in patients with viral hepatitis
in our study and that may have had an influence on the

differences in the BA composition between the patients with
viral hepatitis and other liver diseases.

In conclusion, our study showed that the BA composition
differed between the patients with different liver disease
etiologies. Analyses of the BA composition may be useful for
differential diagnosis of liver diseases.
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