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Abstract: Purpose: This study investigated liver enzymes, bile acid metabolism, and liver fibrosis in nonalcoholic fat-
ty liver disease (NAFLD) to evaluate the therapeutic effects of microecological preparations on fatty liver. Methods: 
Liver enzymes, liver fibrosis, and bile acids were assessed in 40 healthy volunteers and 124 NAFLD patients. All 
patients were retested for liver enzymes, bile acids, and liver fibrosis after two months of bifid triple viable capsule 
therapy. Results: (1) Prior to treatment, alanine aminotransferase, aspartate aminotransferase, glutamyl transpep-
tidase, FibroScan liver stiffness, total bile acid, chenodeoxycholic acid, deoxycholic acid, glycocholic acid, glyco-
chenodeoxycholic acid, glycodeoxycholic acid, taurocholic acid, taurochenodeoxycholic acid, taurodeoxycholic acid, 
and taurolithocholic acid increased with the severity of NAFLD (P<0.05). Primary/secondary bile acids increased 
in patients compared to healthy controls; free/conjugated bile acids decreased (P<0.05). (2) We detected a posi-
tive correlation between total bile acid, cholic acid, chenodeoxycholic acid, deoxycholic acid, ursodeoxycholic acid, 
glycocholic acid, glycochenodeoxycholic acid, glycodeoxycholic acid, taurocholic acid, taurochenodeoxycholic acid, 
taurodeoxycholic acid, taurolithocholic acid, tauroursodeoxycholic acid, and FibroScan liver stiffness. (3) Following 
treatment, liver enzymes decreased. Bile acids were impacted by decreasing primary/secondary bile acids and in-
creasing free/conjugated bile acids. Improvements were observed in the fibrosis of mild fatty liver. No effects were 
observed for moderate and severe fatty liver. Conclusions: Liver enzymes, bile acids, and liver fibrosis were corre-
lated with the severity of NAFLD. There were positive correlations between bile acids and liver fibrosis. Bifid triple 
viable capsules could decrease liver enzymes and impact bile acid metabolism but failed to effectively improve liver 
fibrosis.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is 
involved in the clinicopathological syndromes 
of hepatocellular macrovesicular steatosis 
caused by nonalcoholic and other definite  
liver damage [1]. NAFLD includes nonalcoholic 
hepatic steatosis, nonalcoholic steatohepatitis 
(NASH), liver cirrhosis, and hepatocellular car- 
cinoma (HCC) [2, 3]. NAFLD has become the 
most widespread chronic hepatic disease and 
the leading cause of elevated liver enzymes  
in medical examinations in China [1, 4]. The 
nosogenesis of NAFLD is unclear. The “two hit 
hypothesis” centered on oxidative stress and 
lipid peroxidation proposed in 1998 is general- 

ly accepted [5]. In recent years, the “multiple 
parallel hits hypothesis” has been put forward, 
in which genetic and environmental factors 
(insulin resistance, adipocytokine imbalance, 
and intestinal flora disturbance) accelerate the 
occurrence and advancement of NAFLD [6, 7].

Bile acids take a significant part in fat syn- 
thesis and metabolism. Bile acid metabolism 
mainly depends on enterohepatic circulation 
[8]. Enterohepatic circulation disorders caused 
by hepatic and gall diseases are the main fac-
tors of abnormal blood bile acids, and varia-
tions in the serum bile acid spectrum affect the 
synthesis, secretion, and metabolism of bile 
acids from liver [9, 10]. A series of pathological 
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changes during NAFLD lead to damaged liver 
cell function, resulting in increased bile acid 
levels entering the blood through the hepatic 
sinusoid, coupled to increased enterohepatic 
circulation [4]. Clinical measurements of bile 
acids involve serum total bile acid, which has 
low specificity for the diagnosis of hepatobiliary 
disease. Ultra-performance liquid chromatog-
raphy-mass spectrometry (UPLC-MS/MS) is a 
rapidly developing quantitative analysis tech-
nique. Due to its high selectivity, high sensitivi-
ty, high throughput sample processing, and 
high degree of automation, UPLC-MS/MS has 
emerged as the preferred method for biological 
sample detection. It can be used to measure all 
subtypes of bile acids in the serum simultane-
ously [11].

To date, clinically available NAFLD drugs are 
limited. In recent years, studies have highlight-
ed how intestinal microecological imbalances 
are correlated with the occurrence and evolu-
tion of NAFLD, confirming their potential as a 
therapeutic strategy [12]. Enteric microorgan-
isms and bile acids are interdependent. 
Microorganisms can alter bile acids composi-
tion in the host and regulate their conversion 
[13, 14]. Microecological preparations are via-
ble bacteria made by normal microorganisms 
or substances promoting the growth of micro- 
organisms that are beneficial to the host. They 
can maintain microecological balance, prevent 
and treat diseases, and improve the health of 
the host. Bifid triple viable capsules are a type 
of microecological preparation. More than 700 
million bifid triple viable capsules have been 
consumed by over 8 million Chinese patients 
including functional gastrointestinal disorder, 
diarrhea, constipation, and inflammatory bowel 

acids and liver fibrosis in NAFLD patients. We 
preliminarily evaluated the therapeutic effects 
of microecological preparations in NAFLD by 
observing changes in liver enzymes, bile acids, 
and hepatic fibrosis after two months of treat-
ment using bifid triple viable capsules.

Materials and methods

Subjects

From August 2015 to April 2017, 124 patients 
with NAFLD of the Affiliated Suzhou Hospital  
of Nanjing Medical University were enrolled. 
Patients were 25 to 65 years old and included 
75 males and 49 females. The standard of 
diagnosis and severity of NAFLD were in accor-
dance with the 2018 Chinese Guidelines of 
Prevention and Treatment for NAFLD [15]. Liver 
biopsy is the golden standard for diagnosing 
NAFLD. It is not universally available because  
of its invasive attribute. In total, 124 patients 
were diagnosed with NAFLD according to ultra-
sound (US) or computed tomography (CT) and 
divided into 50 mild cases (accounting for 
40.32%, from 25 to 65 years old, including 31 
males and 19 females), 44 moderate cases 
(accounting for 35.48%, from 28 to 65 years 
old, including 26 males and 18 females) and 
30 severe cases (accounting for 24.20%, from 
25 to 64 years old, including 18 males and 12 
females). In some patients, the diagnosis was 
confirmed by liver biopsy (Figure 1).

Forty healthy people were chosen as controls 
and were matched with NAFLD patients in 
accordance with age (from 20 to 65 years old) 
and sex (24 males and 16 females). The heal- 
thy controls had no liver disease and exhibited 

Figure 1. Liver biopsy pathology. A. Represents observation of liver tissue 
by low-power optical microscopy at 100 times magnification. B. Represents 
observation of liver tissue by high-power optical microscopy at 200× magni-
fication. Bar = 100 μm.

disease since 1995. Studies 
regarding the regulation of  
bile acid metabolism by bifid 
triple viable capsules in 
NAFLD are limited. It is uncer-
tain if bifid triple viable cap-
sules can improve hepatic 
fibrosis in NAFLD patients.

In this study, UPLC-MS/MS 
was employed to simultane-
ously detect fifteen subtypes 
of blood bile acids in healthy 
and NAFLD patients. We ana-
lyzed the correlation of bile 
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normal liver function and structure. All subjects 
signed informed consents.

Exclusion criteria: (1) Excessive drinking (etha-
nol ingestion >30 g per day in males, >20 g  
per day in females); (2) Other liver diseases 
including viral hepatitis and drug-induced he- 
patic diseases; (3) Fatty liver caused by inflam-
matory bowel disease or Cushing’s syndrome; 
(4) Pregnant and lactating women; (5) History  
of acute gastroenteritis and other digestive  
system diseases in the past 2 months; (6) 
History of medication that could disturb the 
observations or absorption of the therapeutic 
drug (such as glucocorticoids, rifaximin) in the 
past 2 months; (7) Allergies or intolerant to the 
study drugs; and (8) Serious psychoneurosis 
and subjects with poor compliance.

Groups

There were four groups: healthy controls (n = 
40, Group 1), mild fatty liver (n = 50, Group 2), 
moderate fatty liver (n = 44, Group 3), and 
severe fatty liver (n = 30, Group 4).

Study design

Prior to treatment: (1) The height and weight of 
all subjects were measured. Body mass index 
[BMI = weight (in kilograms)/height (in me- 
ters)2] was calculated on the day of selection. 
(2) Blood analysis was performed on all sub-
jects on selection day, including assessments 
of renal function [creatinine (Cr)], liver function 
[alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), glutamyl transpepti-
dase (GGT), total bilirubin (TB), total bile acid 
(TBA)], albumin (ALB), lipid metabolism [total 
cholesterol (TC), triglyceride (TG), high density 
lipoprotein cholesterol (HDL-C), low density  
lipoprotein cholesterol (LDL-C)], and glucose 
metabolism [fasting plasma glucose (FBG), 
fasting serum insulin (FINS), and insulin resis-
tance (HOMA-IR = FPG×FINS/22.5)]. (3) A 5 
MHz US diagnostic instrument and MX8000  
CT were used for liver US and liver/spleen CT 
ratios, respectively. (4) The FibroScan values of 
the liver were determined using a FibroScan 
502 US diagnostic instrument on the day of 
selection. In NAFLD, FibroScan liver stiffness 
measurement (LSM) ≥15.0 kPa is deemed to 
liver cirrhosis, 11.0 kPa≤LSM<15.0 kPa is 
deemed to progressive liver fibrosis, LSM<10.0 

kPa can exclude cirrhosis, LSM<8.0 kPa can 
exclude progressive liver fibrosis, and LSM in 
8.0 to 11.0 kPa needs to undergo liver biopsy 
for the status of liver fibrosis [16]. (5) A total of 
15 subtypes of blood bile acids of all subjects 
were detected through UPLC-MS/MS, including 
5 free bile acids [cholic acid (CA), chenodeoxy-
cholic acid (CDCA), deoxycholic acid (DCA), lith-
ocholic acid (LCA), and ursodeoxycholic acid 
(UDCA)]. Ten conjugated bile acids formed by 
the combination of glycine and taurine [glyco-
cholic acid (GCA), glycochenodeoxycholic acid 
(GCDCA), glycodeoxycholic acid (GDCA), glyco-
lithocholic acid (GLCA), glycoursodeoxycholic 
acid (GUDCA), taurocholic acid (TCA), tauroche-
nodeoxycholic acid (TCDCA), taurodeoxycholic 
acid (TDCA), taurolithocholic acid (TLCA), and 
tauroursodeoxycholic acid (TUDCA)] on the day 
of selection.

After treatment, all patients with NAFLD were 
retested for liver enzymes (ALT, AST, and GGT), 
serum total bile acid, 15 subtypes of bile  
acids, and LSM by FibroScan after two months 
of bifid triple viable capsules [Bifico, 210 mg/
one capsule (each capsule contained Bifido- 
bacterium longum, Lactobacillus acidophilus 
and Enterococcus faecalis, and the viable  
bacteria number of each capsule was no less 
than 1.0×107 cfu), 3 times a day, 420 mg each 
time, Shanghai Xinyi Pharmaceutical Company, 
Shanghai, China]. All patients received no other 
treatments that could affect bile acid metabo-
lism and liver fibrosis during the treatment 
period.

Our research was a retrospective study. Ethical 
clearance by the institutional ethics committee 
of Suzhou Municipal Hospital was obtained for 
this study (KL901066) which complied with the 
Declaration of Helsinki. The study was conduct-
ed in human subjects, and the study caused no 
harm or risk to the subjects. The study protect-
ed the rights and privacy of subjects.

Statistical analysis

Data are shown as percentages for categorical 
data and the mean ± SD for quantitative  
data. Data were analyzed using SPSS20.0 and 
Prism 6.0. Measurement data were assessed 
through the Kolmogorov-Smirnov test of nor-
mality and Levene test of homogeneity of vari-
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ance. P values <0.05 were determined statisti-
cally significant.

Results

Comparison of demographics, blood analysis, 
CT, FibroScan data, and bile acids prior to 
treatments

Prior to treatment, no obvious differences in 
age, sex, height, Cr, or ALB (P>0.05) were 
observed. Weight, BMI, ALT, AST, GGT, TB,  
TG, TC, HDL, LDL, FBG, FINS, HOMA-IR, liver/
spleen CT ratio, and LSM differed among the 
groups prior to treatment (P<0.001). According 
to pairwise comparisons among the groups, 
ALT, AST, GGT, weight, BMI, TG, TC, LDL, FINS, 
HOMA IR, liver/spleen CT ratio, and LSM in- 
creased with the seriousness of NAFLD (P< 
0.05), HDL decreased (P<0.05). No significant 
differences were observed in FBG between 
Group 1 and Group 2 (P>0.05), but differences 
were observed between other groups through 

pairwise comparisons (P<0.05). There were no 
significant differences in TB between Groups 
1-3 (P>0.05) but, Group 4 differed from the 
other groups (P<0.05) (Table 1).

Prior to treatment, the comparison of free  
bile acids among all the groups showed no  
obvious distinctions in LCA (P = 0.278). 
Significant differences in CA, CDCA, DCA, and 
UDCA among the four groups were observed 
(P<0.001), among which CDCA and DCA gradu-
ally increased with NAFLD severity. LCA and 
UDCA showed no obvious distinctions between 
Groups 1 and 2 (P>0.05). Pairwise compari-
sons showed obvious distinctions in contrast to 
the other groups (P<0.05) (Figure 2; Table 2).

Prior to treatment, the comparison of glycine-
conjugated bile acids among the four groups 
showed no obvious distinctions in GLCA (P = 
0.281) and GUDCA (P = 0.910). Significant dif-
ferences in GCA, GCDCA, and GDCA among  
the four groups was observed (P<0.05), which 

Table 1. Comparison of demographics, blood analysis, CT, and FibroScan data prior to treatment
Variables Group 1 Group 2 Group 3 Group 4 F/χ2 value P value
Cases 40 50 44 30
Age (yr) 43.23±10.32 45.78±9.79 44.64±10.13 44.97±10.03 0.487 0.692
Gender (M/F) 24/16 31/19 26/18 18/12 0.090 0.993
Weight (kg) 61.21±7.87 66.89±7.37 77.67±9.00 86.65±9.32 66.512 <0.001
Height (m) 1.71±0.08 1.70±0.07 1.70±0.07 1.69±0.07 0.309 0.819
BMI (kg/m2) 20.90±1.43 22.99±1.60 26.98±2.05 30.09±1.70 206.955 <0.001
Cr (µmmol/L) 62.29±10.15 65.24±10.65 65.32±9.48 64.71±10.02 0.822 0.483
ALT (U/L) 23.29±8.90 51.95±12.56 80.78±13.48 107.05±13.57 314.269 <0.001
AST (U/L) 19.19±8.62 37.61±10.17 64.95±11.03 83.45±11.89 273.965 <0.001
GGT (U/L) 23.19±9.96 44.38±11.39 82.26±13.70 100.74±14.47 300.529 <0.001
TB (µmol/L) 10.84±3.77 11.69±3.72 12.43±3.99 15.55±4.53 8.936 <0.001
ALB (g/L) 47.77±4.00 48.08±4.03 46.87±3.26 47.40±3.42 0.894 0.445
TG (mmol/L) 1.03±0.35 1.90±0.40 2.61±0.50 3.48±0.53 195.923 <0.001
TC (mmol/L) 4.11±0.81 5.17±1.06 6.29±0.94 7.23±1.15 67.504 <0.001
HDL (mmol/L) 1.35±0.35 1.21±0.24 1.08±0.25 0.92±0.27 15.908 <0.001
LDL (mmol/L) 1.77±0.59 2.56±0.80 3.51±0.95 4.40±0.90 69.123 <0.001
FBG (mmol/L) 5.06±0.66 5.38±0.78 5.71±0.84 6.18±0.76 13.799 <0.001
FINS (mU/L) 7.30±1.81 11.45±2.50 18.31±2.23 22.87±2.44 343.172 <0.001
HOMA-IR 1.63±0.43 2.74±0.71 4.62±0.72 6.25±0.74 342.558 <0.001
liver/spleen CT ratio 1.12±0.06 0.84±0.08 0.60±0.05 0.30±0.08 932.026 <0.001
LSM (Kpa) 5.88±0.79 7.13±0.87 9.06±1.26 13.61±1.49 320.957 <0.001
Notes: Group 1 is healthy controls, Group 2 is mild fatty liver, Group 3 is moderate fatty liver, and Group 4 is severe fatty liver. 
Abbreviations: BMI: body mass index; Cr: creatinine; ALT: alanine aminotransferase; AST: aspartate aminotransferase; GGT: 
glutamyl transpeptidase; TB: total bilirubin; ALB: albumin; TG: triglyceride; TC: total cholesterol; HDL: high density lipoprotein 
cholesterol; LDL: low density lipoprotein cholesterol; FBG: fasting plasma glucose; FINS: fasting serum insulin; HOMA-IR: ho-
meostasis model assessment of insulin resistance; LSM: liver stiffness measurement.
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increased with the severity of NAFLD (Figure 3; 
Table 2).

Prior to treatment, the comparison of all tau-
rine-conjugated bile acids among the four 
groups revealed distinctions (P<0.05). TCA, 
TCDCA, TDCA, and TLCA increased with the 
severity of NAFLD. TUDCA significantly differed 
from Group 4 and the other three groups 
(P<0.05). Pairwise comparisons showed no 
obvious distinctions among the other groups 
(P>0.05) (Figure 3; Table 2).

Prior to treatment, there were obvious distinc-
tions in TBA, free/conjugated bile acid, and  
primary/secondary bile acid among the four 
groups (P<0.05). Among them, TBA increased 
with the severity of NAFLD. Free/conjugated 
bile acids showed obvious distinctions (P< 
0.05) between Groups 1 and 2 and Groups 3 
and 4. Pairwise contrast between the other 
groups showed no obvious distinctions (P> 
0.05). Primary/secondary bile acids did not  
significantly differ between Groups 1 and 2, 

P<0.001), GDCA (r = 0.810, P<0.001), TCA (r = 
0.936, P<0.001), TCDCA (r = 0.907, P<0.001), 
TDCA (r = 0.911, P<0.001), TLCA (r = 0.765, 
P<0.001), TUDCA (r = 0.261, P = 0.003), and 
LSM were also observed. We observed no cor-
relation between LCA (r = 0.091, P = 0.316), 
GLCA (r = 0.058, P = 0.524), GUDCA (r = 0.027, 
P = 0.769), or LSM (Figures 5, 6).

Correlations were analyzed through partial cor-
relation analysis. Pearson’s correlation coeffi-
cients were used for bivariate normal data 
distributions.

Comparison of liver enzymes, bile acids, and 
liver stiffness in patients with NAFLD post 
treatment

In Group 2, contrast of GLCA, TDCA, TLCA, and 
TUDCA revealed no obvious distinctions pre 
and post treatment (P>0.05). A decrease in 
ALT, AST, GGT, LSM, CA, CDCA, GCA, GCDCA, 
GDCA, GUDCA, TCA, TCDCA, TBA, and primary/
secondary bile acid following treatment was 

Figure 2. Comparison of LSM and free bile acid pre- and posttreatment. A-F. 
Represent a comparison of LSM, CA, CDCA, DCA, LCA, and UDCA before and 
after treatment. Group 1 included healthy controls, Group 2 included mild 
fatty liver, Group 3 included moderate fatty liver, and Group 4 included se-
vere fatty liver. Abbreviations: LSM: liver stiffness measurement; CA: cholic 
acid; CDCA: chenodeoxycholic acid; DCA: deoxycholic acid; LCA: lithocholic 
acid; UDCA: ursodeoxycholic acid.

Groups 2 and 3, or Groups 3 
and 4 (P>0.05). Significant dif-
ferences between Groups 1 
and 3, Groups 1 and 4, and 
Groups 2 and 4 were obser- 
ved (P<0.05) (Figure 4; Table 
2).

Quantitative data were com-
pared with one-way ANOVA. 
Categorical data were ana-
lyzed by the chi-square test. 
Pairwise contrast between 
multiple groups was conduct-
ed by SNK-q and LSD-t ANOVA 
methods.

Correlation analysis between 
serum bile acids and LSM in 
patients with NAFLD prior to 
treatment

In NAFLD patients, a positive 
pertinence between TBA and 
LSM was observed (r = 0.937, 
P<0.001). Positive correla-
tions between CA (r = 0.619, 
P<0.001), CDCA (r = 0.684, 
P<0.001), DCA (r = 0.898, 
P<0.001), UDCA (r = 0.725, 
P<0.001), GCA (r = 0.893, 
P<0.001), GCDCA (r = 0.890, 
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observed (P<0.05). In contrast, DCA, LCA, 
UDCA, and free/conjugated bile acid increased 
after treatment (P<0.05) (Figures 2-4, 7).

In Group 3, no significant differences in the 
comparison of LSM, GLCA, TLCA, and TUDCA 
before and after treatment were observed 
(P>0.05). A decrease in ALT, AST, GGT, CA, 
CDCA, GCA, GCDCA, GDCA, GUDCA, TCA, 
TCDCA, TDCA, TBA, and primary/secondary  
bile acid occurred following the treatment 
(P<0.05). DCA, LCA, UDCA, and free/conjugat-
ed bile acid increased posttreatment (P<0.05) 
(Figures 2-4, 7).

In Group 4, the comparison of LSM, GLCA, 
GUDCA, TLCA, and TUDCA showed no obvious 
distinctions pre and post treatment (P>0.05). 
Decreases in ALT, AST, GGT, CA, CDCA, GCA, 
GCDCA, GDCA, TCA, TCDCA, TDCA, TBA, and 

density lipoprotein (VLDL), slowing liver steato-
sis, and promoting the transport of peripheral 
fats to the liver through the activation of endo-
thelial lipoprotein lipase [20]. FXR activation 
improves glucose metabolism by inhibiting liver 
gluconeogenesis and glycogenolysis, increas-
ing insulin sensitivity in both fat and skeletal 
muscle [21]. FXR reduces the release of proin-
flammatory cytokines through NF-κB suppres-
sion [17]. GPBAR1 activation increases the  
consumption of excess energy, promoting fat 
consumption and heat production, improving 
insulin sensitivity, and inhibiting the release of 
inflammatory cytokines in hepatic Kupffer cells 
[22]. Abnormal lipid metabolism, hepatocellu-
lar fat accumulation, and liver inflammation 
caused by bile acid cholestasis are important 
factors in the pathogenesis of NAFLD [23]. 

Compared to healthy people, the size of bile 

Table 2. Pairwise comparison of total bile acid and the 15 subtypes 
of bile acids prior to treatment

Variables P1,2 P1,3 P1,4 P2,3 P2,4 P3,4

TBA (µmmol/L) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
CA (nmmol/L) 0.579 <0.001 <0.001 <0.001 <0.001 <0.001
CDCA (nmmol/L) 0.003 <0.001 <0.001 <0.001 <0.001 <0.001
DCA (nmmol/L) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
LCA (nmmol/L) 0.397 0.574 0.301 0.783 0.064 0.116
UDCA (nmmol/L) 0.937 <0.001 <0.001 <0.001 <0.001 <0.001
GCA (nmmol/L) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
GCDCA (nmmol/L) 0.049 <0.001 <0.001 <0.001 <0.001 <0.001
GDCA (nmmol/L) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
GLCA (nmmol/L) 0.887 0.544 0.106 0.431 0.069 0.275
GUDCA (nmmol/L) 0.617 0.866 0.826 0.490 0.819 0.704
TCA (nmmol/L) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
TCDCA (nmmol/L) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
TDCA (nmmol/L) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
TLCA (nmmol/L) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
TUDCA (nmmol/L) 0.246 0.204 0.001 0.878 0.011 0.019
Free/Conjugated <0.001 <0.001 <0.001 0.131 0.090 0.969
Primary/Secondary 0.054 0.020 0.007 0.062 0.021 0.529
Notes: Group 1 is healthy controls, Group 2 is mild fatty liver, Group 3 is moder-
ate fatty liver, and Group 4 is severe fatty liver. P1,2 indicates comparison between 
Groups 1 and 2, P1,3 means comparison between Groups 1 and 3, P1,4 compares 
Groups 1 and 4, P2,3 refers to a comparison between Groups 2 and 3, P2,4 indicates a 
comparison between Groups 2 and 4, P3,4 describes the comparison between Groups 
3 and 4. Abbreviations: TBA: total bile acid; CA: cholic acid; CDCA: chenodeoxycholic 
acid; DCA: deoxycholic acid; LCA: lithocholic acid; UDCA: ursodeoxycholic acid; GCA: 
glycocholic acid; GCDCA: glycochenodeoxycholic acid; GDCA: glycodeoxycholic acid; 
GLCA: glycolithocholic acid; GUDCA: glycoursodeoxycholic acid; TCA: taurocholic acid; 
TCDCA: taurochenodeoxycholic acid; TDCA: taurodeoxycholic acid; TLCA: taurolitho-
cholic acid; TUDCA: tauroursodeoxycholic acid.

primary/secondary bile acid 
following treatment were ob- 
served (P<0.05). DCA, LCA, 
UDCA, and free/conjugat- 
ed bile acid also increas- 
ed after treatment (P<0.05) 
(Figures 2-4, 7).

Data were compared with 
t-tests.

Discussion

Bile acids participate in the 
fat metabolism affecting en- 
ergy metabolism, the inflam-
matory response and the 
progress of hepatic diseases 
as important signal regula-
tors [17]. Combined with 
farnesoid X receptor (FXR) 
and G protein-coupled bile 
acid receptor 1 (GPBAR1), 
bile acids adjust immune 
equilibrium and the inflam-
matory response of the body, 
and affects hepatocyte ste-
atosis, cell injury, and apop-
tosis [18, 19]. FXR is a bile 
acid receptor that downre- 
gulates the de novo synthe-
sis of triacylglycerides and 
upregulates fatty acid oxida-
tion, inhibiting the synthesis 
and transport of very low-
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acid pool and its component in NAFLD patients 
significantly change, indicating that abnormal 
bile acid metabolism could affect the occur-
rence and progression of NAFLD [24]. We found 
that serum TBA, free bile acids, including CDCA 
and DCA, and conjugated bile acids, covering 
GCA, GCDCA, GDCA, TCA, TCDCA, TDCA, and 

bile acids. When GPBAR1 is activated by sec-
ondary bile acids, it can induce phosphoryla-
tion of a single amino acid (Ser291) in NLRP3 
inflammasomes by activating the cyclic ade-
nosine monophosphate (cAMP)/protein kinase 
A (PKA) signaling pathway, playing an anti-
inflammatory role [29]. The increase in serum 

Figure 3. Comparison of conjugated bile acid pre- and posttreatment. A-J. 
Represent a comparison of GCA, GCDCA, GDCA, GLCA, GUDCA, TCA, TCD-
CA, TDCA, TLCA, and TUDCA before and after treatment. Group 1 included 
healthy controls, Group 2 included mild fatty liver, Group 3 included moder-
ate fatty liver, and Group 4 included severe fatty liver. Abbreviations: GCA: 
glycocholic acid; GCDCA: glycochenodeoxycholic acid; GDCA: glycodeoxycho-
lic acid; GLCA: glycolithocholic acid; GUDCA: glycoursodeoxycholic acid; TCA: 
taurocholic acid; TCDCA: taurochenodeoxycholic acid; TDCA: taurodeoxycho-
lic acid; TLCA: taurolithocholic acid; TUDCA: tauroursodeoxycholic acid.

TLCA, increased with the opti-
mal seriousness of NAFLD (P< 
0.05). Free/conjugated bile 
acids decreased, and prima-
ry/secondary bile acids incre- 
ased in NAFLD in contrast to 
the health. Partial differences 
in free/conjugated and prima-
ry/secondary bile acids were 
found according to disease 
grade (P<0.05). Guoxiang Xie 
[25], Nisreen Nimer [26], and 
their coworkers found that  
bile acids levels covering CA, 
DCA, TCA, TDCA, and TCDCA, 
increased significantly in NA- 
FLD with respect to normal 
liver subjects by a metabolo-
mics approach, which was 
partially consistent with our 
study. Different bile acids 
have different hydrophobicity. 
LCA, DCA, CDCA, and GCDCA 
have strong hydrophobicity. It 
is believed that the stronger 
the hydrophobicity is, the 
greater the cytotoxicity [27]. 

Increased concentrations of 
hydrophobic bile acids can 
lead to cholestatic liver injury, 
damage the liver cell mem-
brane, and cause mitochon-
drial damage in hepatocytes 
[28]. Conjugated and free  
bile acids have differential 
effects on FXR because of 
their degree of dissociation. 
Conjugated bile acids strongly 
inhibit FXR because of their 
low levels of dissociation. The 
lower the degree of dissocia-
tion, the stronger the inhibito-
ry effects [18]. The activation 
of GPBAR1 by secondary bile 
acids was reported to be 
stronger than that of primary 
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Figure 4. Comparison of TBA, free/conjugated bile acid, and primary/sec-
ondary bile acid pre- and posttreatment. A-C. Represent a comparison of 
TBA, free/conjugated bile acid, and primary/secondary bile acid before and 
after treatment. Group 1 included healthy controls, Group 2 included mild 
fatty liver, Group 3 included moderate fatty liver, and Group 4 included se-
vere fatty liver. Abbreviations: TBA: total bile acid.

Figure 5. Correlation between total bile acid, free bile acid and LSM in pa-
tients with NAFLD before treatment. A-F. Represent the correlation between 
total bile acid, CA, CDCA, DCA, LCA, UDCA, and LSM. Abbreviations: LSM: 
liver stiffness measurement; TBA: total bile acid; CA: cholic acid; CDCA: che-
nodeoxycholic acid; DCA: deoxycholic acid; LCA: lithocholic acid; UDCA: urso-
deoxycholic acid.

bile acids in NAFLD is mainly 
in the form of conjugated  
and primary bile acids, which 
agrees with the results of our 
study.

Liver fibrosis is a vital factor  
in the assessment of NAF- 
LD progress [30]. Fibroscans 
quantitatively assess steato-
sis and liver fibrosis stages, 
representing a noninvasive 
method of hepatic fat detec-
tion recommended by inter- 
national guidelines [16]. We 
found that LSM increased  
with the seriousness of NA- 
FLD. NAFLD patients showed 
a positive correlation among 
TBA, CA, CDCA, DCA, UDCA, 
GCA, GCDCA, GDCA, TCA, TC- 
DCA, TDCA, TLCA, TUDCA, and 
LSM. As previously mention- 
ed, bile acids are involved in 
liver inflammation and energy 
metabolism through a variety 
of pathways. During the con-
tinuous liver injury and repair 
induced by chronic inflamma-
tion, the metabolic network of 
the liver is altered, affecting 
numerous endogenous small 
molecular metabolites and 
their upstream and down-
stream biological pathways. 
Disrupted metabolic path-
ways, in turn, exacerbate the 
progression of inflammation-
associated liver fibrosis, lead-
ing to a vicious cycle [31]. Bile 
acids were closely connected 
with the degree of liver fibro- 
sis in NAFLD.

In recent years, developments 
in microecology have led to 
the notion of “gut-liver axis”, 
revealing the correlation bet- 
ween intestinal microecology 
and NAFLD. As intestinal ben-
eficial bacteria, Lactobacillus 
and Bifidobacteria occupy ab- 
solute dominance in the diges-
tive tract. Numerous studies 
have shown that alteration of 
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intestinal flora was present in NAFLD, which 
was manifested by a decrease in beneficial 
bacteria (Bifidobacteria, Lactobacillus, and 
Akkermansia muciniphila) and an increase in 

cantly in NAFLD after taking bifid triple viable 
capsules orally. Beneficial bacteria, such as 
Bifidobacteria and Lactobacillus, directly and 
indirectly restrain the growth of harmful bacte-

Figure 6. Correlation between conjugated bile acid and LSM in patients with 
NAFLD before treatment. A-J. Represent the correlation between GCA, GCD-
CA, GDCA, GLCA, GUDCA, TCA, TCDCA, TDCA, TLCA, TUDCA, and LSM. Abbre-
viations: LSM: liver stiffness measurement; GCA: glycocholic acid; GCDCA: 
glycochenodeoxycholic acid; GDCA: glycodeoxycholic acid; GLCA: glycolitho-
cholic acid; GUDCA: glycoursodeoxycholic acid; TCA: taurocholic acid; TCDCA: 
taurochenodeoxycholic acid; TDCA: taurodeoxycholic acid; TLCA: taurolitho-
cholic acid; TUDCA: tauroursodeoxycholic acid.

harmful bacteria [32]. The 
imbalance of intestinal flora 
leads to an increase in intesti-
nal mucosal barrier permea-
bility. The intestinal flora and 
enterogenic endotoxin can 
directly enter the portal vein, 
interfere with bile acid metab-
olism, and stimulate Kupffer 
cells to secrete a large num-
ber of inflammatory substanc-
es, not only leading to liver cell 
injury, apoptosis, and necrosis 
but also aggravating intestinal 
mucosal barrier damage. The 
result is a vicious cycle of 
NAFLD [33]. The imbalance of 
intestinal flora leads to an 
increase in various proinflam-
matory cytokines, chemokin- 
es, and bacterial metabolites 
(bile acid, short-chain fatty 
acid, and ethanol). This acti-
vates hepatic stellate cells 
and stimulates platelets to 
release a large amount of 
transforming growth factor-β. 
Activation of hepatic stellate 
cells and release of transform-
ing growth factor-β can pro-
duce extracellular matrix and 
ultimately result in liver fibro-
sis [34, 35]. This shows that 
intestinal microbiota normal-
ization may turn into a thera-
peutic choice for NAFLD. Bifid 
triple viable capsules are live 
bacteria prepared by Bifido- 
bacterium, Lactobacillus aci-
dophilus, and Enterococcus 
faecalis in an appropriate  
proportion which contain the 
bacteria that NAFLD patients 
lack. Some studies in China 
have found that the number  
of Bifidobacteria and Lactoba- 
cillus increased and the num-
ber of harmful bacteria (such 
as Staphylococcus and Enter- 
obacterium) decreased signifi-



Bile acid and liver fibrosis in NAFLD

13494	 Am J Transl Res 2021;13(12):13485-13497

ria by consolidating the intestinal mucosal bar-
rier, competing with harmful bacteria for nutri-
ents and producing metabolites, and event- 
ually restoring the proportion of intestinal 
microbiota [36]. The recovery of intestinal flora 
can reduce enterogenic endotoxemia, regulate 
hepatocyte immune stress, and relieve hepato-
cyte inflammation. This effect can regulate lipid 
metabolism, reduce hepatic fat accumulation, 
and alleviate hepatocellular damage [37]. 
Improvement of hepatocellular damage reduc-
es the release of liver enzymes into blood, 
reducing liver enzyme levels in NAFLD.

Enteric microorganisms and bile acids are sug-
gested to be interdependent [38]. Bile acids 
maintain the normal intestinal barrier through 
the mitosis-activated protein kinase (MAPK) 
and FXR pathways, inhibiting excessive enteric 
microorganism growth and participating in the 
regulation of enteric microorganism composi-
tion and lipid and glucose homeostasis in the 
gut-liver axis [39]. Enteric microorganisms also 
change the component of bile acids and antag-
onize FXR in the intestinal tract, leading to met-
abolic dysfunction, obesity, and insulin resis-
tance [2, 40, 41]. Most conjugated bile acids 
are actively reabsorbed by apical sodium-
dependent bile acid transporters at the termi-
nal ileum through the portal vein to the liver. 
Intestinal bacteria can inhibit the release of 
apical sodium-dependent bile acid transport-

NAFLD by reducing total bile acids and primary/
secondary bile acids and increasing free/conju-
gated bile acids, consistent with observations 
in other studies [45].

There is no recognized effective drug that can 
be recommended for liver fibrosis. According to 
the theoretical basis and results of the study 
mentioned above, we speculated that taking 
bifid triple viable capsules could improve the 
degree of liver fibrosis in NAFLD. A randomized 
trial found that probiotic and prebiotic could 
alter the intestinal flora but fail to improve liver 
fat or fibrosis [46]. In our study, oral bifid triple 
viable capsules could improve the severity of 
hepatic fibrosis in patients with mild NAFLD, 
but failed to improve fibrosis in patients with 
moderate or severe fatty liver. There were three 
possibilities for these findings. The level of liver 
fibrosis in mild NAFLD was generally moderate 
and could be improved after active treatments. 
The degree of liver fibrosis in some patients 
with moderate and severe NAFLD might have 
reached the progressive stage, which was diffi-
cult to reverse. Bifid triple viable capsules were 
merely probiotics that indirectly improved hepa-
tocellular damage by regulating intestinal flora. 
The therapeutic effect might be poor when tak-
ing bifid triple viable capsules alone. The intes-
tinal flora are a large and diverse flora library 
that can be influenced by many factors. The 
crosstalk between probiotics and original bac-

Figure 7. Comparison of liver enzymatic activity pre- and posttreatment. A-C. 
Represent a comparison of ALT, AST, and GGT before and after treatment. 
Group 1 included healthy controls, Group 2 included mild fatty liver, Group 3 
included moderate fatty liver, and Group 4 included severe fatty liver. Abbre-
viations: ALT: alanine aminotransferase; AST: aspartate aminotransferase; 
GGT: glutamyl transpeptidase.

ers by stimulating the GATA4 
transcription factor, reducing 
the reabsorption of conjugat-
ed bile acids and reducing 
their levels in blood [42]. 
Numerous microbial floras in 
the intestinal tract, such as 
Bifidobacterium and Lactoba- 
cillus, can produce bile salt 
hydrolases that can hydrolyze 
conjugated bile acids to free 
bile acids [43]. Bifidobacteria 
and other beneficial intestinal 
bacteria can also dehydroxyl-
ate primary bile acids to sec-
ondary bile acids through a 
variety of enzymatic reactions, 
such as bacterial hydroxyster-
oid dehydrogenase, reducing 
the toxicity of bile acids [44]. 
We found that bifid triple via-
ble capsules could regulate 
the bile acid metabolism of 
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terial inhabitants in the gut was unknow. The 
research results may have fallen short of 
expectations.

The sample size was small, and the time of 
therapy was short. More studies including larg-
er sample sizes, liver biopsies, intestinal flora, 
and randomized controlled trials are needed to 
assess the gravity of fatty liver fibrosis and 
improve the evaluation of therapeutic effects.

Conclusions

This study revealed that liver enzymes, serum 
bile acids and liver fibrosis were related to the 
severity of NAFLD. We observed a positive cor-
relation between bile acids and liver fibrosis. 
Following treatment with bifid triple viable cap-
sules, a decrease in liver enzymes and primary/
secondary bile acids and an increase in free/
conjugated bile acids were observed, which 
improved liver fibrosis in mild fatty liver but 
failed to improve moderate and severe fatty 
livers.
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