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Abstract

Background Non-alcoholic fatty liver disease (NAFLD)

is associated with a high morbidity in patients with

impaired fasting glucose (IFG). Bicyclol is a synthetic

compound known to protect the liver against oxidation and

lipid injuries.

Objective The objective of this study was to evaluate the

efficacy and safety of metformin and bicyclol in the

treatment of NAFLD patients with IFG.

Methods After lifestyle changes and metformin treatment

(500 mg orally three times daily), the 248 patients enrolled

with NAFLD and IFG were equally randomized to two

24-week treatment groups: bicyclol 25 mg three times

daily or vitamin E (a-tocopherol) 100 mg three times daily

(control). Anthropometric measurements, serum

biochemistry, liver/spleen computed tomography ratio, and

changes in liver histological parameters were compared

before and after treatments.

Results A total of 223 patients completed the treatment,

and there were significant improvements in body mass

index, waist-to-hip ratio, and biochemical parameters in

both groups (P \ 0.01). Compared with the control group,

the improvement in serum alanine aminotransferase levels

in the bicyclol group was statistically significant

(P \ 0.01). Liver histological assessments revealed that

steatosis, inflammation, hepatocellular ballooning, and

NAFLD activity scores (NAS) were all decreased in both

groups after treatment (P \ 0.01). However, decreases in

inflammation and NAS in the bicyclol group were statis-

tically significant compared with the vitamin E group

(P \ 0.01). Adverse events in the bicyclol and control

groups occurred in 1.79 and 1.80 %, respectively.

Conclusion Metformin combined with bicyclol is effective

and safe in the treatment of patients with NAFLD and IFG.

However, further studies with a larger sample size are needed

to confirm the efficacy and safety of the combination.

1 Introduction

Non-alcoholic fatty liver disease (NAFLD) encompasses a

spectrum ranging from simple steatosis to non-alcoholic

steatohepatitis (NASH), and causes an increased risk of

cardiovascular diseases, type 2 diabetes mellitus (T2DM)

and liver-related complications [1]. NAFLD is now con-

sidered to be a hepatic manifestation of metabolic syn-

drome (MetS), and the management of patients with

NAFLD consists of treating the steatohepatitis and the

associated metabolic co-morbidities to prevent hepatic and

metabolic complications [1, 2]. In addition to lifestyle
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changes, pharmacological agents have no obvious effects

on hepatic and metabolic aspects in NASH patients, except

for thiazolidinediones; however, the long-term safety and

efficacy of thiazolidinediones have not been established

[2]. On one hand, vitamin E (a-tocopherol) administered at

800 IU/day improves liver histology in non-diabetic adults

with NASH, but without improvements in insulin resis-

tance (IR) and T2DM [3]. On the other hand, metformin

has no significant effect on liver histology, though it is

associated with definite improvements of IR and reduction

of T2DM incidence [4, 5]. Therefore, a combined phar-

macological approach is necessary in NASH patients with

metabolic co-morbidities.

Bicyclol (4,40-dimethoxy-5,6,50,60-dimethylene-dioxy-

2,20-dicarboxylate biphenyl) is a liver protectant for

patients with various liver diseases used in many countries.

Further studies have shown that bicyclol plays a role in

eliminating free radicals, in preventing lipid peroxidation,

and in protecting hepatic cell membrane and mitochondria

in a number of models of hepatic injury [6]. Bicyclol can

induce glutathione and glutathione-S-transferase expres-

sion, and inhibit the accumulation of hepatic lipids [7].

Some preliminary clinical trials showed that bicyclol was

effective in improving hepatic functional indexes and his-

tological scores in NAFLD patients [8], and in improving

hepatic inflammatory necrosis in chronic hepatitis B

patients without influencing the therapeutic effects of

antiviral agents [9]. Vitamin E can be used for the treat-

ment of NAFLD in non-diabetic patients [3], considering

its effects in diabetic patients are controversial [10, 11]. In

addition, according to the Chinese Pharmacopoeia, for

safety, vitamin E cannot be used in high doses. We chose a

daily dose of 300 mg, the maximum acceptable dose in

China. Thus, a randomized, multicenter, vitamin E-con-

trolled trial of bicyclol for the treatment of NAFLD

patients with impaired fasting glucose (IFG) was designed

to evaluate the efficacy and safety of bicyclol in the context

of lifestyle changes and metformin treatment.

2 Methods

2.1 Ethics and Study Design

The present study was a randomized, multicenter, parallel-

designed controlled trial carried out in five tertiary hospi-

tals in China: Xin Hua Hospital Affiliated to Shanghai Jiao

Tong University School of Medicine (Shanghai); the Sixth

People’s Hospital (Hangzhou); Xi Jing Hospital of Diges-

tive Diseases (Xi’an); China-Japan Friendship Hospital

(Beijing); and the First Affiliated Hospital of Zhengzhou

University (Zhengzhou). This study was approved by the

ethics committees of each of these hospitals. Written

informed consent was obtained from all subjects following

a detailed description of the potential benefits and risks of

the study.

The randomization table was created using SAS� ver-

sion 9.2 (SAS Institute, Cary, NC, USA). A total of 248

NAFLD patients with IFG were enrolled and equally (1:1)

randomized to the bicyclol or vitamin E (control) group.

The investigations involved in the study were in accor-

dance with the ethical recommendations of the Declaration

of Helsinki (World Medical Association) and Good Clini-

cal Practice (GCP).

2.2 Subjects

Inclusion criteria were (1) NAFLD diagnosis, as defined by

the 2010 Chinese guidelines [24] for the diagnosis and

management of NAFLD; (2) body mass index (BMI)

between 23 and 30 kg/m2; (3) serum alanine aminotrans-

ferase (ALT) and/or aspartate aminotransferase (AST) 1.5

to 5 times the upper limit of normal value and maintained

for more than 24 weeks; and (4) fasting plasma glucose

(FPG) of 6.1–7.0 mmol/L, but without a previous history

of T2DM or newly diagnosed T2DM according to an oral

glucose tolerance test or glycosylated hemoglobin.

Exclusion criteria were (1) other liver diseases; (2) cir-

rhosis and/or liver function decompensation; (3) malignant

tumor and other severe systemic diseases or infectious

diseases; (4) pregnant or lactating women; (5) drug

addiction; (6) history of a severe allergic reaction; (7)

obvious dyslipidemia needing treatment with lipid-lower-

ing drugs; (8) use of any drugs that could influence the

efficacy of the study; or (9) any other conditions making

them unsuitable for the present study.

2.3 Treatment Protocols

After lifestyle intervention and a total daily dose of met-

formin (GlucophageTM 500 mg/tablet, Bristol-Squibb

Pharmaceuticals Ltd., Shanghai, China) of 1,500 mg/day

(500 mg three times daily), patients in the bicyclol group

received oral bicyclol tablets (Bicyclol 25 mg/tablet, Bei-

jing Union Pharmaceutical Factory, Beijing, China) at a

total daily dose of 75 mg (25 mg three times daily).

Patients in the control group received vitamin E capsules

(Vitamin E 100 mg/capsule, Beijing Double-Crane Phar-

maceutical Business Co., Ltd., Beijing, China) at a total

daily dose of 300 mg (100 mg three times daily). Both

groups received study treatment for 24 weeks. Visits were

scheduled at weeks 12 and 24.
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2.4 Observation Indexes

2.4.1 Subject Demographics

Demographic characteristics of the patients, such as age,

sex, medical history, previous treatment history, associated

co-morbidities, and concomitant medications were col-

lected before treatment. Adverse events (AEs) were

recorded following GCP requirements.

2.4.2 Anthropometric Measurements

At baseline and at 24 weeks, patients underwent anthro-

pometric assessments (body weight, height, and waist and

hip circumferences). BMI was calculated by dividing body

weight (in kg) by the square of the height (m2). Waist-to-

hip (W/H) ratio was also calculated. Serum biochemistry

parameters such as ALT, AST, c-glutamyltransferase, tri-

glycerides, high-density lipoprotein cholesterol, FPG, and

fasting insulin (FINS) were measured. The Homeostasis

Model of Assessment – Insulin Resistance (HOMA-IR)

index was calculated as: FPG (mmol/L) 9 FINS (lU/mL)/

22.5.

2.4.3 Computed Tomography Examinations

A double-slice spiral computed tomography (CT) scan of

the abdomen was performed from the upper to the lower

part of liver with a slice thickness and inter-slice interval of

7.5 mm. The central plane of the liver and spleen was

selected, and the CT values of the liver and spleen on the

same plane were measured. The examinations were repe-

ated three times, and the mean value was used for analysis.

The ratio of liver/spleen CT values was calculated.

2.4.4 Liver Biopsy

Liver biopsies were performed at baseline and at 24 weeks.

The optimal position for needle puncture was determined

using ultrasound guidance. Biopsy was performed using a

16 G needle, and required hepatic tissue C10 mm,

including more than six portal areas. The specimen was cut

into serial sections, and stained by hematoxylin-eosin,

reticular fiber, and Masson’s trichrome. Histological

activity was assessed using the NAFLD activity score

(NAS) according to the guidelines of the NASH Clinical

Research Network [12].

2.5 Statistical Analysis

Results are presented as mean ± standard deviation (SD).

All analyses were performed using SAS� version 9.2.

Demographic characteristics of patients were compared

using Student’s t test or Chi-square test according to data

type. Serum biochemical values were analyzed using

multilevel models to analysis the central effect, and then

the repeated measures data were compared using ANOVA.

The comparison of means in each group at each timepoint

was performed with paired t tests for multiple compari-

sons. Liver histology was evaluated using non-parametric

estimation. All statistical tests were two-sided. A P value

\0.05 was considered statistically significant.

3 Results

3.1 Study Subjects

A total of 248 subjects were enrolled in the trial, and 25

subjects withdrew from the study during treatment. Of the

remaining 223 subjects, 112 belonged to the bicyclol group

and 111 to the control group. There were no significant

differences in age, sex, and disease characteristics between

the two groups (all P [ 0.05).

3.2 Changes in Body Mass Index and Waist-to-Hip

Ratio

At baseline and at 24 weeks, BMI in the bicyclol group

was (mean ± SD) 26.74 ± 2.05 and 24.84 ± 1.91 kg/m2,

respectively, and 26.94 ± 2.14 and 25.14 ± 1.86 kg/m2 in

the control group, respectively. The W/H ratio at baseline

and at 24 weeks was (mean ± SD) 0.94 ± 0.08 and

0.92 ± 0.08, respectively, in the bicyclol group and

0.94 ± 0.10 and 0.92 ± 0.09, respectively, in the control

group. There were significant improvements in BMI and

W/H ratio in the two groups when compared with baseline

levels (both P \ 0.01), but there were no differences

between the two groups (P [ 0.05).

3.3 Changes in Biochemical Parameters

There were significant change trends in serum biochemical

parameters with time in each group (P \ 0.01). In addition,

significant differences in serum biochemical levels were

also observed after 24 weeks of treatment when compared

with baseline levels (P \ 0.01). Serum ALT levels were

significantly different between the two groups after

24 weeks of treatment (P \ 0.01), and there was an

interaction between the grouping factors and time

(P \ 0.01), suggesting that ALT levels showed different

trends of variation between the two groups and a greater

improvement in the bicyclol group after 24 weeks

(Table 1).
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3.4 Changes in Liver/Spleen Computed Tomography

Ratio

At baseline and at 24 weeks, the liver/spleen CT ratios

(mean ± SD) in the bicyclol group (0.74 ± 0.10 and

0.95 ± 0.18, respectively) and in the control group

(0.73 ± 0.11 and 0.92 ± 0.17, respectively) demonstrated

significant improvements compared with baseline

(P \ 0.01), but there were no significant differences

between the two groups (P [ 0.05).

3.5 Changes in Liver Histology

Liver biopsy was performed in 66 patients before the study.

Nine patients were diagnosed with simple fatty liver (not

NASH), 19 had possible NASH, and 38 had NASH, with

five of them showing advanced fibrosis. A total of 31

patients in both groups underwent a second liver biopsy at

the end of the study. Liver histological assessments

revealed that steatosis, inflammation, hepatocellular bal-

looning, and NAS were all decreased in both groups after

treatment (P \ 0.01). However, decreases in inflammation

and NAS in the bicyclol group were statistically significant

compared with the control group (P \ 0.01) (Table 2;

Fig. 1).

3.6 Comparison of Adverse Events

Two participants (1.79 %) in the bicyclol group reported

abdominal distension and mild diarrhea during the study.

The two AEs reported in the control group were mild

abdominal distension and dizziness (incidence of 1.80 %).

No abnormal laboratory results related to the study drugs

were recorded.

4 Discussion

With the increasing incidence of obesity and MetS, NA-

FLD is becoming a common condition that is often com-

plicated by impaired glucose regulation and T2DM.

NAFLD is a well-recognized cause of liver-related mor-

bidity and death, and it has been associated with the

development of T2DM, atherosclerosis, and even malig-

nant tumors [1, 13–16]. NAFLD has recently been recog-

nized as a component of MetS or a hepatic manifestation of

MetS [17, 18]. Prospective studies showed that NAFLD

could predict the risk of MetS, T2DM, and cardiovascular

diseases [19–21]. In T2DM patients with NAFLD, there is

an increased risk of cardiovascular disease and death, as

well as a risk of progression of end-stage liver diseases and

Table 1 Comparison of serum biochemical parameters between the two groups

Index Group Number of

patients

Baseline

(mean ± SD)

After treatment (mean ± SD) P value

12 weeks 24 weeks Time Group 9 time Group

ALT (U/L) Bicyclol 112 98.55 ± 36.21 46.95 ± 19.07 35.95 ± 16.76* \0.001 \0.001 0.009

Vitamin E 111 96.73 ± 30.09 60.49 ± 21.72 44.86 ± 15.60* \0.001

AST (U/L) Bicyclol 112 62.49 ± 27.02 37.13 ± 11.93 29.96 ± 9.55* \0.001 0.022 0.316

Vitamin E 111 59.83 ± 26.98 41.77 ± 15.96 34.01 ± 12.22* \0.001

GGT (U/L) Bicyclol 112 65.51 ± 29.39 37.94 ± 16.99 32.21 ± 13.61* \0.001 0.207 0.633

Vitamin E 111 61.49 ± 30.37 37.52 ± 16.36 33.48 ± 10.84* \0.001

TG (mmol/L) Bicyclol 112 2.19 ± 1.00 1.73 ± 0.81 1.31 ± 0.74* \0.001 0.978 0.834

Vitamin E 111 2.17 ± 1.01 1.71 ± 0.70 1.29 ± 0.52* \0.001

HDL-C (mmol/L) Bicyclol 112 1.17 ± 0.37 1.25 ± 0.48 1.36 ± 0.52* \0.001 0.328 0.977

Vitamin E 111 1.15 ± 0.52 1.27 ± 0.54 1.37 ± 0.57* \0.001

FPG (mmol/L) Bicyclol 112 6.53 ± 0.30 5.46 ± 0.41 4.96 ± 0.42* \0.001 0.378 0.429

Vitamin E 111 6.50 ± 0.28 5.47 ± 0.32 4.90 ± 0.38* \0.001

FINS (lU/mL) Bicyclol 112 15.54 ± 4.03 12.86 ± 3.79 11.08 ± 3.19* \0.001 0.694 0.541

Vitamin E 111 15.18 ± 4.06 12.52 ± 3.28 10.94 ± 3.33* \0.001

HOMA-IR Bicyclol 112 4.49 ± 1.13 3.13 ± 1.02 2.44 ± 0.74* \0.001 0.834 0.460

Vitamin E 111 4.39 ± 1.21 3.03 ± 0.85 2.38 ± 0.76* \0.001

* P \ 0.01 compared with the baseline levels

ALT alanine aminotransferase, AST aspartate aminotransferase, FINS fasting insulin, FPG fasting plasma glucose, GGT c-glutamyltransferase,

HDL-C high-density lipoprotein cholesterol, HOMA-IR Homeostasis Model of Assessment – Insulin Resistance index, SD standard deviation, TG

triglycerides
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liver-related death [2, 22]. NASH is a rate-limiting step in

the process from simple fatty liver to liver cirrhosis. A

retrospective study showed a lower incidence rate of cir-

rhosis of 0.6–3 % in NAFLD patients with simple fatty

liver during a 10- to 20-year follow-up, while this rate was

15–25 % over 10 years in NASH patients [23]. With the

aging society and control of other liver diseases such as

viral hepatitis in China, obesity- and MetS-associated

NAFLD are becoming an increasingly serious health

problem, and it is of great clinical importance to prevent

the development of such disease.

The results of the present study showed that there were

significant improvements in BMI, W/H ratio, and bio-

chemical parameters after 24 weeks of lifestyle interven-

tion and metformin, in combination with bicyclol or

vitamin E. However, bicyclol was better to improve serum

ALT levels than vitamin E. Liver histological assessments

revealed that hepatic steatosis, inflammation,

Table 2 Changes in liver histology in the two groups before and after treatment

Index Group Number of

patients

Before treatment

(mean ± SD)

After 24 weeks

of treatment

(mean ± SD)

Comparison before

and after treatment

Inter-group comparison

Z value P value Wilcoxon’s W P value

Steatosis Bicyclol 16 1.88 ± 0.72 0.94 ± 0.57 -3.419 0.001 219.500 0.308

Vitamin E 15 1.93 ± 0.70 1.20 ± 0.41 -3.317 0.001

Inflammation Bicyclol 16 1.63 ± 0.81 0.38 ± 0.50 -3.542 \0.001 177.000 0.004

Vitamin E 15 1.47 ± 0.52 0.87 ± 0.35 -3.000 0.003

Hepatocellular ballooning Bicyclol 16 1.31 ± 0.60 0.81 ± 0.40 -2.828 0.005 244.000 0.582

Vitamin E 15 1.47 ± 0.52 0.87 ± 0.52 -3.000 0.003

NAS Bicyclol 16 4.81 ± 1.05 2.13 ± 1.02 -3.611 \0.001 175.500 0.006

Vitamin E 15 4.87 ± 1.06 2.93 ± 0.59 -3.477 0.001

Hepatic fibrosis Bicyclol 16 0.94 ± 0.85 0.75 ± 0.68 -1.732 0.083 225.500 0.324

Vitamin E 15 1.07 ± 0.88 1.00 ± 0.76 -1.000 0.317

NAS non-alcoholic fatty liver disease activity score, SD standard deviation

Fig. 1 Changes in liver

histology in the bicyclol group

before and after treatment

(9200). a Hematoxylin and

eosin staining before treatment.

Hepatocytes presented with

severe steatosis (covering up to

70 %), and exhibited ballooning

degeneration. Parenchymal

inflammation was mild and

comprised a mixed population

including neutrophils,

lymphocytes, and Kupffer cells.

b Hematoxylin and eosin

staining after treatment. Fatty

change (steatosis) was focal and

there was no lobular

inflammation and ballooning

degeneration. c Masson staining

before treatment: liver tissue

was injured, and evident

perisinusoidal fibrosis was

observed. d Masson staining

after treatment: hepatic tissue

was normal without hyperplasia

of fibrous tissues or

perisinusoidal fibrosis
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hepatocellular ballooning, and NAS were all decreased in

both groups after 24 weeks of treatment. However,

decreases in hepatic inflammation and NAS were promi-

nent in the bicyclol group and had statistical significance.

AEs were comparable in the two groups.

Lifestyle changes are important in the treatment of

T2DM. However, it has been reported that lifestyle inter-

ventions with weight loss of 3–5 % could reduce hepatic

steatosis, but only an up to 10 % weight loss could improve

necroinflammation [2]. In the present study, patients

underwent lifestyle changes because it is part of the stan-

dard T2DM treatment. Since 10 % reduction in body

weight is very difficult to achieve, we believe that he-

patoprotectants are necessary in the treatment of NAFLD.

According to the Chinese guidelines for the diagnosis

and management of NAFLD, the primary objective of

NAFLD treatment is to improve IR, and to prevent and

control MetS components and related end-stage organ

lesions, thereby improving patients’ quality of life and

prolonging survival. The secondary aim is to reduce fat

accumulation in the liver, and to prevent or reverse ste-

atohepatitis (lipotoxic hepatocellular injury), and to reduce

or prevent the occurrence of cirrhosis and liver cancer, as

well as their complications [24]. The results of the present

study showed that while metformin improved glucose

metabolism, combined treatment with bicyclol or vitamin

E improved hepatic inflammation and liver injury in NA-

FLD. Therefore, we suggest that combined pharmacologi-

cal therapies might play an important role in the treatment

of NAFLD patients with IFG.

In addition to its anti-lipid peroxidation properties,

treatment with vitamin E can inhibit the expression of

inflammatory cytokines produced by monocytes and Ku-

pffer cells, reduce the activity of nuclear factor-jB, and

decrease collagen a1 gene expression, thereby lessening

oxidative stress and liver injury. Vitamin E could also lead

to biochemical improvements and reductions in NAS in

patients with NASH, but without effects on liver fibrosis

[2]. Furthermore, vitamin E supplementation might increase

all-cause mortality [10, 11], and should be carefully pre-

scribed. The present study revealed that a medium-dosage

vitamin E could be used for the treatment of NASH, but that

its therapeutic efficacy was less than the effects of bicyclol.

Bicyclol is a widely used liver protectant in China and

other countries, and its mechanism of action may be clo-

sely related to free radical-scavenging activities, protection

against lipid peroxidation, protection of cell membranes

and mitochondrial function [25], and inhibition of inflam-

matory cytokines [26]. It was demonstrated in experimental

and clinical studies that bicyclol could not only decrease

serum transaminase levels, but could also lead to the

improvements in pathological changes [7, 9]. Zhao et al.

[27] revealed that the alleviating effects of bicyclol on

hepatic inflammation was mainly due to its ability to

attenuate oxidative stress, down-regulate expression of

tumor necrosis factor (TNF)-a and interleukin-6, and then

inhibit the secretion of cytokines such as TNF-a. In

accordance with these previous studies, the results of the

present study suggest that bicyclol improved NAFLD/

NASH by alleviating inflammation, fibrosis, and patho-

logical changes. Bicyclol also improved indexes of liver

function. Taken together, the effects of bicyclol on the liver

were greater than the effects from vitamin E.

5 Conclusion

In summary, our results showed that metformin plus bi-

cyclol combination therapy is a safe and effective treatment

regimen for patients with NAFLD complicated with IFG.

Due to the limited number of patients and shorter duration

of treatment, more clinical trials are still needed to verify

the efficacy and safety of metformin combined with bi-

cyclol in the treatment of patients with NAFLD compli-

cated with IFG.
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