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Obijective: This study was to investigate and compare the effect of melatonin, metformin,
and ursodeoxycholic acid (UDCA) on non-alcoholic fatty liver disease(NAFLD). Methods: In
this randomized double-blinded clinical trial, 120 patients with NAFLD who had been referred
to Gastrointestinal and Liver Diseases Research Center, Rasht, Iran, between September 2015
and January 2016. Patients were randomly assigned to 4 groups. Each group received
melatonin, metformin, UDCA, or placebo in addition to a weight loss diet for 3 months.
Results: A significant reduction was observed in levels of steatosis, alanine aminotransferase,
alkaline phosphatase, body weight, BMI, waist circumstance and triacylglycerol among
participants in groups with metformin or melatonin administration. In addition a significant
decrease in fasting plasma glucose, and total cholesterol concentration was detected following
metformin and UDCA administration, respectively. Conclusions: The present study suggests
that the addition of metformin or melatonin to a low-caloric diet may be effective in the
treatment of patients with NAFLD.
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INTRODUCTION

Non-alcoholic ~ fatty  liver  disease
(NAFLD) is one of the most common hepatic
disorders worldwide, which affects populations
in both developed and developing countries!?
.NAFLD is defined as evidence of hepatic
steatosis without evidence of hepatocellular
injury, and ranges from simple steatosis to non-
alcoholic steatohepatitis (NASH), with or
without fibrosis*. The prevalence of NAFLD
has proliferated in recent years, attributed to
urbanization and changes in lifestyle, and has
thus become the third most likely cause of liver
transplantation®.In a cohort study in the north
Iran, the prevalence of NAFLD was 44.2 % and
442 % and 40.1 % in women, and men
respectively®. Based on a study in the south of
Iran, the prevalence of NAFLD was 21.5 %'
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If NAFLD is not diagnosed expediently,
and subsequently appropriately managed, it can
progress to chronic liver damage, such as
cirrhosis of the liver and hepatocellular
carcinoma (HCC)® . Several agents have been
proposed for the treatment of NAFLD,
however, no consensus on effective medical
therapy has been established. Notwithstanding,
although lifestyle modification is suggested as
a first step in the management of NAFLD, its
compliance is often low, and most patients fail
to follow recommended guidance®**. For these
reasons, it is of contemporary interest and
clinical importance that effective medical
treatments of NAFLD be established; to that
end, several drugs such as metformin,
gemfibrozil, UDCA, and melatonin have been
proposed as a potentially efficacious
treatments!t14,
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As insulin resistance plays an important
role in NAFLD pathogenesis'®%1°, agents that
possess insulin resistive activity may be of
therapeutic ~ value!’.  Metformin (1, 1-
dimethylbiguanide hydrochloride), an agent of
the biguanide class, is an oral
anti-hyperglycemic agent that has, historically,
been used in patients with diabetes mellitus to
decrease blood glucose levels!® .Moreover, it
acts as an insulin-sensitizing agent against
peripheral insulin resistance and reduces
endogenous and exogenous insulin
requirements, as well as attenuating hepatic
glucose production'®%2° Concomitant to insulin
resistance, oxidative stress also plays a critical
role in the onset and progress of NAFLD?., In
this regard, several antioxidant agents have
been suggested as viable in the treatment of
NAFLD? Melatonin (N-acetyl-5-
methoxytryptamine) is a serotonin-derived
neurohormone that is produced by the pineal
gland, and has numerous biological functions?,
influencing the immune system, and possesses
free radicals scavenging, antioxidative, anti-
inflammatory and anti-apoptotic properties®*.
Ursodeoxycholic acid is another agent which
has been proposed for the treatment of
NAFLD, primarily due to its capability to
decrease concentrations of hydrophobic bile
acid in biliary and serum, reduce tumor
necrosis factor-a levels, and suppress oxidative
stress®®2’.  Several animal studies have
investigated the aforementioned medications
about NAFLD and reported promising findings.
However, there is a distinct dearth of empirical
evidence from human studies. Therefore, the
present study aimed to investigate and compare
the effect of melatonin, metformin, and UDCA
on NAFLD.

MATERIAL AND METHODS

The present study was performed based on
the CONSORT statement recommendation and
registered at IRCT (IRCT201407201155N21).
Also, the experimental protocol was abided by
the principles set out in the Declaration of
Helsinki. Also, the present study was approved
by Ethics Committee of Guilan University of
Medical Sciences (1930231612).
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Study participants

This study was a double-blinded
randomized controlled trial in which 120
subjects aged 18-70 with NAFLD diagnosed
and mild to moderate steatosis were included.
Subjects were recruited from the patients who
had been referred to Razi hospital or
gastrointestinal clinics, Guilan, Iran, between
September 2015 and January 2016. NAFLD
was diagnosed and confirmed by (assessment
of transient elastography) fibroScan and
elevated levels of ALT serum concentrations.
The sample size was calculated, a priori, using
a type one error of (a) =0.05 and power =80%.
After considering 20% dropout, 30 subjects
were calculated as necessary for each group.
Patients were excluded if they had a history of
chronic disease, including cardiovascular
disease,  pulmonary  coronary  disease,
inflammatory systemic diseases, diabetes,
metabolic syndrome or chronic kidney disease
or hepatitis, alcohol consumption, cirrhosis,
hereditary hemochromatosis, Wilson’s disease

Cushing’s syndrome, antioxidant
supplementation, drug toxicity, and
gastrointestinal surgery, or were

pregnant/lactating.

Study design

First, all eligible participants, according to
inclusion and exclusion criteria, commenced a
2-weeks run-in period and were requested to
complete a written informed consent. Next,
subjects were randomly assigned into 4 groups
by  block-randomization  (1:1:1:1 ratio),
adjusting for age, gender, and level of steatosis.
The randomization allocation sequence was
performed by a research assistant who was not
involved in the study, therefore, researchers
were concealed to randomization and
allocation, as well as the participants, until
final analysis was completed. All participants
were instructed to self-administer metformin
(500 mg, twice a day)?®, melatonin (10 mg,
once a day)?®%3 UDCA (300 mg, twice a
day)®!, or placebo along with a standardized
weight loss diet for 3-months. Drug therapies
and placeboes were pre-packaged and encoded
by trained staff. The packages were
indistinguishable, and blinding of researcher
and participants were guaranteed. The weight
loss diet was (500 kcal less than individual
estimated energy requirement) specialized for



each patient and prescribed at the first of each
month for the following month. Patients were
also asked not to take any supplements and not
to change their usual lifestyle. The subject’s
adherence was monitored by phone and
monthly face-to-face interviews, in addition to
assessments of un-consumed drugs.
Anthropometric and biochemical
measurements

Weight, height, and waist circumstances
were determined pre and post-intervention,
with the participant in a fasted status, with
minimal  clothes and  unshod.  The
measurements were performed by a trained
kinanthropometrist.

A 10 mL overnight fasting blood sample
was taken from each participant at baseline and
after 12-weeks to determine liver enzymes,
serum lipids, fasting plasma glucose (FPG),
and HbA1C concentrations. All samples were
stored at -70 C before analysis. To determine
the level of alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline
phosphatase (ALP), triacylglycerol (TG), total
cholesterol (TC), low-density lipoprotein
(LDL), high-density lipoprotein (HDL), FPG
and HbAILC, routine enzymatic assays were
applied by using commercially available Kits
(Pars Azmoon, Tehran, Iran).

Histopathology

Liver stiffness was assessed by using
FibroScan (502 touch, Echosense, France)®,
while participants were in the supine position,
and the probe was placed on the right lobe of
liver in the intercostal position. The results of
the liver stiffness were presented as absent of
fibrosis (FO) and perisinusoidal or portal
fibrosis (F1), perisinusoidal and portal or
periportal fibrosis (F2), septal and bridging
fibrosis (F3), and cirrhosis (F4). Cutoff levels
of 7.1, 9.5, and 14.5 kPa were set as levels
higher than F2, F3, and F4, respectively.
Furthermore, steatosis severity was evaluated
by controlled attenuation parameter method
using the Fibroscan device. The steatosis was
determined according to the extent of fat in the
liver as the absence of steatosis (S0); fat
droplets in <33% hepatocytes (S1); fat droplets
in 33-66% hepatocytes (S2) and fat droplets in
> 66% hepatocytes (S3). All screening

processes and interpretation were performed by
a hepatologist who was masked to treatment
assignment.

Primary and secondary outcome

The primary outcome was a decrease in
fibrosis and steatosis grade as well as
reductions in ALT, AST, and ALP serum
concentration. Secondary outcome measures
included changes in anthropometric, FPG,
HbALC, and lipid profile among participants.

Statistical analysis

All analyses were performed using
Statistical Package for the Social Sciences
(SPSS) software wversion 21. Kolmogorov-
Smirnov test was applied to verify the
normality of data distribution. To determine the
difference between the 4 groups at baseline,
analysis of variance (ANOVA) was used. The
mean change of each variable was calculated
by subtracting the endpoint from baseline
values. Descriptive data were analyzed in the
form of frequency and percentage for
qualitative variables and mean + standard
deviation for quantitative variables. Analysis of
covariance (ANCOVA) was conducted to
compare the change of variables. Furthermore,
the Chi-square test or Fisher Exact Test was
also used for comparing categorical data
between groups. Statistical significance was
defined as P < 0.05.

RESULTS AND DISCUSSION

Results

Our results showed that 120 NAFLD
patients were recruited and randomly divided
into one of four groups. There were no
incidences of drop-out, all participant’s data
was used for statistical analysis (Figure 1).

The baseline demographic characteristics
of each group are presented in Table 1. No
significant difference was observed regarding
age, anthropometric measures, lipid profile,
factors related to glycemic status, as well as
liver metabolic and pathological markers at the
beginning of the study. No serious adverse
effects were observed or reported among
participants throughout the trial.
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Fig. 1: Participant’s flow diagram.

Table 1: General characteristics of NAFLD patients in 4 treatment groups.

Variables Melatonin Metformin Ursocholic Placebo P-value”
(N=30) (N=30) acid (N=30)
(N=30)
Age (year) 43.66+11.01 42.85+10.55 44.72+11.07 43.12+10.87 0.91
Sex (Male/Female) 12/18 11/19 12/18 12/18 0.93
Weight (Kg) 88.54+15.06 91.96+16.81 90.10+13.16 93.05+10.33 0.59
BMI 31.39+2.82 32.26+3.12 31.83+2.79 32.57+2.55 0.39
Waist circumstance (cm) 99.83+7.43 104.57+11.44 103.58+9.77 105.02+10.17 0.16
ALT (IU/L) 76.13+32.23 70.71+34.82 67.75+32.41 73.88+28.16 0.75
AST(IU/L) 47.10+27.69 44.67+25.04 42.44+24.63 38.11+24.31 0.57
ALP(IU/L) 79.26+18.36 87.31+25.83 89.62+37.40 87.46+32.08 0.53
Bilirubin Total (mg/dL) 0.90+0.24 0.95+0.32 0.96+0.27 0.95+0.30 0.84
Bilirubin Direct (mg/dL) 0.23+0.06 0.27+0.10 0.26+0.09 0.26+0.08 0.82
PTT 31.63+1.88 31.03+4.28 31.65+1.91 31.50+2.76 0.82
INR 1.07+0.07 1.05+0.05 1.06+0.06 1.05+0.06 0.52
Albumin (g/dL) 4.35+0.37 ¢,§140.31 4.43+0.36 4.38+0.45 0.85
TG (mg/dl) 199.32+74.21 | 182.58+91.33 | 218.85+98.61 | 202.61+85.47 0.46
TC (mg/dl) 185.70+26.53 | 190.14+28.58 | 201.89+27.91 | 191.22+25.93 0.13
HDL (mg/dl) 40.03+5.83 38.7845.71 37.86+4.98 39.91+5.63 0.38
LDL (mg/dl) 107.63+21.24 | 120.51+27.55 121.79+25.89 118.44+23.18 0.10
FPG (mg/dl) 97.26+28.60 100.85+27.82 96.01+26.00 95.31+33.89 0.88
HbA1C (%) 4.44+0.53 4.54+0.42 4.51+0.46 4.40+0.48 0.65
Steatosis score (CAP) 294.7+21.9 288.4+30.2 283.6+32.4 303.2+28.1 0.14
<33% (S1) 11 10 8 11 0.94**
33-66% (S2) 17 19 21 18
>66% (S3) 2 1 1 1
Fibrosis score (Kpa) 6.91+2.44 6.76+2.21 7.01+2.38 6.84+2.25 0.97
Absent 6 4 2 4 0.66**
Perisinusoidal/pericellular 16 18 20 17
Periportal 7 6 8 6
Bridging 1 2 - 3
Cirrhosis - - - -

Data are presented as mean + SD; * P-Value was obtained from ANOVA. ** P-value was calculated by Chi-
square test.

Abbreviations: ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: alkaline phosphatase;
TG: triacylglycerol; TC: total-cholesterol; LDL: Low-density lipoprotein; HDL: High-density lipoprotein;
FPG: Fasting plasma glucose; BMI: Body mass index.
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Primary outcomes

The result of present study demonstrated a
significant improvement in the level of
steatosis (melatonin: -47.92+20.92; metformin:
-55.14+25.78; UDCA: -21.06+28.64; placebo: -
17.854£27.53; P=0.001), ALT (melatonin: -
19.73+£18.81; metformin: -25.96+19.97,;
UDCA: -11.02+27.12; placebo: -10.50£18.02;
P=0.01) and ALP (melatonin: -17.83+£13.02;
metformin: -18.59+13.19; UDCA: -9.58+19.61;
placebo:  -9.13+17.93; P=0.03) among
metformin  or melatonin  participants in
comparison to the control or UDCA acid group.

The change in Fibrosis (melatonin: -0.86+1.39;
metformin: -1.03+1.38; UDCA: -0.54+1.38;
placebo: -0.52+1.34; P=0.39) or AST
(melatonin:  -14.40+23.59; metformin: -
15.14+18.46; UDCA: -10.82+21.33; placebo: -
8.66+17.37; P=0.57) levels was not significant
between the 4 groups. Moreover, we did not
detect any meaningful change in the
aforementioned  parameters after UDCA
administration in comparison with the control
group (Figure 2 & Table 2).
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Fig. 2: The effect of melatonin on levels of steatosis and score of fibrosis among patients with
NAFLD. Data expressed as mean = SE. * P-value <0.05 in compare to placebo.
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and liver biochemical parameters by treatment groups.
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Table 2: Change from baseline to post 3 months treatment in anthropometrics, serum lipids, glycemic,

Variables Melatonin Metformin Ursocholic Placebo P-

acid value
ALT Pre 76.13+32.23 70.71+34.82 67.75+£32.41 73.88+28.16
Post 56.40+30.66 44.75+31.93 56.73+30.78 63.38+29.81

Change | -19.73+18.81 -25.96+19.97 -11.02+27.12 -10.50+18.02 0.01
AST Pre 47.10£27.69 44.67+£25.04 42.44+24.63 38.11+24.31
Post 32.70+28.08 29.53+27.36 31.62+24.73 29.45+26.14

Change | -14.40+23.59 -15.14+18.46 -10.82+21.33 -8.66+17.37 0.57
ALP Pre 79.26+18.36 87.31+25.83 89.62+37.40 87.46+32.08
Post 61.43+16.26 68.72+22.71 80.04+32.12 78.33+£28.43

Change | -17.83+13.02 -18.59+13.19 -9.58+19.61 -9.13+17.93 0.03
Weight Pre 88.54+15.06 91.96+16.81 90.10+13.16 93.05+10.33
Post 82.32+12.44 86.20+12.86 86.98+13.20 89.50+11.10

Change -6.23+4.27 -6.76+3.26 -3.12+£3.90 -3.55+3.12 0.001
BMI Pre 31.39+2.82 32.26+£3.12 31.83+2.79 32.57+£2.55
Post 29.19+2.14 30.24+2.64 30.74+2.16 31.33+2.63

Change -2.20+1.09 -2.02+1.93 -1.09+1.11 -1.24+1.01 0.002
Waist Pre 99.83+7.43 104.57+8.44 103.58+9.77 | 105.02+10.17
circumstance g 97.13+6.30 | 10156+8.63 | 102.17+8.69 | 106.22+9.02

Change -2.70+2.02 -3.00+2.48 -1.41+2.25 -1.2+2.11 0.002
TG Pre 199.32+74.21 | 182.58+91.33 | 218.85+98.61 | 202.61+85.47
Post 176.60+£52.36 | 156.30+71.35 | 208.39+81.11 | 193.40+74.13

Change | -22.72+17.63 -26.28+18.20 -10.46+21.72 -9.21+21.42 0.001
TC Pre 185.70+£26.53 | 190.14+28.58 | 201.89+27.91 | 191.22+25.93
Post 162.59+25.76 | 165.65+26.18 165.65+28.6 173.03+£24.82

Change | -23.11+21.26 -24.49+23.21 -36.24+20.92 -18.19+22.21 0.01
HDL Pre 40.03+5.83 38.78+5.71 37.86+4.98 39.91+5.63
Post 39.91+5.69 39.80+5.47 38.48+5.20 41.11+4.98

Change -0.12+4.52 1.02+4.87 0.62+4.52 1.2+4.09 0.79
LDL Pre 107.63+21.24 | 120.50+27.55 | 121.79+25.89 | 118.44+23.18
Post 100.32+18.34 | 108.80+20.51 | 105.93+21.28 | 111.06+21.29

Change -7.31+£13.25 -11.70+19.90 -15.86+17.25 -7.38+16.74 0.16
FPG Pre 97.26+28.60 100.85+27.82 96.01+26.00 95.31+33.89
Post 91.77+20.28 89.99+17.62 92.15+16.34 92.23+£22.15

Change -5.49+10.25 -10.86+9.42 -3.85+10.77 -3.08+12.52 0.02
HbA1C Pre 4.44+0.53 4.54+0.42 4.51+0.46 4.40+0.48
Post 4.35+0.46 4.42+0.43 4.59+0.52 4.46+0.54

Change -0.09+0.44 -0.12+0.38 0.08+0.41 0.06x0.45 0.15

Data was presented as mean SD; P value was obtained by ANCOVA

adjusted for age, sex and baseline BMI.
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Secondary outcomes

Compared to the control group, a
significant  reduction in  body  weight
(melatonin: -6.23+4.27; metformin: -6.76+3.26;
UDCA: -3.12+3.90; placebo: -3.55+3.12;
P=0.001), BMI (melatonin: -2.20+1.09;
metformin: -2.02+1.93; UDCA: -1.09+1.11;
placebo: -1.24+1.01; P=0.002), WC
(melatonin: -2.70+2.02; metformin: -3.00+2.48;
UDCA: -1.41+2.25; placebo: -1.2+2.11;
P=0.002), TG (melatonin: -22.72+17.63;
metformin: -26.28+18.20; UDCA: -
10.46£21.72; placebo: -9.21+21.42; P=0.001)
was observed in both metformin and melatonin
groups. In addition, FPG concentrations
(melatonin:  -5.49+10.25;  metformin: -
10.86+9.42; UDCA: -3.85+10.77; placebo: -
3.08+£12.52; P=0.02) was significantly decrease
in metformin group in compared to control. We
did not find a significant change in any
variable, except TC (melatonin: -23.11+21.26;
metformin: -24.49+23.21; UDCA: -
36.24+20.92; placebo: -18.19+22.21; P=0.01),
following UDCA treatment when compared
with the placebo group. No significant
difference was detected in HbA1C, TC, LDL
and HDL between all 4 groups (Table 2).

Discussion

The present study indicates that treatment
with metformin or melatonin, in addition to a
low-caloric diet, for 3 months among NAFLD
patients may have a beneficial effect on hepatic
steatosis, ALT, ALP, TG, and weight loss, as
compared with UDCA plus low-caloric diet or
low-caloric ~ diet alone. In  addition,
administration of UDCA and metformin
resulted in improved TC and FPG
concentrations, respectively. However, no
significant difference was detected in liver
fibrosis score, AST, HbA1C, LDL, and HDL
between groups.

Attributed to the ever-increasing global
prevalence of diabetes, metabolic syndrome,
and obesity, the incidence of NAFLD is
inexorably rising®*** NAFLD is well reported
to be an independent risk factor for fatal and
non-fatal ~cardiovascular disease events®®,
further demonstrating that NAFLD treatment
prevention remain a strong, the contemporary
focus for clinical care, globally. The present
study demonstrated that metformin in addition
to a low-caloric diet may be an efficacious

therapy in NAFLD treatment. In concordance
with the present study, several investigations
have shown favorable effects following
metformin  administration in  improving
NAFLD. Lin et al® showed that metformin can
reduce hepatomegaly and hepatic steatosis, and
reverse fatty liver disease in ob/ob mice. A 48-
week clinical trial, in which 28 patients with
non-alcoholic steatohepatitis were treated with
2000 mg/day metformin, indicated an
improvement in liver histology, decreases in
ALT levels among 30% of patients. Also, an
intervention consisting of metformin, plus
dietary restriction of lipids and complex
carbohydrates, was compared with dietary
restrictions alone, and highlighted a
preferential improvement in ALT levels,
insulin  resistance, and  severity  of
steatohepatitis®”.

Several mechanisms have been putatively
suggested regarding the functionality of
metformin. It seems that metformin can
influence metabolism through activation of
adenosine monophosphate  (AMP)-activated
protein kinase in both the liver and muscles®.
The activation of AMP kinase acts to reduce
lipogenesis and gluconeogenesis along with
enhancing glucose and fatty acid uptake by
hepatic and peripheral tissue, either directly or
indirectly through serine—threonine kinase
known as LKB1%®. By improving insulin
actions, metformin can also exhibit a weight-
lowering effect*®&41 In a study conducted by
Loomba et al, patients following a metformin
treatment regimen reported that they could
better control their appetite, as compared to no
treatment; the author further suggested that it
might be due to fact that AMP kinase is also
present in the hypothalamus and may regulate
food intake, appetite, and satiety®.

The results of the present studies indicated
that administration of melatonin plus weight-
loss diet is efficacious in the treatment of
NAFLD. In line with our study, several animal
and human study have reported the positive
influence of this agent. A study on mice with
NAFLD, induced by high fat diet,
demonstrated that administration of melatonin
for 12 weeks significantly reduces body
weight, FPG, ALT and, LDL. In addition, liver
steatosis and inflammation markers in NAFLD
mice was decreased after melatonin
treatment*2. In a study conducted by Gonciarz
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et al, patients with non-alcoholic steatohepatitis
that followed a 24-week  melatonin
administration had significant attenuation in
elevated liver enzymes®. Further, Celinski et al
conducted a study in which patients with
NAFLD consumed melatonin 10 mg/day for 14
months; in this study, participants in the
melatonin group experienced a reduction in
pro-inflammatory cytokines and improvement
in some parameters of fat metabolism.
However, no significant reduction in liver
enzymes was reported**.

Although animal studies have shown that
melatonin significantly attenuates weight gain
and reduces body weight and visceral
adiposity®47, clinical trials in humans have not
indicated any change in anthropometric
measures manifest from melatonin
administration*®&4°, The maximum dosage of
melatonin which has been investigated on
weight loss in human studies is 6 mg/day®’;
however, this amount of melatonin is small in
comparison with those used in animal models
(4-10 mg/kg body weight)*>".

The exact hepatoprotective mechanism of
melatonin is not well-understood; tentatively, it
has been suggested that the main role of
melatonin in NAFLD treatment is attributable
to decreases in oxidative stress, which is one of
the main pathophysiological mechanisms of
NAFLD?®L. It has been suggested that melatonin
can decrease oxidative stress by improving
SOD and GSH-Px activities, and can improve
hepatic steatosis, inflammation and elevated
liver enzymes®&°2. On the other hand, obesity
and insulin resistance are considered to be
important risk factors in the onset and
development of NAFLD. Contemporary
evidence suggests that melatonin has a role in
body weight, and metabolism regulation®.
Melatonin can regulate the metabolism of
carbohydrates and retain brown adipocytes, as
well as elevate its metabolic activity®*.
Melatonin has receptors (MT1 and MT2) in the
islets of Langerhans which indicates the insulin
production and secretion partially controlled by
melatonin®®. Studies have suggested that
melatonin  administration may lead to
suppression in insulin secretion and enhance
insulin sensitivity in the peripheral tissue®® and
central nervous system®’; moreover, these
effects on metabolism could explain why
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melatonin regulates body weight and improves
glucose hemostasis. However, it appears that
melatonin does not alter insulin sensitivity and
glucose metabolism, only acting when a
metabolic disturbance occurs®.

The results of the present study did not
demonstrate any significant effect of UDCA on
NAFLD in comparison with the control group.
Although a favorable impact of this agent has
been shown on liver histology and functions by
smaller open-label clinical studies®%%° a
double-blinded trial with 2-years follow-up and
166 participants did not find any significant
improvement in liver histology or laboratory
data by UDCA treatment at doses ranging from
13 to 15 mg/kg®®. Furthermore, high dose
therapy with UDCA (23-28 mg/kg/day) on non-
alcoholic steatohepatitis for 18-months failed
to improve overall histology and laboratory
data, except gamma-glutamyl transferase®®. In
this case, is apparent that ursodeoxycholic acid
should not be prioritised in the treatment of
NAFLD, in comparison with other options.

In the present study, no serious adverse
effects related to the intervention groups were
observed among participants. However,
antecedents evidence has demonstrated some
undesirable  effects attributed to drug
administration, and, thus, should be considered
when prescribed in clinical practice. Common
adverse effects among patients with metformin
treatment is gastrointestinal complaints such as
diarrhea, nausea, and abdominal cramping, in
addition to lactic acidosis®?4%3, Furthermore, a
mild vitamin B12 malabsorbtion might occur
among patients with long-term metformin
treatment®. Human and animal studies have
documented that melatonin is generally safe
during short-term intake and only mild
unfavorable side effects, including; headache,
dizziness, nausea, and sleepiness have been
reported®. Furthermore, clinical studies have
shown the long-term use of melatonin also
causes only mild adverse-effects®5%%8,
Although empirical evidence has indicated
exogenous melatonin can be considered as a
safe agent, there is a dearth of evidence on
interactions with breast-feeding and pregnancy,
and thus should be carefully considered®’&%8,
Several rare reactions resulting from
ursodeoxycholic acid intake including diarrhea,
decompensation of liver cirrhosis in end-stage
primary biliary cirrhosis case, and recurrent



right upper quadrant abdominal pain has been
reported in small subsets of patients®® "%, The
ursodeoxycholic acid absorption has an
interaction with ciclosporin, nitrendipine,
dapsone, and cytochrome P4503A substrates,
and its absorption is reduced by concurrent
uses of colestipol, aluminium hydroxide,
colestyramine, colestimide, and smectite?.

To the best of the authors' knowledge, the
present study is the first clinical trial to
compare the effect of three common
medications on NAFLD. However, several
limitations should be considered. First, the
duration of the study was relatively short. But,
even in this short time, we demonstrated a
significant effect of different agents on
NAFLD treatment. Second, the participant’s
respective habitual diet and physical activity
were not assessed, however, we a prescribed
standard-weight lost diet and asked participants
not to change their habitual physical activity, as
well as weekly phone interviews during follow-
ups to cover this limitation. Finally, there are
several unmeasured residual variables such as
educational and economic status which maybe
act as confounders and affect the results, and as
such, should be further investigated.

Conclusion

The present study demonstrates that the
addition of metformin or melatonin to a
calorie-restricted diet is beneficial in the
treatment of NAFLD and significantly better
than UDCA plus dietary restriction or dietary
restriction alone. This study provides hitherto
unseen insight into NAFLD management, and
our results highlight some promising results.
However, further studies are needed to confirm
the veracity of these results, and assimilate the
evidence required to translate into clinical
practice.

Acknowledgements

The authors wish to thank the staffs of
Gastrointestinal and Liver Diseases Research
Center of Guilan University of Medical
Sciences for their excellent assistance in
gathering the patient data and help in
performing the laboratory analysis.
There is no conflict of interests.

1. JP. Ong and Z M.

Funding

This study was supported by the
Gastrointestinal and Liver diseases Research
Center of Guilan University of Medical
Sciences.

REFERENCES

Younossi,
"Epidemiology and natural history of
NAFLD and NASH", Clinics In Liver
Disease, 11(1),1-16 (2007).

2. Z. Younossi, Q.M. Anstee, M. Marietti,

T. Hardy, L. Henry and M. Eslam,
"Global burden of NAFLD and NASH:
trends, predictions, risk factors and
prevention", Nature Reviews
Gastroenterol & Hepatol™, 15(1), 11-20
(2018).

3. K. Lotfi, M. Nouri and G. Askari, "The

Effect of Resveratrol Supplementation on
Improving Non-Alcoholic Fatty Liver: A
Review on Randomized Clinical Trials",
Clinical Excellence, 9(4), 11-22 (2020).

4, C. D. Byrne and G. Targher, "NAFLD: a

multisystem disease”, J hepatol, 62(1),
S47-S64 (2015).

5. R. Loomba and A. J. Sanyal, "The global

NAFLD epidemic", Nat Rev
Gastroenterol Hepatol,10(11),686-690
(2013).

6. N. Motamed, Sohrabi M, Ajdarkosh H,

Hemmasi G, Maadi M, Sayeedian FS,
"Fatty liver index vs waist circumference
for predicting non-alcoholic fatty liver
disease", World J Gastroenterol, 22(10),
3023-3030 (2016).

7. K. B. Lankarani, F. Ghaffarpasand, M.

Mahmoodi, M. Lotfi, N. Zamiri and S.T.
Heydari, "Non alcoholic fatty liver disease
in southern Iran: a population based
study", Hepat Mon, 13(5), €9248(2013)

8. G. Hatzis, P. Ziakas, N. Kavantzas, A.

Triantafyllou, P. Sigalas and I. Andreadou,
"Melatonin attenuates high fat diet-
induced fatty liver disease in rats", World
J Hepatol, 5(4), 160-169 (2013).

9.  S. Bellentani, R. Dalle Grave, A. Suppini

and G. Marchesini, "Fatty liver Italian
network. Behavior therapy for
nonalcoholic fatty liver disease: the need

355



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

356

for a  multidisciplinary  approach"
Hepatology, 47(2), 746-754 (2008).

de Piano A, Prado WL, Caranti DA,
Siqueira KO, Stella SG, Lofrano M,
"Metabolic and nutritional profile of obese
adolescents with nonalcoholic fatty liver
disease", J Pediatr Gastroenterol and Nutr,
44(4), 446-452 (2007).

J. Paul, "Recent advances in non-invasive
diagnosis and medical management of
non-alcoholic fatty liver disease in
adult",Egypt Liver J, 10(1), 1-18 (2020).
P. Angulo, K. D. Lindor, "Treatment of
nonalcoholic fatty liver: present and
emerging therapies”, Semin Liver Dis,
21(1), 81-88 (2001).

A. Uygun, A .Kadayifci, Z. Yesilova, A.
Erdil, H. Yaman and M. Saka, "Serum
leptin levels in patients with nonalcoholic
steatohepatitis”, Am J of Gastroenterol,
95(12), 3584-3589 (2000).

B. R. Bacon, M. J. Farahvash, C. G.
Janney and B. A. Neuschwander-Tetri,

"Nonalcoholic steatohepatitis: an
expanded clinical entity",
Gastroenterology, 107(4), 1103-1109
(1994).

E. Bugianesi, A. Gastaldelli, E. Vanni, R.
Gambino, M. Cassader and S. Baldi,
"Insulin resistance in non-diabetic patients
with non-alcoholic fatty liver disease: sites
and mechanisms"”, Diabetologia, 48(4),
634-642 (2005).

Sakurai Y, Kubota N, Yamauchi T,
Kadowaki T, "Role of insulin resistance in

MAFLD, Int J Mol Sci",22(8), 4156
(2021).
P. Angulo, "Nonalcoholic fatty liver

disease”, N Engl J Med, 346(16), 1221-
1231 (2002).

Z. Nachum, N. Zafran, R. Salim, N.
Hissin, J. Hasanein and Y. G. Z. Letova,
"Glyburide versus metformin and their
combination for the treatment of
gestational diabetes mellitus: a
randomized controlled study”, Diabetes
Care, 40(3), 332-337 (2017).

A. Gupta, B. Bisht, C.S. Dey, "Peripheral

insulin-sensitizer drug metformin
ameliorates neuronal insulin resistance
and Alzheimer’s-like changes",

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Kourosh Mojtahedi, et al.

Neuropharmacology, 910-920
(2011).

G. Rena, D.G. Hardie, E.R. Pearson, "The
mechanisms of action of metformin”,
Diabetologia, 60(9), 1577-1585 (2017).

H. Cichoz-Lach and A. Michalak,
"Oxidative stress as a crucial factor in
liver diseases”, World J Gastroenterol,
20(25), 8082 (2014).

A. K. Singal, S. C. Jampana, S. A.
Weinman, "Antioxidants as therapeutic
agents for liver disease”, Liver
International, 31(10), 1432-1448 (2011).
A. Galano, D. X. Tan and R. J. Reiter,
"Melatonin as a natural ally against
oxidative stress: a physicochemical
examination”, J Pineal Res, 51(1), 1-16
(2011).

G. Bubenik, "Thirty four years since the
discovery”, J Physiol Pharmacol, 59(2),
33-51 (2008).

M. Neuman, P. Angulo, I. Malkiewicz, R.
Jorgensen, N. Shear and E.R. Dickson,
"Tumor necrosis factor-o and transforming
growth factor-p reflect severity of liver
damage in primary biliary cirrhosis”, J
Gastroenterol Hepatol, 17(2), 196-202
(2002).

S. Bellentani, "Immunomodulating and
anti-apoptotic action of ursodeoxycholic
acid: where are we and where should we
go?" Eur J Gastroenterol Hepatol, 17(2),
137-140 (2005).

C. P. Oliveira, H. P. Cotrim, J. T. Stefano,
A. C. G. Siqueira, A. L. A. Salgado and E.
R. Parise, "N-Acetylcysteine and/or
Ursodeoxycholic acid associated with
metformin in non-alcoholic
Steatohepatitis: an open-label multicenter
randomized  controlled trial", Arq
Gastroenterol, 56, 184-190 (2019).

M. Gonciarz, Z. Gonciarz, W. Bielanski,
A. Mularczyk, P. Konturek and T.
Brzozowski, "The pilot study of 3-month
course of melatonin treatment of patients
with nonalcoholic steatohepatitis: effect
on plasma levels of liver enzymes, lipids
and melatonin”, J Physiol Pharmacol,
61(6), 705 (2010).

M. Gonciarz, W. Bielanski, R. Partyka, T.
Brzozowski, P.C. Konturek and J. Eszyk,
"Plasma insulin, leptin, adiponectin,

60(6),



30.

31.

32.

33.

34.

35.

36.

37.

resistin, ghrelin, and melatonin in
nonalcoholic  steatohepatitis  patients
treated with melatonin”, J Pineal Res,
54(2), 154-161 (2013).

K. Celinski, P. C. Konturek, M. Slomka,
H. Cichoz-Lach, T. Brzozowski and S.J.
Konturek, " Effects of treatment with
melatonin and tryptophan on liver
enzymes, parameters of fat metabolism
and plasma levels of cytokines in patients
with non-alcoholic fatty liver disease--14
months follow up”, J Physiol Pharmacol,
65(1), 75-82 (2014).

V. Gianturco, G. Troisi, A. Bellomo, S.
Bernardini, E. D’Ottavio and V. Formosa,
"Impact of combined therapy with alpha-
lipoic and ursodeoxycolic acid on
nonalcoholic fatty liver disease: double-
blind, randomized clinical trial of efficacy
and safety”, Hepatol Int, 7(2),570-576
(2013).

L. Sandrin, B. Fourquet, J. M.
Hasquenoph, S. Yon, C. Fournier and F.
Mal, "Transient elastography: a new
noninvasive method for assessment of
hepatic fibrosis”, Ultrasound Med Biol,
29(12), 1705-1713 (2003).

N. M. W. de Alwis and C. P. Day, "Non-
alcoholic fatty liver disease: the mist
gradually clears", Journal of hepatology,
48, S104-S112 (1 2008).

B. Resuli, V. Demiraj, A. Babameto, K.
Sema and V. Malaj, "Metformin superior
to lowfat diet for the treatment of patients
with nonalcoholic fatty liver disease
and/or steatohepatitis”, Pol Arch Med
Wewn, 122(1), 68-71 (2012).

G. Targher, C. D. Byrne, A. Lonardo, G.
Zoppini and C. Barbui, "Non-alcoholic
fatty liver disease and risk of incident
cardiovascular disease: a meta-analysis" J
Hepatol, 65(3), 589-600 (2016).

H. Z. Lin, S.Q. Yang, C. Chuckaree, F.
Kuhajda, G. Ronnet and A. M. Diehl,
"Metformin reverses fatty liver disease in
obese, leptin-deficient mice"”, Nat Med,
6(9), 998-1003 (2000).

A. Uygun, A. Kadayifci, A. Isik, T.
Ozgurtas, S. Deveci and A. Tuzun,
"Metformin in the treatment of patients
with non-alcoholic steatohepatitis”,

38.

39.

40.

41.

42.

43.

44,

45,

Aliment Pharmacol Ther, 19(5), 537-544
(2004).

M. J. Watt, N. Dzamko, W. G. Thomas, S.
Rose-John, M. Ernst and D. Carling,
"CNTF reverses obesity-induced insulin
resistance by activating skeletal muscle
AMPK", Nat Med,12(5), 541-548 (2006).
R. Loomba, G. Lutchman, D. Kleiner, M.
Ricks, J. Feld and B. Borg, "Clinical trial:
pilot study of metformin for the treatment
of non-alcoholic steatohepatitis”, Aliment
Pharmacol Ther, 29(2),172-182 (2009).

E. Bugianesi, E. Gentilcore, R. Manini, S.
Natale, E. Vanni and N. Villanova, "A
randomized controlled trial of metformin
versus vitamin E or prescriptive diet in
nonalcoholic fatty liver disease” AM J
Gastroenterol, 100(5),1082-1090 (2005).

S. Nair, A. Diehl, M. Wiseman, G. Farr
and R. Perrillo, "Metformin in the
treatment of non-alcoholic steatohepatitis:
a pilot open label trial", Aliment
Pharmacol Ther, 20(1),23-28 (2004).

Sun H, Wang X, Chen J, Song K, Gusdon
AM, Li L, "Melatonin improves non-
alcoholic fatty liver disease via MAPK-
JNK/P38 signaling in high-fat-diet-
induced obese mice", Lipids in Health
and Dis, 15(1), 202 (2016).

M. Gonciarz, Z. Gonciarz, W. Bielanski,
A. Mularczyk, P. Konturek and T.
Brzozowski, "The effects of long-term
melatonin treatment on plasma liver
enzymes levels and plasma concentrations
of lipids and melatonin in patients with
nonalcoholic  steatohepatitis: a  pilot
study", J Physiol Pharmacol, 63(1), 35-40
(2012).

K. Celinski, P. Konturek, M. Slomka, H.
Cichoz-Lach, T. Brzozowski and S.
Konturek, "Effects of treatment with
melatonin and tryptophan on liver
enzymes, parameters of fat metabolism
and plasma levels of cytokines in patients
with non-alcoholic fatty liver disease-14
months follow up”. J Physiol Pharmacol,
65(1),75-82 (2014).

F. Nduhirabandi, E. F. Du Toit, D.
Blackhurst, D. Marais, A. Lochner,
"Chronic melatonin consumption prevents
obesity-related metabolic abnormalities
and protects the heart against myocardial

357



46.

47,

48.

49.

50.

51.

52.

53.

358

ischemia and reperfusion injury in a

prediabetic  model of diet-induced
obesity”, J Pineal Res, 50(2), 171-182
(2011).

M. She, X. Deng, Z. Guo, M. Laudon, Z.
Hu and D. Liao, "NEU-P11, a novel
melatonin agonist, inhibits weight gain
and improves insulin sensitivity in high-
fat/high-sucrose-fed rats", Pharmacol
Res, 59(4), 248-253 (2009).

B. Prunet-Marcassus, M. Desbazeille, A.
Bros, K. Louche, P. Delagrange and P.
Renard," Melatonin reduces body weight
gain in Sprague Dawley rats with diet-
induced obesity". Endocrinology,144(12),
5347-5352 (2003).

K. Kedziora-Kornatowska, K. Szewczyk-
Golec, M. Kozakiewicz, H. Pawluk, J.
Czuczejko and T. Kornatowski,
"Melatonin improves oxidative stress
parameters measured in the blood of
elderly type 2 diabetic patients”, J Pineal
Res, 46(3), 333-337 (2009).

M. Kozir6g, A. R. Poliwczak, P.
Duchnowicz, M. Koter-Michalak, J.
Sikora and M. Broncel, "Melatonin
treatment improves blood pressure, lipid
profile, and parameters of oxidative stress
in patients with metabolic syndrome", J
Pineal Res, 50(3),261-266 (2011).

N. M. Alamdari, R. Mahdavi, N.
Roshanravan, N. L. Yaghin, A.
Ostadrahimi and E. Faramarzi," A double-
blind, placebo-controlled trial related to
the effects of melatonin on oxidative stress
and inflammatory parameters of obese
women", Horm Met Res, 47(7), 504-508
(2015).

M. Pan, Y. L. Song, J. M. Xu and H. Z.
Gan, "Melatonin ameliorates nonalcoholic
fatty liver induced by high-fat diet in rats",
J Pineal Res,41(1), 79-84 (2006).

S. Ferraro and A. Lopez-Ortega,
"Antioxidant activity of melatonin on fatty
liver induced by ethionine in mice", Arch
Med Vet, 40(1), 51-57 (2008).

D. X. Tan, L. Manchester, L. Fuentes-
Broto, S. Paredes and R. Reiter,
"Significance and application of melatonin
in the regulation of brown adipose tissue
metabolism: relation to human obesity",
Obes Rev, 12(3), 167-188 (2011).

54.

55.

56.

57.

58.

59.

60.

61.

62.

Kourosh Mojtahedi, et al.

E. Peschke,” Melatonin, endocrine
pancreas and diabetes”, J Pineal Res,
44(1), 26-40 (2008).

E. Mihlbauer and E. Peschke, "Evidence
for the expression of both the MT1-and in
addition, the MT2-melatonin receptor, in
the rat pancreas, islet and B-cell”, J Pineal
Res, 42(1), 105-106 (2007).

G. F. Anhg, L. C. Caperuto, M.
Pereira-Da-Silva, L. C. Souza, A. E.
Hirata and L. A. Velloso, "In vivo
activation of insulin receptor tyrosine
kinase by melatonin in the rat
hypothalamus™, J Neurochem, 90(3), 559-
566 (2004).

M. C. Picinato, E. P. Haber, A. R.
Carpinelli and J. Cipolla-Neto, "Daily
rhythm  of  glucose-induced insulin
secretion by isolated islets from intact and
pinealectomized rat", J Pineal Res, 33(3),
172-177 (2002).

J. F. Dufour, C. M. Oneta, J. J. Gonvers,
F. Bihl, A. Cerny and J.M. Cereda,
"Randomized placebo-controlled trial of
ursodeoxycholic acid with vitamin e in
nonalcoholic steatohepatitis”, Clin
Gastroenterol and Hepatol, 4(12), 1537-
1543 (2006).

S. Padda, F. Ramirez and N. Shernhoff,
"The effect of ursodeoxycholic acid
(UDCA) treatment on liver tests in
patients with non alcohol induced
steatohepatitis (NASH)", Am J
Gastroenterol, 94, A334 (1999).

K. D. Lindor, K. V. Kowdley, E. J.
Heathcote, M. E. Harrison, R. Jorgensen
and P. Angulo," Ursodeoxycholic acid for
treatment of nonalcoholic steatohepatitis:
results of a randomized trial", Hepatology,
39(3), 770-778 (2004).

U. F. Leuschner, B. Lindenthal, G.
Herrmann, J. C. Arnold, M. Rdssle and
H.J. Cordes, "High-dose ursodeoxycholic

acid therapy for nonalcoholic
steatohepatitis: a double-blind,
randomized, placebo-controlled trial",

Hepatology, 52(2), 472-479 (2010).

G. G. Graham, J. Punt, M. Arora, R. O.
Day, M. P. Doogue and J. Duong,
"Clinical pharmacokinetics of metformin",
Clin Pharmacokinet, 50(2), 81-98 (2011).



63.

64.

65.

66.

67.

S. R. Salpeter, E. Greyber, G. A. Pasternak
and E. E. Salpeter, "Risk of fatal and
nonfatal lactic acidosis with metformin
use in type 2 diabetes mellitus”, Cochrane
Database Syst Rev, 2010(4), CD002967

(2010).
R. S. Hundal and S.E. Inzucchi,
"Metformin”, Drugs, 63(18), 1879-1894
(2003).
L. P. H. Andersen, I. Gobgenur, J.

Rosenberg and R. J. Reiter, "The safety of
melatonin in  humans”, Clin Drug
Investig, 36(3), 169-175 (2016).

F. Yousaf, E. Seet, L. Venkatraghavan, A.
Abrishami and F. Chung, "Efficacy and
Safety of Melatonin as an Anxiolytic and
Analgesic in the Perioperative PeriodA
Qualitative ~ Systematic = Review  of
Randomized Trials", Anesthesiology,
113(4), 968-976 (2010).

Engler AC, Hadash A, Shehadeh N, Pillar
G, "Breastfeeding may improve nocturnal
sleep and reduce infantile colic: potential
role of breast milk melatonin”, Eur J
Pediatr, 171(4), 729-732 (2012).

68.

69.

70.

71.

72.

G. Jahnke, M. Marr, C. Myers, R. Wilson,
G. Travlos and C Price, "Maternal and
developmental toxicity evaluation of
melatonin administered orally to pregnant
Sprague-Dawley rats", Toxicol Sci, 50(2),
271-279 (1999).

A. Parés, L. Caballeria, J. Rodés, M.
Bruguera, L. Rodrigo and A. Garcia-Plaza,
"Long-term effects of ursodeoxycholic
acid in primary biliary cirrhosis: results of
a double-blind controlled multicentric
trial”, J Hepatol, 32(4), 561-566 (2000).

J. Kneppelhout, Mulder C, Brandt K,
"Ursodeoxycholic  acid treatment in
primary biliary cirrhosis with the emphasis
on late stage disease", Neth J Med, 41(1-
2),11-6 (1992).

D.S. Pratt and M. M. Kaplan, "Abdominal
pain after taking ursodiol”, N Engl J Med,
328(20), 1502 (1993).

W. Hempfling, K. Dilger and U. Beuers,
"Ursodeoxycholic acid—adverse effects

and drug interactions”,  Alimentar
Pharmacol & Ther, 18(10), 963-72
(2003).

359



Kourosh Mojtahedi, et al.

Bull. Pharm. Sci., Assiut University, Vol. 46, Issue 1, 2023, pp. 347-360.

A:q.. | ‘%:A: 150 OHM‘ “M‘ zﬁ \ y
sl anrle B AR S

vvvvvv

28 (o pa Ao el g gad gua o) plan g e silinall g (gDl S
) gl i) Apaal) Ay g0 je Bldma 4y ol sl S Aaa

— k) Mg — A I — g 335 b (s e — s JUaE — (saghaa (g s
*ucuéJWJﬁﬁ—&d‘gJﬂw - uﬁs.d.uyié\

Ol ¢ Sy ¢ Al padald 53 Bonlr ¢ ATy snagl Sl Tl Soloml 3 50

saan s (el s G Dl AL A5y 3daall D A el bds s tidag)
sl e iaall aSl ase e (UDCA) el sS0uS 503 gy

e Gsilas Liay ye VY o Alla) act ¢ Banil) Aa 53 jo 8Lbnall Ay pudl Ayl o3a 3 1Ay o
¢ Ol el asl M‘ Sleall Gl e Siladl e (W Joasl e Jaall aSW e
S 8. ale gana £ ) (e S0 (el Gt 5.V VT s VeV o padin o
Ol e ol 1) ALYl s gl ol sall f UDCA f Gaeysiinall o 0 el de gana
el ¥osadd sl

5Bl sl ¢ 3l st T o el Gl Gl e 3 eS aliad) Jas ) sl
o oSl u:u—uﬂ.d‘ Ny padll ool ¢ auall ABS Hh5e ¢ auall (35 ¢ (5D
O—e S8 ot e elly LY ALYl Lo sDall o (e siinall elhae) Lo oy ) Cile ganal
sldac) o=y U Jy il oI 58 559 ¢ dailiall LBl A 5sSolall das 8 S alisd)

.‘;“j.ﬂ\ e ¢ UDCA 5 (e siisall

addie A2 alas ) o el o Gae sifaall dilz) o D) Agilad) Aul ol e selaliina)
AP

360



