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Background and Aims: Emerging evidence suggests that garlic (4//ium sativum L.) and its
bioactive components can mitigate hepatic steatosis by the modulation of hepatic lipid
metabolism. We aimed to assess the efficacy of the garlic administration on hepatic steatosis
in patients with NAFLD.

Patients and Methods: This clinical trial was conducted on adult patients with ultrasound-
diagnosed NAFLD. Eligible participants were randomly assigned, with the use of the
stratified blocked procedure, to receive 800 mg garlic or placebo for 15 weeks. The primary
outcome was the improvement in the hepatic steatosis diagnosed by ultrasound technique
after 15 weeks of intervention.

Results: A total of 110 patients underwent randomization, and 98 patients completed the
trial. Twenty-four (51.1%) patients in the garlic group achieved improvement in the hepatic
steatosis compared to eight (15.7%) patients in the placebo group with the relative risk of 5.6
(95% CI: 2.17 to 14.5; P=0.001), which remained significant after adjusting for baseline
value of hepatic steatosis. There were significant reductions in weight and serum ALT, AST,
FBS, Hb AIC, total cholesterol, LDL-cholesterol, and TG concentration with the garlic
intake compared to placebo (P<0.05). The results were also significant after adjusting for
weight change, energy intake, and physical activity. No serious adverse effects were
observed with the garlic intake.

Conclusion: The intake of garlic powder was accompanied by a significant improvement in
the hepatic steatosis and comorbidity related to this condition among subjects with NAFLD.
Keywords: Allium sativum, garlic, hepatic steatosis, nonalcoholic fatty liver disease

Introduction
Nonalcoholic fatty liver disease (NAFLD) is the hepatic manifestation of metabolic
syndrome, affecting nearly a quarter of adults worldwide.'* This disease involves
a broad spectrum of hepatic damage from simple hepatic steatosis to nonalcoholic
steatohepatitis (NASH), which can progress to fibrosis or even carcinoma.” NAFLD
has been recently considered as an independent risk factor for cardiovascular
events.* It has been predicted NASH-related cirrhosis to be the main indication
for liver transplantation by 2020.> Despite these facts, there is no licensed pharma-
cological treatment for NAFLD patients.°

The molecular mechanisms involved in the initiation of NAFLD have not been
completely elucidated. Nevertheless, insulin resistance and inflammation exert

critical roles in the progression of NAFLD.” Current therapeutic approach in
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patients with NAFLD limits to lifestyle modification
which is not feasible and poses a major challenge for
most patients.® Emerging evidence suggests that some
functional foods and nutriceuticals can exert protective
roles in the management of NAFLD by regulating inflam-
mation and hepatic lipid metabolism and modulating gut
bacteria flora.” !

Garlic (Allium sativum L.) is a vegetable belonging to the
Liliaceae family. It has been used as a medicinal plant in
complementary medicine in many countries and cultures.
Nowadays, garlic is considered a functional food with
a broad spectrum of organosulfur compounds, such as alliin,
allicin, vinyl dithiins, and ajoene, which have antioxidant and
anti-inflammatory properties.'>'* Numerous studies have
indicated the therapeutic potential of garlic and its derivatives
against modifiable cardiovascular risk factors'* and cancer.”
Also, experimental studies show that garlic and its deriva-
tives can mitigate the hepatic steatosis by down-regulating
the expression of sterol regulatory element-binding protein-
lc (SREBPIc) as a lipogenic gene and up-regulating the
expression of peroxisome proliferator-activated receptor o
(PPAR0) and camnitine palmitoyltransferase-1 (CPT-1) as
lipolytic genes.'® However, the therapeutic effect of garlic
for hepatic steatosis in NAFLD patients remains unknown.
Therefore, the current trial aimed to evaluate the efficacy of
garlic supplementation on hepatic steatosis among patients
with NAFLD.

Patients and Methods

Participants
This placebo-controlled, double-blind, parallel-group, rando-
mized clinical trial focused on adults with ultrasound-
diagnosed NAFLD. Participants were recruited from the
Metabolic Liver Disease Research Center at Isfahan
University of Medical Sciences, Isfahan, Iran. The
Research Council and Ethics Committee of the Isfahan
University of Medical Sciences approved the study protocol
(ID: 393,637) under the Declaration of Helsinki Written
informed consent forms were completed by all the partici-
pants. This clinical trial was registered at the Iranian Registry
of Clinical Trials website (ID: IRCT2014110819853N1).
Patients who were enrolled in the study underwent
screening based on inclusion and exclusion criteria.
Following inclusion criteria were considered: an age
between 20 and 70 years, alanine aminotransferase
(ALT) or/and aspartate aminotransferase (AST) above 40
U/L, evidence of hepatic steatosis on ultrasound imaging,

having no weight management program during the last
three months, the absence of other causes of hepatic stea-
tosis such as alcohol consumption, hypothyroidism, and
hepatotoxic drugs or corticosteroids consumption. We also
excluded patients if they had a pregnancy, lactation, or any
change in their drugs during the study period.

Study Design

This study was a 15-week intervention with garlic supple-
ment or placebo in adults with ultrasound-diagnosed
NAFLD. Participants enrolled in the study were assessed
for eligibility criteria in the first visit. The randomization
procedure was performed using the stratified permuted
block method, in which stratification was based on fatty
liver grade and sex. The eligible participants were then
randomly assigned to one of two groups; a group receiving
enteric-coated garlic powder supplement at a dose of
400 mg (equal to 1.5 mg allicin) two times daily and
a group receiving garlic-like placebo (microcrystalline
cellulose) supplement for 15 weeks. Compliance with
assigned treatment in each group was measured by tablet
count (tablets are taken/tablets prescribed) throughout the
study. Poor compliance was defined as taking less than
80% of prescribed tablets. The treatment assignment was
concealed from the patients, investigators, staff, radiolo-
gist, and hepatologist throughout the study.

Outcomes

The primary outcome was the improvement in hepatic
steatosis diagnosed by ultrasound. The improvement was
defined as a reduction in the grade of the hepatic steatosis
from the 1st to the 15th week of the intervention. The
secondary outcomes were changes in body weight and
serum ALT, AST, low-density lipoprotein cholesterol
(LDL-c), high-density lipoprotein cholesterol (HDL-c),
total cholesterol (TC), triglyceride (TG), fasting blood
sugar (FBS), and hemoglobin Alc (HbA1) concentrations.

Liver Assessment
Hepatic steatosis was evaluated with the use of the Esaote
ultrasound device with a convex probe of 3.5 MHz
(Megahertz) at the 1st and 15th week of the intervention.
Ultrasound assessment was carried out using the same
equipment and by the same expert radiologist with patients
in the fasting state. All ultrasound assessments were per-
formed on the right liver lobe through intercostal spaces
with the patient in the supine position and the right arm in
maximal abduction. The

same expert hepatologist
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interpreted the liver ultrasound images and were categor-
ized into four grades: grade O or normal echogenicity of
the liver parenchyma; grade I or minimal increase in
echogenicity of the liver parenchyma with normal visuali-
zation of the diaphragm and intrahepatic vessel borders;
grade II or moderate increase in echogenicity of the liver
parenchyma with minimal impaired visualization of the
diaphragm and intrahepatic vessel borders; and grade III
or severe increase in echogenicity of the liver parenchyma
with severe impaired visualization of the diaphragm, intra-
hepatic vessel borders, and posterior right hepatic lobe."”

Anthropometric Assessment

The anthropometric assessment was administered by
a well-trained staff. Briefly, body weight and fat mass
were measured with light clothes using the bioelectrical
impedance analysis (BIA) instrument (Jawon IOI 353,
Korea). Patients were asked to avoid taking tea or caffeine
and exercising for at least 24 and 6 hours before measuring
the BIA, respectively, respectively, based on the methods
of using BIA.'"® Height was measured using a portable
stadiometer (Seca, Hamburg, Germany), without shoes.
Body mass index (BMI) was calculated as weight (kilo-
gram) divided by height (meter) squared.

Dietary and Physical Activity Assessment
Dietary assessment was done by a three-day dietary record,
including two weekdays and one weekend day, of each
participant at the Ist and 15th week of the intervention.
Participants were instructed how to complete three consecu-
tive days of food records and estimate food portion size.
A trained nutritionist converted each food item to grams or
milliliters per day using household measurements, and then
to energy and nutrients intake using the Nutritionist IV
software (version 7.0; N-squared Computing, Salam, OR,
USA). Physical activity was estimated using the
International Physical Activity Questionnaire (IPAQ) short
format at the 1st, 7th, and 15th week of the intervention. The
intensity of physical activity was calculated based on the
IPAQ guideline and was expressed as metabolic equivalent
(MET) hours per day.

Biochemical Assessment

The biochemical assessment was conducted on blood sam-
ples drawn from the cubital vein after an overnight fast.
Blood samples were collected into EDTA containing
tubes. The collected blood samples were immediately coa-
gulated and centrifuged at 3000 rpm for 10 minutes at 4°C

to separate serum. HbAlc concentration was measured in
whole blood sample immediately after collection by
immunoturbidimetric assay (Pars Azmoun kit, Tehran,
Iran). Serum ALT, AST, TC, LDL-¢c, HDL-¢c, TG, and
FBS were determined by photometric assay with the use
of a biochemistry autoanalyzer (Alfa-Classic; Tajhizat
Sanjesh Co., Ltd., Iran) and commercial kits (Pars
Azmoun kit, Tehran, Iran).

Statistical Analysis

Statistical analyses were carried out using the Statistical
Package for the Social Sciences (SPSS) software version
16. The sample size was estimated to be 47 patients in
each group to detect at least 20% difference in the primary
outcome between two groups with a 90% power at
a significance level of 5% based on sample size tables
for the exact single-stage Phase II designs'® and previous
study.?” The Kolmogorov—Smirnov test was used to deter-
mine the normal distribution of the variables. The qualita-
tive variables were compared between two groups with the
use of Chi-square test. The independent sample 7-Test and
Mann—Whitney U-Test were used to carry out within-
group comparisons. Between-group comparisons were car-
ried out using the Paired sample 7-Test and Wilcoxon Test.
The mean change of secondary outcome was adjusted
energy intake and physical activity with the use of analysis
of covariance (ANCOVA) test. The adjusted odds ratio for
the primary outcome was calculated using the binary
logistic regression analysis and the Mantel-Haenszel test.
We also conducted the intention-to-treat method as
a sensitivity analysis for the primary outcome in which
discontinued patients

imputed as no improvement.

A P-value less than 0.05 was considered to be significant.

Results

Two hundred five patients were enrolled in the trial and
underwent screening for eligibility. Among these patients,
110 eligible patients underwent the randomization proce-
dure. Twelve patients dropped out during the study
because of the change in their telephone number (3
patients), poor compliance (5 patients), or other reasons
(Figure 1). The dropout rate was 14.5% in the garlic and
7.2% in the placebo group. There was no significant asso-
ciation between garlic intake and dropout rate (Relative
risk: 1.39; 95% CI, 0.89 to 2.18; P=0.22). Participants’
compliance with assigned treatment was reasonable in
both groups (garlic: 96 + 2.2% vs placebo: 95.6 + 2.4%;
P=0.64).
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Subjects were assessed for eligibility
(N=205)

Subjects were excluded:

Subject did not meet inclusion criteria (N=70)
Subject refused to participate (N=19)

Subjects had other reasons (N=6)

Patients underwent randomization (N=110)

v
Patients were assigned to the Patients were assigned to the
placebo group (N=55) garlic group (N=55)
Patients discontinued treatment: Patients discontinued treatment:
Patients lost to follow-up (N=1) € FOIIOW-UP —> Patients lost to follow-up (N=3)

Patients were withdrawn (N=3)

Patients were withdrawn (N=5)

Patients completed the treatment
period (N=51)

Patients completed the treatment
period (N=47)

Figure | Screening, randomization, treatment, follow-up. The randomization procedure was done using the stratified permuted block method. Eligible patients were
randomly assigned to receive enteric-coated garlic powder supplement at a dose of 400 mg (equal to |.5 mg allicin) two times daily or garlic-like placebo for 15 weeks.

Patients’ baseline characteristics are shown in Table 1.
No significant differences were seen in the baseline char-
acteristics between the two groups. Additionally, between-
group comparison of patients completing the study
resulted in no significant differences at the baseline char-
acteristics. The average dietary intakes during the study
are shown in Table 2. The food record showed the dis-
tribution of macronutrient was similar in both groups dur-
ing the study period. The mean physical activity did not
significantly differ between the two groups during the
study (garlic: 2.59 + 0.48 MET h/day vs placebo: 2.73 +
0.42 MET h/day; P = 0.14).

The adjusted mean changes in secondary outcomes are
shown in Table 3. The within-group comparisons showed
that the garlic intake resulted in a significant reduction in

weight, FBS, HbAlc, ALT, AST, TG, LDL-c, and total
cholesterol (P<0.05). In the placebo group, a significant
reduction was observed in weight, whereas FBS and
HbAlc concentrations were significantly increased at the
end of the study. The reduction in the above variables was
statistically significant in the garlic group compared to the
placebo group, even after the adjustment for energy intake
and physical activity.

The changes in the ultrasound findings of hepatic steato-
sis are illustrated in Figure 2. At the end of 15th week of the
intervention, hepatic steatosis was increased from grade I to
IT in 1 patient (7.1%); had no change from grade I in 11
patients (78.6), from grade II in 10 patients (34.5%), from
grade III in 1 patient (25%); and was decreased from grade
I in 2 patients (14.3%), from II to I in 19 patients (65.5%),
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Table | Between-Group Comparisons of Demographic and

Table 2 Comparison of Energy and Main Nutrient Intakes

Clinical Characteristics of Patients Who Underwent Between Garlic and Placebo Group During the Intervention

Randomization Procedure™ Period
Variables Garlic Placebo P value Variables Garlic Placebo P value

Group Group Group Group
(N= 55) (N=55) (N= 47) (N=51)
Age (Years) 45.6x11.3 429+12.21 0.23 Energy intake (kcal/day) 2275+410 2238+337 0.62
Female (n %) 545 61.8 0.44 Total carbohydrates (gr/day) | 354+77 328465 0.07
Diabetes mellitus (n %) 30.9 16.3 0.07 Total protein (gr/day) 83 +26 82121 0.8l
Metabolic Syndrome (n %) | 43.7 473 0.70 Total fat (g/day) 65 +22 73+26 0.12
Weight (kg) 82.6+14.3 79.8+14.7 0.47 Saturated fatty acid (gr/day) | 17.3%6.3 19.3+8.3 0.25%
Body mass index (kg/m2) [ 30.7+5.2 28.6+6.4 0.06 Monounsaturated fatty 19.848.1 20.2+8.5 0.8l
Body fat mass (%) 27.7+8.1 26.919.3 0.6l acid(gr/day)
Fasting blood sugar (mg/dl) | 121.7+35.1 113.1£28.2 0.39* Polyunsaturated fatty acid 15.5£9.7 17£9.9 0.16*
Hemoglobin Alc (%) 6.19+1.46 5.9+1.1 0.36 (gr/day)
Total cholesterol (mg/dL) | 185.3£31.6 180.7+41.5 0.52 Cholesterol (mg/day) 182+106 211119 0.23*
HDL-c (mg/dL) 40.7+8.3 42.3+x10.4 0.37 Fiber (gr/day) 16.415.6 17.7%6.1 0.29
LDL-c (mg/dL) 111.3£27.5 106.431.9 0.38 Notes: Plus-minus values are mean # standard deviation. P values were calculated
TG (mg/dL) 173.1£64.2 | 155.1£61.5 0.13 by Independent-sample T-Test, unless otherwise indicated. *Obtained from Mann—
Alanine aminotransferase | 55.2 + 147 | 572 + 174 0.39 Whitney U-test because of non-normal distribution. Dietary assessment was done
by a three-day dietary record, including two weekdays and one weekend day at the

(UIL) Ist and 15th week of the intervention. Monounsaturated fatty acids have one
Alanine aminotransferase | 47.6 £ 11.2 | 46.6 £ 12.5 0.25 double bond and polyunsaturated fatty acids contain at least two double bond
(UIL) between adjacent carbons.
Grade [ steatosis (n %) 36.4 41.8 0.82
Grade II SteatOSis. (n %;) 545 50.9 odds of improvement in hepatic steatosis with garlic
Grade Il steatosis (n %) | 9.1 3 was 5.6 (95% CI: 2.17 to 14.5; P=0.001) which remained

Notes: Plus-minus values are mean * standard deviation. P values were calculated
by Chi-square test for qualitative variables and Independent-sample T-test for
quantitative variables unless otherwise indicated. *P value was obtained from
Mann-Whitney U-test because of non-normal distribution. *Eight patients in the
garlic group and 4 patients in the placebo group dropped out during the study.
Metabolic syndrome was defined as three or more of the following: waist circum-
ference >102 cm in men and >88 cm in women, TG 2 150 mg/dL, HDL < 40 mg/dL
in men and <50 mg/dL in women, blood pressure 2130/285 mm Hg, and fasting
blood sugar 2110 mg/dL. Diabetes mellitus was defined as an HbA|C of more than
6.5% and a fasting blood sugar more than 126 mg/dL. Fatty liver were graded
depending on severity of fat accumulation as following: grade I steatosis >5%,
grade II steatosis >33%, and grade III >66% of hepatocytes. BMI was calculated
as weight (kilogram) divided by height (meter) squared.

Abbreviations: LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density
lipoprotein cholesterol; TG, triglycerides.

from I1I to I in 1 patient (25%), and from III to I in 2 patients
(50%) who received garlic. In the placebo group, hepatic
steatosis was increased from grade I to II in 5 patients
(21.7%); had no change from grade I in 16 patients
(69.6%), from grade II in 20 patients (80%), from grade III
in 2 patients (66.6%); and was decreased from grade I in 2
patients (8.7%), from Il to I in 5 patients (20%), and from III
to Il in 1 patient (33.3%).

Totally, twenty-four patients (51.1%, P=0.001) in the
garlic group and eight patients (15.7%, P=0.45) in the
placebo group had at least one degree of improvement in
hepatic steatosis which was significantly higher in the
garlic group than the placebo group (P=0.001). The

significant after adjusting for baseline value of hepatic
steatosis (adjusted odds ratio: 5.25; 95% CI: 1.95 to
14.11; P<0.001) and energy intake, physical activity,
and weight loss (adjusted odds ratio: 5.5; 95% CI: 2.15
to 14.2; P<0.001). The intention-to-treat analysis indi-
cated that 43.6% patients with a garlic treatment and
14.5% patients with placebo treatment had an improve-
ment in hepatic steatosis (Relative risk: 3; 95% CI, 1.5 to
6.1; P=0.001). Similar results revealed that the discontin-
ued patients did not significantly affect the primary out-
come of our study.

No serious adverse events were reported by patients
across the study. Interestingly, only one patient who
received garlic treatment reported back pain, which was
transient and deemed unrelated to garlic intake.

Discussion

The current clinical trial indicated that intake of garlic
powder at 800 mg/day for 15 weeks improved hepatic
steatosis, liver enzymes, lipid profiles, and fasting blood
sugar in patients with NAFLD. The beneficial effects of
garlic supplement on cardiovascular disease risk factors
have been shown in previous studies, whereas no data
exists regarding hepatic steatosis among NAFLD patients.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13
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Table 3 Energy and Physical Activity-Adjusted Mean Change in Metabolic Factors and Serum Liver Enzymes from Baseline and After
I5 Weeks of Study

Characteristics Group Before After P* Mean Change** Pk

Weight (kg) Garlic 824 % 142 804 * 14 0.001 —1.98 £ 2.09 0.010
Placebo 80.2 = 152 793 £ 142 0.002 —0.83 £ 2.08

TC(mg/dL) Garlic 184.2 + 325 1714 + 31.9 0.005 —12.95+ 26.6 0.005
Placebo 181.5 + 41.7 184.7 + 42.2 0.371 3.32+242

LDL-c (mg/dL) Garlic I11.5 +28.1 99.1 £27.5 0.002 —11.9£252 0.005
Placebo 106.7 + 32.3 110.5 + 36.8 0.310 3.36 £263

HDL-c (mg/dL) Garlic 40.5 + 88 42.7 £ 10.22 0.06 1.6 £7.3 0.556
Placebo 422+ 103 423 £ 10.2 0913 0.7 £ 9.1

TG (mg/dL) Garlic 169.2 + 67.5 148.8+74.7 0.002 —19.3+36.1 0.022
Placebo 158.7 + 62.2 157.9+60.4 0.83 —1.8+40.4

FBS (mg/dL) Garlic 124.2 + 37 115.8 + 39.3 0.001 —8.0I1 + 156 0.001
Placebo IT11 +242 116.7 + 29.6 0.001 55+ 177

HbAlc (%) Garlic 627 £ 1.5 6.04 £ 1.6 0.028 —0.24+0.62 0.001
Placebo 594 % 1.1 6.2+ 12 0.007 0.28+0.51

ALT (Ulliter) Garlic 578 + 13.9 472 £ 6.1 0.001 -105 % 135 0.001
Placebo 553 %152 555+ 194 0918 025 % 152

AST (Ulliter) Garlic 483+ 11.6 422+ 112 0.001 -559 %107 0.001
Placebo 456 + 11.2 47.39 £ 125 0.156 14 £86

Notes: Plus-minus values are mean * standard deviation. *P values were calculated by Paired-sample T-Test. **The mean change was adjusted for energy intake and physical
activity with the use of analysis of covariance (ANCOVA) test. Metabolic factors consisted of weight, TC, LDL-c, HDL-c, TG, FBS, and HbAlc. Liver enzymes consisted of
ALT and AST.

Abbreviations: TC, total cholesterol; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol; TG, triglycerides; FBS, fasting blood sugar;
HbAlc, hemoglobin A|c; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

To our knowledge, the current study is the first clinical —most important factor.*' In the current trial, the consumption
trial that has highly focused on the above issue. of garlic powder was accompanied by a slight reduction in

The current therapeutic approach for NAFLD treatment  body weight, which remained unchanged after the adjust-
is lifestyle modification, in which weight management is the  ment for energy intake and physical activity. Consistent with
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Figure 2 The changes in the ultrasound findings of hepatic steatosis from baseline to 15-week intervention in the garlic and placebo group. ¥*Within-group comparisons with
the use of a Wilcoxon rank-sum test showed a significant improvement in the degree of hepatic steatosis in the garlic group from baseline to |5-week intervention. Mann—
Whitney U-test showed that the improvement in the degree of hepatic steatosis in the garlic group was significantly higher than the placebo group (P value=0.001).
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our findings, the administration of garlic extract influenced
body weight in postmenopausal women.** It is suggested
that the weight-reducing effect of garlic has been attributed
to its thermogenic effect through adenosine monophosphate-
activated protein kinase activation.”®

The current study showed that garlic treatment has
a significant reduction in fasting blood sugar as well as
HbA1C. In accordance with our findings, a meta-analysis
indicated that the garlic powder intake results in
a significant lowering effect of fasting blood sugar by
17.3 mg/dL.** The anti-diabetic effects of garlic might be
due to its ability to increase insulin sensitivity*> and serum
insulin levels*® and decrease in glucose absorption within
the lumen of the gastrointestinal tract.?’

Hyperlipidemia is one of the most common comorbid-
ities related to NAFLD, increasing the risk of cardiovascu-
lar disease and premature death.* Our results showed that
the intake of garlic powder leads to a positive effect on
LDL-c and total cholesterol concentrations. A recent meta-
analysis indicated that garlic reduces LDL-c and total cho-
lesterol, whereas its effect on HDL-c depends on the type of
garlic.?® Similarly, in another meta-analysis, garlic powder
intake has resulted in a significant reduction in LDL-c by
15.8 mg/dL and total cholesterol by 8.1 mg/dL, without
changing the serum HDL-c.>* Although ample evidence
has shown the consistency in serum cholesterol parameters
with garlic treatment, there are some controversies in serum
triglycerides.”” The subgroup analysis of the previous meta-
analysis has shown that the aforesaid issue may be due to
the difference in the type of garlic, duration of the study,
baseline serum triglycerides of the study population, and
dosage.”® The results obtained in our study showed
a significant reduction in serum triglycerides with the intake
of garlic. The current findings were supported by a similar
study in which the administration of garlic powder at
800 mg/day for 4 months reduced TG by 38 mg/dL.*
The hypolipidemic property of garlic has been linked to
the down-regulation of hepatic lipogenic and cholestero-
genic genes and the enhancement of bile acid excretion
from the gastrointestinal tract.>'~*

The most important finding of the current study was
a significant improvement in hepatic steatosis by the
administration of garlic powder. Along with the improving
hepatic steatosis, a significant reduction was observed in
serum ALT and AST concentrations. Also, the improve-
ment in the hepatic steatosis and liver enzymes was inde-
pendent of weight loss, energy intake, and physical
activity. In support of our findings, there are possible

underlying mechanisms that could explain how garlic
exerts a direct protective effect against hepatic fat content
and hepatic injury.

Garlic contains a broad spectrum of organosulfur com-
pounds, several enzymes such as allinase, and various miner-
als. Alliin is the main organosulfur compounds of garlic
which converts to allicin by allinase enzyme following
damage to the garlic bulb. However, allicin is well-known
organosulfur compounds of garlic which has antioxidant and
anti-inflammatory activities through scavenging hydroxyl
radicals, inhibiting production of superoxide anion and nitric
oxide, down-regulating the expression of NF-kB (Nuclear
factor-kB), and suppressing JNK (Jun N-terminal Kinase)
Pathway.>>** Ajoene is another main and stable organosulfur
compound of garlic which is mainly generated from allicin
through sulfoxide rearrangement. It has been shown that
ajoene might up-regulate the expression of nuclear factor
erythroid-2-related factor 2 (Nrf2), a main transcription fac-
tor for genes involved in the biosynthesis of detoxification
enzymes and glutathione.> According to a study on animal
models, treatment with garlic and its derivatives also can
down-regulate the lipogenic gene expression such as fatty
acid synthase and acetyl coenzyme A (CoA) carboxylase
through SREBPIc, as well as up-regulation of the lipolytic
gene expression such as PPAR o and CPT-1.'636-3%
Therefore, it seems that therapeutic effect of garlic on hepatic
steatosis might derive from cumulative from multiple
pathways.

The current clinical trial is limited by the absence of
histological assessment. However, since liver biopsy is an
invasive procedure with sampling error and serious adverse
events, we used ultrasound technique as an appropriate
method for monitoring of NAFLD.* Also, the current
trial is a small number of patients having severe grade of
fatty liver which can affect its generalizability to this group.

Several factors are considered as the main strengths of this
clinical trial as follows: the well-matching performance
because of using stratified blocked randomization, the eva-
luation of energy intake and physical activity, the similar
distribution of macronutrients in both groups during the
study, and high compliance rate with the assigned treatment.
Also, a posteriori power analysis for the proportion of patients
with improvement in steatosis in both groups showed our
study had the power of above 80% at type I error of 0.05.

Conclusion
Our findings showed that the use of enteric-coated garlic
powder for 15 weeks at 800 mg per day can reduce the
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hepatic steatosis and common comorbidity related to it
in patients with NAFLD. In future studies, it is neces-
sary to assess the combined effect of garlic and lifestyle
modification on the hepatic steatosis or even on features
of NASH and clarify its mechanism (s) of action on
liver fat content.
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