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A B S T R A C T

Objective: The aim of the study is to evaluate the effects of Zataria multiflora Boiss. (Shirazi thyme) (ZM) sup-
plementation on nonalcoholic fatty liver disease (NAFLD) and related insulin resistance (IR).
Design: In this randomized double-blind placebo-controlled clinical trial, 85 patients with NAFLD were ad-
ministered either 700mg ZM powder or placebo twice daily for 12 weeks. All patients were advised to follow the
recommendations for diet modification.
Results: ZM supplementation resulted in a significant reduction in serum insulin level (-2.72 ± 0.80 vs
-0.67 ± 0.90, P=0.030), insulin resistance (-0.80 ± 0.22 vs 0.06 ± 0.22, P=0.023), systolic (-3.44 ± 1.05 vs
1.03 ± 0.98, P= 0.002) and diastolic (-2.33 ± 0.77 vs 0.26 ± 0.63, P= 0.009) blood pressure in patients with
NAFLD in comparison with the placebo group. There was no significant difference between two groups regarding
serum levels of alanine aminotransferase (ALT), high sensitive C-reactive protein (hs-CRP), Tumor necrosis
factor-α (TNF-α), grade of fatty liver in ultrasonography, lipid profiles, and other outcomes.
Conclusion: ZM supplementation with daily dose of 1400mg for 12 weeks improved insulin resistance in patients
with NAFLD. Further studies with longer duration and larger sample size are recommended.

1. Introduction

Non alcoholic fatty liver disease (NAFLD) is a fatty liver, when
hepatic steatosis is not originated from any secondary cause of hepatic
fat accumulation.1 This is the most common type of hepatic disorders
worldwide.2 Metabolic syndrome, central obesity, dyslipidemia, and
type2 diabetes mellitus are major risk factors for NAFLD.3 Its patho-
genesis is not fully understood; however, insulin resistance has been
mentioned to play a key role in the pathophysiology of hepatic steatosis
(and probably steatohepatitis).4 The disease might progress to various
stages of liver damage, such as fibrosis, cirrhosis, and hepatocellular
carcinoma.5 Other than lifestyle modifications, no definite treatment
strategy has yet been approved for NAFLD.6 However, previous

investigations have revealed that antioxidants and anti-inflammatory
agents could be effective in the treatment of this disease.7

Complementary and Alternative Medicine (CAM) that have been
recently substituted by the term “Integrative Medicine”, has received a
lot of interest in the past decades.8 Herbal therapy is a popular branch
of this medicine with a long lasting history.9 Zataria multiflora Boiss.
(Lamiaceae) is an herbal plant cultivated in Iran, Pakistan and Afgha-
nistan.10 This plant with the vernacular name, Avishan-e-Shirazi, has
chemical and pharmacological similarities to Thymus vulgaris, a well-
known medicinal plant.11 Persian medicine scholars, such as Rhazes
(865–925 AD)12 and Avicenna (980–1037 AD)13 believed that Zataria
multiflora Boiss. (ZM, Shirazi thyme) with the traditional name, Saatar,
cleans the liver from excessive moistures.14 Its aerial parts are not only
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used as condiment, but are also consumed in folk medicine for its an-
tidiarrheal, carminative, antiseptic, anthelmintic, and analgesic prop-
erties.15 Its essential oil contains significant amounts of phenols and
flavonoids, while the main components are thymol and carvacrol. Invivo
and invitro studies showed the antioxidative, anti-inflammatory, anti-
diabetic, hepatoprotective and insulin sensitivity enhancing effects of
ZM.,1016 Considering the aforementioned beneficial properties and lack
of human studies, the present clinical trial was designed to evaluate the
effect of ZM on NAFLD and its related insulin resistance.

2. Materials and methods

2.1. Study design

In this randomized double-blind placebo-controlled clinical trial,
two parallel groups of patients with NAFLD participated from February
to March 2017 and the follow-up period ended in June 2017. Patients
who met the inclusion criteria were enrolled after signing a written
informed consent. Patients were randomly allocated into treatment and
placebo groups by block randomization which was generated by a
computer as a non-stratified list. Both the participants and investigators
were blind to the intervention and control groups. Patients in the
treatment group received two capsules (each containing 350mg ZM)
before breakfast and two capsules at bedtime for a period of 12 weeks.
In the control group, patients received identical placebo (wheat flour)
capsules in the same order. Patients were advised to eliminate fast foods
and soft drinks from their diets. The study protocol was approved by the
Local Medical Ethics Committee of Shiraz University of Medical
Sciences (reference number: IR.SUMS.REC.1394.199). The study was
registered in the Clinical Trials Registry (ClinicalTrials.gov ID:
NCT02983669).

2.2. Subjects

A total of ninety patients (from Shahid Motahari and Faghihi out-
patient clinics-Shiraz University of Medical Sciences) participated in
this study (Fig. 1).

Inclusion criteria: age between 18 and 65 years, body mass index
(BMI) between 18 and 35 kg/m2, evidence of fatty liver according to
ultrasonography, alanine aminotransferase (ALT) equal or more than
1.5 times the upper limit of normal range (≥45 IU/L in male and ≥30
IU/L ≥ 30 in female).

Exclusion criteria: pregnancy, lactation, alcohol consumption, dia-
betes mellitus, history of sensitivity to ZM or thyme, acute or chronic
liver disease, malignancy, usage of hepatotoxic drugs within the past 6
months, usage of drugs with effect on the biochemical tests of the study
within the previous 3 months (e.g., metformin, vitamin E, oral con-
traceptive pills, omega-3, statins, glucocorticoids), hypo and hy-
perthyroidism, renal insufficiency (serum creatinine ≥ 1.5 mg/dl), and
unwilling to continue participation.

2.3. Measurements

At the beginning and the end of study, all participants were eval-
uated according to blood pressure, height, weight, and waist and hip
circumferences. A stadiometer and a standard weighing balance was
applied for height and weight measurement, respectively. The BMI was
calculated with the following formula: BMI=Kg(Weight)/m2(Height).
A standard flexible tape was used to measure waist and hip cir-
cumferences in standing position. In addition, a standard mercury
sphygmomanometer was used for double measurement of blood pres-
sure on the right arm in the sitting position after a 15-minutes rest. It is
worth mentioning that all measurements were taken by one trained
person before and after intervention.

Blood samples were taken from all patients after 12 h of fasting.
Biochemical tests were measured at weeks 0 and 12, except complete

blood count (CBC), serum creatinine, alanineaminotransferase (ALT)
and aspartate aminotransferase (AST) which were measured at weeks 0,
6 and 12. Photometric assay (Pars Azmoun Company) for measurement
of ALT and AST, and enzymatic (glucose oxidase) colorimetric method
by means of standard kits (Pars Azmoun Company, Iran) for measure-
ment of blood glucose level (FBS) were used.

Standard kits (Izotop Company, Hungary) for immunoradiometric
assay (IRMA) method were used to assess serum insulin levels (μIU/ml).
The following equation of homeostasis model of assessment index
(HOMA-IR) was used to assess insulin resistance: Fasting insulin (μIU/
ml) × FBS (mg/dl)/405.17

Bionic Company Standard kits were used in enzymatic colorimetric
method to determine the lipid profile comprising of LDL-cholesterol,
HDL-cholesterol, total cholesterol, and triglyceride. Gamma-Glutamyl
Transferase (GGT) was measured using an enzymatic colorimetric assay
(Pars azmoun). High sensitivity CRP (C-reactive protein) (hs-CRP) was
measured using enzyme linked immunosorbent assay (ELISA) Kit
(Diagnostic Biochem Canada), and the concentration of Tumor necrosis
factor-α (TNF-α) was measured using an ELIZA Kit (Bioassay
Technology Laboratory).

Additionally, liver ultrasonography was performed by the same
radiologist using Philips IU22 machine. Fatty liver was scored ac-
cording to its echogenicity into the following 3 grades:

1 Mild increased hepatic echogenicity with normal visualization of the
diaphragm and intrahepatic vessels.

2 Moderate increased hepatic echogenicity with slightly impaired vi-
sualization of the diaphragm and intrahepatic vessels.

3 Severe increased hepatic echogenicity with poor or non-visualiza-
tion of the diaphragm and intrahepatic vessels.

Ultrasonography was performed in Faghihi hospital clinic at weeks
0 and 12.

2.4. Volatile composition of ZM and Preparation of drug and placebo
capsules

Three samples of ZM (aerial parts) were purchased from three dif-
ferent medicinal plants store and were separately authenticated by a
botanist from the Department of Phytopharmaceuticals, School of
Pharmacy, Shiraz University of Medical Sciences, Shiraz, Iran. Each
sample was specified with a voucher number. Samples were then sub-
jected to a hydrodistillation process using a Clevenger apparatus.
Through this process, the amount of yielded essential oil from each
sample was considered as a parameter for selecting the best sample for
further steps.

Afterward, yielded essential oils were subjected to Gas
Chromatography/Mass Spectrometry (GC/MS). This procedure was
carried out to identify the major constituents in essential oil samples as
well as all volatile compounds. The GC/MS procedure was performed
using a gas chromatography (Agilent technologies-7890A) with a HP-
5MS capillary column (phenyl methyl siloxane, 30m×0.25mm i.d.),
coupled to a mass detector (Agilent technologies model-5975C). Helium
as a carrier gas was adjusted to a flow rate of 1ml/min and a split ratio
of 1:30. The injector and detector temperature values were adjusted to
250 and 280 °C, respectively. Column temperature was programmed
linearly from 60 to 250 °C (ramp ∼5°/min) and then was held at 250 °C
(15min). The interface temperature was set to 280 °C. Mass spectro-
meter was acquired at a mass range of 30–600m/z, in EI mode (70 eV).
ZM essential oil was diluted in dichloromethane (∼1%) and subse-
quently injected into the system. A homologous series of n-alkanes (C8-
C22) were also subjected to GC/MS. Identification of constituents was
done by determining the Kovats indices (KI), and by comparing the
derived KI and mass spectra data with the findings of previous studies.

Each drug capsule was filled with 350mg ZM aerial part cleaned
powder (sieved with mesh ≈ 35). In parallel, placebo capsules were
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filled with 350mg of wheat flour (heated until it turned brown), in-
cluding 35mg of ZM aerial part powder (to improve blindness re-
garding taste and aroma). Both placebo and ZM capsules were packaged
in similar containers and labeled accordingly.

2.5. Statistical analysis

Considering a similar study on Ginger, the maximum sample size
was calculated for HOMA-IR (Mean ± SD in placebo group was
2.38 ± 0.2 and in intervention group was 2.18 ± 0.3).18A sample size
of 52 (26 persons in each group) was calculated, considering a power of
90% and α=0.05. With the expectation of potential loss to follow-up,
90 patients (45 persons in each group) were enrolled. SPSS software,
version 22 was used for data analysis. Baseline characteristics were
compared between the two groups by using independent sample t-test.
Wilcoxon and Mann-Whitney tests were used to compare changes in the
variables within and between groups, respectively. To eliminate the
effects of confounding factors, ANCOVA test was used and adjusted for
age, sex, weight, ALT, AST, hip circumference and basal value of each
variable. P < 0.05 was considered significant.

3. Results

3.1. Composition of ZM (Shirazi thyme) aerial part

In this study, from three ZM samples, a sample with more than 2%
(V/W) of essential oil was selected for further steps. GC/MS analysis
revealed that thymol, as a phenolic compound of oxygenated mono-
terpenes, was the main component. This compound might be re-
sponsible for the various pharmacological activities. Carvacrol, ρ-

cymene and linalool were also obtained as the main ingredients in ZM
samples.

3.2. Baseline characteristics

Eighty-five patients (45 patients in Thyme group, 40 patients in
placebo group) were enrolled in the final analysis. Five patients in the
placebo group (two patients due to immigration, two patients due to
usage of some drugs and one patient due to missed follow-up) were
excluded from the study.

The compliance rate of patients in the two groups was more than
97%. Baseline characteristics are summarized in Table 1. There were no
significant differences in age, gender, BMI, waist circumference, sys-
tolic and diastolic BP, FBS, insulin level, HOMA-IR and grade of NAFLD
in ultrasonography, but significant differences were observed in weight,
hip circumference, ALT and AST levels between the two groups at the
baseline.

3.3. Primary outcomes

There was significant reduction (P < 0.001) in serum ALT levels in
both groups at 6th and 12th weeks of trial, the difference was more
significant (P < 0.05) in Thyme group than placebo group (Table 2).
After adjustment for the confounding factors, the difference was not
significant (Table 3).

There was significant reduction in insulin resistance index (HOMA-
IR) and insulin level (P= 0.007 and 0.048 respectively) only in Thyme
group compared with placebo group, and this significance remained
even after adjustment for confounding factors (P= 0.023 and 0.030
respectively).

Fig. 1. The CONSORT flowchart of the study.
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Grade of fatty liver in ultrasonography was significantly reduced
(P < 0.001) in both groups, but no significant difference was observed
between the groups (P = 0.967).

3.4. Secondary outcomes

Decrease in anthropometric factors including weight, BMI, waist
circumference, hip circumference and waist-to-hip ratio was significant
in both groups at the end of the study, but the difference between
groups was not significant. There was significant decline in systolic and
diastolic blood pressures only in Thyme group compared with placebo
group, and this significance remained even after adjusting for the
confounding factors (P=0.002 and 0.009 respectively). Serum levels of
AST decreased significantly at week 6 and 12 in both groups, and this
significance was more at week 12 (P=0.045) in Thyme group in

Table 1
Baseline characteristics of patients with nonalcoholic fatty liver disease
(N=85).

Variables* Placebo
group
n=40

Shirazi thyme group
n=45

P value

Age (y) 41± 11.03 36.8± 9.20 0.056
Gender (M/F) 25/15 36/9 0.074
Weight (kg) 78.8± 12.4 84.9± 11.5 0.021
Height (m) 1.68 ± 0.11 1.72 ± 0.07 0.061
BMI (kg/m2) 27 ±.9 3.2 28 ±.7 3.5 0.243
Waist circumference (cm) 98 ±.8 9.1 102 ±.1 8.5 0.094
Hip circumference (cm) 103 ±.9 5.8 107 ±.7 6.1 0.006
WHR 0.95± 0.05 0.94± 0.05 0.605
Systolic BP(mmHg) 115.9 ± 9.6 116.9 ± 13.6 0.704
Diastolic BP(mmHg) 76.8± 6.9 78.9 ± 9.2 0.247
ALT(IU/L) 73.5± 33.4 89.8 ± 35.6 0.033
AST(IU/L) ±39.8 13 48.5 ± 17.5 0.011
FBS (mg/dl) 106.7 ± 12.6 105.2 ± 9.3 o.547
Insulin (μIU/ml) 14.2± 7.1 14.8 ± 6.6 0.679
HOMA-IR 3.5± 1.8 3.9 ± 1.8 0.302
Ultrasound Grade 1.9 ± 0.7 2.0 ± 0.6 0.734
GGT(IU/L) 47.5 ± 19.8 50.8 ± 24.5 0.516

*Mean ± SD.
BMI, body mass index; WHR, waist-to hip ratio; ALT, alanine aminotransferase;
AST, aspartate aminotransferase;
FBS,fasting blood sugar; HOMA-IR, homeostasis model formula for insulin re-
sistance; GGT, Gamma-Glutamyl Transferase.

Table 2
Mean changes from baseline in Thyme and placebo groups (N=85).

Variables* Placebo
group n=40

P value1 Shirazi thyme
group n=45

P value2 P value3

ALT (IU/L)
Week 6 −17.0±3.2 < 0.001 − 30.7± 4.4 < 0.001 0.032
Week 12 −22.9±3.3 < 0.001 −36.7± 4.6 < 0.001 0.038

AST (IU/L)
Week 6 −7.1± 1.6 < 0.001 −14.2± 2.4 < 0.001 0.135
Week 12 −9.1± 1.5 < 0.001 −16.4± 2.7 < 0.001 0.045

FBS (mg/dl)
Week 12 0.67± 1.6 0.492 −1.68± 1.29 0.248 0.142

Insulin (μIU/ml)
Week 12 −0.67±0.90 0.547 −2.72± 0.80 0.003 0.048

HOMA - IR
Week 12 0.06± o. 22 0.302 −0.80± 0.22 0.003 0.007

GGT (IU/L)
Week 12 −1.87±1.84 0.135 −8.67± 2.90 0.001 0.097

Systolic BP (mmHg)
Week 12 1.03± 0.98 0.358 −3.44± 1.05 0.012 0.007

Diastolic BP (mmHg)
Week 12 0.26± 0.63 0.670 −2.33± 0.77 0.006 0.018

Ultrasound grade
Week 12 −0.72±0.12 < 0.001 −0.73± 0.09 < 0.001 0.967

Weight (Kg)
Week 12 −1.47±0.36 < 0.001 −2.22± 0.43 < 0.001 0.230

BMI (Kg/m2)
Week 12 −0.53±0.13 0.001 −0.76± 0.15 < 0.001 0.311

Waist circumference (cm)
Week 12 −2.66±0.48 < 0.001 −2.57± 0.52 < 0.001 0.657

Hip circumference (cm)
Week 12 −1.28±0.29 0.007 −1.80± 0.43 < 0.001 0.284

*Mean ± SE.
1 and 2:P values for comparing the changes within groups (Wilcoxon test).
3P value for comparing the differences between groups (Mann-Whitney test).
WHR, waist-to hip ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
FBS,fasting blood sugar; HOMA-IR,homeostasis model formula for insulin resistance; GGT, Gamma-Glutamyl Transferase.

Table 3
Adjusted Mean changes and Standard Error of the outcomes.

Variables Placebo group Shirazi thyme group P value*

ALT(IU/L)
Week 6 −17.0 ± 3.2 −30.7 ± 4.4 0.127
Week 12 −22.9 ± 3.3 −36.7 ± 4.6 0.344

AST(IU/L)
Week 12 −9.1 ± 1.5 −16.4 ± 2.7 0.948

Insulin(μIU/ml)
Week 12 −0.67 ± 0.90 −2.72 ± 0.80 0.030

HOMA – IR
Week 12 ± o0.06 . 22 −0.80 ± 0.22 0.023

Systolic BP(mmHg)
Week 12 ±1.03 0.98 −3.44 ± 1.05 0.002

DiastolicBP(mmHg)
Week 12 ±0.26 0.63 −2.33 ± 0.77 0.009

ALT, alanine aminotransferase; AST, aspartate aminotransferase;HOMA-
IR,homeostasis model formula for insulin resistance;
* P value for comparing the differences between groups after adjustment.

(ANCOVA).
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comparison with the placebo group, but after adjustment, the difference
was not significant. Reduction of GGT levels was significant only in
Thyme group, but the changes were not significant between groups.
There was no significant change in lipid profiles, TNF-α, and hs-CRP
within and between groups.

3.5. Safety measures and adverse events

CBC, platelet and serum creatinine levels at week 0, 6 and 12 were
normal and there were no significant changes in both groups. There was
no report of severe adverse events in any of the patients, but two pa-
tients (one patient in each group) complained of constipation which
was resolved with simple recommendation.

4. Discussion

To the best of our knowledge, this is the first clinical trial in-
vestigating the effect of ZM supplementation on NAFLD characteristics.
In this double-blind clinical trial, daily consumption of 1.4 g (700mg
bid) of ZM aerial parts powder for 12 weeks resulted in a significant
reduction in insulin resistance, serum insulin levels and blood pressure.

Insulin resistance is one of the most important risk factors in the
pathogenesis of NAFLD. Mohammadi et al., showed the beneficial effect
of ZM on insulin resistance in fructose fed insulin resistant rats. Their
study showed that intragastric injection of ZM water extract for two
weeks resulted in a significant reduction in blood glucose, insulin level,
insulin resistance and serum triglyceride compared with the control
group. The authors attributed these results to the increase in peroxi-
some proliferator activated receptor (PPAR-γ) protein expression and
increase in adiponectin.10 PPAR-γ activation increases the sensitivity of
insulin receptors19 and adiponectin inhibits gluconeogenesis in the
liver.20 Invitro study by Gholamhosseinian et al. showed the strong in-
hibitory effect of water extract of ZM on alpha glucosidase,21 which is
one of the enteric enzymes for the digestion of complex poly-
saccharides.22 In another study, this extract significantly reduced
postprandial glucose in diabetic rats after receiving 2 g/kg maltose, but
this effect was not evident in non-diabetic rats.23

Previous studies demonstrated the hepato-protective effects of ZM.
Shokrzadeh et al. showed that pretreatment with ethanol extract aerial
parts of ZM for 7 days before cyclophosphamide (CP) injection in-
hibited CP hepatotoxicity in mice and significantly decreased serum
ALT, AST and Alkaline Phosphatase (Alp) correlated with histopatho-
logical changes in the liver. The authors attributed this effect to the
antioxidant activity of phenolic compounds in ZM.24 A similar study
showed that pretreatment with methanol extract of ZM had prophy-
lactic effect on halothane hepatotoxicity which significantly decreased
the serum ALT and Alp levels.25

In addition, previous studies have shown the association between
NAFLD and cardiovascular disease. Due to the role of NAFLD in the
development of subsequent hypertension, it is imperative to maintain
the blood pressure in normal range.26–28However, there is no study in
literature about the hypotensive effect of ZM, but previous studies have
shown the effect of Thymus vulgaris (which has chemical and pharma-
cological similarities to ZM) in animal models. Osama et al. showed that
the aqueous extract of T.vulgaris have significant antihypertensive ef-
fects on rats correlated with histopathological changes which might be
due to the direct smooth muscle relaxant and vasorelaxant properties.29

Aguila et al., also reported antihypertensive property of T.vulgaris, since
it suppresses the vasoconstrictor reactivity of noradrenalin and renin-
angiotensin-aldosterone system.30

The results of our study showed the effects of ZM in reducing insulin
resistance, serum insulin levels and blood pressure. Our patients were
non-diabetic and reduction in insulin level without significant change
in blood glucose might have been due to improvement in insulin ac-
tivity. Safe dosage of powder of Thymus vulgaris is 1–4 grams bid.31

Nonsignificant reduction in other variables might have been due to low

dosage of supplementation in our study, and higher dosage or other
types of preparation or longer treatment time might be required.

This study had several limitations. Firstly, the lack of previous
human studies, secondly the short duration of treatment, thirdly the
lack of assessment of daily calorie intake of patients.

5. Conclusion

This randomized controlled clinical trial showed that consumption
of ZM aerial parts powder with daily dose of 1400mg for 12 weeks
improved insulin resistance and reduced blood pressure in patients with
NAFLD, however, further studies with larger sample size and longer
duration are recommended.
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