
© 2021 Journal of Research in Medical Sciences | Published by Wolters Kluwer - Medknow | 2021 |1

Evaluation of the efficacy of Zataria multiflora 
essential oil versus albendazole in patients 
infected with liver cystic echinococcosis: 
A nonrandomized clinical trial

Arash Jafari1, Mohammad Moazeni1, Seyed Vahid Hosseini2, Hajar Khazraei3, Saeedeh Pourahmad4

1Department of Pathobilogy, School of Veterinary Medicine, Shiraz University, Shiraz, Iran, 2Department of Surgery, School of Medicine, Shiraz 
University of Medical Sciences, Shiraz, Iran, 3Colorectal Research Center, Shiraz University of Medical Sciences, Shiraz, Iran, 4Department of 
Biostatistics, School of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran

system.[3] Hydatid cysts can occur in almost any part of 
the body, but infections are most commonly seen in the 
liver and lungs.[4]

Treatment options for hydatid disease include surgery, 
medical therapy, and PAIR (Puncture, Aspiration, 
Injection of scolicidal agent, Reaspiration), whereas 
the clinically silent and inactive cysts are commonly 
monitored by “Watch‑and‑Wait” approach.[3,5] Medical 
therapy may be the only treatment option for multiple, 
very small or inaccessible cysts and in old people 

INTRODUCTION

Cystic echinococcosis (CE) or hydatid disease is a serious 
public health concern with worldwide distribution.[1] 
The causative agent for animal and human CE is the 
larval stage of Echinococcus granulosus sensu lato the 
parasite of the canine small intestine.[2] CE is a chronic 
and life‑threatening disease with poor prognosis. While 
the mortality rate of the disease is almost 2%–4%, this 
may increase significantly in countries with poor health 
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as well as in those who do not accept surgery. Medical 
therapy may also be applied before surgery to reduce the 
cyst size and to decrease the recurrence rate after surgical 
operation.[6] Albendazole is the drug of choice for medical 
therapy of hydatid disease, but it may completely cure 
only a third of infected patients. In 30%–50% of patients 
the size of the cyst decreases and the clinical signs are 
diminished. Conversely, in 20%–40% of cases, treatment 
with albendazole is ineffective.[7] Regarding the concerns 
about the efficacy of albendazole, new and more effective 
compounds are urgently needed to optimize the treatment 
of CE in human beings.[3]

A large number of chemical and natural compounds have 
been tested and found to be effective against the larval stage 
of E. granulosus in the in vitro and in vivo studies in recent 
years. However, these compounds have rarely been studied 
at the clinical trial level in human beings.[2]

Zataria multiflora belongs to the Lamiaceae family and is 
a thyme‑like plant that grows wildly in Iran, Afghanistan 
and Pakistan. Aerial parts of Z. multiflora are used in 
traditional medicine for their analgesic, antiseptic, 
carminative, antidiarrheal, and anthelmintic activities. In 
addition, previous studies have shown that Zataria multiflora 
essential oil (ZMEO) has anti‑nociceptive, antidiabetic, 
anti‑aphthous, anti‑inflammatory, antimicrobial, antifungal 
and antiprotozoal properties.[8]

The methanolic extract of Z. multiflora has shown a high 
scolicidal activity in vitro.[9] Accordingly, in vivo studies 
have confirmed the preventive and therapeutic effect of the 
methanolic extract, aromatic water, and the essential oil of 
Z. multiflora on the hydatid cysts in laboratory mice.[10‑12] 
This clinical trial therefore, was designed to evaluate the 
efficacy of ZMEO, in comparison with albendazole, in the 
treatment of liver CE in human cases.

MATERIALS AND METHODS

Study design and setting
This nonrandomized clinical study was performed 
during 2015–2017. All thirty patients who were infected 
with liver hydatid disease during this time and referred 
to Shiraz clinics, were included in this study. The 
patients were divided into groups 1 and 2 (15 in each) 
and treated with albendazole (800 mg daily) and 
ZMEO (60 mg daily), respectively. All patients were 
treated for 6 months. The diagnosis of CE was based 
on radiological imaging (ultrasonography) following 
the clinical history. To evaluate the therapeutic effect of 
albendazole and ZMEO on CE, ultrasonography was 
performed, and the length and width of the hydatid 
cysts were measured and recorded before and 2, 4 and 

6 months after the start of treatment. The volume of the 
cysts was calculated through the following formula:  

Biochemical analysis was also performed on blood samples 
of all patients before and 2, 4 and 6 months after the start 
of treatment to assess the possible side effects of two 
treatment regimen on the liver function. The patients were 
regularly evaluated for probable side effects such as allergic 
reactions (e.g., pruritus, skin rash), bone marrow depression, 
anemia, infection, and liver problems (e.g., jaundice).

Selection of participants
In this clinical trial, all the patients who fulfilled the 
eligibility criteria were invited to participate in this study. 
In the first step, they were given detailed information 
about the aims, trials, and probable risks and benefits 
of two treatment methods, then their inquiries were 
answered. Inclusion criteria were as follows: patients who 
accepted the treatment protocol by signing the appropriate 
informed consent, those with liver hydatid cysts smaller 
than 5 cm in dimeter, patients with noncalcified cysts and 
patients with noninfected cysts with bacterial infections. 
Therefore, thirty patients remained to be included in this 
study.

Intervention
Albendazole tablets were administered in two doses of 
400 mg (800 mg daily) and ZMEO (20 mg soft capsules, each 
containing 5.5–6.5 mg thymol) was administered in three 
doses of 20 mg (60 mg daily). Albendazole and ZMEO were 
administered orally for 180 consecutive days.

Biochemical tests were performed before and 2, 4 and 
6 months after the start of treatment. The activities 
of serum aspartate aminotransferase (AST), alanine 
transaminase (ALT) and alkaline phosphatase (ALP) 
were assessed as the liver function tests. Biochemical 
measurements were done using a BS‑200 Chemistry 
Analyzer (Mindray, China).

Outcomes
The primary outcome was reduction in the volume of 
hydatid cysts. Reduction in the cysts’ volume was defined 
through measuring and comparing the cysts’ volume before 
and 2, 4 and 6 months of the start of treatment. Lack of 
side effects on liver function was the secondary outcome. 
This was specified by comparing the results of biochemical 
liver function tests before and after treatment periods. To 
assess adverse events, participants remained under the 
supervision of the physician team during the course of 
treatment. All findings including the volume of hydatid 
cysts and the results of biochemical tests were recorded in 
the relevant record forms.
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Sample size, randomization, and blinding
Because of the scarcity of human cases of hydatid disease 
as well as the inclusion criteria, the study was limited to 
only 30 patients (15 in each treatment group), however, 
post hoc calculation by power analysis on the obtained 
results showed that this sample size has an average power 
value about 82% with 5% error to detect the real differences 
between groups [Table 1].

In this study, we used the ZMEO produced by Barij 
Essence Pharmaceutical Company (Iran). This company 
supplies this herbal product to the market under the 
name of Gastrolit in the form of 20 mg soft capsules, each 
containing 5.5–6.5 mg thymol. These capsules are commonly 
administered for the treatment of irritable bowel syndrome 
in Iran.[8,13] However, since it was the first time that these 
capsules were used for treatment of hydatid disease, the 
patients were allowed to choose their favorite medicine 
(Albendazole or ZMEO); therefore, random assignment 

of the patients in two treatment groups was not feasible. 
Hence, the study was performed as a nonrandomized 
clinical trial. The researchers that analyzed the data were 
blinded to the groups. All the patients referred to ultrasound 
centers personally and the ultrasound staffs were unaware 
that the patients were involved in a research project. 
Therefore, the study is a single‑blinded clinical trial.

Statistical analysis
The results are presented as mean ± standard deviation. 
Normality of data distribution in each group was checked 
by one sample Kolmogrov–Simrnov test and accordingly 
parametric or nonparametric test were used. In order to 
compare the trend of changes in all laboratory values 
during the time between the groups, we applied repeated 
measures analysis of variance (RMANOVA) or repeated 
measures analysis of co‑variance (RMANCOVA) to control 
the confounding factor (baseline values).

In addition, since the changes in the cyst’s volume were 
not distributed normally over time, Friedman test was 
used instead of RMANOVA for each group (baseline 
values were controlled here, by subtracting from the 
after‑treatment values to calculate the changes over time). 
To confirm the analysis, independent two samples t‑test and 
Mann–Whitney U test were also used for between groups 
comparisons of the cyst volume and laboratory values in 
each time. Furthermore, effect size values were computed 
for all between groups comparisons based on Cohen’s d.[14] 
Subsequently, post hoc power analysis was done for just 
independent two samples t‑tests as the sample to detect the 
power of sample size used in this study (Using G * Power 
calculator and α = 0.05). All statistical analyses were done 
using IBM SPSS Statistics V22.0 (SPSS Amos; Chicago, 
Illinois, USA). P <0.05 were considered statistically 
significant.

Ethical considerations
This study was approved by the Human Ethic Committee 
of Shiraz University of Medical Sciences (permit number: 
IR. Sums. Rec. 1396.335). Written informed consent was 
obtained from the patients before the commencement of 
the study. The study was registered retrospectively on 
the August 6, 2018 by Iranian Registry of Clinical Trials: 
IRCT20180219038798N1 (https://en.irct.ir/user/trial/29767/
view).

RESULTS

Participant flow
The CONSORT diagram of this study is presented in 
Figure 1. As shown in this figure, of 50 eligible patients, 20 
were excluded before the start of treatment.

Table 1: The results of liver function tests 
(means±standard deviation) (IU/L) in patients infected 
with hydatid disease before and after treatment by 
albendazole and Zataria multiflora essential oil
Treatment 
group

Liver 
enzyme

Albendazole 
(mean±SD)

ZMEO 
(mean±SD)

Effect 
size 

(powere 
%)

Pa

AST
BT 56.93±11.46 61.13±9.8 0.39 0.345c

2MAT 61.67±12.16 57.40±9.19 0.40 (56) 0.001
4MAT 66.67±8.88 54.27±9.69 1.33 (99.9) <0.001
6MAT 76.73±10.63 49.53±8.71 2.80 (100) <0.001
Pb <0.001 

(interaction 
effect)

0.007 (group 
effect)

ALT
BT 52.47±11.89 60.93±7.08 0.86 (99.5) 0.027
2MAT 58.60±11.29 56.00±6.63 0.28 (31.7) <0.001
4MAT 67.20±10.08 51.27±5.92 1.92 (100) <0.001
6MAT 73.27±9.73 47.73±6.44 3.09 (100) <0.001
Pd <0.001 

(interaction 
effect)

<0.001 
(group effect)

ALP
BT 424.53±28.61 463.13±39.42 1.12 (99.9) 0.004c

2MAT 437.87±29.0 446.67±32.7 0.28 (31.7) 0.015
4MAT 461.40±33.28 429.00±35.46 0.94 (99.9) <0.001
6MAT 492.33±33.54 408.53±35.42 0.60 

(88.8)
<0.001

Pd <0.001 
(interaction 

effect)

<0.001 (group 
effect)

aIndependent two samples t-test, bRepeated measures ANOVA, cMann–Whitney 
U-test, dRepeated measure ANCOVA adjusted for baseline values where BT is 
significant, ePost hoc power analysis done with G*power calaulator for independent 
t-tests based on effect size values and α=0.05. BT: Before treatment, MAT: Months 
after treatment, ZMEO: Zataria multiflora essential oil, SD: Standard deviation, ALT: 
Alanine transaminase, AST: Aspartate aminotransferase, ALP: Alkaline phosphatase
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Baseline data
The patients were from both gender (17 men and 13 women) 
and were 31–59 years old (mean: 49.2). The mean age in the 
albendazole (48.8 ± 4.85) and ZEMO (49.66 ± 8.15) groups 
was statistically the same (P = 0.72). In addition, the gender 
ratio did not significantly differ (P = 0.269).

Outcome and estimation
The volume of hydatid cysts (cm3) before and 2, 4 and 
6 months after the start of treatment with albendazole and 
ZMEO is shown in Table 2. As the data presented in this 
Table show, even though the mean volume of the cysts was 
greater before the start of treatment in the ZMEO group, 
6 months after the start of treatment, the mean volume of 
the cysts was greater in the albendazole group.

In order to evaluate the exact therapeutic effect of ZMEO in 
comparison with albendazole in the treatment of liver CE, the 
changes of the cyst’s volume were tested by Friedman test 
over time in each group separately. As a result, these changes 
were statistically significant in both albendazole (P = 0.03) and 
ZEMO (P = 0.000) groups. As between group comparisons, 
the ability of both agents in the reduction of the volume of 
the hydatid cysts from baseline values was compared 2, 4 
and 6 months after the start of treatment [Table 3].

According to the data presented in this Table, ZMEO indicated 
a considerable statistically significant ability in reduction 

of the hydatid cysts’ volume compared to Albendazole 
2 months after the start of treatment (P = 0.012). Similarly, 
4 months after the start of treatment, ZMEO represented a 
significantly higher power in the reduction of the hydatid 
cysts’ volume in comparison with albendazole (P = 0.005). In 
the same way, 6 months after the start of treatment, ZMEO 
decreased significantly the volume of the cysts compared 
with albendazole (P = 0.022) [Table 3].

The results of liver function tests are summarized in Table 1. 
As shown in this Table, the mean values of AST, ALT and 
ALP increased gradually from the beginning to the end of 

Table 2: The volume of the hydatid cysts (cm3) before 
and after treatment of patients with albendazole and 
Zataria multiflora essential oil
Treatment period Group Cyst volume 

(mean±SD)
Pa

Before treatment Albendazole 8.43±8.93–2.30 0.436
ZMEO 10.37±14.05–3.63

2 mounts after treatment Albendazole 8.12±8.61–2.22 0.325
ZMEO 9.19±13.11–3.38

4 mounts after treatment Albendazole 7.72±7.82–2.02 0.174
ZMEO 7.82±11.68–3.01

6 mounts after treatment Albendazole 7.61±7.98–2.06 0.161
ZMEO 7.07±10.72–2.76

aMann–Withney U-test between ABZ and Zataria multiflora essential oil in each time. 
ZMEO: Zataria multiflora essential oil

Figure 1: Consort flow diagram of patients infected with liver hydatid disease from allocation to analysis
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the treatment in patients treated with albendazole, while 
these values decreased gradually in the patients treated with 
ZMEO. According to RMANOVA and RMANCOVA results, 
the pattern of changes during the time was significantly 
different between the groups (interaction effect). Due to 
the significant effect of group in this analysis and for more 
detailed research, univariate analysis was applied to compare 
the groups in each time. While before the start of treatment, 
the mean values of ALT and ALP were significantly lower in 
the albendazol group (hence, the baseline values considered 
as confounder and controlled by RMANCOVA analysis for 
these two measurements), conversely 2, 4 and 6 months after 
treatment, the values of AST, ALT and ALP were significantly 
lower in the patients treated with ZMEO [Table 1]. Table 4 
shows the confounder‑adjusted estimates and their 95% 
confidence interval for ALT and ALP.

Harms
No adverse clinical event was observed in the patients 
treated by ZMEO during the course of study. However, 
mild abdominal pain, gastrointestinal disorders, and nausea 
were observed in some patients treated with albendazole.

DISCUSSION

This study was performed to evaluate the therapeutic effect 
of ZMEO on the human liver CE. Fortunately, the results 
were encouraging. The complexity and dynamic nature of 
CE make its treatment difficult.[15] A lot of attempts have 
been made to introduce innovative therapeutic agents for 
treatment of the disease all over the world. According to 

the results of previous studies, the therapeutic effect of 
different drugs on hydatid disease decreases when the 
cysts are larger.[5,16,17]

In the present study, before the start of treatment, the 
mean volume of the hydatid cysts in the patients in the 
ZMEO group was almost 1.2 times greater than those of 
albendazole group [Table 2]. Nevertheless, 6 months after 
the start of treatment, the mean volume of the hydatid cysts 
was smaller in the ZMEO group, demonstrating that this 
herbal product has better therapeutic effect on the liver 
CE than albendazole. As the data presented in Table 3 
indicate, ZMEO showed a significantly higher efficacy than 
albendazole against liver CE, 2, 4 and 6 months after the 
start of treatment (P < 0.05).

The existing medical therapeutic choices for hydatid 
disease are limited to benzimidazoles (albendazole and 
mebendazole), having only parasitostatic properties. 
Therefore, after the administration of these drugs, complete 
cure does not occur;[18] hence, following medical therapy 
with albendazole, the rate of recurrence may reach 80%. 
On the other hand, duration of treatment with albendazole 
has an important role in the therapeutic outcomes. Longer 
course treatment with albendazole may result in a greater 
therapeutic potential, but continuation of treatment with 
this drug may result in adverse side effects including 
nausea, vomiting, abdominal pain, and enhanced liver 
transaminases. These complications, when albendazole is 
administered systemically, are dose dependent. This is in 
a situation where benzimidazoles should be administered 
for long periods of time and with high doses to be effective 
against CE.[6,17‑19]

According to the above issues, the therapeutic effect of 
ZMEO on liver CE could be considered promising compared 
to albendazole that is presently known as the drug of choice 
for treatment of human CE.

Previous chemical analysis by gas chromatography (GC) 
and GC‑mass spectrometry (GC‑MS) indicated that thymol 
and carvacrol were the main components of ZMEO.[8,20] 

Table 3: Reduction in the volume of the hydatid cysts 
(means±standard deviation/cm3) after treatment 
of patients with albendazole and Zataria multiflora 
essential oil
Treatment 
group

Albendazole 
(means±SD)

ZMEO 
(means±SD)

Effect sizea Pb

2MAT 0.42±0.61 1.19±1.32 0.75 0.012
4MAT 0.79±1.32 2.58±2.95 0.78 0.005
6MAT 0.96±1.32 3.31±3.89 0.81 0.022
aCohen’s d=(|mean1−mean2|)/S pooled, bMann–Whitney U-test. MAT: Months after 
treatment, ZMEO: Zataria multiflora essential oil, SD: Standard deviation

Table 4: Adjusted estimates (adjusted mean difference) and 95% confidence intervals (for alanine aminotransferase 
and alkaline phosphatase) for the treatment effect of outcomes (aspartate aminotransferase did not need adjustment 
because it did not have any confounding factor)

2 months: Estimate (95% CI) 4 months: Estimate (95% CI) 6 months: Estimate (95% CI)
ALP

Albendazole 454.61a (450.01-459.21) 478.17a (468.29–488.05) 506.48a (492.76–520.19)
ZMEO 429.92a (425.32-434.52) 412.23a (402.35–422.10) 394.39a (380.67–408.10)

ALT
Albendazole 64.93b (60.58-69.28) 68.99b (64.69–73.28) 78.52b (73.55–83.50)
ZMEO 54.13b (49.78-58.49) 51.94b (47.65–56.24) 47.74b (42.77–52.72)

aCovariates appearing in the model are evaluated at the following values: ALK_before=443.8333, bCovariates appearing in the model are evaluated at the following values: 
ALT_before=56.7000. ALT: Alanine transaminase, AST: Aspartate aminotransferase, CI: Confidence interval, ZMEO: Zataria multiflora essential oil, ALP: Alkaline phosphatase
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Additionally, the scolicidal property and antihydatid effect 
of thymol[21,22] and carvacrol[23] have been previously 
documented. Thymol and carvacrol, as the main compounds 
of ZMEO, are lipophilic in nature and could easily enter the 
cell membrane, changing its permeability and causing the 
release of cellular content.[8] This property may elucidate 
the anti‑hydatid property of ZMEO.

In this study, the mean values of AST, ALT and ALP were higher 
than the normal ranges before the start of treatment [Table 1]. 
Presence of hydatid cysts in the liver may be toxic to this organ 
and CE has been known as a causative agent for oxidative 
stress in different animal species and humans.[24] While 
the mean values of AST, ALT and ALP increased 2, 4 and 
6 months after the start of treatment in patients treated with 
albendazole, these values decreased in patients treated with 
ZMEO. Accordingly, the level of the mentioned transaminases 
was significantly lower in the patients treated with ZMEO, 4 
and 6 months after the start of treatment compared to those 
treated with albendazole [Table 1].

Fatal drug‑induced liver injury (DILI) has become a serious 
health problem in the USA,[25] and albendazole has been 
reported as a causative agent for DILI.[26] Liver damages and 
elevation of liver transaminases is one of the most important 
adverse side effects of long‑term albendazole administration 
in patients infected with CE.[24,27] This event may result 
in interruption of treatment.[24] Liver damages produced 
by albendazole are categorized as hepatocellular injury 
type.[28] Z. multiflora contains compound such as thymol, 
carvacrol, zatrinal, oleanolic acid, betulic acid, rosmarinic 
acid, and monoterpenoids, which act as scavengers of free 
radicals.[29] Previous studies have shown that Z. multiflora has 
antioxidant,[8] immunostimulatory[30] and hepatoprotective[8] 
activities. Atayi et al., reported that in mice infected with 
CE, the aromatic water of Z. multiflora, when administered 
along with albendazole, could diminish the oxidative stress 
and hepatic injury induced by hydatid cysts and also by 
long‑term administration of albendazole.[24] However, our 
results in this human trial were in accordance with those 
of all referenced studies reporting the safety of Z. multiflora 
in laboratory animals. Previous studies also confirmed that 
thymol and carvacrol, as the main component of ZMEO, 
are safe compounds.[8]

Our study had some limitations. It was a nonrandomized 
trial; furthermore, the patients and investigators could 
not be blinded because ZMEO (soft capsules) and 
albendazole (tablets) have different shapes. In addition, 
because of the scarcity of human cases of hydatid disease, 
our study was limited to 30 patients (15 in each treatment 
group). Hereof, the results of this study may encourage the 
researchers to do further randomized clinical trials in larger 
size in this topic.

CONCLUSION

This is the first report of a clinical trial in the treatment of liver 
CE in human beings using a herbal product. ZMEO indicated 
a significantly higher therapeutic effect than albendazole 
on the liver CE. In addition, this herbal product induced no 
elevation in the liver enzymes. Hence, from two points of view; 
i.e., (a) therapeutic effect and (b) the results of liver function 
tests, ZMEO indicated a statistically significant superiority 
to albendazole. These findings could be considered as an 
encouraging step forward in the medical treatment of liver 
CE using a herbal medicine. However, additional studies for 
ZMEO with a significantly larger sample size and a longer 
follow‑up period are suggested to be conducted. These studies 
could be helpful to find the optimum dosage of ZMEO and 
to clarify the exact efficacy or toxicity of this herbal product 
after its long‑term consumption.

Acknowledgments
This study was financially sponsored by Shiraz University, 
Shiraz, Iran (Grant number: 94GCU2M1346). The authors 
are thankful to Shiraz University of Medical sciences for 
providing the facilities for this clinical trial.

The authors contribution
All of the authors had role in substantial contributions to 
the conception or design of the work; or the acquisition, 
analysis, or interpretation of data for the work; AND Arash 
Jafari and Mohammad Moazeni     are drafting the work 
or revising it critically for important intellectual content; 
AND all of the authors had role in final approval of the 
version to be published AND agreement to be accountable 
for all aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Financial support and sponsorship
Shiraz University (Grant number: 94GCU2M1346).

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Wen H, Vuitton L, Tuxun T, Li J, Vuitton DA, Zhang W, et al.
Echinococcosis: Advances in the 21st century. Clin Microbiol Rev
2019;32:e00075‑18.

2. Siles‑Lucas M, Casulli A, Cirilli R, Carmena D. Progress in
the pharmacological treatment of human cystic and alveolar
echinococcosis: Compounds and therapeutic targets. PLoS Negl
Trop Dis 2018;12:e0006422.

3. McManus DP, Gray DJ, Zhang W, Yang Y. Diagnosis, treatment 
and managemet of echinococcosis. BMJ 2012;344:e3866.

4. Wahlers K, Menezes CN, Wong ML, Zeyhle E, Ahmed ME,
Ocaido M, et al. Cystic echinococcosis in sub‑Saharan Africa. Lancet
Infect Dis 2012;12:871‑80.



Jafari, et al.: Efficacy of ZMEO in patient infected with liver CE

Journal of Research in Medical Sciences | 2021 |7

5. Muhtarov M, Rainova I, Tamarozzi F. Treatment of hepatic cystic 
echinococcosis in patients from the southeastern Rhodope region 
of Bulgaria in 2004‑2013: Comparison of current practices with
expert recommendations. Am J Trop Med Hyg 2016;94:900‑5.

6. Manouras A, Genetzakis M, Lagoudianakis EE, Papadima A,
Triantafillou C, Kekis PV, et al. Intact germinal layer of liver hydatid 
cysts removed after administration of albendazole. Neth J Med
2007;65:112‑6.

7. Pensel PE, Elissondo N, Gambino G, Gamboa GU, Benoit JP,
Elissondo MC. Experimental cystic echinococcosis therapy: In
vitro and in vivo combined 5‑fluorouracil/albendazole treatment. 
Vet Parasitol 2017;245:62‑70.

8. Sajed H, Sahebkar A, Iranshahi M. Zataria multiflora Boiss.
(Shirazi thyme)‑‑an ancient condiment with modern pharmaceutical 
uses. J Ethnopharmacol 2013;145:686‑98.

9. Moazeni M, Roozitalab A. High scolicidal effect of Zataria multiflora 
on protoccoleces of hydatid cyst: An in vitro study. Comp Clin
Pathol 2012;21:99‑104.

10. Moazeni M, Larki S, Oryan A, Saharkhiz MJ. Preventive and
therapeutic effects of Zataria multiflora methanolic extract on
hydatid cyst: An in vivo study. Vet Parasitol 2014;205:107‑12.

11. Moazeni M, Larki S, Saharkhiz MJ, Oryan A, Ansary Lari M,
Mootabi Alavi A. In vivo study of the efficacy of the aromatic
water of Zataria multiflora on hydatid cysts. Antimicrob Agents
Chemother 2014;58:6003‑8.

12. Moazeni M, Borji H, Saboor Darbandi M, Saharkhiz MJ. In vitro and 
in vivo antihydatid activity of a nano emulsion of Zataria multiflora 
essential oil. Res Vet Sci 2017;114:308‑12.

13. Mahboubi M. Therapeutic Potential of Zataria multiflora 
Boiss in Treatment of Irritable Bowel Syndrome (IBS). J Diet
Suppl 2019;16:119‑28.

14. Cohen J. Statistical Power Analysis for the Behavioral Sciences.
2nd ed. Hillsdale, NJ: Lawrence Earlbaum Associates; 1988.

15. Alvela‑Suárez L, Velasco‑Tirado V, Belhassen‑Garcia M,
Novo‑Veleiro I, Pardo‑Lledías J, Romero‑Alegría A, et al. Safety of 
the combined use of praziquantel and albendazole in the treatment 
of human hydatid disease. Am J Trop Med Hyg 2014;90:819‑22.

16. Chai J, Menghebat, Wei J, Deyu S, Bin L, Jincao S, et al. Observations
on clinical efficacy of albendazole emulsion in 264 cases of hepatic 
cystic echinococcosis. Parasitol Int 2004;53:3‑10.

17. Li T, Ito A, Pengcuo R, Sako Y, Chen X, Qiu D, et al. Post‑treatment 
follow‑up study of abdominal cystic echinococcosis in Tibetan
communities of northwest Sichuan province, China. PLoS Negl
Trop Dis 2011;5:e1364.

18. Brunetti E, Praticò L, Neumayr A, Maestri M, Tamarozzi F. Update
on treatment for cystic echinococcosis of the liver. Curr Treat
Options Infect Dis 2016;8:153‑64.

19. Wang W, Li J, Yao J, Wang T, Li S, Zheng X, et al. In vitro and in vivo 
efficacies of novel carbazole aminoalcohols in the treatment of
cystic echinococcosis. J Antimicrob Chemother 2017;72:3122‑30.

20. Mahmoudvand H, Mirbadie SR, Sadooghian S, Harandi MF,
Jahanbakhsh S, Dezaki ES. Chemical composition and scolicidal
activity of Zataria multiflora Boiss essential oil. J Essent Oil Res
2017;29:42‑7.

21. Elissondo MC, Albani CM, Gende L, Eguaras M, Denegri G.
Efficacy of thymol against Echinococcus granulosus protoscoleces.
Parasitol Int 2008;57:185‑90.

22. Elissondo MC, Pensel PE, Denegri GM. Could thymol have
effectiveness on scolices and germinal layer of hydatid cysts? Acta 
Trop 2013;125:251‑7.

23. Fabbri J, Maggiore MA, Pensel PE, Denegri GM, Gende LB,
Elissondo MC. In vitro and in vivo efficacy of carvacrol against 
Echinococcus granulosus. Acta Trop 2016;164:272‑9.

24. Atayi Z, Borji H, Moazeni M, Saboor Darbandi M, Heidarpour M. 
Zataria multiflora would attenuate the hepatotoxicity of long‑term 
albendazole treatment in mice with cystic echinococcosis. Parasitol 
Int 2018;67:184‑7.

25. Kakisaka K, Takikawa Y. Elevation of serum cytokines preceding 
elevation of liver enzymes in a case of drug‑induced liver injury. 
Hepatol Res 2014;44:E284‑9.

26. Kim MK, Park HW, Kim WJ, Park CM, Hong JY, Cho SJ, et al. A case
of acute drug‑induced hepatotoxicity after albendazole treatment.
Korean J Med 2008;75:564‑8.

27. Marin Zuluaga JI, Marin Castro AE, Perez Cadavid JC, Restrepo
Gutierrez JC. Albendazole‑induced granulomatous hepatitis:
A case report. J Med Case Rep 2013;7:201.

28. Choi GY, Yang HW, Cho SH, Kang DW, Go H, Lee WC, et al. Acute
drug‑induced hepatitis caused by albendazole. J Korean Med Sci 
2008;23:903‑5.

29. Saleem M, Nazli R, Afza N, Sami A, Ali MS. Biological
significance of essential oil of Zataria multiflora boiss. Nat Prod
Res 2004;18:493‑7.

30. Zarei Nozari A, Gholipour Kanani H, Jafaryan H, Harsij M.
Study on effect of shirazi thyme extract (Zataria multiflora) and
Zingiber powdered (Zingiber  officinale) on growth parameters
non‑specific immunity index and resistance of rainbow trout
(Oncorhynchus mykiss) juvenile against of pathogen. J Anim Environ
2020;12:283‑92.


