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Abstract

Background and objectives: Ziziphora tenuior is considered as an appropriate protoscolicidal agent
yet the mechanism of such effect is not known so far. The aim of this study was to evaluate the
apoptotic effect of Z. tenuior extract on protoscolices of hydatid cyst. Methods: Protoscolices were
collected aseptically and the Bradford test was employed to determine the number required for the
experiments. Various concentrations of Z. tenuior extract (5, 50, and 100 mg/mL) was incubated with
hydatid cyst protoscolices at 37 °C and 5% Co, for 4 h. The apoptotic effect of Z. tenuior extract on
hydatid cyst protoscolices and the evaluation of caspases 3, 8, and 9 activities were ditermined using
ELISA-based commercial diagnostic kits. Results: In the present study, 50 and 100 mg/mL of Z.
tenuior extract produced apoptosis in the protoscolices of hydatid cyst significantly (p<0.05). Also,
the activity of caspase 3 at 50 and 100 mg/mL significantly increased by 29.99% and 36.01%,
respectively (p<0.05). Similarly, caspase 9 also demonstrated a significant increased activity up to
15.23%, and 45.31% at the same concentrations used for caspase 3, respectively (p<0.05). Conclusion:
Our findings in this study indicated that, Z. tenuior extract can induce apoptotic cell death on hydatid
cyst protoscolices by increasing the activity of caspases 3 and 9 via the internal apoptotic pathway.
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Introduction

Hidatidosis or Echinococcosis is a zoonotic distribution worldwide [1-3] and is also present
parasitic disease and still remains as an important endemically in Iran [4]. The therapeutic protocols
concern for both public health system and could be different depending on various factors
economy. Hidatidosis has a widespread such as type of cyst, size, location, and the
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number of cysts. Surgery is the best treatment for
hydatidosis but in patients with several cysts in
various organs or in the metastatic form of the
disease, the non-surgical approaches could be
more appropriate methods to be replaced for
surgery [5]. Therefore, the application of safe
protoscolicidal agents that produce no
inflammatory reactions and with the potential to
be effectively used during surgery and also post-
surgery drug treatment is of prime importance [1-
3,6]. Currently, the use of chemical
protoscolicidal compounds is limited due to their
detrimental side effects and herbal medicines as
alternatives have raised the focus of attention [6-
8]. So far, a number of such herbal drugs, as
protoscolicidal agents, have been reported but the

mechanism of their action is still unknown [9,10].

A mechanism suggested for suppression of
hydatid cyst is the human innate immunity and
its different layers, mainly the germinal layer.
Apoptosis phenomenon is a newly recognized
pathway among the host's innate and unknown
immunity against hydatid cyst [11-13]. In
addition, the apoptosis pathway in living
organism is a useful approach to destroy the
damaged and infected cells which does not
usually lead to the occurrence of inflammatory
responses [14,15].

Considering the results of authors’ previous study
on Z. tenuior scolicidal effect [9,10] and its
unknown mechanism of action, the present study
was aimed at investigating the Z.tenuior extract
apoptotic effect on hydatid cyst protoscolices.

Materials and Methods

Ethical considerations

Ethical approval for this study was granted by the
Ethical Committee of Qazvin University of
Medical Sciences, Qazvin, Iran (ethics committee
reference number: IR.qums.rec.1394.153, 2016).

Chemicals

The commercial kits used in the present study
were the Bradford protein determination Kit
purchased from Biotek Company; Cell Death
Detection ELISA™YS (Apoptosis Kit) Roche
(Germany) (Cat. No. 11 774 425 001); Caspases
3, 8, and 9 assay Kit by Abcam (USA) (cat no:
ab39401 Caspase 3, ab39700 Caspase 8 and
ab65608 Caspase 9); tissue culture medium
RPMI 1640 from Gibco (USA).

Preparation of Z. tenuior extract

Ziziphora tenuior was purchased from a
medicinal plants shop in Karaj, in May 2014 and
its authenticity was confirmed by a botanist. A
small sample of this plant was kept at the Central
Herbarium of Medicinal Plants (ACECR) as a
document (Code No. 93-70). The plant shoots
were dried at room temperature (RT). Fifty g of
ground plant was extracted using percolation
method by 80% ethanol. The extract was
concentrated in a vacuumed distillation system
and was kept at 4 °C until use [16].

Preparation of different concentrations of Z.
tenuior extract

Initially, a stock solution containing 400 mg/mL
of the extract was prepared in sterile PBS and
later 5, 50, and 100 mg/mL dilutions were
obtained.

Preparation of hydatid cyst and removal of
protoscolices

The livers and lungs infected with hydatid cyst
were obtained from an abattoir in Qazvin, Iran.
The external surfaces of cysts were disinfected
and the cysts contents were aseptically removed
with syringe and transferred to sterile Falcon
tubes [17-20]. The protoscolices viability was
examined by staining with 0.1% eosin; then,
protoscolices >90% viability was chosen and
following washing with gentamycin-containing
PBS were kept in a refrigerator at 4 °C [21].

Determination of appropriate number of
protoscolices to evaluate the level of protein
required for the experiments

According to the instructions made by the
manufacturers of apoptosis and caspases 3, 8, and
9 Kkits, to lyse protoscolices, the supernatant
protein level should be about 50-200 pg. To
achieve such protein content, different dilutions
of protoscolices (500-64000 per mL) in RPMI
1640 tissue culture medium were prepared and
later the extract of Z. tenuior plant, at a final
concentration of 100 mg/mL, was added and
incubated at 37 °C in 5% CO, for 4 hours. This
concentration of Z. tenuior extract was previously
reported to produce 100% scolicidal activity
[9,10]. Then, the supernatant protein level was
measured by Bradford method as soon as the
protoscolices were lysed. The protein level was
measured using 1000 protoscolices in 1 mL of
RPMI 1640 medium.
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Preparation of cell lysate

Each tube containing 1 mL PRIM medium+1000
protoscolices received Z. tenuior extract at 5, 50,
and 100 mg/mL concentrations; the mixture was
incubated at 37 °C in 5% CO, for 4 h. Then, a
100-pL lysis buffer was poured into 100 pL of
protoscolices treated with the extract; the tubes
were then kept on ice for 30 min. They were
likewise centrifuged at RCF equal to 10* g for ten
min; the supernatants were collected and used for
apoptosis and caspase activity studies. The tubes
with untreated protoscolices (no extract added)
were used as the negative control in our
experiments.

Performance of apoptosis study

Based on the Cell Death Detection ELISAP-Y® kit
instructions in addition to a 20-yuL supernatant
(collected after protoscolices lysis) both the
positive control including DNA-Histone-complex
(ready to use in the kit) and negative control
(culture supernatant and cell lysate after
centrifugation of untreated protoscolices) were
added to wells of the ELISA plate; it was then
mixed with the reactant solution provided with
the kit, and incubated at 37 °C for two h. Then,
using an ELISA reader spectrophotometer
(Biotek Epoch, USA), both the samples and
controls absorbance values were read at 405 nm.
Experiments were carried out in duplicate and
repeated three times [13,22].

Measurement of caspases activity

According to the instructions recommended by
the caspase kit manufacturers the negative
control plus 50 uL of cell lysis supernatant were
added to a well allocated to a specific caspase;
afterwards, the reacting solutions provided with
the kit were added to the wells, mixed thoroughly,
and incubated at 37 °C for two h. Following
incubation, using an ELISA reader
spectrophotometer  (Biotek  Epoch, USA),
absorbances of the wells were measured at 405
nm. The experiments were carried out in
duplicate and repeated three times. The specific
substrates used for caspases 3, 8, and 9 were
DEVD-pNA, IETD-pNA, and LEHD-pNA,
respectively [13,23].

Statistical analysis

SPSS version 19 was used to analyze the data.
One-way ANOVA and the post-hoc Turkey test
were employed for this purpose. The level of
significance was set to <0.05.

Results and Discussion

The apoptotic effect of Z. tenuior extract (yield
6%) on protoscolices at 5, 50, and 100 mg/mL
concentrations were assessed in the study and the
results were compared to that of the negative
controls; the results were significant by 32.85%
and 40.25% at 50 and 100 mg/mL, respectively
(p <0.05). Also, figure 1 confirmed a significant
increase in the apoptotic rate in protoscolices
treated with 50 and 100 mg/mL of Z. tenuior
extract (p <0.05).
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Figure 1. Apoptotic effect of Ziziphora tenuior extract on
hydatid cyst protoscolices. Various concentrations of Z.
tenuior extract (5, 50, and 100 mg/mL) were incubated with
hydatid cyst protoscolices for 4 h. N.C: Negative control,
culture supernatant and cell lysate after centrifugation of
untreated protoscolices; P.C: positive control, DNA-
Histone-complex (ready to use in the kit); the values are
mean of triplicates, and the error bars represent Mean + SD;
p values less than 0.05 was considered significant

Evaluating the effect of Z.tenuior extract at
different concentrations on caspases 3, 8, and 9
activity in protoscolices treated with Z. tenuior
extract revealed that caspases 3 and 9 activities
increased; however, the increase was only
significant at 50 and 100 mg/mL concentrations
of the extract for caspase 3 by 29.99% and
36.01%, and caspase 9 by 15.23% and 45.31%,
respectively (p <0.05). However, applying Z.
tenuior extract at different concentrations showed
no significant increase in terms of caspase 8
activity (figure 2). In our study, the apoptotic
effects of Z. tenuior extract on hydatid cyst
protoscolex was assessed and results showed that
Z. tenuior extract at higher concentrations (50
and 100 mg/mL) increased caspases 3 and 9
activity in protoscolices and produced apoptosis
which was a concentration-dependent effect.

In the present study, the activity of caspase 8 was
not considerably increased following treatment of
protoscolices with different concentrations of Z.
tenuior extract.
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Figure 2. After treatment of hydatid cyst protoscolices
with various concentrations of Ziziphora tenuior extract (5,
50, and 100 mg/mL), cell lysis supernatant were used for
caspase activity regarding to company instructions; N.C:
Negative control, culture supernatant and cell lysate after
centrifugation of untreated protoscolices; the values are
mean of triplicates, and the error bars represent Mean + SD;
p values less than 0.05 was considered significant.

Although the number of published studies on the
apoptotic effect of Z. tenuior plant is limited [24],
there are considerable numbers of reports
regarding the apoptotic effect of plants of the
Lamiaceae family in which Z. tenuior is a genus
among the members of this family [25,26]. In this
respect, the effect of essential oil and extract of
the plant Lavandula angustifolia, Lamiaceae, on
cancer and healthy cells was investigated and the
authors demonstrated that both the essential oil
and extract of L. angustifolia could inhibit the
growth of cancer cells; this apoptotic effect is in
association with substances including thymol and
pulegone [25]. In our study, consistent with the
data found in the report mentioned above, the
extract of Z. tenuior could produce apoptosis in
protoscolices and it may be similarly associated
with the presence of thymol and pulegone in the
plant. In another study and again comparable
with ours, the apoptotic effect of the L.
angustifolia on both cancer and normal cells was
accompanied with increased activity of caspase 9
and this effect showed direct relationship with
increased concentrations of the extract [27].
Again, this could be associated with the fact that
both L. angustifolia and Z. tenuior are two genera
within the family Lamiaceae and similar
compounds in a family are highly expected.

The effect of thymol on colorectal carcinoma was
the target of a study in which thymol increased
the activity of caspases 8 and 9 and this led to
initiation and induction of apoptosis [28]. In a
similar study, the effect of thymol on growth of
bladder cancer cells was examined and the
authors concluded that the induction of apoptosis

and raised caspases 3 and 9 activity were dose-
and time-dependent effect [29]. The current study
also indicated caspases 3 and 9 activities in
hydatid cyst protoscolices; however, there was no
change in caspase 8 activity. As thymol is one of
the important components in the extract of Z.
tenuior, it was considered as a factor contributing
caspase 8 increased activity in our study however,
the lack of increase in caspase 8 activity in the
present study could be due to the in vitro
condition of the experiments used in our study as
caspase 8 usually needs the presence of human
immune mediators for its activation [30].

In addition to the studies mentioned earlier, the
apoptotic effect of drugs and different substances
such as H,0, dexamethasone, ATP, and
praziquantel on hydatid cyst protoscolices has
been reported and in most cases, caspase 3
activity increased following the occurrence of
apoptosis in the present study [13,22-23,31].
Pensel et al in 2014, investigated Thymus
vulgaris and Origanum vulgare essential oils
effects (Lamiaceae) on hydatid cyst protoscolices
and showed that these two plants could induce
apoptosis in protoscolices of hydatid cyst after an
incubation time of 16 h. The concentration of
thymol in the essential oil of the two herbal
plants was adjusted to 10 pg/mL and in the same
time thymol was individually tested on hydatid
cyst protoscolices. The thymol-induced apoptosis
in hydatid cyst protoscolices was observed after 8
h in their experiments [32]. In our study, the
extract of Z. tenuior could significantly increase
the activity of caspase 3 and induce apoptosis in
hydatid cyst protoscolices. Considering the
apoptotic, immunomodulatory, anti-tumor and
protoscolicidal effect of chemical compounds,
medicinal plants, and their different constituents
reported by various authors [13,22,23, 31-38] and
also Z. tenuior extract scolicidal effect indicated
in our previous studies [9,10], the current study
findings about Z. tenuior extract apoptotic effect
on hydatid cyst protoscolices could be justified;
therefore, this medicinal plant with its apoptotic
effect could be considered as an appropriate and
useful substitution for common and routinely
used agents in surgical and drug treatment of
hydatid cyst.

Acknowledgments

This work was supported by grants (643) from
the Cellular & Molecular Research Institute,
Qazvin University of Medical Sciences. This
manuscript was a part of Mr. Hamidreza Aghaei

20 Res J Pharmacogn 7(1): 17-22



Hydatid cyst killing mechanism of Ziziphora tenuior

thesis for receiving the degree of MSc in medical
parasitology in the Qazvin University of Medical
Sciences, Qazvin, Iran.

Author contributions

Mojtaba Shahnazi and Abbas Azadmehr designed,
supervised the study, prepared and revised the
manuscript; Hamidreza Aghaei and Reza Norian
performed the experiments; Reza Hajiaghaee
supervised the study, prepared the plant extract
and contributed to the revision of the manuscript;
Mehrzad Saraei advised the project; Morteza
Oladnabi contributed in the preparation and
revision of the manuscript, Mahmood Alipour
performed statistical analysis. All authors
approved the final version of the manuscript.

Declaration of interest

The authors declare that there is no conflict of
interest. The authors alone are responsible for the
accuracy and integrity of the paper content.

References

[1] Adas G, Arikan S, Kemik O, Oner A, Sahip
N, Karatepe O. Use of albendazole sulfoxide,
albendazole sulfone, and combined solutions
as scolicidal agents on hydatid cysts (in vitro
study). World J Gastroenterol. 2009; 15(1):
112-116.

[2] Eckert J, Deplazes P. Biological,
epidemiological, and clinical aspects of
echinococcosis, a zoonosis of increasing
concern. Clin Microbiol Rev. 2004; 17(1):
107-135.

[3] Thompson RA, Mc Manus DP. Towards a
taxonomic  revision of the  genus
Echinococcus. Trends Parasitol. 2002;
18(10): 452-457.

[4] Rokni MB. Echinococcosis/hydatidosis in
Iran. Iranian J Parasitol. 2009; 4(2): 1-16.

[5] Mandal S, Mandal MD. Human cystic
echinococcosis:  epidemiologic, zoonotic,
clinical, diagnostic and therapeutic aspects.
Asian Pac J Trop Med. 2012; 5(4): 253-260.

[6] Topcu O, Aydin C, Arici S, Duman M,
Koyuncu A, Sen M. The effects of various
scolicidal agents on the hepatopancreatic
biliary system. Visceral Med. 2006; 22(3):
185-190.

[7] McManus DP, Zhang W, Li J, Bartley PB.
Echinococcosis. Lancet. 2003; 362(9392):
1295-1304.

[8] Moazeni M, Nazer A. In vitro lethal effect of
Zingiber officinale R. on protoscolices of
hydatid cyst from sheep liver. Microbiol Res.

2011; 2(2): 91-94.

[9] Shahnazi M, Azadmehr A, Andalibian A,
Hajiaghaee R, Saraei M, Alipour M.
Protoscolicidal and  immunomodulatory
activity of Ziziphora tenuior extract and its
fractions. Asian Pac J Trop Med. 2016; 9(11):
1062-1068.

[10] Shahnazi M, Azadmehr A, Latifi R,
Hajiaghaee R, Saraei M, Alipour M. In vitro
protoscolicidal effects of various
concentrations of Ziziphora tenuior L. extract
at different exposure times. Avicenna J
Phytomed. 2016; 6(4): 376-382.

[11] Formigli L, Conti A, Lippi D. “Falling
leaves": a survey of the history of apoptosis.
Minerva Med. 2004; 95(2): 159-164.

[12] Kanan JH, Chain BM. Modulation of
dendritic cell differentiation and cytokine
secretion by the hydatid cyst fluid of
Echinococcus granulosus. Immunology. 2006;
118(2): 271-278.

[13] Hu H, Kang J, Chen R, Mamuti W, Wu G,
Yuan W. Drug-induced apoptosis of
Echinococcus  granulosus  protoscoleces.
Parasitol Res. 2011; 109(2): 453-459.

[14] Hashemi M, Ghavami S. Methods of
studying the apoptosis. J Rafsanjan Uni Med
Sci. 2008; 7(1): 71-78.

[15] Israels ED, lIsraels LG. The cell cycle.
Oncologist. 2000; 5(6): 510-513.

[16] Hajiaghaee R, Monsef-Esfahani HR,
Khorramizadeh MR, Saadat F, Shahverdi AR,
Attar F. Inhibitory effect of aerial parts of
Scrophularia striata on matrix
metalloproteinases expression. Phytother Res.
2007; 21(12): 1127-1129.

[17] Lotsch F, Naderer J, Skuhala T, Groger M,
Auer H, Kaczirek K, Waneck F, Ramharter
M. Intra-cystic concentrations of
albendazole-sulphoxide in human cystic
echinococcosis: a systematic review and
analysis of individual patient data. Parasitol
Res. 2016; 115(8): 2995-3001.

[18] Gavara CG, Lépez-Andijar R, Ibafiez TB,
Angel JM, Herraiz AM, Castellanos FO,
Ibars EP, Rodriguez FS. Review of the
treatment of liver hydatid cysts. World J
Gastroenterol. 2015; 21(1): 124-131.

[19] Tripathy S, Sasmal P, Rao PB, Mishra TS,
Nayak S. Cetrimide-chlorhexidine-induced
multiorgan failure in surgery of pulmonary
hydatid cyst. Ann Card Anaesth. 2016; 19(3):
557-560.

[20] Shi H, Lei Y, Wang B, Wang Z, Xing G, Lv
H, Jiang Y. Protoscolicidal effects of

21


https://www.ncbi.nlm.nih.gov/pubmed/27085708
https://www.ncbi.nlm.nih.gov/pubmed/27085708
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4284328/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4284328/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tripathy%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27397471
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sasmal%20P%5BAuthor%5D&cauthor=true&cauthor_uid=27397471
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rao%20PB%5BAuthor%5D&cauthor=true&cauthor_uid=27397471
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mishra%20TS%5BAuthor%5D&cauthor=true&cauthor_uid=27397471
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nayak%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27397471
https://www.ncbi.nlm.nih.gov/pubmed/27397471
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27207732
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lei%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=27207732
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20B%5BAuthor%5D&cauthor=true&cauthor_uid=27207732
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=27207732
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xing%20G%5BAuthor%5D&cauthor=true&cauthor_uid=27207732
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lv%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27207732
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lv%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27207732
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=27207732

Shahnazi M. et al.

chenodeoxycholic acid on protoscoleces of
Echinococcus granulosus. Exp Parasitol.
2016; 167: 76-82.

[21] Smyth JD, Barrett NJ. Procedures for testing
the viability of human hydatid cysts
following surgical removal, especially after
chemotherapy. Trans R Soc Trop Med Hyg.
1980; 74(5): 649-652.

[22] Paredes R, Jiménez V, Cabrera G, Iragiien D,
Galanti N. Apoptosis as a possible
mechanism of infertility in Echinococcus
granulosus hydatid cysts. J Cell Biochem.
2007; 100(5): 1200-1209.

[23] De S, Pan D, Bera AK, Sreevatsava V,
Bandyopadhyay S, Chaudhuri D, Kumar S,
Rana T, Das S, Das SK, Suryanaryana VV,
Singh  MN, Bhattacharya D. In vitro
assessment of praziquantel and a novel
nanomaterial against protoscoleces  of
Echinococcus granulosus. J Helminthol.
2012; 86(1): 26-29.

[24] Chachoyan AA, Oganesyan GB. Anti-tumor
activity of some species of the family
Lamiaceae. Rastit Resur. 1996; 32(4): 59-63.

[25] Amiri A, Tayarani-Najaran Z, Karimi G,
Mousavi S. Evaluation of Lavandula
angustifolia cytotoxic and apoptotic effects
on human cervical cancer cell line (Hela) in
compare with normal cells. Res Pharma Sci.
2012; 7(5): 141.

[26] Escobar FM, Cariddi LN, Sabini MC,
Reinoso E, Sutil SB, Torres CV, Zanon SM,
Sabini LI. Lack of cytotoxic and genotoxic
effects of Minthostachys verticillata essential
oil: studies in vitro and in vivo. Food Chem
Toxicol. 2012; 50(9): 3062-3067.

[27] Banerjee PP, Bandyopadhyay A, Harsha SN,
Policegoudra RS, Bhattacharya S, Karak N,
Chattopadhyay A. Mentha arvensis (Linn.)-
mediated green silver nanoparticles trigger
caspase 9-dependent cell death in MCF7 and
MDA-MB-231 cells. Breast Cancer (Dove
Med Press). 2017; 9: 265-278.

[28] Chauhan AK, Bahuguna A, Paul S, Kang SC.
Thymol  elicits HCT-116  colorectal
carcinoma cell death through induction of
oxidative stress. Anticancer Agents Med
Chem. 2018; 17(14): 1942-1950.

[29] Li Y, Wen JM, Du CJ, Hu SM, Chen JX,
Zhang SG, Zhang N, Gao F, Li SJ, Mao XW,
Miyamoto H. Thymol inhibits bladder cancer
cell proliferation via inducing cell cycle
arrest and apoptosis. Biochem Biophys Res
Commun. 2017; 491(2): 530-536.

[30] Kohler C, Orrenius S, Zhivotovsky B.
Evaluation of caspase activity in apoptotic
cells. J Immunol Methods. 2002; 265(1-2):
97-110.

[31] Kang JF, Hu HH, Baishanbieke, Chen R,
Abulizi. In vitro observation on the apoptosis
induced by H,O, in protoscolex of
Echinococcus granulosus. Zhongguo Ji
Sheng Chong Xue Yu Ji Sheng Chong Bing
Za Zhi. 2008; 26(5): 332-337.

[32] Pensel PE, Maggiore MA, Gende LB,
Eguaras MJ, Denegri MG, Elissondo MC.
Efficacy of essential oils of Thymus vulgaris
and Origanum vulgare on Echinococcus
granulosus. Interdiscip Perspect Infect Dis.
2014; Article 1D 693289.

[33] Amirghofran Z, Azadmehr A, Bahmani M,
Javidnia K. Stimulatory effects of Euphorbia
cheiradenia on cell mediated immunity and
humoral antibody synthesis. Iran J Immunol.
2008; 5(2): 115-123.

[34] Amirghofran Z, Azadmehr A, Javidnia K.
Haussknechtia elymatica: a plant with
immunomodulatory effects. Iran J Immunol.
2007; 4(1): 26-31

[35] Valiyari S, Baradaran B, Abdolalizadeh J,
Bandehagh A, Azadmehr A, Hajiaghaee R.
Inhibitory and cytotoxic activities of Salvia
officinalis L. extract on human lymphoma
and leukemia cells by induction of apoptosis.
Adv Pharm Bull. 2013; 3(1): 51-55.

[36] Amirghofran Z, Bahmani M, Azadmehr A,
Ashouri E, Javidnia K. Antitumor activity
and apoptosis induction in human cancer cell
lines by Dionysia termeana. Cancer Invest.
2007; 25(7): 550-554.

[37] Shahnazi M, Azadmehr A, Jondabeh MD,
Hajiaghaee R, Norian R, Aghaei H, Saraei M,
Alipour M. Evaluating the effect of Myrtus
communis on programmed cell death in
hydatid cyst protoscolices. Asian Pac J Trop
Med. 2017; 10(11): 1072-1076.

[38] Shahnazi M, Azadmehr A, Hajiaghaee R,
Mosalla S, Latifi R. Effects of Artemisia
absinthium L. Extract on the maturation and
function of dendritic cells. Jundishapur J Nat
Pharm Prod. 2015; 10(2): 1-6.

Abbreviations

PBS: phosphate-buffered  saline;  ELISA:
enzyme-linked immunosorbent assay; RCF:
relative centrifugal force; ANOVA: analysis of
variance

22 Res J Pharmacogn 7(1): 17-22


https://www.ncbi.nlm.nih.gov/pubmed/27207732
https://www.ncbi.nlm.nih.gov/pubmed/?term=Procedures+for+testing+the+viability+of+human+hydatid+cysts+following+surgical+removal%2C+especially+after+chemotherapy.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paredes%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17031852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jim%C3%A9nez%20V%5BAuthor%5D&cauthor=true&cauthor_uid=17031852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cabrera%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17031852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Irag%C3%BCen%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17031852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Galanti%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17031852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Apoptosis+as+a+possible+mechanism+of+infertility+in+Echinococcus+granulosus+hydatid+cysts.
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21281527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pan%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21281527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bera%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=21281527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sreevatsava%20V%5BAuthor%5D&cauthor=true&cauthor_uid=21281527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bandyopadhyay%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21281527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chaudhuri%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21281527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21281527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rana%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21281527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Das%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21281527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Das%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=21281527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Suryanaryana%20VV%5BAuthor%5D&cauthor=true&cauthor_uid=21281527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=21281527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bhattacharya%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21281527
https://www.ncbi.nlm.nih.gov/pubmed/21281527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kang%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=19157294
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20HH%5BAuthor%5D&cauthor=true&cauthor_uid=19157294
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baishanbieke%5BAuthor%5D&cauthor=true&cauthor_uid=19157294
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19157294
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abulizi%5BAuthor%5D&cauthor=true&cauthor_uid=19157294
https://www.ncbi.nlm.nih.gov/pubmed/19157294/
https://www.ncbi.nlm.nih.gov/pubmed/19157294/
https://www.ncbi.nlm.nih.gov/pubmed/19157294/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stimulatory+effects+of+Euphorbia+cheiradenia+on+cell+mediated+immunity+and+humoral+antibody+synthesis.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Inhibitory+and+cytotoxic+activities+of+Salvia+officinalis+L.+extract+on+human+lymphoma+and+leukemia+cells+by+induction+of+apoptosis.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Antitumor+activity+and+apoptosis+induction+in+human+cancer+cell+lines+by+Dionysia+termeana.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Evaluating+the+effect+of+Myrtus+communis+on+programmed+cell+death+in+hydatid+cyst+protoscolices.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Evaluating+the+effect+of+Myrtus+communis+on+programmed+cell+death+in+hydatid+cyst+protoscolices.



