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ABSTRACT

To evaluate the protective effect of Zataria multiflora boiss. (Zm) extract against
arsenic-induced oxidative damage in rats. Rats were oraly treated with various
doses of Zm (200, 400, and 600 mg/kg) and sodium arsenite (5.5 mg/ kg), alone or
in combination, once daily for 30 consecutive days. Twenty-four hours after the last
dose, rats were euthanized, and biochemical studies were conducted on their blood
samples. Sub-acute exposure to the sub-lethal dose of arsenic markedly altered the
blood levels of several biomarkers associated with oxidative stress. Treatment with
Zm significantly inhibited the elevation of lipid peroxidation and protein
carbonylation and the depletion in total antioxidant capacity in plasma. In addition,
Zm effectively increased the total antioxidant capacity of plasma in a dose-
dependent manner in control and arsenic-treated groups. The results reveal that Zm
as an antioxidative medicinal plant reduces oxidative damages induced by arsenic
in the doses much lower than the lethal dose (2-4 gr/kg). Since Zm is a safe herbal
drug routinely used as condiment, it can be used as a good supplement for reducing
toxicity of low dose of arsenic in long-term exposure. Further studies on human
environmentally exposed to arsenic through drinking water and food are proposed
to find out effective dose in human.
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INTRODUCTION

Industrialization of societies caused a myriad of envi-
ronmental pollutions problem [1]. One of the environmental
pollutants, which has become a global problem, is heavy
metals including arsenic. Water and food resources are con-
taminated with arsenic through natural resources and exten-
sive use of metal in various industries, including ceramics,
dyeing, and medical and therapeutic research [2, 3]. Expo-
sure to arsenic usually occurs through contaminated drink-
ing-water and food [4-7]. The most serious problems includ-
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ing vascular disorders, neuropathy, and skin lesions tend
to occur in long-term exposure to arsenic [8-11]. It has been
shown that replacement of phosphorus by arsenic and bind-
ing of arsenic to thiol and sulfidryl groups affect the normal
activity of cells [12, 13]. Sodium arsenite has also been
shown to increase the production of hemeoxygenase as an
indicator of oxidative stress [13, 14]. Arsenic can directly
participate in production of reactive oxygen species, includ-
ing hydrogen peroxide and superoxide anions [15].
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Free radicals play an important role in development of
many physiological and pathological processes including
DNA damage, mutations, cell death, and aging [16]. In
pathological conditions, excessive production of free radicals
shifts balance between the oxidants and antioxidants in favor
of oxidants and induces oxidative damage of important mac-
romolecules leading to cell damage[17]. Enzymatic and
non-enzymatic antioxidants react with free radicals and in-
hibit their harmful effects on cellular processes. [18, 19].
Over the years, herbal antioxidants has gained popularity as
a potential therapeutic strategy to prevent oxidative damage
caused by medications, environmenta pollutants, and many
diseases such as diabetes and cardiovascular problems [20].

Zataria multiflora Boiss. (Zm) belonging to the Lami-
aceae family grows naturally in Iran, Pakistan and Afghani-
stan [21]. This plant with the vernacular name of Avishan-e-
Shirazi (Shirazian thyme) in Iran is a valuable medicinal and
condimental plant with therapeutic and pharmacological
effects such as anti-bacterial, anti-fungal, anti-protozoa, anti-
spasmodic, anti-inflammatory, and antioxidant [21]. This
plant is used traditionally to treat some digestive problems
such as dyspepsia, irritable bowel syndrome and bloating,
bronchitis, and influenza [22-24]. Phytochemical studies of
Zm showed the presence of flavonoid antioxidants such as
lutein, non-flovenoid antioxidants such as rosemaric acid,
and antioxidant with terpenoid structure such as thymol,
carvacrol and Methyl Carvacrol [25, 26]. The plant also con-
tains tryptophan, trionin, isoleucine, leucine, lysine, methio-
nine and cystine amino acids and a small amount of vitamins
[27].

The present study was aimed to evaluate antioxidant ef-
fect of concomitant administration of hydroalcoholic extract
of Zm against sub-acute exposure to sub-lethal dose of arse-
nic by measuring the extent of oxidative damages of lipids
and proteins as well astotal antioxidant capacity in plasma.

MATERIAL AND METHODS

Preparation of plant specimen and extraction

Aeria parts of Zm were collected from mountainous re-
gions of Kerman province and were used after confirmation
by botanists (Herbarium number: Kf 1241). The amount of
250 g of the plant was weighted, grinded and passed through
a sieve of 30 mesh. Methanol extract of Zm were prepared
by warm maceration method in 80% methanol for 72 hours.
The extract was concentrated under vacuum conditions and
finally oven dried at 40-50 °C and stored at -20 °C. Prior to
administration, dry extracts were weighed and dissolved in
5% tween (9.5 ml normal saline and 0.5 ml tween) to pre-
pare different concentration of extract.

Experimental animals

In this study, male rats weighing 200-250 g were kept in
the animal house of the Faculty of Pharmacy, Kerman Uni-
versity of Medical Sciences under a standard laboratory diet,
without restriction on water and food. The conditions of the
room were 12 hours light-dark cycles and 25 °C, and relative
humidity of 25-30%. Before the experiment, the rats under-
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went adaptation for 7 days to eliminate the stress and adapt
the animals to new conditions.

Animal treatment

Forty eight rats were randomly divided into 8 groups of 6
and treated for 30 days:

Control: Oral normal saline, daily

As: Oral sodium arsenite (5.5 mg/kg, equivalent to 13%
of LD50), dally

Zm 200: Oral Zm extract (200 mg/kg), daily

Zm 400: Ora Zm extract (400 mg/kg), daily

Zm 600: Oral Zm extract (600 mg/kg), daily

As + Zm 200: Ora sodium arsenite (5.5 mg/kg) + Zm
extract (200 mg/kg), daily

As + Zm 400: Ora sodium arsenite (5.5 mg/kg) + Zm
extract (400 mg/kg), daily

As + Zm 600: Ora sodium arsenite (5.5 mg/kg) + Zm
extract (600 mg/kg), daily

The Zm extract was gavged 1 hour before administration of
arsenic and 24 hours after the end of the treatment, the rats
were anesthetized with ketamine and xylazine and blood
samples were collected to measure oxidative stress bi-
omarkers. All procedure approved by ethical committee of
Kerman University of Medical Sciences (Approva no.:
IR.KMU.REC.1393.50) and in accordance with the National
Ingtitutes of Health guidelines on animal care.

Measurement of total antioxidant capacity of plasma

Plasma total antioxidant capacity was performed accord-
ing to ferric reducing antioxidant power (FRAP) method
based on conversion of ferric tripyridyltriazine into fer-
rous tripyridyltriazine in acidic condition [28]. Briefly, 5 yL
of plasma sample was added to 295 L of FRAP reagent and
incubated for 10 minutes at 37 °C, and then absorbance was
read at 593 nm using BioTek spectrophotometer (Winooski,
VT, USA) against blank solution. The change in absorbance
using the standard curve of ferrous sulfate was expressed as
ferrous equivalent.

Measurement of lipid peroxidation

Lipid peroxidation was evaluated by measuring thiobar-
bituric acid (TBA) reactive substances (TBARS) in plasma
to determine malondialdehyde (MDA), a lipid peroxidation
end product [29]. The plasma sample was mixed with 2 vol-
umes of TBA reagent (15% trichloroacetic acid, 0.5% TBA,
2.5 N HCI) and heated in boiling water bath for 20 minutes.
Optica density of pink colored complex of TBA-MDA was
measured at 532 nm against blank. The MDA concentration
of sample was calculated using the molar extinction coeffi-
cient of 1.56x10°M™ cm™.

Measurement of protein carbonylation

Protein carbonylation level in plasma was assayed using
a method based on production of a yellow complex of 2,4di-
nitrophenylhydrazine (DNPH) with carbonyl groups in oxi-
dized proteins [30]. Briefly, 50 pL of the plasma sample, 200
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ul of distilled water, and 25 pl of TCA 20% were mixed
thoroughly and centrifuged at 3000 g for 10 minutes. Then,
250 pl of 2 N HCL and 10 mM DNPH (2% wi/v in 2 N HCI)
were added to, respectively, the blank and the test tubes and
kept at 37 °C for 50 minutes. Proteins were then precipitated
by adding 1ml of 100 % TCA and the pellets were washed
three times with 1 ml of ethanol: ethyl acetate (1:1) solution
and then dissolved in 600 ul of guanidine hydrochloride so-
lution 6 M. the absorbance was read at 370 nm and carbonyl
group level was calculated using the molar extinction coeffi-
cient of 2.2x10*M™ em™.

RESULTS

Characteristics of ZM extract

The extract of Zm was dry, brittle and dark green with a
bitter aromatic taste. The extraction yields from the aerial
parts of Zm were 14.24% (w/w).

Result of total antioxidant capacity of plasma

The in vivo measurement of FRAP values indicated a
significant (p< 0.01) decrease in the total antioxidant capaci-
ty of plasma in the arsenic-treated group compared to the
other groups. Zm at the doses higher than 200 mg/kg in-
creased total antioxidant capacity of plasma in both healthy
and arsenic-treated rats in a dose-dependent manner (Fig. 1).

Result of lipid peroxidation

As shown in Figure 1, the lipid peroxidation levels in
plasma were higher in the arsenic -exposed rats than the con-
trol group (2.1+0.25 vs 1.2+0.06 nmol/mg protein, p<0.001).
On the contrary, the treatment with Zm caused a marked
reduction in the plasma TBARS leve at all three doses. The
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Figure 1. Total antioxidant capacity in control group, arsenic-
treated group (As, 5.5 mg/kg), groups received Zataria multiflo-
ra extract at doses of 200, 400, and 600 mg/kg (Zm 200, Zm
400, and Zm 600), and arsenic-treated groups received Zataria
multiflora extract at doses of 200, 400, and 600 mg/kg (As+ Zm
200, As + Zm 400, and As + Zm 600). Each bar represented as
mean + Standard deviation of six measurements per group, data
were analysed by one-way anaysis of variance (ANOVA).
*p<0.05, **p<0.01, *** p< 0.001
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lipid peroxidation values did not change in healthy rats re-
ceived different concentration of Zm (Fig. 2).

Result of protein carbonylation

The protein carbonylation values of plasma in the arse-
nic-treated group was increased compared to the control
group but not significantly (0.35+0.04 vs 0.44+0.05 nmol/mg
protein). Zm at al three concentration reduced protein car-
bonyl values in arsenic-treated rats. Zm at the concentration
of 400 and 600 mg/kg caused a significant reduction in the

Malondia dzhyde (nmolirg protein)

Figure 2. Concentration of malondialdehyde in control group,
arsenic-treated group (As, 5.5 mg/kg), groups received Zataria
multiflora extract at doses of 200, 400, and 600 mg/kg (Zm
200, Zm 400, and Zm 600), and arsenic-treated groups re-
ceived Zataria multiflora extract at doses of 200, 400, and 600
mg/kg (As + Zm 200, As + Zm 400, and As + Zm 600). Each
bar represented as mean + Standard deviation of six measure-
ments per group, data were analysed by one-way analysis of
variance (ANOVA). *** p< 0.001
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Figure 3. Protein carbonylation in plasma samples of control
group, arsenic-treated group (As, 5.5 mg/kg), groups received
Zataria multiflora extract at doses of 200, 400, and 600 mg/kg
(Zm 200, Zm 400, and Zm 600), and arsenic-treated groups
received Zataria multiflora extract at doses of 200, 400, and
600 mg/kg (As + Zm 200, As + Zm 400, and As + Zm 600).
Each bar represented as mean + Standard deviation of six
measurements per group, data were analysed by one-way
analysis of variance (ANOVA). *p<0.05, **p<0.01
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protein carbonyl levels compared to the control group (Fig.
3).

DISCUSSION

Exposure of rats to the sub-lethal dose of sodium arsenite
for 4 weeks resulted in an increase in the oxidation of plas-
ma lipids and proteins with a decrease in the total antioxi-
dant capacity of plasma, as reported before [28, 31-33]. The
oxidative damages induced by arsenic have been attributed
to disturbing the proxidant and antioxidant balance through
thiols oxidation and covalent binding of arsenic to thiol
groups which mitigate generation of free radicals [34]. Arse-
nic leads to excessive production of oxygen species and
causes disorders in endogenous antioxidants [35]. Excessive
production of free oxygen species also directly affects oxida-
tive damage of membrane and cellular proteins, enzymes,
and nucleic acids and increases lipid peroxidatin, protein
carbonylation, and DNA fragmentation [36-38]. In the pre-
sent study, administration of Zm at the doses of 200, 400,
600 mg/kg in rats exposed to sodium arsenite normalized the
plasma lipid peroxidation and protein carbonylation, indicat-
ing the possible interception of arsenic-induced radical gen-
eration by administration of Zm. Previoudy, it was shown
that Zm has beneficia effects on reduction of oxidative
damages-induced by many chemicals and drugs [39-42][43-
45]. It was also observed that the in vivo antioxidant effect of
Zm increased dose-dependently, whereas reduction in oxida-
tive damage of lipids and proteins was not significantly
dose-dependent which may decrease by increasing the dura-
tion of treatment with Zm. However, the doses of ZM which
used in this study were 6-12% of LDsyand much lower than
the lethal dose of maceration extract of Zm [46].

CONCLUSION

Considering various application area of arsenic for indus-
trial purposes and its resulting risks to the environment and
human health, it has to be planned to restrict the use of arse-
nic by replacement with safer chemicals and to find out ther-
apeutics strategies for toxicity outcomes of arsenic exposure
by administration of natural products such as Zm as a dietary
supplement.

ACKNOWLEDGMENTS
This study wassupportedin part
from Kerman University of Medical Sciences.

by a grant

CONFLICT OF INTERESTS
The authors declare no conflict of interests.

REFERENCES

1. BriggsD. Environmental pollution and the global burden of disease. Br
Med Bullet 2003;68(1):1-24.

2. Archer AR, Elmore AC, Bel E, Rozycki C. Field investigation of
arsenic in ceramic pot filter-treated drinking water. Water Sci Technol
2011;63(10):2193-8.

Iranian J Pharmacol Ther. 2018 (October);16:1-5.

3. XieY, Fan J, Zhu W, Amombo E, Lou Y, Chen L, et a. Effect of
heavy metals pollution on soil microbia diversity and bermudagrass
genetic variation. Frontiers Plant Sci 2016;7:755.

4. McCarty KM, Hanh HT, Kim K-W. Arsenic geochemistry and human
health in South East Asia. Rev Enviro Health 2011;26(1):71-8.

5. Dogan M, Dogan AU. Arsenic mineralization, source, distribution, and
abundance in the Kutahya region of the western Anatolia, Turkey.
Enviro Geochem Health 2007;29(2):119-29.

6. Polizzotto ML, Kocar BD, Benner SG, Sampson M, Fendorf S. Near-
surface wetland sediments as a source of arsenic release to ground
water in Asia. Nature 2008;454(7203):505.

7. Soleo L, Lovreglio P, lavicoli S, Antelmi A, Drago |, Basso A, et al.
Significance of urinary arsenic speciation in assessment of seafood
ingestion as the main source of organic and inorganic arsenic in a
population resident near a coastal area. Chemosphere 2008;73(3):291-9.

8. Vahidnia A, van der Voet GB, de Wolff FA. Arsenic neurotoxicity--a
review. Hum Exp Toxicol 2007;26(10):823-32.

9. Tchounwou PB, Patlolla AK, Centeno JA. Carcinogenic and systemic
health effects associated with arsenic exposure--a critical review.
Toxicol Pathol 2003;31(6):575-88.

10.Acharyya N, Chattopadhyay S, Maiti S. Chemoprevention against
arsenic-induced mutagenic DNA breakage and apoptotic liver damage
in rat via antioxidant and SOD1 upregulation by green tea (Camellia
sinensis) which recovers broken DNA resulted from arsenic-H,0,
related in vitro oxidant stress. J Enviro Sci Hedth Part C
2014;32(4):338-61.

11.Hong YS, Song KH, Chung JY. Health Effects of Chronic Arsenic
Exposure. JPrev Med Pub Health 2014,47(5):245-52.

12. Thompson M, Johnston A. Total sulphydryl content of embryos of
arsenic-resistant and-sensitive strains of the blue tick, Boophilus
decoloratus. Nature 1958;181(4609):647.

13.Shen S, Li XF, Cullen WR, Weinfeld M, Le XC. Arsenic Binding to
Proteins. Chem Rev 2013;113(10):7769-92.

14.Qi H, Chen B, Le XC, Rong J. Concomitant induction of heme
oxygenase-1 attenuates the cytotoxicity of arsenic species from
lumbricus extract in human liver HepG2 cells. Chem Biodiv
2012;9(4):739-54.

15.Fora SJ, Bhadauria S, Kannan GM, Singh N. Arsenic induced
oxidative stress and the role of antioxidant supplementation during
chelation: areview. JEnviron Biol 2007;28(2 Suppl):333-47.

16.Lobo V, Patil A, Phatak A, Chandra N. Free radicals, antioxidants and
functional foods: Impact on human heath. Pharmacog Rev
2010;4(8):118-26.

17.Vako M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J. Free
radicals and antioxidants in normal physiological functions and human
disease. Int JBiochem Cell Biol 2007;39(1):44-84.

18.Limon-Pacheco J, Gonsebatt ME. The role of antioxidants and
antioxidant-related enzymes in protective responses to environmentally
induced oxidative stress. Mutat Res 2009;674(1-2):137-47.

19.Diplock A, Charuleux JL, Crozier-Willi G, Kok F, Rice-Evans C,
Roberfroid M, et a. Functional food science and defence against
reactive oxidative species. Br J Nutr 1998;80(S1):S77-S112.

20.Alok S, Jain SK, Verma A, Kumar M, Mahor A, Sabharwal M. Herbal
antioxidant in clinical practice: A review. Asia Pacific J Tropic Biomed
2014;4(1):78-84.

21.Ssjed H, Sahebkar A, Iranshahi M. Zataria multiflora Boiss. (Shirazi
thyme)--an ancient condiment with modern pharmaceutical uses. J
Ethnopharmacol 2013;145(3):686-98.

22.Pharmacopoeia IH. Ministry of Headth and Medical Publications.
Tehran, Iran. 2002:51-6.

23.Gupta G, Gupta NL. Constituents of Zataria multiflora. Phytochemistry
1972;11(1):455-6.

24.Hamedi A, Zarshenas MM, Sohrabpour M, Zargaran A. Herbal
medicinal oils in traditional Persian medicine. Pharmac Biol
2013;51(9):1208-18.

25.Sdeem M, Nazli R, Afza N, Sami A, Shaiq Ali M. Biological
significance of essential oil of Zataria multiflora Boiss. Natural Product
Res 2004;18(6):493-7.

26. Saei-Dehkordi SS, Tajik H, Moradi M, Khalighi-Sigaroodi F. Chemical
composition of essentia oils in Zataria multiflora Boiss. from different

This paper is available online at: http://ijpt.iums.ac.ir


https://ijpt.iums.ac.ir/article-1-340-en.html

[ Downloaded from ijpt.iums.ac.ir on 2025-12-14 ]

Arsenic-induced oxidative damage and Zataria multiflora

5

parts of Iran and their radical scavenging and antimicrobial activity.
Food Chem Toxicol 2010;48(6):1562-7.

27.Mohagheghzadeh A, Shams-Ardakani M, Ghannadi A, Minagian M.
Rosmarinic acid from Zataria multiflora tops and in vitro cultures.
Fitoterapia 2004;75(3-4):315-21.

28.Guo CJ, Yang JJ, We JY, Li YF, Xu J, Jang YG. Antioxidant
activities of peel, pulp and seed fractions of common fruits as
determined by FRAP assay. Nutr Res 2003;23(12):1719-26.

29. Devasagayam TP, Boloor KK, Ramasarma T. Methods for estimating
lipid peroxidation: an analysis of merits and demerits. Ind J Biochem
Biophysic 2003;40(5):300-8.

30.LevineRL, Garland D, Oliver CN, Amici A, Climent |, Lenz AG, et a.
Determination of carbonyl content in oxidatively modified proteins.
Methods Enzymol 186: Elsevier; 1990. p. 464-78.

31.Ramos Elizagaray Sl, Quiroga PL, Pérez RD, Sosa C, Pé&ez CA,
Bongiovanni GA, et a. Effect of the Aqueous Extract of Lantana
grisebachii Stuck Against Bioaccumulated Arsenic-Induced Oxidative
and Lipid Dysfunction in Rat Splenocytes. J Diet Suppl 2018:1-7.

32.Ramos O, Carrizales L, Yéfez L, Mgia J, Batres L, Ortiz D, et a.
Arsenic increased lipid peroxidation in rat tissues by a mechanism
independent of glutathione levels. Enviro Heath Perspect
1995;103(Suppl 1):85.

33.Manna P, Sinha M, Sil PC. Protection of Arsenic-Induced Hepatic
Disorder by Arjunolic Acid. Basic Clin Pharmacol Toxicol
2007;101(5):333-8.

34.Flora SJS. Arsenic-induced oxidative stress and its reversibility. Free
Rad Biol Med 2011;51(2):257-81.

35.Dua TK, Dewanjee S, Khanra R, Joardar S, Barma S, Das S, et a.
Cytoprotective and antioxidant effects of an edible herb, Enhydra
fluctuans Lour.(Asteraceae), against experimentally induced lead
acetate intoxication. PloS One 2016;11(2):e0148757.

36.Das AK, Sahu R, Dua TK, Bag S, Gangopadhyay M, Sinha MK, et a.
Arsenic-induced myocardial injury: protective role of Corchorus
olitorius leaves. Food Chem Toxicol 2010;48(5):1210-7.

37.Sultan MT, Butt MS, Karim R, Ahmed W, Kaka U, Ahmad S, et al.
Nigella sativa fixed and essential oil modulates glutathione redox

Iranian J Pharmacol Ther. 2018 (October);16:1-5.

enzymes in potassum bromate induced oxidative stress. BMC
Complement Alter Med 2015;15(1):330.

38.Circu ML, Aw TY. Reactive oxygen species, cellular redox systems,
and apoptosis. Free Rad Biol Med 2010;48(6):749-62.

39.Habibi E, Shokrzadeh M, Ahmadi A, Chabra A, Naghshvar F, Haghi-
Aminjan H, et al. Pulmonoprotective Action of Zataria multiflora
Ethanolic Extract on Cyclophosphamide-Induced Oxidative Lung
Toxicity in Mice. Chin JIntegr Med 2018.

40. Samarghandian S, Azimini-Nezhad M, Farkhondeh T. The Effects of
ZatariaMultifloraon Blood Glucose, Lipid Profile and Oxidative Stress
Parameters in Adult Mice During Exposure to Bisphenol A. Cardiovasc
Hematol Disord Drug Targets 2016;16(1):41-6.

41.Boskabady MH, Gholami Mahtgj L. Lung inflammation changes and
oxidative stress induced by cigarette smoke exposure in guinea pigs
affected by Zataria multiflora and its constituent, carvacrol. BMC
Complement Altern Med 2015;15:39.

42. Ahmadipour A, Sharififar F, Nakhaipour F, Samanian M, Karami-
Mohgjeri S. Hepatoprotective effect of Zataria Multiflora Boisson
cisplatin-induced oxidative stress in male rat. J Med Life 2015;8(Spec
Iss 4):275-81.

43. Sharififar F, Derakhshanfar A, Dehghan-Nudeh G, Abbasi N, Abbasi
R, Gharaei RR, et al. In vivo antioxidant activity of Zataria multiflora
Boiss essential oil. Pakistan J Pharmac Sci 2011;24(2):221-5.

44, Sharififar F, Moshafi M, Mansouri S, Khodashenas M, Khoshnoodi M.
In vitro evaluation of antibacterial and antioxidant activities of the
essential oil and methanol extract of endemic Zataria multiflora Boiss.
Food Control 2007;18(7):800-5.

45. Ahmadipour A, Sharififar F, Pournamdari M, Bamkan AM, Hosseni
A, Afrapoli FM, et al. Hepatoprotective effect of Zataria Multiflora
Boiss against malathion-induced oxidative stress in male rats. Orient
Pharm Experim Med 2016;16(4):287-93.

46.Hosseinzadeh H, Ramezani M, Salmani G. Antinociceptive, anti-
inflammatory and acute toxicity effects of Zataria multiflora Boiss
extracts in mice and rats. J Ethnopharmacol 2000;73(3):379-85.

This paper is available online at: http://ijpt.iums.ac.ir


https://ijpt.iums.ac.ir/article-1-340-en.html
http://www.tcpdf.org

