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ABSTRACT

Background: Despite its various clinical applications, cyclophosphamide (CP), an alkylating

Copyright© 2020, The Authors. . . . . . .
o cAuen chemotherapeutic agent, has demonstrated numerous side effects, including genetic toxicity.

Objectives: This study investigated the protective action of Origanum vulgare L., a powerful
antioxidant plant, on the genotoxicity of CP in the mice blood lymphocytes.

Methods: The mice were pre-treated orally with different doses of 50, 100, 200, or 400 mg/
kg O. vulgare ethanolic extract once a day for 7 consecutive days. One hour after the final
dose of O. vulgare, each animal received a single intraperitoneal administration of 200 mg/
kg CP. After 24 hours, the preventive effect of O. vulgare was evaluated using an in vitro
micronucleus (Mn) test in cytokinesis-blocked lymphocytes, which is a reliable genotoxicity
test. All doses of O. vulgare caused significant reductions in the CP-induced Mn formation,
which served as an indicator of DNA damage in the peripheral blood lymphocytes.
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Results: The total reduction of the Mn in binucleated lymphocytes were 67% and 75% for doses
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of 200 and 400 mg/kg of O. vulgare, respectively (P<0.001). The antioxidant plant demonstrated
dose-dependent protective effects against CP-induced Mn formation and genotoxicity in the
blood lymphocytes of the mice. O. vulgare can reduce the damage to DNA through its potent

Antioxidant, IR o . ; .

Cyclophosphamide, antioxidation activity and free radical scavenging properties.

Oxidative stress, Conclusion: Since it is widely used as a safe herbal medicine for many diseases, O. vulgare could
Genotoxicity, be used to relieve the adverse effects of cyclophosphamide, especially against the genetic damages
Micronucleus of normal cells in patients undergoing chemotherapy.
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Introduction

yclophosphamide (CP), a nitrogen mus-
tard alkylating agent, is widely used in
the treatment of various human diseases,
such as breast cancer, lung cancer [1],
systemic lupus erythematosus, rheuma-
toid arthritis, and multiple sclerosis [2].
Because of its numerous side effects, in-
cluding nausea, vomiting, alopecia, mucosal ulceration,
pulmonary toxicity, hematopoietic and bone marrow sup-
pression, reproductive toxicity, nephrotoxicity, urotoxicity,
cardiotoxicity, and hepatotoxicity, the use of CP is limited
[3-7]. Chemically reactive metabolic products of CP cause
cytotoxicity that alkylate DNA and proteins leading to the
production of cross-linking in DNA [8]. Furthermore, the
biotransformation of CP is mediated by the participation
of cytochromes P450 mixed-function oxidase to form the
highly toxic metabolites, phosphoramide mustard, and ac-
rolein. In this way, CP could eventually produce redundant
Reactive Oxygen Species (ROS). These reactive com-
pounds can damage critical macromolecules, such as DNA,
causing chronic diseases, including cancer [9].

Many natural compounds in plants have potential pro-
tective effects on diseases. Medicinal plants derive their
potential chemopreventive properties from their chemical
components, such as phenolics and flavonoids. It is gener-
ally recognized that the biological advantages of these com-
pounds are derived from their antioxidant and free radical
scavenging activities [10, 11]. In a 2008 study, we observed
that hesperidin, a citrus flavonoid, reduced the genotoxicity
induced by CP in the bone marrow cells of mice when were
orally given before CP administration [12]. We also dem-
onstrated that Origanum vulgare extract protected human
blood lymphocytes against genotoxicity induced by internal
irradiation. Since O. vulgare showed a potent antioxidant
and free radical scavenger in the study, it could effectively
protect blood lymphocytes from DNA damages and genetic
toxicity of internal radiation-induced free radicals and ROS
through quenching these free radicals [13].

O. vulgare L. is the only species of the genus Origanum
belonging to the Labiatae family that grows wildly in Iran.
Because of its powerful antioxidant activities, O. vulgare
has been used for the treatment of cancer, heart disease, and
hypertension [14]. We recently observed that the pretreat-
ment of mice with the aerial parts of O. vulgare extract at
various doses for 7 days reduced the organ toxicity of mice
induced by CP. O. vulgare reduced lipid peroxidation, re-
stored the depletion of antioxidant enzymes, and protected
cellular destruction in different organs, such as liver and
lung [15, 16].

Shokrzadeh M, et al. Protective Effect of O. vulgare on Genetic Damage. PBR. 2020; 6(4):297-302.

PBR

Pharmaceutical & Biomedical Research

In another study, we showed that O. vulgare inhibited
the genotoxicity of CP in mice bone marrow, completely
normalized the bone marrow cells depression, restored
the inhibition of cell proliferation, and protected mice
from bone marrow hypocellularity induced by CP [4].
The high antioxidant activity of O. vulgare appears to be
due to the phenolic OH groups present in flavonoids and
phenolic compounds that can donate hydrogen atoms to
the proxy radicals formed in the first stage of lipid oxi-
dation [17]. The results of various studies have shown
that the antioxidant effects of O. vulgare can be due to
the presence of dominant phenolic compounds, such as
carvacrol and thymol in its essential oil [18]. Thus, the
possible protective role of O. vulgare extract against CP-
induced genotoxicity was determined using the micro-
nucleus (Mn) test in mice blood lymphocytes.

Materials and Methods
Preparation of O. vulgare extract

O. vulgare L. dried aerial parts were obtained from
Giah Essence Phyto-Pharmaceutical Co., Golestan, Iran.
The plant was identified, authenticated, and extracted by
our university pharmacognosist. Three hundred grams
of dried plant powder was macerated with 3000 mL of
ethanol (75%) for 72 hours. After evaporation of the sol-
vent under reduced vacuum at temperatures below 40°
C, an extract was obtained.

Study animals

For this randomized and controlled animal study, male
Naval Medical Research Institute (NMRI) mice weigh-
ing 25+3 g were prepared from the Pasteur Institute of
Iran (Amol branch, Iran). All animals were housed at
the university’s animal house and kept at a controlled
room temperature of 23+2° C under a 12/12 h light/dark
cycle. The animals were acclimatized for 1 week before
the study and standard laboratory food and water were
freely provided. All animals received human assistance
according to the criteria established in the “Guide for the
care and use of laboratory animals” prepared by the Ma-
zandaran University of Medical Sciences, Sari, Iran. The
study protocol was approved by the Research Commit-
tee of the University.

Experimental treatment of O. vulgare

The mice were divided into 7 groups (n=5 for each
group). The mice in the negative control (group 1) re-
ceived only distilled water (10 mL/kg) orally once a day
for 7 days. The positive control mice (group 2) received
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Figure 1. The schematic image of the experiment and each part of the study

distilled water (10 mL/kg) orally once a day for 7 days
following a single IP injection of toxic CP (200 mg/kg)
in digtilled water (10 mL/kg) on the 7 day of the experi-
ment 1 h after the last distilled water administration. In
groups 3-6, the mice were treated orally (gavages) with
different doses of O. vulgare (50, 100, 200, or 400 mg/
kg) in distilled water (10 mL/kg) per day for 7 consecu-
tive days, followed by a single IP injection of CP 1 h
after the last O. vulgare treatment. For the O. vulgare
control group (group 7), the mice received a high daily
dose of O. vulgare (400 mg/kg) in distilled water (10
mL/kg) orally for 7 consecutive days, followed by no CP
treatment to guarantee the credibility and safety of the O.
vulgare in the high dosage. Twenty-four hours after the
administration of CP in the aforementioned groups, all
the mice were anesthetized with petroleum ether. One
milliliter of blood was taken from each mouse via car-
diac puncture and transferred to the Mn test.

Determination of the Mn

For each mouse blood sample, 0.5 mL aliquots were
added in duplicate to 4.5 mL of RPMI, also known as
RPMI 1640 or Roswell Park Memorial Institute Medi-
um, culture medium containing glutamine (Invitrogen)
(Gibco), consisting of a 20% bovine fetal serum mixture
(Sigma), 50 uL/mL of phytoagmagututin (Gibco) and an-
tibiotics (50 IU/mL of penicillin and 50 pg/mL of strep-
tomycin; Gibco). All cultures were incubated at 37+1°
C in a humidified atmosphere of 5% carbon dioxide and
95% oxygen. After 44 hours of culturing, a cytochalasin
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B solution (Sigma; final concentration, 5 pg/mL) was
added to the culture medium. After an incubation period
of 72 hours, the cells were collected by centrifugation for
8 minutes at 1000 rpm, resuspended in cold 0.075 M po-
tassium chloride, and immediately fixed in a solution of
acetic acid and methanol (6:1) three times.

Several drops of the fixed cells were placed on clean
microscopic slides, air-dried, and stained in 15% of the
Giemsa solution for 20 min. All slides were evaluated
using a 100x magnification microscope to determine
the frequency of bi-nucleated micronuclei in cytokine-
sis that was stopped with a well-preserved cytoplasm.
The criteria used to evaluate the micronuclei were the
following: a diameter between 1/16 and 1/4 of the main
nuclei’s diameter, the non-refractive nature, the inde-
pendence of the primary nucleus, and a lack of overlap
with the primary nucleus. Besides, to be counted as bi-
nucleated cells, the two nuclei of the main cells had to
be completely divided. Three slides were prepared for
each mouse, and a total of 1000 binucleated cells were
observed to determine the frequency of the micronuclei.
The schematic picture of the experiment and each part of
the study is displayed in Figure 1.

Statistical analysis

The total number of Mn per 1000 binucleated lympho-
cytes is represented as the Mean+SD of 5 mice. A 1-way
Analysis of Variance (ANOVA) was used followed by
the Honestly Significant Difference (HSD) Tukey test to
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assess the statistical significance. A value of p less than
0.05 was considered significant.

Results

Figure 2 shows a significant difference in the Mn per-
centage in binucleated lymphocytes of mice treated
with CP as compared to the controls (P<0.001). The
mice treated with a single dose of CP (200 mg/kg) had
an Mn frequency for 1000 binucleated lymphocytes
of 36.71+4.63, but the untreated control animals had a
frequency of 8.76+2.35. The incidence of micronucle-
ated binucleated lymphocytes in the mice that were pre-
treated with several doses of O. vulgare for 7 consecu-
tive days before the CP administration was significantly
lower than in the mice that received CP alone (Figure 2).

The percentage reduction in the total number of micronu-
cleated binucleated cells was 25%, 49.9%, 67%, and 75%
for doses of 50, 100, 200, and 400 mg/kg of O. vulgare, re-
spectively. The reduction was greater at higher doses of O.
vulgare at 200 and 400 mg/kg compared to the reduction
at doses of 50 and 100 mg/kg. Also, the maximum protec-
tive effect was observed at the highest dose of O. vulgare,
where CP-induced genotoxicity was completely prohibit-
ed and the Mn was significantly reduced (P<0.001). In ad-
dition, O. vulgare at the maximum dose of 400 mg/kg did
not induce any additional micronuclei in the mouse blood
lymphocytes, indicating that the plant is not genotoxic at
the maximum dose and is completely safe.

Discussion

CP is used for the treatment of a wide variety of ma-
lignancies, such as leukemia, lymphoma, breast, lung,
prostate, and ovarian cancers [19]. CP is inactive in vivo
and in vitro and is metabolized by hepatic microsomal
enzymes in the liver. CP can exert its biological activities
by metabolites, mainly phosphoramidite mustard [20].
However, alkylating metabolites like acreoline can bind
to the many macromolecules, including amino acids,
proteins, and peptides, but the most important binding
site is the DNA in which the DNA cross-linking and sub-
sequent DNA can occur [21].

In our recent studies, CP administration resulted in the
production of ROS, which caused lipid peroxidation and
peroxidative damages to vital organs of animals [4, 15,
16]. Cellular and tissue toxicities were observed as the
therapeutic dose of CP increased. CP and its metabolites
can bind to the DNA, and cause chromosome breaks,
Mn formation, and finally cell death [21]. We previously
reported CP-induced genetic damages in mouse bone
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Figure 2. In vivo protection of O. vulgare extract at different
doses against CP-induced Mn in mouse blood lymphocytes

The frequency of Mn per 1000 lymphocytes is represented as
the Mean#SD of five mice.

###P<0.001: control sample compared with animals treated
with a single dose of CP (200 mg/kg).

*P<0.05: CP-treated mice compared with OV-pretreated
mice (50 mg/kg) before CP administration.

**P<0.01: CP-treated mice compared with OV-pretreated
mice (100 mg/kg) before CP administration.

**P<0.001: CP-treated mice compared with OV-pretreated
mice (200 or 400 mg/kg) before CP administration.

OV: O. vulgare; CP: Cyclophosphamide; Mn: Micronucleus.

marrow cells [4, 5, 12]. In the current study, DNA dam-
age was evaluated by the Mn test in mice blood lympho-
cytes. An administration of 200 mg/kg CP caused DNA
damage and formed Mn in animals’ blood lymphocyte. It
was evident that exposure to CP resulted in genotoxicity
as compared to untreated control animals.

Many kinds of research have been interested in focus-
ing on the antioxidant activity of natural products to find
therapeutic agents. Recently, the search to obtain novel,
more effective with fewer side effects agents from natu-
ral origin compounds have dramatically increased. These
efforts could minimize the toxicity of chemotherapy to
normal cells without affecting anticancer efficacy. Thus,
the deleterious effects of ROS and other free radicals of
CP, which can damage cells and tissues can be inhibited
by natural antioxidants.

O. vulgare is a flavorful plant used throughout the
world to treat hyperglycemia, leukemia, and respiratory
diseases. It is an aromatic plant with a wide distribution
throughout Asia, and especially Iran. The major aqueous
constituents of oregano are rosmarinic acid, eriocitrin,
luteolin-7-oglucoside, apigenin-7-O-glucoside, origanol
A and B and ursolic acid [22]. Rosmarinic acid and origa-
nol A and B, the largest constituents of aqueous oregano
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extract, have anti-oxidative activities [23, 24]. Previous
studies have reported O. vulgare’s essential oil antioxi-
dant capacity, and the antioxidant effects have been linked
to thymol, carvacrol, é-terpinene, and p-cymene [25-27].

Many types of research have been shown that the com-
ponents of aqueous O. vulgare extracts, such as ursolic
and rosmarinic acids, exert a potent antioxidant effect
by scavenging free radicals [28, 29]. In addition, thymol
selectively protected human blood lymphocytes against
DNA damage induced by bleomycin as an anti-cancer
and significantly reduced Mn frequency [30]. Therefore,
we evaluated the protective effects of O. vulgare extract
on CP-induced genotoxicity in mouse blood lympho-
cytes. The O. vulgare extract had dose-dependent pro-
tective effects and reduced the frequency of CP-induced
Mn in lymphocytes. Administration of 200 and 400 mg/
kg of O. vulgare for 7 consecutive days before CP in-
jection produced the maximum protection in animal
lymphocyte cells and reduced the Mn frequency by ap-
proximately 67% and 75%, respectively. These results
are consistent with our previous studies. We have re-
cently reported that O. vulgare pretreatment mitigated
radiation-induced oxidative stress and subsequent DNA
damage in human blood lymphocytes [13].

The protective effects of O. vulgare on DNA could
be explained by its ability to strengthen the antioxidant
defense system, eliminate ROS-inducing lipid peroxida-
tion and scavenge free radicals. It seems that the primary
mechanism of the protective action of O. vulgare is the
direct and or indirect interaction with these ROS because
apowerful free radical scavenging effect was demonstrat-
ed in our previous study [13]. Therefore, it appears that
O. vulgare scavenged and trapped free radicals induced
by CP and, through this mechanism, it could prevent the
damage induced by free radicals. Thus, O. vulgare may
prevent the Mn formation and the DNA damage that
could have been induced by free radicals produced by
CP in human lymphocytes. The protective effect of O.
vulgare is likely due to the antioxidative properties of the
major containing flavonoids and phenolic compounds.

We show O. vulgare has a dose-related protection ef-
fect against genotoxicity induced by CP in mouse blood
lymphocytes. CP can produce oxidative stress in the
cells through the generation of ROS and free radicals
led to DNA damages, genotoxicity, and even cell death.
The main characteristic of antioxidants is the ability to
quench these toxic free radicals. Therefore, O. vulgare
may reduce CP-induced DNA damage in mice through
its antioxidant activity and free radicals scavenging
properties. Since O. vulgare has been widely used as an
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additive therapy and herbal medicine for various diseas-
es, it may be a potential candidate for a safe supplement
against harmful side effects induced by dangerous chem-
ical agents, particularly for the patients undergoing che-
motherapy upon further investigations and clinical trials.
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