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Abstract

Keywords

Context: Injury to normal tissues is the major limiting side effect of using cyclophosphamide
(CP), an antineoplastic alkylating compound.

Objective: This study was undertaken to evaluate the protective effect of an extract of Origanum
vulgare L. (Lamiaceae), an antioxidative medicinal plant, against CP-induced oxidative lung
damage in mice.

Materials and methods: Mice were pre-treated with various doses of O. vulgare extract (50, 100,
200, and 400 mg/kg) for 7 consecutive days followed by an injection with CP (200 mg/kg b.w.)
One hour after the injection of O. vulgare on the last day, mice were injected with CP; 24 h later,
they were euthanized, their lungs were immediately removed, and biochemical and histological
studies were conducted.

Results: A single dose of CP markedly altered the levels of several biomarkers associated
with oxidative stress in lung homogenates. Pretreatment with O. vulgare significantly reduced
the levels of lipid peroxidation and attenuated the alterations in glutathione content and
superoxide dismutase activity induced by CP in lung tissue. In addition, O. vulgare effectively
alleviated CP-induced histopathological changes in lung tissue.

Conclusions: Our results revealed that O. vulgare protects lung tissues from CP-induced
pulmonary damage and suggest a role for oxidative stress in the pathogenesis of lung disease
produced by CP. Because O. vulgare has been extensively used as an additive agent and is
regarded as safe, it may be used concomitantly as a supplement for reducing lung damage
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in patients undergoing chemotherapy.

Introduction

Reactive oxygen species (ROS) play an important role in the
pathogenesis of acute and chronic lung injury. Because
oxygen is indispensable for life, the cells lining the airways
and the alveolar surface are continuously in contact with
oxygen and do not appear to suffer. The partial reduction of
oxygen to ROS occurs during cellular metabolism and during
cellular injury of any type. Of the types of pulmonary defense
cells, neutrophils, monocytes, and macrophages appear to be
particularly predisposed to converting molecular oxygen to
ROS; this process may be involved in both their phagocytic
and antimicrobial activities (Doelman & Bast, 1990). Under
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physiological conditions, ROS are in balance with liver
antioxidants, but a number of agents, including drugs, have
been recognized to increase the production of ROS. Under
these conditions, endogenous antioxidants are not able to
prevent the actions of ROS and their clinical manifestations.
Alkylating compounds, including anti-neoplastic drugs, form
a large and important group of drugs that disturb the oxidant—
antioxidant balance. One such anticancer drug is cyclophos-
phamide (CP), which is used to treat many types of cancer,
including microcellular lung cancer (Bunn & Carney, 1997).
CP is hydroxylated by the cytochrome P-450 mixed function
oxidase (MFO) system, mainly in the liver, or co-oxidized via
arachidonic acid metabolism through prostaglandin H synthe-
tase (Patel, 1990; Patel & Block, 1985; Sladek, 1971). The
activity of the enzymes involved in metabolic transformations
of CP shows significant differences among tissues, which
result in tissue-specific CP toxicity (Cooper et al., 1986). CP
has many side effects, but injury to normal tissues is the major
factor that limits its use (Bukowski, 1996; Fraiser et al.,
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1991). It has been reported that oxidative stress-mediated
disruption of redox balance after CP exposure generates
biochemical and physiological disturbances (Das et al., 2002;
Ghosh et al., 2002). The lack of the detoxifying enzymes
aldehyde oxidase and aldehyde dehydrogenase in the lungs
causes selective CP toxicity in lung tissue. CP is well known
to cause various histopathological patterns of lung injury
(Kim et al., 2012).

Several classes of antioxidant dietary compounds have
been suggested to have health benefits. Consumption of these
products leads to decreases in various proinflammatory
and/or oxidative stress biomarkers (Vouldoukis et al., 2004).
Biological compounds with antioxidant properties may con-
tribute to the protection of cells and tissues against the
deleterious effects of ROS and other free radicals induced
by CP (Manda & Bhatia, 2003; Navarova et al., 1999).
Compounds that reduce these side effects and stimulate
immunity could be of great help in improving cancer
treatment. Recently, researchers have become interested in
potential compounds of plant origin that are capable of
minimizing the adverse effects of chemotherapy on normal
cells without compromising its antineoplastic activity
(Pratheeshkumar & Kuttan, 2010).

Origanum vulgare L. (Lamiaceae) (OV), also known as
oregano, is a flavoring herb widely used around the world. O.
vulgare is an aromatic plant with a wide distribution
throughout Asia, particularly in Iran. It is used to cure
respiratory diseases, hypoglycemic disease, and leukemia
(Sheibani et al., 2011). The major aqueous constituents of
oregano are rosmarinic acid, eriocitrin, luteolin-7-oglucoside,
apigenin-7-O-glucoside, origanol A and B, and ursolic acid
(Sheibani et al., 2011). Rosmarinic acid and origanol A and B,
which are the most abundant components of the aqueous
extract of oregano, have antioxidative activities (Kulisic et al.,
2007; Matsuura et al., 2003). Previous studies have reported
that the essential oil of O. vulgare has antioxidant capacity,
which has been linked to components such as thymol,
carvacrol, d-terpinene, and p-cymene (Halici et al., 2005;
Odabasoglu et al., 2004; Russo et al., 2002). In addition, there
are many reports showing that components of the aqueous
oregano extract, such as ursolic acid and rosmarinic acid,
exert potent antioxidant activities by scavenging free radicals
(Di Sotto et al., 2010; Lambert et al., 2001).

We recently reported that O. vulgare pretreatment attenu-
ates radiation-induced oxidative stress and subsequent DNA
damage in human blood lymphocytes. The protective effect of
O. vulgare on DNA could be explained by its ability to
increase the activity of the antioxidant defense system,
scavenge ROS that induce lipid peroxidation as well as
peroxidative damage, and quench free radicals induced
by internal radiation (Arami et al., 2013). Since oregano
contains high levels of phenolic compounds and has
antioxidative properties, it is likely that O. vulgare could
protect against CP-induced pulmonary injury. Because OV
has been used extensively as an additive agent and is thus
regarded as safe, this study was undertaken to assess the
effects of OV on the oxidative lung damage induced by CP.
Biochemical and histological examinations of lung tissue
were performed to test for possible mitigating effects of the
OV extract.
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Materials and methods
Chemicals

CP (Endoxan®) was obtained from Baxter Oncology GMBH
(Westfalen, Germany). Bovine serum albumin and a kit for
protein measurement were purchased from Ziest Chem Co.
(Tehran, Iran). All other chemicals were either at or purer
than analytical grade.

Preparation of extracts

Dried powder made from the O. vulgare plant was purchased
from the Giah Essence Phyto-Pharmaceutical Co., Gorgan,
Iran. Aliquots of the dried powder (200 g) were extracted with
2000 ml of ethanol (75%) for 72 h. After evaporation of the
solvent under reduced vacuum at a temperature below 50 °C,
25 g of dried powder was obtained.

Measurement of free radical-scavenging activity

The free radical-scavenging capacity of the ethanol extracts
was determined by measuring the bleaching of stable DPPH,
as described in our previous studies (Ahmadi et al., 2011;
Azadbakht et al.,, 2011; Karimian et al., 2013). Various
concentrations of the Origanum extract (0.025-0.8 mg/ml)
were added, at an equal volume, to an ethanol solution of
DPPH (100 uM). After 15 min, in the dark at room tempera-
ture, the absorbance was recorded at 517 nm. The experiment
was performed in triplicate. Butylated hydroxytoluene (BHT)
was used as a control antioxidant standard. ICs values denote
the concentration of the sample that is required to scavenge
50% of DPPH’s free radicals.

Animals

Male Naval Medical Research Institute (NMRI) mice
weighing 22 +3 g were obtained from the Pasteur Institute
of Iran (Amol, Iran). The mice were housed under standard
conditions at the university animal facility and were main-
tained under a controlled 12h light/dark cycle and tempera-
ture (23 +1°C). The animals were acclimatized for 1 week
before the study and were given standard food pellets and
water ad libitum. All the animals were treated in accordance
with the ‘‘Care and Use of Laboratory Animals’’ as prepared
by the Mazandaran University of Medical Sciences. The
protocol for the study was approved by the Research
Committee of Mazandaran University of Medical Sciences,
Sari, Iran.

Experimental treatment

For the experiment, animals were divided into six groups
(Groups 1-6, n=1>5 for each group), which consisted of the
following: the negative control group, in which mice received
distilled water (10ml/kg b.w.) via intraperitoneal (i.p.)
injection for 7d; the positive control group, in which mice
received a single toxic dose of CP (200mg/kg b.w., i.p.) in
distilled water (10 ml/kg b.w.); and groups 3—6, in which mice
were treated with OV at various concentrations (50, 100, 200,
and 400mg/kg b.w. by i.p. injection) in distilled water
(10 ml/kg b.w.) every day for 7 consecutive days followed by
a single i.p. dose of CP 1h after the last dose of OV. At 24h
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after CP injection, all animals were weighed and sacrificed
by an overdose of ether. The lungs were then isolated and
washed with chilled 1.15% KCl (pH 7.4). The left lungs were
used for the determination of thiobarbituric acid-reactive
substance (TBARS) levels, reduced glutathione (GSH) con-
tents, and superoxide dismutase (SOD) activities. The right
lungs were fixed in 10% neutral buffered formalin for
histopathological examination.

Preparation of lung homogenate

The isolated left lung/body weight ratio was determined
for each animal. Homogenization was performed in ice-cold
KCI (1.15%, pH 7.4) to yield 10% w/v tissue homogenates
(Daba et al., 2002), and the biochemical parameters described
below were assessed.

Determination of lipid peroxidation

The level of LP in the lung was estimated as TBARS
according to Ohkawa et al. (1979). The absorbance was
determined spectrophotometrically at 532 nm, and the con-
centrations were expressed as nmol/g wet tissue.

Determination of reduced glutathione

The level of acid-soluble thiols, mainly GSH, in the lung was
assayed colorimetrically, based on its reaction with Ellman’s
reagent according to a previously described method (Ellman,
1959). The absorbance was measured at 412nm, and the
concentrations were expressed as pmol/g wet tissue.

Determination of superoxide dismutase

The enzymatic activity of SOD was assessed according to
Marklund (1985). SOD activity was expressed as U/g wet
tissue. One unit of SOD activity is defined as the amount of
enzyme that causes 50% inhibition of the auto-oxidation
of pyrogallol.

Histopathological analysis

The right lungs were fixed in 10% neutral buffered formalin,
sliced transversely, paraffin embedded, and prepared as 5 pm
thick sections that were then stained with hematoxylin and
eosin (H&E) for light microscopic evaluation. Three factors
(thickening of the alveolar septa, pneumocyte hyperplasia,
and infiltration by inflammatory cells) were measured using
a semi-quantitative method. The level of damage was
recorded based on a graded scale of 0—4, in which grade
0=no damage, 1=very low level of damage, 2=mild
damage, 3 = moderate damage, and 4 = severe damage. Slides
were viewed and photographed using a camera attached to
a microscope (Labomed, L.X400, Fremont, CA) at 400x
magnification in at least three random microscopic fields
from each animal by two expert pathologists without the
knowledge of the treatment groups.

Statistical analysis

Data are presented as the means + standard deviation (SD).
One-way analysis of variance and Tukey’s honestly signifi-
cant difference (HSD) test were used for multiple comparison
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of data. A p value of less than 0.05 was considered to be
significant. All measurements were repeated three times.

Results
Free radical-scavenging activity

The scavenging effect of the O. vulgare extract was enhanced
with increasing concentration. The maximum inhibition
(98.64%) was obtained at a concentration of 0.8 mg/ml. The
scavenging effects of the commercial antioxidant BHT were
greater than that of the extract at lower concentrations, but
the O. vulgare extract had higher antioxidant activity than
BHT at higher concentrations (Figure 1).

Lung lipid peroxidation level

The results of the analysis of lung lipid peroxidation are
shown in Table 1. A single i.p. injection of CP significantly
(»p<0.001) increased the lipid peroxidation level in lung
homogenates compared with the negative control group. CP
increased the lung TBARS level from 56.32 +4.73 for non-
treated mice to 174.65 + 8.48 nmol/g wet tissue. Pretreatment
with O. vulgare at various doses elicited significant decreases
in the TBARS level compared to CP alone (p<0.05—
p<0.001). The maximum effect was observed after 7d
pretreatment with the O. vulgare extract at 200 and 400 mg/kg
before the CP challenge; under these conditions, the TBARS
levels were significantly reduced to 65.71+4.35 and
61.47 +3.83 nmol/g wet tissue, respectively (p <0.001).

Lung GSH levels

The GSH level observed in CP-treated animals was signifi-
cantly decreased compared with the control group (p <0.001)
(Table 1). CP decreased the lung GSH level from 0.73 +£0.12
(negative control group) to 0.18 +0.02 pmol/g wet tissue.
Pre-treatment with O. vulgare at various doses induced
significant decreases in the level of GSH compared with CP
alone (p<0.05-p<0.001). The maximum effect was
observed after 7d administration of 200 and 400 mg/kg
O. vulgare extract before the CP challenge; under these
conditions, the GHS content was significantly reduced to
0.66 +0.26 and 0.75 +0.04 pmol/g wet tissue (p <0.001).
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Figure 1. Scavenging effect of various concentrations of Origanum
vulgare and BHT on the DPPH free radical, measured at 517 nm.
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Table 1. Effects of CP (200 mg/kg) and/or OV on lung lipid peroxide formation expressed as TBARS, GSH content,

and SOD activity.

Treatment TBARS? GSH* SOD?*
Group (mg/kg) (nmol/g wet tissue) (umol/g wet tissue) (units/g wet tissue)
1 Control 56.32+4.73 0.73+0.12 81.25+6.74
2 CP 174.65 + 8.48° 0.18 £0.02° 2648 +3.21°
3 OV 50+ CP 148.92 +12.14¢ 0.36 +0.16° 33.56 +4.37°
4 OV 100+ CP 116.18 +6.58¢ 0.51+0.08¢ 46.28 +3.92¢
5 OV 200 + CP 65.71 +4.35%" 0.66 +0.26%° 74.61 + 1.82°F
6 OV 400+ CP 61.47 +3.83%" 0.75 +0.04%F 75.14 +2.48%"

OV, Origanum vulgare; CP, cyclophosphamide; TBARS, thiobarbituric acid-reactive substances; GSH, reduced
glutathione; SOD, superoxide dismutase. The data were analyzed with one-way ANOVA and Tukey’s HSD test.
“Values are the means + standard deviation for each group of five mice.

°»<0.001 compared to the control.

°p<0.05 compared with the CP-treated group.
p<0.01 compared with the CP-treated group.
¢p<0.001 compared with the CP-treated group.

No significant difference compared to the control group.

% s
"iz.o.@..a

Figure 2. Normal group: a section of the mouse lung tissue showing

alveolar septa lined with normal pneumocytes (A, yellow arrow) and

normal alveolar spaces (B, red arrow). (Hematoxylin and eosin-stained
paraffin sections; H&E x 400.)

e

Lung SOD activity

Table 1 also shows the SOD activities in the mouse lung
homogenates. The SOD activity in lung homogenates from
CP-treated mice was significantly (p <0.001) lower than that
in the normal group. CP decreased the lung SOD activity
from 81.25 +6.74 (negative control group) to 26.48 +3.21 U/
g wet tissue. In the lung homogenates of O. vulgare-treated
mice, the activity of SOD was significantly (p <0.05-
p<0.001) higher than that in the CP group. The maximum
effect was observed with pretreatment of 200 and 400 mg/kg
of O. vulgare extract, which significantly increased the SOD
activity to 74.61 +£1.82 and 75.14+2.48 U/g of wet tissue,
respectively (p <0.001).

Histopathological examination of the lungs

Light microscopy photomicrographs of representative histo-
logical sections of the lungs 24 h after administration of CP
(200mg/kg) alone compared with the administration of
OV extract (400mg/kg for 7 consecutive days) before CP
treatment are shown in Figures 2—4. Figure 2 shows a section

Figure 3. CP (200mg/kg) group: a section of mouse lung showing
hyperplastic pneumocytes (A, yellow arrow), respiratory type epithelium
(B, green arrow), large distal air spaces filled by lymphocytes,
neutrophils, and cell debris (C, red arrow). (Hematoxylin and eosin-
stained paraffin sections; H&E x 400.)

Figure 4. Group pretreated with 400 mg/kg Origanum for 7 d before CP
administration: a section of mouse lung tissue showing remnants of
neutrophilic infiltration and cell debris (A, green arrow), normal alveolar
space (B, red arrow), and alveolar septa showing focally hyperplastic
pneumocytes and RBC extravasation (C, yellow arrow). (Hematoxylin
and eosin-stained paraffin sections; H&E x 400.)
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Table 2. The results of semi-quantitative histopathological examination of the lung, showing protection against CP-induced tissue damage by OV at

various doses.

Groups

Factors/grades Control CP 200 mg/kg OV 50 mg/kg 4+ CP

OV 100 mg/kg + CP OV 200 mg/kg + CP OV 400 mg/kg 4+ CP

Thickening of the alveolar septa
Grade 0 +
Grade 1
Grade 2
Grade 3
Grade 4 + +
Hyperplasia of pneumocytes
Grade 0 +
Grade 1
Grade 2
Grade 3 +
Grade 4 +
Infiltration by inflammatory cells
Grade 0 +
Grade 1
Grade 2
Grade 3 +
Grade 4 +

+
+
+
+
—+
+
+
+
+

OV, Origanum vulgare; CP, cyclophosphamide.

from the lung of a control mouse showing normal alveolar
spaces and alveolar septa lined with normal pneumocytes.
Figure 3 shows a section from the lung of a mouse treated
with CP showing large distal air spaces filled by lymphocytes,
neutrophils and cell debris, hyperplastic pneumocytes and
respiratory type epithelium. Figure 4 shows a section from the
lung of a mouse pretreated with 400 mg/kg of OV along with
CP showing normal alveolar spaces, alveolar septa with
focally hyperplastic pneumocytes, and red blood cells (RBC)
extravasation, as well as remnants of neutrophilic infiltration
and cell debris.

The results of the semi-quantitative histopathological
examination of the lung are shown in Table 2. Briefly, the
grades of damage for all three factors were O and 4 for
untreated control animals and animals receiving a single dose
of CP at 200 mg/kg, respectively, indicating severe damage
to the lung tissues 24 h after CP administration. Pretreatment
of mice with OV for 7 consecutive days prior to CP treatment
resulted in a dose-dependent reduction in the level of lung
tissue damage. These results are in agreement with the
measurements of the biochemical parameters.

Discussion

The adverse and sometimes serious side effects of many
potent chemotherapeutic agents constitute a major problem
that limits their use. CP, an antineoplastic and immunosup-
pressive drug, is one of the most effective chemotherapeutic
agents used in the treatment of cancers. Injury or damage
to normal tissues is the major factor limiting the use of CP.
CP treatment also results in the production of ROS, which
cause peroxidative damage to vital organs (Patel, 1987).
Cancer patients usually suffer from CP-induced lung toxicity
characterized by hypoxemia, non-cardiogenic pulmonary
edema, low lung compliance, and widespread capillary
leakage (Malik et al., 1996). CP-induced lung injury is
evidenced by histological findings including endothelial cell
destruction, type I and type II alveolar epithelial cell damage,

alveolitis, alveolar edema, hemorrhage, and extensive infil-
tration by inflammatory cells (Gould & Miller, 1975). It is
also suggested that the acute effect of CP on rat lungs involves
acrolein generation during drug metabolism, severe inflam-
matory reactions that include accumulation of neutrophils,
ROS formation, and increases in lipid peroxidation (Patel,
1990). Lipid peroxidation is of great importance in many
cellular systems, especially biological membranes, where
most oxygen-activating enzymes reside. These enzymes are
responsible for oxidative stress and catalyze the formation of
ROS. In some cases, lipid peroxidation can overcome the
endogenous cellular defense mechanisms, destroying mem-
brane structures are destroyed and affecting organelle func-
tion (Jadhav, 1995). We previously reported that CP increased
TBARS levels and, therefore, the extent of lipid peroxidation
in the testis tissue of experimental animals (Chabra et al.,
2014).

In the present study, the production of MDA, which is an
index of lipid peroxidation, was increased significantly in
lung homogenates after CP administration. This observation
is in accordance with many reports that demonstrated
apparent elevations in lung TBARS following the adminis-
tration of CP (Patel, 1987; Stankiewicz et al.,, 2002;
Venkatesan & Chandrakasan, 1995). These adverse effects
of CP on the lung render it important to find a compound
capable of protecting healthy lung tissue against the activity
of CP metabolites such as acrolein and free radicals. Common
treatments aimed at combating lipid peroxidation include the
use of synthetic antioxidants with low cost and high stability
(Miguel et al., 2003); however, such compounds often have
negative side effects of their own. Therefore, researchers have
focused on identifying compounds derived from plants, which
may have greater efficacy and fewer side effects.

In the search for plants as a source of natural antioxidants,
certain medicinal plants and fruits have been extensively
studied due to their antioxidant activities. Natural products
have been shown to be an excellent and reliable source for the
development of new drugs (Newman & Cragg, 2007).
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Medicinal plants have potential chemopreventive properties
because of their chemical constituents, such as phenolic
compounds and flavonoids. The biological benefits of these
compounds are generally thought to be a result of their
antioxidant and free radical-scavenging properties (Ahmadi
et al., 2008; Hosseinimehr et al., 2010; Tiwari, 2001). Chum
et al. (2005) found five major phenolic metabolites in
oregano: rosmarinic, caffeic, coumaric and protocatechuic
acids, and quercetin. These phenolic compounds are rich
in hydroxyl groups, which are present at different locations
on the phenolic ring. Herbs and aromatic plants, which are
widespread and commonly used in the Mediterranean
countries, are of commercial interest for their essential oils
(Hosseinimehr et al., 2011; Parejo et al., 2002). The aromatic
plant O. vulgare may also act as a potent chemoprotective
agent due to its phenolic constituents rich in essential oils,
such as thymol and carvacrol. The high antioxidant activity
of these compounds appears to be due to the presence of
phenolic OH groups, which act as hydrogen donors for the
peroxy radicals produced during the first step in lipid
oxidation (Roofchaee et al., 2011). In a recent study, SOD
and GPx activities and MDA levels were measured to
determine the antioxidant effects of O. vulgare. The results
showed that AFB; treatment caused decreases in SOD and
GPx activities and an increase in the MDA level. The effects
of AFB; on these enzymes decreased after treatment with
O. vulgare. The results of this experiment clearly revealed
that OV is a potent antioxidant that could reduce oxidative
stress and oxidative DNA damage (Ceker et al., 2012).
Therefore, oregano extract may reduce the side effects and
oxidative lung toxicity induced by CP due to its radical-
scavenging abilities.

Therefore, we evaluated, for the first time, the chemopro-
tective effects of O. vulgare extract on oxidative lung toxicity
induced by CP in mice. Administration of O. vulgare for 7
consecutive days before CP injection showed a significant
decrease in the level of TBARS compared with the CP-treated
mice. This activity could be due to the ability of O. vulgare to
scavenge the free radicals generated during oxidative stress
induced by CP because O. vulgare efficiently inhibited iron-
dependent microsomal lipid peroxidation. The iron-reducing
effects of oregano extract are thought to be due to its phenolic
constituents. Studies have shown that oregano extract is an
effective iron reductant and electron donor for peroxidases
(Yoshino et al., 2006).

The disturbances in the lung antioxidant system observed
in response to CP administration were characterized by
changes in enzymatic and non-enzymatic antioxidant param-
eters. After CP injection, the lung SOD, CAT, and glutathione
reductase activities were decreased, while glutathione perox-
idase activity was increased (Stankiewicz et al., 2002;
Tannehill & Mehta, 1996). The reductions in activity most
likely involved damage to the structure of these proteins
caused by ROS or aldehydes generated during CP metabol-
ism. Cellular proteins are susceptible to oxidative modifica-
tion by free radicals, which can have a significant impact on
cellular function (Gebicki & Gebicki, 1993). Phosphoramide
mustard and acrolein, the reactive metabolites of CP, may
enhance the toxicity of each other in vivo. Phosphoramide
mustard is a potent DNA alkylator, whereas acrolein has been
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demonstrated to exhibit a high reactivity toward free and
protein-bound thiols and can cause depletion of glutathione
(GSH). The CP metabolite acrolein and its lipid peroxidation
product MDA belong to a class of highly reactive carbonyl
compounds that may also modify amino acids causing
changes in the structure and functions of enzymes (Haenen
et al., 1988).

In the present study, administration of CP decreased the
GSH content in the lung by approximately 75%. This result
could be due to the decreased expression of this antioxidant
during bronchial cellular damage (Suddek et al., 2012), which
is in accordance with other reports demonstrating GSH
reduction or depletion following CP challenge in animals
(Manda & Bhatia, 2003; Patel & Block, 1985; Sulkowska
et al., 2002; Venkatesan & Chandrakasan, 1995). However,
the administration of O. vulgare for 7d before CP elicited a
significant increase in the level of GSH. The present work
also shows that the changes in GSH are accompanied by
decreases in the activity of antioxidant enzymes, namely
SOD, following CP administration. A single i.p. injection of
200 mg/kg CP decreased the SOD enzyme activity in lung
by approximately 67.4%. SOD constitutes an important link
in the biological antioxidant defense system because of its
ability to convert endogenous cytotoxic superoxide radicals,
which are deleterious to polyunsaturated fatty acids and
proteins, to H,O, and molecular oxygen (Marklund, 1985).
The reduction in the activity of SOD and increase in lipid
peroxidation could reflect the adverse effects of CP on the
balanced antioxidant system in the lung tissue (Selvakumar
et al.,, 2005). A previous study showed that the Origanum
extract has superior superoxide radical scavenger activity as
compared with SOD activity (Cervato et al., 2000). This is in
accordance with our study that demonstrated SOD increase
following 7d O. vulgare pretreatment before CP challenge
in animals.

Histopathological examination of lung specimens isolated
from CP-treated mice showed damage, congestion, and/or
edema of the interalveolar septa, neutrophilic and macrophage
infiltration, large distal air spaces filled by lymphocytes,
neutrophils and cell debris, hyperplastic pneumocytes, and
respiratory type epithelium. Sulkowska et al. (2002) demon-
strated that congestion and edema may be due to the changes
produced by CP in epithelial cell structure as well as
alveolocapillary permeability. Treatment with Origanum
resulted in minimal lung damage, with no areas of
intralobular necrosis and no significant inflammatory infil-
tration in the lung. In addition, normal alveolar spaces,
alveolar septa showing focally hyperplastic pneumocytes and
RBC extravasation as well as remnants of neutrophilic
infiltration and cell debris were also observed in lung tissues
after treatment with the extract. The observed histopatho-
logical results parallel the results obtained from the measured
biochemical parameters.

In conclusion, Origanum had dose-dependent protective
effects on lipid peroxidation induced by CP in lung tissues.
Administration of Origanum extract to mice for 7 consecutive
days prior to injection of CP rescued the antioxidant enzyme
activity of SOD and GSH content in lung tissue. Origanum
extract also showed potent radical scavenging properties, as
assessed using the DPPH method. Therefore, Origanum may
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reduce the lung toxicity and pulmonary damage induced by
CP in mice through its ability to increase the activity of the
antioxidant defense system, scavenge the ROS that induce
lipid peroxidation and peroxidative damage, and quench free
radicals. Because O. vulgare has been used extensively as an
additive agent and herbal medicine for several diseases and
is generally regarded as safe, it is a potent candidate therapy
for the negative side effects of chemotherapy, particularly
lung toxicity.
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