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Abstract:

BACKGROUND: Wound infection has become a major medical
problem in recent years. This is usually caused by Gram-posi-
tive bacteria, especially Staphylococcus aureus. Since antimi-
crobial resistance to current drugs has critically been developed
in these causative microorganisms, substitution medicine has
become one of the main interests within researchers. OBJEC-
TIVES: The aim of this study was to evaluate the healing activ-
ity of Origanum vulgare against surgical wounds infected by
S. aureus. METHODS: Twenty male Sprague-Dawley rats were
randomly divided into two groups. Excisions were created sur-
gically on the animals’ skin and then infected with S. aureus.
Group 1 was treated with an extract of O. vulgare while Group
2 was untreated. Wound biopsy specimens were collected on
Days 5, 10 and 16 and analyzed. RESULTS: Results showed that
the hydroxyproline content in the treatment group was sig-
nificantly higher in various post wounding days. The mean of
hexosamine in the treated group was higher than in the control
group. Protein content increased gradually in Day 10. Results
of histopathological studies showed moderate to intense gran-
ulation tissue formation and neovascularization in the treated
group on Day 10. Furthermore, the histopathological studies
showed that intense matrix formation and collagen fiber depo-
sition occurred in treatment group on Day 16 post wound,
while intense granulation tissue formation was the prominent
feature in control group. CONCLUSIONS: The present study has
demonstrated that the ethanol extract of O. vulgare contains
properties that accelerate wound healing activities compared to
control group.

Introduction
Wound is defined simply as the disruption

of the cellular and anatomic continuity of a
tissue. Wound may be produced by physical,
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chemical, thermal, microbial or immunolog-
ical insult to the tissue. Wound healing is a
programmed biological process that restores
tissue continuity after injury and is a combina-
tion of physical, chemical and cellular events
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that restore the wounded tissue or replace it
with collagen. Wound healing can be divided
into three stages, inflammation, proliferation
and remodeling and maturation phases which
involve the interaction of various cells, cyto-
kines and growth factors (Teoh et al., 2009).
The normal healing response begins immedi-
ately after an injury. When blood spills into
the site of an injury, the blood platelets con-
tact with collagen and other elements of the
extracellular matrix. This triggers the release
of clotting factors as well as essential growth
factors and cytokines such as platelet-de-
rived growth factor (PDGF) and transforming
growth factor beta (TGF-B). The inflammatory
phase begins after the migration of neutrophils
to the wound site to clean the tissue. Then, fi-
broblasts migrate into the tissue to begin the
proliferative phase and deposit new extracellu-
lar matrix. This new collagen matrix becomes
cross linked and organized (Diegelmann and
Evans, 2004).

Due to poor hygienic conditions in devel-
oped and developing countries, wound infec-
tion has become a common disease in recent
years (Kumar et al., 2007). Gram-positive
bacteria, especially Staphylococcus aureus are
early colonizers of burn wounds which makes
the occurrence of multidrug resistant S. au-
reus a troublesome event. S. aureus is a major
cause of hospital acquired (nosocomial) infec-
tion of surgical wounds and infections associ-
ated with indwelling medical devices (Cook,
1998). A public tendency towards the use of
herbal wound healers is increasing, possibly
due to lower side effects and prices of herbals
compared to chemical drugs. One of these nat-
ural herbs, oregano, was scientifically named
Origanum vulgare by Swedish botanist Carl
Linnaeus. This genus is a member of the mint
family (Lamiaceae). Origanum spp. is native
to Western and Southwestern Eurasia and the
Mediterranean region. The Origanum oil pos-
sesses carminative and diuretic properties. Fur-
thermore, it is used in chronic rheumatism and
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tooth and ear aches. The oil is also used in vet-
erinary ointments and stimulates hair growth.
In homoeopathy, it has been used for hysteric
conditions. Moreover, the Origanum oil is top-
ically used with other herbs for wound heal-
ing.s. Previously, the antibacterial activities of
O. vulgare have was been reported (Derwich
et al., 2010; Saeed and Tariq, 2009; Sivropou-
lou et al., 1998). The aim of this study is to as-
sess the healing activity of O. vulgare against
surgical wounds infected by S. aureus in a rat
model for which no data has been published.

Materials and Methods

The plants and extract preparation: Five
hundred grams of O. vulgare were purchased
from an official herbal drug center. The aeri-
al parts of the plant were dried and grounded
into fine powder using an electric blender. The
extract was prepared by cold maceration with
distilled water for 24 h. 50 gr of powder were
suspended at 100 ml ethanol for 24 h at room
temperature. The mixture was then filtered us-
ing a fine muslin cloth followed by Whatman’s
No. 1 filter paper. The extract was concentrat-
ed using vacuum distillation.

Bacterial dilution: S. aureus (ATCC 29213)
was used as standard for inoculation and char-
acterization of antibacterial activity of O. vul-
gare. A total of 1x10* CFU/ml of the bacte-
ria was used as described in previous studies
(Barker et al., 1982; Stratford et al., 2002). S.
aureus was inoculated onto blood agar plates.
Colonies were isolated and suspended in ster-
ile distilled water. 0.5 McFarland dilutions
were prepared and using spectrophotometry to
achieve a wave length of 630 nm. The bacteri-
al concentration was calculated as 1x10* CFU/
ml in the dilution.

Minimum inhibitory concentration (MIC):
To assess the minimum inhibitory concentra-
tion (MIC) of the extract, a stock solution of O.
vulgare (30,000 ppm) was made. Four drops
of solvent were added to 0.3 g of hydroalcohol
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extract of O. vulgare in a sterile manner after
which 10 ml of sterile phosphate buffer saline
(PBS) were added to the solution and homog-
enized. A two-fold dilution of the extract in
nutrient broth was made in sterile tubes and
then adjusted inoculum of S. aureus (1x10*
CFU/ml) was added to each tube. Tubes were
mixed gently and incubated at 35°C for 24 h.
Then bacterial turbidity was assessed by visu-
al examination. The last dilution at which the
growth of the bacteria was inhibited was se-
lected as the MIC of the extract.

Animals: Twenty male Sprague-Dawley
rats weighing 254 +14 g were selected for the
study. The animals were housed in a standard
animal house (Faculty of veterinary medicine,
Islamic Azad University, Garmsar Branch)
and left for seven days at room conditions
for acclimatization. They were supplied with
water and food ad libitum and maintained at
2542°C, 45-57% RH and 10:14 hr Light: Day
Light: Day cycle during the study. The animals
were periodically weighed before and after
the experiments. All experiments on the ani-
mals were carried out according to the “Guide
for the Care and Use of Laboratory Animals”
published by the National Institute of Health
(NIH).

Wound excision: Animals were anaesthe-
tized with a combination of 10% ketamine hy-
drochloride (50 mg/kg) and 2% xylazine hy-
drochloride (5 mg/kg) intraperitoneally. Dorsal
fur of the animals was shaved with an electric
clipper and the anticipated area of the wound
was marked. The site of excision was sterilized
with povidine iodine followed by 70% etha-
nol. A full thickness of the excision wound of
area 225 mm?2 was created and left open. One
milliliter of bacterial dilution (1x10* CFU/ml)
was inoculated topically at the wound site..
Animals were divided in two equal groups.
Group 1 was topically treated with hydro al-
cohol extract of O. vulgare while Group 2 was
not treated with any solution. O. vulgare ex-
tract was used topically 4 h after bacterial in-
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oculation. Treatment was continued daily for
seven consecutive days (every 24 h).

Biochemical analysis: Wound biopsy spec-
imens were collected from each group on Days
5, 10 and 16 post wound excision. At the end
of the experiment, animals were scarified, se-
rum harvested and kept at -80°C until analysis.
Hydroxyproline concentration was assessed as
described by Woessner (1961). Hexosamine
was assessed using an original method by
Elson and Morgon (1933). Total protein was
measured using Lowry (1951) method.

Histopathological studies: Wound biopsy
specimens from each group were collected on
Days 5, 10 and 16 post excision. Tissues were
fixed in 10% buffered formalin and routinely
processed by standard procedures and then
stained with hematoxylin and eosin (H&E).
Stained specimens were microscopically
evaluated to assess histopathological changes
during wound healing.

Statistical analysis: Statistical analyses
were carried out using SPSS, v16.0 (SPSS,
USA) and the data were expressed as mean
+ standard deviation (SD). Independent t test
and analysis of variance were used to test data
significance. Differences were considered sig-
nificant at p<0.05.

Results

Mean concentrations of hydroxyproline, to-
tal protein and hexosamine are shown in Table
1. A common pattern of changes in hydroxy-
proline was seen in all groups. Collagen con-
tent increased gradually with time and reached
the maximum level on Day 16 of post wound-
ing. The hydroxyproline content in the treat-
ment group was significantly higher on various
post wounding days (p<0.05). Hexosamine
content decreased gradually during the study.
The mean concentration of hexosamine was
higher in the treatment group than in the con-
trol group (p<0.05). Protein concentration in-
creased gradually until ten days post wound-
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Table 1. Effects of O. vulgare extract on wound healing biochemical parameters. Values are expressed as mean £SD; “p< 0.05.

Group Hydroxyproline (mg/g)

Hexosamine (mg/g)

Total protein (mg/100 ml)

Day 4 Day 10 Day 16 Day 4
O. vulgare 15.9+¢1.9 20.4+1.4%* 21.74£2.6% 58.2+5.7*

Control  13.3£1.7 16.3x1.6  16.5£1.2 479443

Day 10
47.8£3.8% 36.4+8.2 6417+486.3% 6488 £573* 5815 +485
41.844.6  32.6+4.9

Day 16 Day 4 Day 10 Day 16

50344287 5271 +£545 5491 +284

Fig 1. H & E sections of the wounds on Day 5 (x10). An
intense inflammatory response was seen and neutrophils were
the predominant cells in both groups.

ing but decreased dramatically on Day 16.
Total protein increased significantly in wound
tissues of the treatment group (p<0.05). His-
topathological studies descriptively showed
an intense inflammatory response on Day 4
post wounding and neutrophils were the pre-
dominant cells in both groups (Fig. 1). A mild
inflammatory response was continued in the
control group until Day 10 post wounding
while no inflammatory response was seen in
the treatment group. Results of histopatho-
logical studies showed moderate to intense
granulation tissue formation and neovascular-
ization characterized by increased fibroblasts
in the treatment group on Day 10 post wound-
ing (Fig. 2). The granulation tissue formation
seemed to be delayed in the control group and
only newly formed granulation tissues were
seen. Histopathological studies revealedsevere
matrix formation and collagen fiber deposition
in the treatment group on Day 16 post wound-
ing while intense granulation tissue formation
was the prominent feature in the control group

(Fig. 3).
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Discussion

Wound healing is a complex and dynam-
ic process of restoring cellular structures and
tissue layers in damaged tissues as closely as
possible to normal (Nayak and Pereira, 2006).
In normal conditions, wound healing is con-
sidered as an accurately programmed insult
that does not require considerable medical in-
terventions. However, efficient and organized
healing processes are absent in pathological
conditions such as ulcers and infections. In
such conditions, chronic inflammation is the
predominant event characterized by abundant
neutrophil infiltration, associated reactive oxy-
gen species and destructive enzymes (Diegel-
mann and Evans, 2004). Infection of wounds
is one of the frequent complications in patients
who have undergone surgeries. Nowadays, an
increased interest is seen amongst researchers
to use herbal agents in complicated infectious
wounds due to increased antibiotic resistance
in microorganisms. Plant products are poten-
tial agents for wound healing and are largely
preferred because of their widespread avail-
ability, non-toxicity, lack of unwanted side ef-
fects and their effectiveness as crude prepara-
tions. A therapeutic agent selected for wound
healing must improve at least one phase of the
healing process without producing any side
effects (Moslemi et al., 2012). Many plants
are used as topical wound healers in Persian
traditional medicine. One of these plants, O.
vulgare, is used as an antiseptic agent in tradi-
tional medicine.

Hydroxyproline is the major constituent of
collagen and found almost exclusively in col-
lagen. The estimation of hydroxyproline is an
accepted method of biochemical evaluation of
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Fig 2. H & E sections of the wounds on Day 10 in treatment group. A) Moderate to intense granulation tissue formation and neovas-

cularization (x10), B) Increased fibroblasts (x40).

Fig 3. H & E sections of the wounds on Day 16. A) Matrix formation and collagen fiber deposition are seen in treatment group (x40),
B) Granulation tissue formation is the prominent feature in control group (*40).

total collagen content of a sample (Lin et al.,
2003) and is also used as a marker of collagen
synthesis (Rasik et al., 1999). An increase in
the collagen content of the extracellular matrix
is a characteristic change observed in the pro-
liferative phase of wound healing (Lin et al.,
2003). Biochemical analysis of the excision-
al wound tissue of O. vulgare treated wounds
demonstrated a significant increase in total
collagen content compared to that of untreated
wounds. The high level of hydroxyproline in
the treatment group hindicates that more col-
lagen has been produced. This is possibly seen
due to increased collagen synthesis following
fibroblast proliferation. In the current study,
hydroxyproline concentration increased grad-
ually and reached its maximum on Day 16.

LIVM (2015), 9(2): 135-142

Chithra et al. (1998) and Pather et al. (2011)
showed that collagen content reached a peak
on Day 8 and then a mild continuous decline
started until Day 16 (Chithra et al., 1998;
Pather et al., 2011).

In 2005, Gupta et al. (2005) demonstrated
that topical application of 1% seabuckthorn
leaf extract significantly improved the heal-
ing process as evidenced by an increase in hy-
droxyproline and protein contents as well as
a reduction in the wound area on Day 8 post
wounding. In a study by Nayak et al. (2006),
contents of protein, hydroxyproline, and
hexosamine increased significantly in groups
treated with Cecropia peltata Nayak, 2006)
showing that theproliferative stage reached a
peak on Day 7 or 8 post wounding (Chithra
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et al., 1998; Pather et al., 2011). In the cur-
rent study, biochemical assessment of colla-
gen content (with maximal collagen content
on Day 16) showed different results compared
to other studies. This might have occurred due
to moiety of the wound induced in the current
study. Infection in wounds is considered as a
complication and leads to delayed prolifera-
tion responses. Overall, higher hydroxyproline
concentrations over several days revealed that
the healing process proceeded in a usual man-
ner in the treatment group compared to con-
trol group. A relationship was seen between
hydroxyproline concentration and histopatho-
logical findings. An intense inflammation was
seen in wound tissues in both groups on Day
4 post wounding thus indicating low hydroxy-
proline concentration in both groups. Further-
more, an increased concentration of hydroxy-
proline was seen on Day 10 in the treatment
group while the control group had a lower hy-
droxyproline concentration. This possibly oc-
curred because of moderate tissue granulation
formation and neovascularization in treatment
group while subsided inflammatory response
was the prominent feature in control group.
Glycosaminoglycans and proteoglycans are
matrix molecules which act as ground substra-
tum for the synthesis of newly formed extra-
cellular matrix. These molecules are produced
by fibroblast in wound tissues as a highly hy-
drated gel-like ground on which collagen fiber
are embedded. These molecules stabilize col-
lagen fibers by enhancing an ionic and electro-
static interaction (Ricard-Blum and Ruggiero,
2005). An increase in the level of these compo-
nents is seen during the early stages of wound
healing after which normal levels are restored
(Dunphy and Udupa, 1956). As the collagen
content increases, hexosamine level decreas-
es (Chithra et al., 1998; Dunphy and Udupa,
1956). Therefore, hexosamine estimates the
amount of ground substance in a wound. In the
current study, a similar pattern was observed
in O. vulgare treated wounds as the level of
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hexosamine reached a peak on Day 5 followed
by a steady decrease to Day 16.

The results of the current study are simi-
lar to those reported by Chitra et al. (1998),
Pather et al. (2011) and Sumitra et al. (2005)
who showed replacement of granulation tissue
by collagen in the wound area. This is verified
by increased collagen deposition seen in the
histological sections of the treated wounds. As
collagen deposition increases, it begins to oc-
cupy a greater area at the wound site. In this
study, concentration of hexoseamine was high-
er in the treatment group compared to the con-
trol group. It shows that granulation tissue for-
mation began earlier and faster in O. vulgare
treated rats. Total protein content is an indica-
tor of protein level and cellular proliferation in
the wound tissue (Teoh et al., 2009). Results of
this study showed that the total protein concen-
tration in wound tissue in the treatment group
was higher than that in control group, which
might be explained due to cellular infiltration
or increased collagen synthesis rate.

The present study has shown that the etha-
nol extract of O. vulgare possesses properties
that accelerate wound healing activities.Ac-
cording to literature, this study is the first in
vivo study that evaluates the healing activity
of O. vulgare against wounds infected by S.
aureus. However, further and complementary
studies are recommended to better understand
the antimicrobial effects of O. vulgare.
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