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Abstract The wound infection is one of the frequent
complications in patients undergoing surgical operations.
Staphylococcus aureus is the most common cause of sur-
gical wounds. Artemisia absinthium has been shown to
bear strong antimicrobial activity, especially against Gram-
positive pathogens. This study was designed to investigate
the antimicrobial effects of A. absinthium against surgical
wounds infected by S. aureus in a rat model. Twenty male
Sprague—Dawley rats were divided randomly into two
equal groups of treated and control rats. A circular incision
was created on the dorsal inter-scapular region of each rat.
After skin wounding, rats were inoculated locally with
1 x 10* CFU of S. aureus at sites of skin wounds. The
extract was applied topically twice a day throughout the
experiment. Animals of the control group were left
untreated. Results have revealed that topical application of
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A. absinthium extract on the infected wound sites produced
significant antibacterial activity against S. aureus.
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Introduction

The infection of wounds is one of the frequent complica-
tions in patients undergoing surgeries. Infections of organs,
tissues or cavities, exposed by surgeons during invasive
procedures, cause significant postoperative morbidity and
mortality and prolong hospital stay [1]. Although the total
elimination of wound infections seems impossible, mini-
mizing the infection rate results significant benefits such as
increased patient comfort and decreased medical costs [2].
Gram-positive bacteria are the predominant organisms on
the skin and the Staphylococcus aureus is the most common
cause of surgical wound and nosocomial infections [3]. It
forms a part of the normal flora and can be isolated from the
noses of up to 60 % of the healthy individuals. It is readily
transmitted from person to person, onto the hands and
clothes of healthcare staff, onto objects and into the air [4].

In recent decades, antimicrobial herbal products have
been included in special interests of the researchers
because of a rapid increase in antibiotic resistance in
microorganisms [5]. Many members of the Genus Arte-
misia are important medicinal plants. Previously, the anti-
bacterial effects of the Arfemisia species have been
reported [6-8]. Artemisia absinthium, a species of worm-
wood, grows in temperate regions of Eurasia and Northern
Africa. Extracts of the plant have been shown to exhibit
strong antimicrobial activity, especially against Gram-
positive pathogenic bacteria [9]. This paper presents the
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first detailed investigation of in vivo antibacterial proper-
ties of A. absinthium against surgical wounds infected by S.
aureus.

Materials and Methods
Animal Model

Twenty male Sprague—Dawley rats weighing 243 + 17.1 g
were housed in the Faculty of Veterinary Medicine, Islamic
Azad University, Garmsar Branch. Before the experiment,
the rats were left for seven days at room conditions for
acclimatization. They were supplied with standard pellet
diet with tap water ad libitum throughout the experiment.
All animals received sufficient care according to “Guide
for the Care and Use of Laboratory Animals” published by
the National Institutes of Health.

Organisms and Preparation of Inoculum

In this study, S. aureus (ATCC 29213) was used as a
standard strain for inoculation and determination of anti-
bacterial activity of A. absinthium. The 1 x 10* inoculum
was used as in previous studies by Stratford et al. [10] and
Barker et al. [11] in animal wound infection models.

Minimum Inhibitory Concentration (MIC)

To assess the MIC of the extract using a broth macrodi-
lution assay, a 30,000 ppm stock solution of A. absinthium
extract was made in phosphate buffer saline (PBS). The
MIC was assessed by the preparation of two-fold dilutions
(up to 1875 ppm) of the extract in nutrient broth, and the
adjusted inoculum of S. aureus (1 x 10* CFU/ml) was
subsequently added to each tube. The tube contents were
mixed and incubated at 35 °C for 18-20 h and then the
turbidity of the tubes was checked by unaided eyes. The
last dilution at which the growth of the organism was
inhibited was reported as MIC of the extract [12].

Circular Excision Wound Model

For the evaluation of the antibacterial activity, a circular
excision wound model was used. The rats were anaes-
thetized intraperitoneally with a combination of 10 %
ketamine hydrochloride (50 mg/kg) and 2 % xylazine
hydrochloride (5 mg/kg) and then the animals’ back hair
were shaved. The sites of surgery were sterilized by
povidone iodine followed by 70 % ethanol solution. A
nearly 15-mm circular incision was made on the dorsal
inter-scapular region of each animal. The skin carefully
dissected out and the wounds were left open. After skin
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Fig. 1 A circular incision was made on the dorsal inter-scapular
region of each animal. Rats were inoculated locally with S. aureus at
sites of skin wounds

wounding, rats were inoculated locally with 1 x 10* CFU
of S. aureus at sites of skin wounds (Fig. 1). The extract
was applied topically twice a day throughout the experi-
ment. Animals of the control group were not treated with
any materials.

Tissue Preparation and Culture

Preparation of tissues and antimicrobial screening was
carried out as described by Stratford et al. [10]. Tissue
specimens were weighed and homogenized in broth. The
mixture of broth and tissue was subsequently used for two
1:10 serial dilutions in Mueller-Hinton broth and trans-
ferred to sterile test tubes at 4 °C. The samples (each
100 pl), including serial dilutions, were then transferred to
tryptone soy agar plates and incubated at 35 °C for 24 h.
Colony counts were considered accurate for numbers from
30 to 300 and were compared with the serial dilutions and
duplicate plates for reproducibility. Colony counts were
then translated to colony forming units per gram using the
following formula.

Colonycounts x 50 x Dilutionfactor
cfu/gr =

Specimen weight (gr)

Statistical Analysis

Statistical analysis was performed using independent ¢ test
and analysis of variance. Data considered significant when
P < 0.05.

Results and Discussion

The mean £ SD of the bacterial count in the two groups
are shown in Table 1. Following infection with S. aureus
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Table 1 The mean £ SD of the bacterial count in the two groups

Group Experiment Control

Bacterial count® 3x10°+1 7 x 10° + 6

# CFU/wound

ATCC 29213 (8 days post infection), the bacterial number
in untreated control animals was 7 x 10° &+ 6 CFU/
wound. These values were significantly different from
those obtained from animals treated with extract of A.
absinthium (3 x 10° + 1 CFU/wound; P < 0.05). Since
past decades, the prevalence of surgical wound infections is
high. S. aureus has been frequently mentioned as the most
important bacterial species in the primary etiology of sur-
gical wound infections. The results of the present study
have revealed that topical application of A. absinthium
extract at the infected wound site produced significant
antibacterial activity against S. aureus. The antimicrobial
activity of this extract may be due to the major components
or synergy between major and minor compounds. Nezha-
dali and Parsa [13] have analyzed compounds of A.
absinthium from Iran and identified 72 components, rep-
resenting more than 97 % of the volatiles. The major
constituents were camphor (14.83 %), p-cymene (10.35 %)
and caryophyllene (6.92 %). These compounds have been
previously reported to exhibit antibacterial against S. aur-
eus. Many researchers have reported that camphor, as the
major constituent of A. absinthium, has a strong antibac-
terial activity against Gram positive bacteria [14-16]. Ka-
ruppusamy et al. [17] and Mishra et al. [18] studied the
antibacterial activity of some essential oils on Gram-posi-
tive bacteria and showed that the p-cymene (an essential
oil) has significant antibacterial activity against S. aureus.
Furthermore, various in vitro studies have suggested anti-
bacterial activity of caryophyllene [19, 20]. Pinene-type
monoterpenes (x-pinene and f-pinene), as minor compo-
nents of this plant, are also well-known chemicals having
antimicrobial potentials. Enantiomers of «-pinene and f-
pinene have a strong antibacterial activity [21-24].

These compounds (camphor, p-cymene, caryophyllene,
o-pinene and f-pinene) are classified as monoterpene
hydrocarbons. The site of action of terpenoids is at the cell
membrane [25, 26]. They were found to affect structural
and functional properties of artificial membranes. These
compounds were shown to permeabilize the membranes
making them swell and to increase membrane fluidity.
These inhibited respiratory enzymes which lead to a partial
dissipation of the pH gradient and electrical potential due
to the increased permeability to H' ions [27, 28]. The
effect of terpenoids on microbial oxygen uptake and oxi-
dative phosphorylation has also been studied. Most of
terpenoids tested were found to inhibit both processes
[29, 30].

Based on the literature review, it can be concluded that
the hydroalcoholic extract of Iranian A. absinthium pos-
sesses antibacterial activity. In the current study, the
reported antimicrobial activity of A. absinthium can be
attributed to the presence of the major (camphor, p-cym-
ene, caryophyllene) or minor (o-pinene, f-pinene) com-
ponents of the plant or synergy between these compounds.
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