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An Investigation of Antimicrobial and Wound Healing
Potential of Allium ascalonicum Linn.
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Background: The pharmacological properties of Allium ascalonicum Linn., commonly called shallot, have been reported as
including those that are antibacterial and antioxidant.
Objective: The present study aimed to evaluate the antimicrobial effect and wound-healing activity of the ethanolic extracts of
Allium ascalonicum Linn. (AAE).
Material and Method: The antimicrobial activity of AAE was tested in vitro against using the disc diffusion method and a
broth micro-dilution technique to determine the minimal inhibition concentrations (MIC) and the minimal microbicidal
concentrations (MMC). Wound-healing activity of the extract was performed on rat test subjects.
Results: The AAE showed potential antimicrobial activity by inhibiting gram-positive bacteria Staphylococcus epidermidis
and Bacillus subtilis ATCC 6633. MIC and MMC varied from 25-50 mg/ml and 25-200 mg/ml, respectively. After surgery
14 days, wound contractions of treated groups and standard group were 78.61+1.20%, 78.55+1.93% and 100%, respectively;
but, in the control group, wound contraction was 64.90+3.55%. Histological studies showed the complete epidermis and
found the collagen fibers and fibroblasts as similar appearance as standard group in dermis. The results of histological
evaluation have confirmed remarkable wound-healing activities of AAE.
Conclusion: Taken together, the present study provides evidence that AAE extract processes antimicrobial and wound-
healing activities.
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Wounds are physical injuries that may be
produced by physical, chemical, thermal, microbial or
immunological assault to the tissues that results in an
opening or breaking of the skin. Proper healing of
wounds is essential for the restoration of disrupted
anatomical continuity and disturbed functional status
of the skin. Wound healing is a complex multi-factorial
process involving the contraction and closure of the
wound, restoration of a functional barrier, platelet
aggregation, blood clotting, formation of fibrin,
inflammatory response to injury, alteration in the ground
substances, angiogenesis and re-epithelialization(1).

In developing countries, infections in wounds
are most commonly caused by poor hygienic
conditions. The pathology of the infection usually

involves Staphylococcus aureus, Streptococcus
pyogenes, Escherichia coli, Pseudomonas
aeruginosa, Streptococcus pneumoniae or Klebsiella
pneumoniae(2). In this case, a wide range of antibiotics
is being used for treating wound infections, but they
are now proved to have adverse effects in the human
body; also, these pathogens developed resistance to
the antibiotics targeted against them. Thus, natural
products, which do not have any serious side effects,
are now considered.

Allium ascalonicum Linn. (AAE), commonly
called shallot, is an annual herbaceous plant of the
family Liliaceae that grows in many parts of the world.
AAE contains several photochemicals including
mannose-specific lectin(3), antifungal peptide(4),
saponins(5) and various flavonol glucosides(6).
Furthermore, the pharmacological properties of AAE
have been reported, including antibacterial and anti-
fungal properties(7,8), antioxidant properties(9) and anti-
Helicobacter pylori(10). Therefore, the authors’ interest
is to investigate antimicrobial and wound-healing
effects of AAE ethanolic extract in rats.
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Material and Method
Plant material

Dry bulbs of shallot were purchased from a
Thai market in Pathumthani, Thailand, during July-
August 2011. The collected plant material was washed
thoroughly in water, cut into small pieces and soaked
in 95% ethanol at a ratio of 1:1 for one night at room
temperature. The filtrates were concentrated by rotary
vacuum evaporation and then lyophilized with a freeze
dryer. The extract was kept at -80°C for analysis. A light
brown solid extract with a yield of 1.68% was obtained.

Phytochemical analysis
The ethanolic extract was screened for the

presence of any phyto constituents according to the
methods described by Harborne(11). The authors found
that AAE contained flavonoids, alkaloids and phenolic
compounds, but lacked any tannins and saponins.

Test microorganisms
The test microorganisms used for the

antimicrobial activity screening were 6 bacteria
and 2 fungi: (gram-positive and gram-negative)
Staphylococcus aureus ATCC (25923), Staphylococcus
epidermidis, Bacillus subtilis ATCC (6633), Escherichia
coli ATCC (2592), Klebsiella pneumoniae and
Pseudomonas aeruginosa, and the 2 fungi Candida
albicans ATCC (10231) and Saccharomyces cerevisiae.

Antimicrobial activity
The turbidity of bacterial suspensions was

adjusted to 0.5 McFarland turbidity. The basic 0.5
McFarland standard contains approximately 1x108 cfu/
mL. Bacteria were cultured in Mueller-Hinton broth
(MHB; Difco, Becton Dickinson), whereas fungi were
cultured in Sabouraud Dextrose Broth (SDB: Difco,
Becton Dickinson). Fungal suspensions consisted
ofevenly swab-inoculated surfaces of Mueller-Hinton
agar (MHA; Difco, Becton Dickinson) and Sabouraud
Dextrose Agar (SDA), respectively. Each sterile blank
disc (Difco, Becton Dickinson) (6 mm in diameter) was
impregnated with 20 μL (6 mg/disc) of the extract and
dried at 25°C aseptically. After complete drying, the
discs (in triplicate) were placed on the surfaces of agar
plates that were pre-inoculated with test bacterial
cultures and incubated at 37°C for 18-24 h. Dimethyl
sulfoxide (DMSO) was used as the negative control.
Gentamycin 10 μg/disc for bacteria and amphotericin B
30 μg/disc for fungi were used as standard antibiotic
for comparison with the extracts. The size of the zones
of inhibition was measured using a Pakimeter, and the

antimicrobial activity was expressed in terms of the
average diameter in mm of the zone of inhibition. The
absence of a zone of inhibition (<6 mm) was interpreted
as the absence of activity.

Determination of minimum inhibitory concentration
(MIC)

For MIC determination, 0.5 McFarland
turbidity of bacterial culture, diluted 200 times, was
added to a 96-well culture plate. Different concen-
trations of crude extract were added. For the negative
control, 2% DMSO was used. The plate was shaken at
130 rpm at 37°C overnight, and then 20 μL of 1 mg/ml
resazurin was added toeach well. The color change
was then assessed visually. Any color changes from
violet to pink or colorless were recorded as positive.

Determination of minimum microbicidal concen-
tration (MMC)

MMC was determined by sub-culturing the
test dilution on to afresh drug-free solid medium and
incubating further for 18-48 h. The highest dilution that
yielded no single bacterial or yeast colony on a solid
medium was taken as the MMC. Three independent
experiments were performed for all data.

Experimental animals
Twenty-four male Sprague Dawley rats were

selected for the experiment. The animals were obtained
from the National Laboratory Animal Center, Salaya,
Mahidol University. The animals were housed under
specific standard laboratory conditions for 1 week prior
to experimentation. The conditions were kept under
standard environmental control with a temperature of
25+1°C, a humidity of 60% and a 12 h light and 12 h
dark cycle. All animals were fed with free standard rat
chow (CP feed product) and water ad libitum. For the
purpose of the study, the animals were divided into
four groups (n = 6): group I was the negative control
group which received pure petroleum gel; groups II
and III were the treated groups receiving the AAE,
which was mixed with pure petroleum gel to a final
concentration of 10% (w/w) and 20% (w/w),
respectively; and group IV was the positive control
group treated with Terramycin ointment. All animals
were topically applied once a day for 2 weeks. The
animals were kept individually in separate cages.

Excision wound model
All animals were anesthetized with anesthetic

ether before being shaved and subject to wound
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creation. The excision wound was inflicted by use of a
punch biopsy instrument. A 4-cm2 area of a full thickness
of skin was excised in the dorsal inter-scapular region.
Rat wounds were left undressed and exposed to the
open environment. The area of wound was measured
in mm by vernier caliper on days 4, 8, 12 and 14 post-
surgery. Wound contraction was expressed as
percentage reduction of original wound size.
Experimental protocols were approved by the Ethics
Review Committee of the Faculty of Medicine,
Thammasat University, Thailand under the number AE
004/2553.

Histological examination
At the end of the experiment, the animals were

sacrificed and the wound areas were dissected, collected
and fixed in 10% Neutral Buffered Formalin (NBF). The
samples were processed in graded series of alcohol
and embedded in paraffin wax, sectioned at 5 μm, stained
with hematoxylin and eosin (H&E) for histological
examination.

Statistical analysis
All values are reported at a mean + SD and the

statistical significance of differences among groups
were assessed using one-way ANOVA. A value of
p<0.05 was considered significant.

Results
Antimicrobial activity of AAE

The antimicrobial activity of AAE was
explored by the disc diffusion method. Inhibition
diameter zones (IDZ) were produced on gram-positive
bacteria Staphylococcus epidermidis and Bacillus
subtilis (10.20+0.36 and 8.27+0.23 mm, respectively),
and the MIC and MMC varied from 25-50 mg/ml and
25-200 mg/ml, respectively. Good activity was observed
against the gram-positive bacteria, but the extracts were
inactive against the gram-negative bacteria and fungal
suspensions (Table 1).

Effect of AAE on wound-healing activity
Wound-healing activity of AAE was carried

out on rats using excision-wound models to verify the
claimed traditional use of the extract on a scientific
basis. Treatment with 10% and 20% AAE showed
significant wound-healing activity (% wound
contraction) on days 8, 12 and 14 when compared
with the control group. On day 14 of post-surgery,
percentages of wound contraction in the 10% AAE,
20% AAE and positive control groups were
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78.61+1.20%, 78.55+1.93% and 100%, respectively; but,
in the normal control group, wound contraction was
64.90+3.55%. Results indicated that wound-healing
activity of AAE was comparable to that of positive
control (Fig. 1).

Histological examination of skin wounds
The skin area surrounding the wound was

removed for histological examination. Interestingly,
treatment with 10% AAE, 20% AAE and Terramycin
ointment showed fully recovered epidermis on day 8,
whereas a fully recovered epidermis in the normal
control group was found on day 12. Besides a fully
recovered epidermis, active fibroblasts, blood vessels
and collagen fiber were also found in the dermison day
8. Moreover, promoting fibroblast migration and
collagen deposition were more apparent in the AAE-
treated group as compared to other groups. The
microanatomy of the wounds had a similar appearance
in all groups on day 14 (Fig. 2). Thus, the results
indicated that treatment with AAE accelerated the
wound-healing process.

Discussion
A wound is the disruption of the cellular and

anatomic continuity of tissue. All wounds interrupt the
local environment and homeostasis within the tissue
and result in bleeding, contraction of vessels,
coagulation, activation of tissue complement and other
inflammatory responses(12). Normally, the mechanism
of tissue response to injury depends on the healing

process that helped sustain the restoration of the
anatomical structure of the cells and functional integrity
of that tissue. However, wound repair is not a simple
process and can be complicated by processes such as
cell-cell and cell-matrix interactions mediated by humoral
messengers and function(13). When a wound is exposed
to the environment, it is most likely to be invaded by
various microorganisms, which attack through the skin
and delay the natural wound-healing process(14). There
has been reported that the water extract of shallot
inhibits activity of Bacillus subtilis(15). Surprisingly,
our results demonstrated that AAE also has an
antibacterial activity by inhibition of gram-positive
bacteria (Staphylococcus epidermidis and Bacillus

Fig. 1 Effect of AAE on healing of wound excision. Values
are mean + SD for six rats; * statistically significant
difference in comparison with control group.
p<0.05.

Fig. 2 Microscopic view of excision wound healing and epidermal/dermal re-modeling in the pure petroleum gel (Group
I), 10% AAE (Group II), 20% AAE (Group III) and Terramycin (Group IV) administered animals on days 8 and
14. The results showed 40X magnification.  = collagen fiber;  = epidermis;  = fibroblast; = blood vessel.



S26                                                                                                                  J Med Assoc Thai Vol. 98 Suppl. 2  2015

subtilis). The external application of the extract on
wound prevents the microbes to invade through the
wound, resulting protection of wound against the
infection of the various organisms. This effect of AAE
is probably due to its compounds in the crude extract,
showing the possibility of antimicrobial activity.
Therefore, its antimicrobial action is the important effect
in protection the accelerated wound infection.

Allium ascalonicum extract components,
especially flavonoids, alkaloids and phenolic
compounds, possess the free radical scavenging effect,
showing the possibility of antioxidant activity as
compared to several onion varieties and some garlic
preparations is more noticeable(9,16). The AAE has been
also reported to exhibit anti-oxidative and free radical
scavenging capacities. These properties appear to be
related to the high contents of flavone, sulfur-
containing compounds and polyphenolic derivatives
in the bulb of this plant. Anti-oxidant properties help
prevent cells from being destroyed and increasing the
ability of the growth of collagen fibril(17,18). Suntar et
al(19) reported that the effect of antioxidants, especially
flavonoids, contribute to the healing of wounds. The
repairs of wounds involve different phases including
contraction, formation of epithelialization and fibrosis.
The present study showed that the AAE-treated groups
possess fully recovered epidermis, fibroblast migration
and collagen fiber depositions in dermis.

Conclusion
The present study provides evidence that the

AAE has antimicrobial activity in vitro and processes
the wound-healing effect by accelerating the wound-
healing process in excision-wound model rats.
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