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Abstract

Staphylococcus aureus is responsible for most bacterial wound infections. Antibiotics are the first-line
treatment; however, their indiscriminate use led to the emergence of resistance. Alternative therapeutic
options beyond antibiotic treatment are required. Our study aimed to evaluate and compare the
healing parameters and antibacterial activity of Jojoba and Citrullus colocynthis oil extracts in the
treatment of Staphylococcus aureus wound infections. In-vivo assessment of inflammatory biomarkers,
matrix metalloproteinase and histopathological examination of Staphylococcus aureus induced wound
lesions were conducted in mice. Levels of interleukin 1 and interleukin 6 were reduced, while matrix
metalloproteinases ratio; MMP-1 /MMP-9 was increased after topical application of both essential
oils. Citrullus colocynthis oil showed optimum wound healing compared to the other treated groups
in histopathological examination. In conclusion, topical Citrullus colocynthis preparation may be a
promising alternative natural dermatological application with enhanced antibacterial activity.
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INTRODUCTION

Wound infection, mainly attributed
to Staphylococcus aureus (S. aureus) is one
of the most common infections that cause
significant morbidity and mortality. It also causes
other skin and soft tissue infections. S. aureus
wound infections may progressively invade the
bloodstream resulting in, abscesses, pneumonia,
bacteremia and septicemia.!

Antibiotics and immunotherapy are
therapeutic options used to combat S. aureus
infections. Antibiotics are highly effective and
comprise the first-line treatment.> However, the
misuse of antibiotics has led to the development
of multiple resistant S. aureus strains as methicillin
resistant S. aureus (MRSA). Therefore, alternative
therapeutic options beyond antibiotic treatment
are required.>?

Jojoba plant (Simmondsia chinensis) has
been cultivated for many years in several countries
as the United States, Mexico, South America,
Tunisia, Saudi Arabia, and Egypt.* Jojoba seeds
contain about 65% of a light golden liquid-oil
that is odorless with a high-viscosity. This liquid is
formed of wax-like unsaturated esters, consisting
of fatty acids and higher alcohols, rendering it
different from other plant oils. It has a similar
texture to sebum, where its consistent application
to skin could prevent excessive oil production.
Jojoba oil has been used as a home remedy for
common colds, warts, and wounds.® It possesses
an anti-inflammatory, antimicrobial, and antifungal
activity.*®

Citrullus colocynthis, or the bitter apple
is a medicinal plant that has been used for many
years in the treatment of diseases such as ulcers,
wound infections, bronchial asthma, bronchitis,
urinary tract and throat infections. The medical
importance of Citrullus colocynthis oil lies in its
anti-inflammatory, antioxidative, anti-fungal, and
antihelminthic effect.®

Our study aimed to evaluate and compare
the healing parameters and antibacterial activity
of Jojoba and Citrullus colocynthis oils in the
treatment of S. aureus wound infections.

MATERIALS AND METHODS

In vivo experimental testing
Essential oil ointment preparation

Citrullus colocynthis and Jojoba pure oil
extracts were commercially purchased from EL
Captain Company ( CAP PHARM, Cairo, Egypt). The
two ointments were prepared by melting together
both white beeswax (7 gm) and cocoa butter (14
gm) on a hot plate stirrer at 70°C. Then 4 drops
from each oil were separately added to each of
the molten bases while stirring. The two mixtures
were stirred while cooling. A vitamin E capsule was
then added to each mixture as a preservative to
form each ointment.

Induction of wound infection and treatment
design in mice

Male mice weighing 23-25 gm were
used in our study. The mice were retained within
a temperature range of 22-25°C and at a 12-hour
light/dark cycle with free access to a standard
chew diet and water ad libitum. Ethical clearance
was granted from the Ethics Committee, Faculty of
Medicine, Alexandria University, Alexandria, Egypt
[IRB No.: 00007555-FWA No.:00018699].

The dorsal fur of mice (middle back area
of the mice) was removed by depilatory cream.
The next day, mice were anesthetized with 2%
(vol/vol) isoflurane in oxygen and the skin was
swabbed with 70% ethanol. Full-thickness wounds
were excised (5 mm in diameter) from the dorsal
surface of each mouse by using a sterile biopsy
punch.

S. aureus reference strain NCTC 10788/
ATCC ® 6538 (Selectrol, TCS Biosciences Ltd, UK)
pellet was rehydrated and prepared according to
the manufacturer’s instructions. A 0.05 ml (50
ul) of the prepared strain was injected as 2x 10°
colony forming units (CFUs/ml) per 10 ul of S.
aureus, intradermally into the middle back area of
the mice.” The lesions were subsequently covered
with a square of parafilm, gauze and microspore
surgical tape. After surgery, the infected-wound
mice were housed individually.®

Twenty-five mice were used in this
study. They were divided into five groups. Each
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group consisted of five mice. The control group;
the infected wound group (untreated); the
Jojoba group (infected wound and treated daily
with Jojoba ointment); the Citrullus colocynthis
group (infected wound and treated daily with
Citrullus colocynthis ointment, and the Fucidin
group (infected wound and treated daily with
Fucidin® ointment 2% LEO Pharma Inc., Denmark).
Treatment with Jojoba, Citrullus colocynthis, and
Fucidin ointments (0.1 ml volume) were applied
and spread over the infected wounds after 1 hour
of bacterial inoculation and was continued for 10
days until the wounds healed. On day 11, mice
were sacrificed, where mice were anesthetized
using ether and euthanized by cervical dislocation.
Samples of skin including the wounds were excised
and divided into two parts; the first part was stored
at -80°C for Reverse Transcriptase — Polymerase
Chain Reaction (RT-PCR) and Enzyme-Linked
Immunosorbent Assay (ELISA) analysis. The second
part of skin samples was kept in 10% formalin for
histological investigation.

Histopathology of wound tissue

Skin tissue samples were trimmed,
and were subjected to serial passages in ethyl
alcohol, then cleared in xylene. These samples
were then embedded in paraffin, and sectioned
using a microtome at 5 um slices (Microtome,
Leica RM2155, Leica Inc, Nussloch, Germany).
The sections were stained by hematoxylin and
eosin (H&E) and Masson’s Trichrome (MT) dyes.
Histolopathological examination of slides were
performed (Olympus Light Microscope, Japan).

Evaluation of biomarkers

The biomarkers of wound healing that
were measured in skin tissue homogenates
included interleukin 1B (IL-1B), interleukin 6
(IL-6), and matrix metalloproteinase 1 and 9
(MMP-1 and MMP-9). Levels of IL-1B and IL-6
were measured by ELISA kits and according to
the manufacturer’s instructions (mouse IL-16,
CUSABIO, CSB-E08054m; Mouse IL-6, CUSABIO,
CSB-E04639m).

Quantitative analysis of gene expression
of MMP-1 and MMP-9 were analyzed using gRT-
PCR (QuantiTect® 205311, Germany). Total RNA was
isolated from the tissues using miRNeasy kit as per
the producer's guidelines. A reverse transcriptase

enzyme was used to reverse the isolated RNA
into complementary DNA (cDNA), then amplified
and identified using precise primers for MMP-
1 and MMP-9 genes by qRT-PCR. The forward
and reverse primer sequences for MMP-1 gene
were as follows: AGGAAGGCGATATTGTGCTCTCC
and GGCTGGAAAGTGTGAGCAAGC. Regarding
MMP-9 gene, the forward primer was:
GCTGACTACGATAAGGACGGCA and thereverse was:
TAGTGGTGCAGGCAGAGTAGGA. Gene expression
analysis was normalized to the housekeeping
gene glyceraldehyde-3- phosphate dehydrogenase
(GAPDH); CATCACTGCCACCCAGAAGACTG
(forward), ATGCCAGTGAGCTTCCCGTTCAG
(reverse). MiScript Il RT Kit (Qiagen, Germany) was
used to transcriptionally reverse all RNA species
into cDNA according to the producer's guidelines.
The skin expression of MMP-1 and MMP- 9 genes
was quantified utilizing the cDNA by Rotor-Gene
Q gPCR using a Master Mix of QuantiTect SYBR
Green PCR. An initial denaturation at 95°C for 10
min was started for the PCR amplification. This
was followed by 40 cycles of PCR denaturation
for 15 sec at 95°C, annealing for 15 sec at 58°C,
and extension for 15 sec at 60°C. Rotor-Gene
Q-Pure Detection version 2.1.0 (build 9) was used
to determine the values of the threshold cycle.
The 2-AACt method was used to determine the
alteration of MRNA levels in the samples for each
gene and standardized to the reference gene.

Statistical analysis

Data were expressed as means * Standard
Error of Mean (S.E.M). Statistical analysis of the
results was performed using One-way analysis of
variance (ANOVA), and after that post-hoc analysis
was performed by Tukey Kramer test. P < 0.05
was considered as the significance limit for all
comparisons. Statistical analysis were performed
using the software package Prism® 7 (GraphPad
Software, Inc., CA, USA).

RESULTS

Post-treatment healing of wound lesions

Figure 1 A and B show that S. aureus
significantly delayed wound healing in the infected
wound group compared to other experimental
groups (P < 0.0001). The wound area in the
infected wound mice was increased 2-fold on day
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8 and 5-fold on day 10. The mice group treated
with Citrullus colocynthis has the smallest area
under the curve (AUC), where P<0.05. compared
to other groups proving a faster healing process of
S. aureus-infected wounds (Figure 1; B). Figure 1; C
shows redness, swelling, foamy granulation tissue,
tissue breakdown, and epithelial bridging that was

observed on the skin of the infected control mice
indicating characteristic signs of wound infection.
Mice were subjected to topical application of two
essential oil ointment preparations (Jojoba and
Citrullus colocynthis) and were compared with the
conventional Fucidin ointment used in treatment
of S. aureus wound infections. Wound healing was
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Figure 1. Effect of different treatments on wound healing against controls. Panel A line graph showing the changes
in wound area (mm2) 3-, 8-, and 10 days following treatments. Panel B shows the (AUC) of the wound area. Values
are means + SEM of 3 mice. #P<0.05 vs. infected wound group, $P<0.05 vs. Jojoba group, &P<0.05 vs. Citrullus
colocynthis. Panel C shows representative photographs in different animal groups showing wound size on days 3,
8, and 10 for the uninfected and infected wound groups and the 3 treated groups with the different ointments;
Jojoba, Citrullus colocynthis, and Fucidin. On day 3 wound lesions showed an amber serous exudate appearance.
On day 8 they displayed healthy red moist granulation tissue formation. On day 10 the surface of the wound lesions
became covered by new pinkish almost white epithelium with approximation of wound edges.
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observed after the intervals of 3, 8, and 10 days of
treatment. Citrullus colocynthis showed improved
wound healing compared to the other treated
groups.

Histopathological examination of wound tissue

Figure 2 denotes the histopathological
changes in skin wound infection stained with H &
E and MT stain. The normal control together with
the uninfected wound groups displayed normal
epidermis thickness and normal dermis with

skin appendages and collagen formation. Wound
infection in the untreated infected mice group
showed incomplete epidermal epithelialization
and differentiation. The dermis displayed a marked
decrease in collagen and skin appendages with
a remarkable increase in granulation tissue and
inflammatory cell infiltration. Jojoba ointment
treated group revealed incomplete epidermal
epithelialization, moderate decrease in collagen,
fibroblast formation, and skin appendages with
a moderate increase in granulation tissue and

H&E stain MT stain

H&E stain

MT stain

Figure 2. Representative histolopathology photomicrograph of skin tissues of the normal, infected wound, Jojoba
ointment, Citrullus colocynthis ointment, Fucidin ointment treated groups and uninfected wound group using H&E
and MT (X200).

A. Normal Group: normal skin showing normal epidermis (red arrow) showing spinous and granular epidermal layer consisting
of stratum corneum (green arrow), stratum granulosum (yellow arrow), stratum spinosum and stratum basale. Dermis shows
normal skin appendages (black arrow) and collagen formation (yellow star). B. Infected Wound Group: skin shows incomplete
epidermal (red arrow) epithelialization and differentiation. Dermis shows a markedly decrease in collagen, fibroblast formation,
and skin appendages (black arrow) with a markedly increase in granulation tissue (green arrow) and inflammatory cells (yellow
arrow). C. Jojoba Group: skin showing incomplete epidermal (red arrow) epithelialization and differentiation. Dermis shows a
moderate decrease in collagen (yellow star), fibroblast formation, and skin appendages with a moderate increase in granulation
tissue (green arrow) and inflammatory cells (yellow arrow). D. Citrullus colocynthyis Group: skin represents mature epidermis
(red arrow) showing complete epithelialization in the form of closure of the basal layer with spinous and granular epidermal
differentiation. There is a remarkable increase in collagen fiber (yellow star) and fibroblast formation with a mild decrease in
inflammatory and granulation tissue. E. Fucidin Group: skin shows incomplete epithelialization in the form of incomplete closure
of the basal layer of the epidermis (red arrow) and incomplete epidermal differentiation. The dermis shows a marked decrease
in collagen (yellow star). F. Uninfected Group: skin shows mature epidermis (red arrow) with nearly complete epitheliazation of
the basal layer with spinous and epidermal differentiation. An increase in collagen fiber (yellow star) and fibroblast formation
with a decrease in inflammatory and granulation tissue is noticed
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inflammatory cells. Citrullus colocynthis treated
mice group revealed mature epidermis with
complete epithelialization in the form of closure
of the basal layer with spinous and granular

A

vy)

epidermal differentiation. There was a remarkable
increase in collagen fiber and fibroblast formation
with a mild decrease in inflammatory and
granulation tissue compared to the Jojoba
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Figure 3. Evaluation of IL-1 B (panel A) and IL-6 (panel B) levels, and gene expression of MMP-1 (panel C) and MMP-9
(panel D) on normal, untreated infected, other treated infected excised wounds and uninfected wounds in male
mice. Excision of the wound was induced and inoculated with S. aureus reference strain (NCTC 10788/ATCC ® 6538),
after which all mice were treated for 10 days, then sacrificed on day 11. Data are presented as mean + SEM (n =
5). Comparisons between groups were analyzed using one-way ANOVA followed by Tukey post-hoc test. Data are
compared at p < 0.05 with normal (*), Infected wound (#), and uninfected wound(@)
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group. The Fucidin group showed incomplete
epithelialization in the form of incomplete
closure of the basal layer of the epidermis and
incomplete epidermal differentiation. The dermis
shows a marked decrease in collagen compared
to other treated groups. However, mice treated
with Citrullus colocynthis demonstrated mature
epidermis with complete epithelialization and
epidermal differentiation that mimicked normal
skin tissue.

Evaluation of biomarkers

Figure 3 demonstrates the levels of
inflammatory markers measured in the tissue
homogenates of mice (IL-1B, IL-6, MMP-1, and
MMP-9). Both IL-1B and IL-6 were measured by
ELISA technique, while MMP-1 and MMP-9 were
measured by gRT-PCR.

Regarding IL-1B (pg/mg protein)
measurements; the normal level was 23.43+0.693;
116.4 +6.78 pg/mg in the infected wound;
44.913.479 pg/mg in Jojoba oil treated group;
34.77%2.689 pg/mg in Citrullus colocynthis oil-
treated group; 42.1+2.572 pg/mg in Fucidin
treated group and 26.7+1.124 in the uninfected
wound group. Results were found to be statistically
significant between the treated groups and the
untreated infected wound group (p < 0.0001).
However, the Jojoba (p < 0.001, p < 0.01) and
Fucidin (p < 0.01) groups showed a significantly
elevated level of IL-1B compared to the normal
and the uninfected ones and the normal mice,
respectively (p < 0.05) (Figure 3; A).

AsforIL-6 (pg/mg protein) measurements;
the normal level was 19.1+2.31 pg/mg; 55.7+4.91
pg/mg in the infected wound; 37.1+2.15 pg/mg
in Jojoba oil treated group; 30.9+2.49 pg/mg in
Citrullus colocynthis oil-treated group, 39.8+2.75
in Fucidin treated group and 22.6x1.31 in the
uninfected wound group. These results were
also found to be statistically significant between
Citrullus colocynthis-, Jojoba-, and Fucidin-treated
groups and the untreated infected wound group
(p < 0.0001, p < 0.001, p < 0.01, respectively).
The levels of IL-6 in both Jojoba oil and Fucidin
groups were significantly higher than that in the
normal skin and the uninfected wound groups (p
<0.001, p<0.01). Skin homogenate concentration
of IL-6 in the Citrullus colocynthis oil-treated group
approached normal level (Figure 3; B).

Concerning MMP- 1 expression, the
following results were revealed; the normal
gene expression: 1.00+0.151; infected wound:
2.7140.229; Jojoba oil treated group: 1.73+0.275;
Citrullus colocynthis oil treated group: 1.3+0.229;
Fucidin treated group: 2.21+0.139 and uninfected
wound: 0.795+0.0464. The infected wound (p <
0.0001) and Fucidin (p < 0.001) groups showed
significantly higher MMP-1 gene expression
than the normal and uninfected groups. Gene
expression of MMP-1 was upregulated in Jojoba
(p < 0.01) and Fucidin (p < 0.001) compared with
the uninfected wound mice. Moreover, Jojoba
and Citrullus colocynthis oil results compared to
the untreated group were statistically significant
with p-values (<0.01, <0.001), respectively
(Figure 3; C).

As for MMP- 9 expressions; the results
revealed the significant upregulation of the gene
in the Jojoba oil treated group: (2.67+0.367, p
<0.001); Citrullus colocynthis oil treated group:
(2.67+0.34, p<0.0001) and Fucidin treated group
(2.4240.295, p<0.01) compared with the normal
gene expression 1.00+0.2 (Figure 3; D).

MMP-9/MMP-1 (fold change ratio) was
1.003+0.1197 for the normal mice; whereas the
ratio in the infected wounds was 0.857+0.09,
Jojoba oil treated group was 1.605+0.325; Citrullus
colocynthis oil treated group was 2.113+0.179;
Fucidin treated group was 1.113+0.182 and the
uninfected group was 2.39+0.323 (Figure 3; E).
The fold change ratio in the uninfected wound was
significantly elevated compared to the normal (p <
0.0016), infected wound (p < 0.0016), and Fucidin
(p<0.01) groups. The fold change ratio in Citrullus
colocynthis oil group was statistically significantly
higher compared with the normal and untreated
infected groups (p<0.01).

DISCUSSION

Wound healing is a complex regulated
process that includes four phases: haemostasis,
inflammation, proliferation, and remodelling.
Following a wound injury, a temporary wound
matrix is created, in which the clotting cascade
is immediately activated in the haemostasis
phase.”* The inflammatory phase comprises the
recruitment of phagocytic polymorphonuclear
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neutrophils at the site of injury to remove tissue
debris. Polymorphs initiate phagocytosis.***?

These phases are regulated by crosstalk
between molecules and the components of the
extracellular matrix (ECM) as integrins, growth
factors, and metalloproteinases (MMPs). As a
result, high levels of collagenase, elastase, and
MMPs are released, which in turn lead to the
degradation of the damaged cells and ECM. Hence,
MMPs are key elements of wound repair.®

Topical antimicrobial therapy is used to
control microbial colonization, thus preventing the
development of infections. They are also used as a
prophylaxis and treatment of wound infections.*
They enhance wound healing in infections caused
by S. aureus which is regarded as a major cause
of delayed wound healing, especially with an
underlying pathology such as diabetic neuropathy
or vasculopathy.?® The conventional prophylactic
and therapeutic options include fusidic acid®’;
or antiseptics such as alcohol, chlorhexidine, or
triclosan.'® Topical antimicrobials possess the
advantage of producing a higher concentration at
the target site and fewer adverse effects.672°

However, the widespread misuse of
topical therapies such as fusidic acid has led to an
increased rate of bacterial resistance to S. aureus,
thus limiting its therapeutic options. The racial use
of topical agents to prevent further resistance is
crucial.’®*'” Medicinal plants are a fundamental
source of natural products that are used to treat
infections.?*?> Hence the concept of applying
natural plant oils as an alternative therapeutic
option has been postulated.

In our study, we evaluated the antibacterial
activity of two essential oils; Jojoba and Citrullus
colocynthis. These oils possess antimicrobial and
antifungal activities against several pathogens.*
Jojoba is composed of oil sterols and different
tocopherols. It comprises up to 50% wax esters
rendering it resistant to degradation, and it also
possesses high oxidative stability.?*?* It has been
used in the cosmetics and skincare industry, for
skin repair in conditions with defective and altered
sebaceous barriers, such as atopic dermatitis,
psoriasis, seborrheic dermatitis, rosacea, acne,
and wounds.”

To our knowledge, there are limited
studies regarding the antibacterial activity of these
two natural oils. We studied the effect of both oils

against S. aureus reference strain NCTC 10788/
ATCC ® 6538 by in vivo induction of Staphylococcus
wound infection in mice. Histopathological
examination of wound tissue sections for control
groups and tested oils were performed. IL-18, IL-6,
MMP-1, and MMP-9 levels were estimated from
these tissue sections.

Regarding, histopathological examination
of wound tissue, our study revealed that treatment
by Jojoba and Citrullus colocynthis displayed
an improvement in wound healing parameters
compared to the untreated infected mice.
However, optimum wound healing was best
observed with Citrullus colocynthis topical
treatment from 8 to 10 days, compared to Jojoba
and Fucidin.

In acute wound infection, the
inflammatory response is proportionate to the
intensity and duration of inflammation.®!° Extreme
inflammation and duration are associated with
increased number of macrophages, resulting in
compromised wound healing.??¢

Pro-inflammatory macrophages play a
role in wound healing by producing inflammatory
mediators, such as IL-1, IL-6, and TNF-a, as well as
MMPs.2627 The levels of IL-1B and IL-6 in wound
tissues in this study were significantly elevated in
the infected untreated mice as compared to the
normal group, but were significantly decreased
in the three treatment groups compared to the
infected untreated mice. However, IL-6 levels in
both Jojoba and Fucidin groups were significantly
higher than in the normal mice group. This denotes
a decreased antibacterial activity and incomplete
wound healing for both Jojoba and Fucidin.

IL-1B promotes the recruitment of
neutrophils in deep intradermal S. aureus
infection.” They are produced by macrophages,
dendritic, and Langerhans cells. IL-1B is an
upregulator of inflammasome activity in wound
macrophages, preventing their polarization
towards an anti-inflammatory phenotype.?®

IL-6 is released early in response to injury,
thus induces the release of proinflammatory
cytokines from tissue macrophages, keratinocytes,
endothelial cells, and stromal cells. It also induces
chemotaxis of leukocytes into wounds.?%%°
As inflammation progresses, IL-6 signalling is
responsible for the switch to a reparative milieu.
In normal wound repair, the expression of IL-6 is

Journal of Pure and Applied Microbiology

www.microbiologyjournal.org



Elbatouti et al. | J Pure Appl Microbiol. 2023;17(2):1255-1265. https://doi.org/10.22207/JPAM.17.2.01

significantly decreased during the remodelling
phase. This may be due to apoptosis of infiltrating
leukocytes and the subsequent reduction in
cytokine signalling.?

MMPs play a significant role in regulating
ECM degradation and deposition that is essential
for wound re-epithelialization. Excessive levels of
MMPs that are released from polymorphonuclear
neutrophils and macrophages, may result in
extensive damage to ECM. This in turn will interfere
with the migration and proliferation of new cells
in the area of wound injury leading to chronic
non-healing wounds. The time of expression and
activation of MMPs in response to tissue injury are
vital for successful wound healing. Therefore, the
regulation of MMP levels in wounds could lead to
improved wound healing.®

In the present study, MMP-1 was
significantly induced in the untreated infected
mice, while Citrullus colocynthis and Jojoba
groups showed significant down-regulation of
MMP-1 expression. The Fucidin group showed
significant upregulation of MMP-1 compared with
the normal and oil-treated groups. Moreover,
MMP-9 gene expression gRT-PCR results revealed
significant upregulation in the untreated and the
three treated groups compared with the normal
rats. Jojoba group showed a slight increase in
MMP-9 gene expression compared to Citrullus
colocynthis group. MMP-9/ MMP-1 ratio levels
were significantly higher in Jojoba and Citrullus
colocynthis. However, MMP-9/ MMP-1 ratio
levels in the Fucidin group showed no significant
changes.

MMP-1 and MMP-9 are major chemokine
regulators during wound healing. MMP-1
promotes human keratinocyte migration on
fibrillar collagen.?® They are rapidly expressed
in basal keratinocytes at the migrating front
epithelial membrane edge in wounds with the loss
of ECM during wound healing.>* Overexpression
in keratinocytes delays re-epithelialization. High
levels of MMP-1 are found in chronic non-healing
wounds. Down-regulation of MMP-1 is essential
for normal tissue remodeling. MMP-9 is expressed
in several injured epithelia, as the skin where it
plays a role in wound healing and cell signaling. It
also plays a pivotal role in keratinocyte migration,
asitis expressed at the leading edges of migrating
keratinocytes during wound closure; as well as in

regulating angiogenesis during wound healing.®

Anti-inflammatory and antibacterial
activities of Citrullus colocynthis are due to their
constitution of tannins and phenolic compounds,
of which flavonoids and terpenoids play a pivotal
role against bacterial infections. Tannins interfere
with protein synthesis. Flavonoids are widely
known and used to hinder the synthesis of
prostaglandins and produce a therapeutic effect
on inflammation.®

Topical fusidic acid can be used in the
form of an ointment, cream, lotion, and gel. Fusidic
acid is primarily active against staphylococci with
a susceptible MICs ranging from 0.016 to 0.5 gm/
ml.1632 The prevalence of fusidic acid resistance
in Staphylococci is influenced by the patient
population, specimen type, and geographic
region.® Previous studies have reported the
possible relation between the use of topical fusidic
acid agents and the development of resistance to
Staphylococci.*?2** Williamson et al.’ revealed that
96% of patients who were infected with fusidic
acid-resistant S. aureus isolates, had used topical
fusidic acid therapy within the previous 6 months,
suggesting an association between prior use and
resistance.

In conclusion, the optimum antibacterial
activity against S. aureus infection and wound
healing was found best using Citrullus colocynthis
oil application. Jojoba oil showed a potential,
however, less efficacy against S. aureus. The
conventional topical fusidic acid revealed a
relatively decreased activity compared to the
two tested oils. Topical Citrullus colocynthis oil
preparation may be a promising alternative
natural dermatological application with enhanced
antibacterial activity.

The antibacterial effect of oil extracts
used in our study was performed in vivo only. Thus
the limitation of our study was not investigating
the in vitro effect. We relied on histopathological
examination, the pathological appearance and
healing of the wound lesions of the mice, levels
of biomarkers related to wound healing and the
assessment of wound area.
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