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Abstract
This study aimed to evaluate the antibacterial activity of various formulations of alcoholic
extracts of Curcuma longa (Curcumin) on Staphylococcus aureus and E. coli in wounds
injured mice compared to the action of the extracts with clotrimazole antibiotic. Using the
well agar diffusion technique, in vitro bactericidal activity of curcumin alcoholic extract was
established against several pathogens. Curcumin extract and clotrimazole ointment was
also made from a combination of extract and antibiotics to examine how different formulas
affected injured skin in mice. 25 albino mice were divided into five groups and had their
skin incised and treated in various ways. In vitro experiments against E. coli and
Staphylococcus aureus revealed excellent potency through the zone of inhibition.
Furthermore, in vivo findings of the groups given therapeutic doses of extracts revealed
significant values in treatment and a reduction in clinical signs, as well as notable, exceeds
of the results of the extract oily ointment at (2.5 % w\v) compared to (5 % w\w), as well as
similar results between curcumin extract oily ointment (2.5 %) and curcumin extract and
clotrimazole oily ointment (2.5 %) groups, at significant differences. Histopathological
investigations of the groups (G2, G3, G4, and G5) that had outstanding wound healing with
normal skin in varying degrees compared to the control group supported these findings (G1).
Curcumin alone or combined with clotrimazole as oily formula at concentration (2.5%) show
augmented wound healing efficacy compared to formula at concentration (5%) after 15days
of treatment, The skin section show excellent collagen deposition with enhanced reepithelialization regeneration. at the 7 day of treated, curcumin formula at concentration
(5%) exhibited lower fibroblast and fibrocystic distribution and less infiltration of cells in
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tissue compared to curcumin formula at concentration (2.5%) and control which show upregulated neovascularization with highly fibroblast presence.
In conclusion, the current study demonstrated the efficacy of using an alcoholic extract
(Curcumin) as a special formula in combination with the antibiotic clotrimazole to show
high potential uses in wound skin healing in mice; additionally, use inefficiently retarding
and preventing bacterial infections such as E. coli and S. aureus.
Keywords: Curcumin Extract, Clotrimazole, Antibacterial Activity, Histopathology,
Staphylococcus Aureus, E. Coli.
Introduction
Curcuma longa; Is a ginger-family plant that has
been used as herb and conventional remedy in India and
China for centuries to cure hepatocellular illnesses,
coughs, diabetic ulcers, and rheumatic ailments [1].
Curcumin has been shown in many researches to have
antioxidant,
anti-aging,
anti-inflammatory,
immunomodulatory, wound healing, anti-tumour, and
anti-psoriatic properties [2-4]. Inflammation, proliferation
or (granulation), and maturation are the three steps of the
wound healing process [5]. Alternative plants have been
used in various studies for wound repair due to therapeutic
benefits such as flavonoids, essential oils, alkaloids, phenolic compounds, terpenoids, and
fatty acids [6,7], as well as cheap cost, few harmful activities, bioavailability, and
effectiveness [8,9]. Clotrimazole is a chemical imidazole compound with wide antimycotic
action that works by inhibiting fungal cell membrane production. This is used to cure local
candidiasis, fungal diseases on the skin such ringworm, and jock itch. The semisolid
method improved medication dispersion and bioavailability by increasing the solubility of
poorly water-soluble substances [10]. Additionally, increase their efficiency by incorporating
them into structures since materials with high surface areas tend to change their physical
and chemical properties [11-12].The purpose of this study was to see how different
formulations of curcumin extract affected the healing of wounds in mice as an animal
model. Healing is a complicated process that includes inflammation, granulation, and
tissue remodelling; as a result, several elements have been discovered to have a role in
delaying the mending process, such as oxygen-free radicals [13]. As a result, using materials
high in antioxidant defence can reduce healing time and speed up the process.
Furthermore, several studies have chosen to utilize a mix of herbs and antibiotics in various
therapeutic procedures to prevent antibiotic resistance [14]. Therefore, the present study
relies on establishing the efficacy of the herbal extract in various formulas other than
antibiotics in order to assess the herbal activities of formulae to treat wounds.
Materials and methods
Preparation of curcumin extract
The plant powder of curcumin was extracted using ethanol 70% for 4 days with the
maceration method (the percentage of the plant to solvent is 1/3). Every 24 hours, the
solvent was renewed and the extract was concentrated under reduced pressure and Spraydried [15]
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Preparation of herbal ointment formula
In order to prepare ointment base, bees wax, liquid paraffin and Vaseline were used.
Two concentrations of extract (2.5 w\v & 5 w\w %) and clotrimazole (2.5 %) were added to
the ointment base. While the second formula was used Curcumin extract in concentration
(2.5 w\v & 5 w\w %) with White soft paraffin (100ml) by using hotplate magnetic starrier
with 40°c for 1hr. according to (British Pharmacopoeia, 1988).
Antibacterial analyses by agar diffusion method
The antibacterial activity of both ointment formulation prepared was studied against
gram positive bacteria (Staphylococcus aureus), gram negative bacteria (Escherichia coli). The
antibacterial activity of the extracts was determined by agar well diffusion technique by
using 20 ml of nutrient agar media was transferred into plate and they were left
undisturbed for 1-2 h. Bacterial culture (0.5 μl) was transferred into plate using cotton stick
and spread with sterile glass rod and made holes with 6 mm diameter for each
concentration added into well. Then plates incubated for 37 °C 24 h then the antibacterial
activity was determined by measuring the zone inhibition around each well [16 ].
In vivo evaluation of wound healing
The study was achieved using (25) Albino mice (weighted 27.5 ±150 g) that were
housed in standard plastic cages with stainless steel coverlids; moreover, wheat straw was
used as bedding material. The animals were kept at the AL-Razi Research Centre’s animal
house. Pellets and water were freely available to these animals. The temperature is
maintained constant at 25°C with a relative humidity of 50–60%. The animals were placed
in polypropylene cages with sterilized rice husk bedding and a 12-hour light/12-hour dark
cycle; afterwards, the experiment was ended with the histopathological analysis for the
treated skin. The animals were divided into five groups; each group consisted of 5 animals,
as follows:
Group 1 – Excision wounded animals without treatment
Group 2 – Excision wounded animals with curcumin extract (2.5% w\v) oily ointment.
Group 3 – Excision wounded animals with curcumin extract (2.5% w\v) and
clotrimazole (2.5% w\v) oily ointment
Group 4– Excision wounded animals with curcumin extract (5% w\w) ointment
Group 5– Excision wounded animals with curcumin extract (5% w\v) oily ointment
Statistical analysis: All data of the present study are expressed as mean ± standard
error of mean (S.E.M.) of five animals. Data were analysed by two-way analysis of variance
(ANOVA) followed by Bonferroni’spost-test using the GraphPad Prism Version 5.0 software
program (GraphPad Software, San Diego, CA, USA). A value of p< 0.05 was considered
statistically significant [17].
Results and discussion
Curcumin extract formulations prepared have shown excellent potency against grampositive (S. aureus) and gram-negative (E. coli). In S. aureus the zone of inhibition was 5mm
of curcumin extract ointment (2.5%), 12mm of extract and clotrimazole ointment (2.5%),
30mm of extract oily ointment (2.5%), 33mm of extract and clotrimazole oily ointment
(2.5%), 15mm of extract ointment (5%) and 17mm of extract oily ointment (5%). While the
results in gram-negative (E. coli) were the zone of inhibition was 14mm of curcumin extract
ointment (2.5%), 15mm of extract and clotrimazole ointment (2.5%), 33mm of extract oily
ointment (2.5%), 33mm of extract and clotrimazole oily ointment (2.5%), 18mm of extract
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ointment (5%) and 22mm of extract oily ointment (5%). The antibacterial activity of C. longa
extract in the different formulas was great due to many constituents who possess potent
antibacterial activity against a wide range of bacteria [18,19]; as shown in Figures (1 and
2)and table (1).
Figure (1): Inhibitory activity of curcumin in different formulation; F1(curcumin and
clotrimazole oily ointment 2.5%w\v); F2 (curcumin oily ointment 2.5%w\v), F1 (curcumin and
clotrimazole ointment 2.5%w\w), F2 (curcumin ointment 2.5%w\w) on E.coli and S .aurous.

F1

F2

Figure (2): Inhibitory activity of curcumin extract in F1 (curcumin oily ointment 5% (w\v)
and F2 (curcumin ointment 5% w\w) on E.coli and S .aurous.

F1

F2

Table (1): Inhibition zone of different curcumin extract formulations against S. aureus
and E. coli.
Type of ointment

Type of bacteria (mm)
S.
aureus

Curcumin extract ointment at concentration (2.5%) w\w

E. coli

5 ±0.21

14 ±0.11

Curcumin extract and clotrimazole ointment at concentration
(2.5%) w\w

12 ±0.14

15 ±0.13

Curcumin extract oily ointment at concentration (2.5%)w\v

30 ±0.09

33 ±0.08

Curcumin extract and clotrimazole oily ointment at concentration
(2.5%) w\v

33 ±0.08

33 ±0.07

Curcumin extract ointment at concentration (5%) w\w

15 ±0.12

18 ±0.13

Curcumin extract oily ointment at concentration (5%) w\v

17 ±0.10

22 ±0.12
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The result statistically significant compared with other and P‐values were calculated by
student’s t‐test and values indicated (n=5) plus stander error (SE).*P<0.05.
In the current study found that curcumin extract, particularly oily curcumin extract,
had strong antibacterial activity whether taken alone or in combination with other
antibacterial such as clotrimazole against Gram-positive and negative bacteria. Due to the
tremendous potential of therapeutic plants compared to chemicals, safer material, and
cheap cost-effectiveness, researchers have recently begun to employ them in chemistry,
biology, and medicine [20]. Clotrimazole is thought to have high antibacterial and
antimicrobial action [21], as well as a significant surface area to volume ratio, chemical
stability, and antifungal properties [22]. As a result, the herbal extract in combination with
clotrimazole has a significant potential for wound healing as well as inhibiting and
preventing bacterial infections ineffectively [23 ].Curcumin can heal wounds and is
ineffective in delaying and avoiding infectious diseases. In a recent study, the addition of
curcumin in preparation techniques was found to reduce bacterium activity, regulate
microbe invasion, and follow bacterial growth [24]. Thus, in vivo treatment of mice with
curcumin was able to successfully manage adhesion and significantly minimize injured
areas [25]. Furthermore, a new extract formula accelerated wound healing, increased wound
contraction rate, completely re-epithelialized the epidermis, reduced scars after therapies,
and down-regulated the quality of Inflammatory cell infiltration as well as to boosting tissue
recovery and collagen formulation rate [26]. Curcumin extract oily show highly antibacterial
activity when used alone and combined with other antibacterial against gram-positive and
negative bacteria.
Study included an examination of the application on laboratory animals albino mice
by induced an external wound on the skin and treatment by application until recovery.
During the time, the application observed efficiency of treatment with no side effects beside
easily of using. The study involved histopathological analyses of mice skin after 7 days and
15 days to observe the tissue changes that occurred during the treatment period as in figure
(3).
Figure (3): Morphological section of treated mice skin with the different formulations: a.
curcumin extract ointment (5%), b. curcumin extract oily ointment (5%), c. curcumin extract
oily ointment (2.5%), d. curcumin extract and clotrimazole oily ointment (2.5%), e.control
group.
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Figure (4): Histology of wound area stained with (H&E) after 7 days of treatment with
different formulation of Curcumin extract show previous steps of wound healing. A. curcumin
extract ointment (5%), B. curcumin extract oily ointment (5%), C. curcumin extract oily
ointment (2.5%), D. curcumin extract and clotrimazole oily ointment (2.5%), E.control group.

The recent study; involved histological analysis of wound treated by curcumin
application on day 7 and day 15; to determine the efficiency of curcumin application on
healing processes in treatement period and finally after recovery period as in figure (4,5).
The histopathological section of mice injured skin of different groups treated with curcumin
extract formula after 7 and 15 days examined microscopically and stained by H&E with
(100× magnification). In control group at 7 day the wound sections showed reserve presence
of inflammatory cells (Fig. E). The skin layer exhibited slight re-epithelialization (Fig. A).
Inflammatory cells present with fibroblast and blood vessel and not complete of reepithelialized (Fig. B). While skin sections of (Fig. C, D) show fewer inflammatory cells, more
new capillaries and more fibroblasts and new epithelial layer was formed with collagen fiber.
The skin structures of control group in day15 show a complete epithelial layer, relatively
compact collagen fiber and inflammatory cells were present (Fig. e). Wound section showed
inflammatory cells with blood vessels developed (Fig. a). Less inflammatory cells infiltrated
with slight of collagen deposition (Fig. b). Wound show well-arranged of new epithelium layer
and compact collagen tissue less presence of inflammatory cells (Fig. c,d).
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Figure (5): Histology of wound area stained with (H&E) after 15 days of treatment with
different formulation of Curcumin extract show wound healing. A. curcumin extract ointment
(5%), B. curcumin extract oily ointment (5%), C. curcumin extract oily ointment (2.5%), D.
curcumin extract and clotrimazole oily ointment (2.5%), E.control group.

Several studies have been conducted to explore curcumin’s ability of healing
wounds by promoting epithelial regeneration, fibroblast proliferation, and vascular density,
regulation of messenger or code to induce and accelerate the proliferation phase of wound
healing. All these activities may remodel the effect of curcumin which appear as an active
role in increasing granulomatous tissue formation, repair and collagen deposition. The
effect of the extract formula on cellular hyperplasia and structure protein accumulation in
granulation cells may explain why the extract formula showed complete epithelialization
with keratinization as well as fibrous connective tissue multiplication and enhanced wound
healing in the early stage [27].
The study revealed using of an oily composition has the potential to improve
wound closure rates and collagen levels at the wound area [28]. Even though the wound
healing activity of curcumin extract formula at the concentration (2.5%) showed significant
results oily ointment alone and in conjunction with clotrimazole oily ointment demonstrated
a competitive advantage in recovery activity over Curcumin extract in (5%) ointment alone
[29 ]. Extract medicine that has a considerable influence on collagen depositing
modification, as well as keratinocyte modulation and speed up the fundamental reepithelialization mechanism. Finally, in Albino mice, the newly developed curcumin alone
and in combination with clotrimazole improved wound healing and decreased the excise
injured area.
Conclusion
In the current study, curcumin formulations potentially exhibited wound healing and
inefficiently retarding and preventing bacterial infections. Also, it originated the combination
of curcumin extracts with antibiotic (clotrimazole) that gave significant results using the
ointment alone or mixing with clotrimazole in healing wounds to inhibit bacterial growth.
Furthermore, the use of curcumin in various formulations successfully showed healing
wounds with exceeds of ointment (2.5% w\v) compared to ointment (5% w\w). Thus, this
study recommended applying the ointment (2.5% w\v) as an alternative treatment instead of
other antibiotics.
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