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This study assessed the wound healing potential and antimicrobial activity of henna, pomegranate and
myrrh extract formulations and their blend in excision, and dead space wound models in rats in compar-
ison to a marketed ointment (gentamycin). The natural extracts were used in ointment formulations
alone or in a combination of three extracts at a total concentration of 15% w/w in medications. The per-
cent of wound contraction in case of henna, myrrh, pomegranate, the blend and gentamycin (10 mg/kg)

Keywords: X were 85.90-98.5%, 88.35-99.52%, 93.55-100%, 97.30-100%, and 90.25-100% from days 16 to 20, respec-
\Pllvet;unl;d healing tively. The blended formulation showed the highest increase in the percent of wound contraction and
Pomegranate decrease in the epithelisation period compared to other formulations and showed comparable results
Myrrh to the standard ointment. The histological studies of excision biopsy at day 24 showed healed skin struc-

tures with normal epithelisation, the restoration of adnexa and fibrosis within the dermis in all of the

formulation- and gentamycin-treated groups while the control group lagged behind in the formation

of the amount of ground substance in the granulation tissue. The formulations showed antimicrobial

activity against Candida, Staphylococcus aureus, mucous membrane infections and E. coli topical infec-

tions. The study proved the wound healing potential and antimicrobial activity of the herbal extract.

© 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

A wound is a break formed in the normal continuity of the skin,
thereby forming a disruption in its cellular and anatomic struc-
tures and affecting its functionality. Wounds may be classified by
several methods; their location, aetiology, presenting symptoms
or type of injury, wound depth and tissue loss or clinical appear-
ance of the wound (Flanagan, 1994). Wound healing or wound
repair is a complicated process in which the tissue repairs itself
after being injured. It involves three overlapping phases, namely
inflammation, cellular proliferation and remodelling, which are
orchestrated in a controlled manner to resume their normal func-
tion (Clark, 1993; Sahl and Clever, 1994; Singer and Clark, 1999).
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Many efforts have been made to explore new agents that can
enhance healing and allow for the speedy recovery of injuries
while saving patients from amputation, similar complications
and additional problems. Medicinal plants were shown to play an
important role in curing skin disorders like cuts and burns
(Kokane et al., 2009). Nevertheless, the selection of plants based
on their activity is critical and requires care in order to determine
the value of the plant (Shivhare et al., 2010).

Traditional medicinal plants are often used to obtain prepara-
tions beneficial for wound healing purposes comprising a wide area
of different skin-related diseases (Maver et al., 2015) such as Law-
sonia inermis (Salih et al., 2017) and Myrrh (Walsh et al., 2010).
Herbs such as henna, pomegranate and myrrh have been widely
used in traditional systems of medicines due to their antiseptic
and anti-inflammatory properties (Li et al., 2006; Shen et al., 2012).

Pomegranate is one of the important fruits stated in the Holy
Qur’an. Punica granatum belongs to the family of Punicaceae, and
is more commonly known as pomegranate, granats, grenade and
punica apple (Voravuthikunchai et al., 2005). Pomegranate extract
is becoming popular in the Western world for the treatment and
prevention of arthritis and other inflammatory diseases (Ahmed
et al.,, 2005). Also, of the peel, pulp and seed, pomegranate peel
had the highest antioxidant activity (Guo et al., 2003). In folk med-
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icine of many cultures, pomegranates have been used extensively
(Longtin, 2003). Large amounts of polyphenols are found in pome-
granate peel, for example ellagic tannins, ellagic acid and gallic
acid. It has been utilised in the preparation of food recipes, cosmet-
ics, tinctures and therapeutic formulae (Ben Nasr et al., 1996). The
effectiveness of the dried fruit peel in the treatment of respiratory
and urinary tract infections and diarrhoea has been reported (Li
et al., 2006). It has also been reported to have anti-fertility effects
(Umadevi et al., 2013) cytotoxic activity (Ampasavate et al., 2010)
hepatoprotective activity (Ashoush et al., 2013) and hypoglycemic
activity (Hontecillas et al., 2009). The ethanolic extract of pomegra-
nate peel has an ameliorative effect against chlorpyrifos-ethyl-
induced oxidative stress in rats (Mahgoub and Nashwah, 2009).
It also has a potent nephroprotective action and suppresses ferric
nitrilotriacetate-induced renal oxidative damage in rats
(Mahgoub and Ali, 2010).

Myrrh is the stem resinous exudates that belong to various
Commiphora species depending on their growing area. It is an
oleo-gum resin that form emulsion upon mixing with water. Pub-
lished researches showed different medicinal effects for myrrh. The
medical uses including fasciolicidal effect, and for the treatment of
schistosomiasis (EI Ashry et al., 2003; Massoud et al., 2001). Myrrh,
either as a whole or some of its components, appears to have ther-
apeutic effectiveness in the treatment of gynaecological cancer dis-
eases (Su et al., 2011), while proving effective as an aesthetic,
antibacterial, antifungal and anti-hyperglycaemic agent (Abdallah
et al., 2009). Other medicinal uses include anti-ulcer, antipyretic,
analgesic, antioxidant and anti-inflammatory effects (Shen et al.,
2012). Myrrh has been employed successfully in treatment of
wounds and ulcers (Walsh et al., 2010) and is extremely useful
topically to facilitate drying and provide wound cleansing
(Nomicos, 2007). Myrrh contains about 2-8% essential oil, 40-
60% water-soluble gum and 23-40% alcohol-soluble resins. The
essential oil is rich in furanosesquiterpenoids, with about 20 com-
pounds having been isolated (Zhu et al., 2003).

Henna, Laurus nobilis Linn., (Lauraceae) is a strong evergreen
tree which breeds in the wild or can be cultivated. It has been
reported to have carminative, astringent, diaphoretic, diuretic,
digestive, emetic and stomachic properties (Nayak et al., 2006),
antirheumatic and antineuralgic properties (Marc et al., 2008). Its
oil can be used in liniments for sprains and bruising (Guru
Prasad, 2011). Owing to its high content of lauric acid, it provides
an insecticidal effect against moths. It has also an activity against
ringworm infection (Badoni Semwal et al., 2014) and intestinal
amoebiasis (Venkata Subbaiah and Savithramma, 2012). The oil
extracted from the leaves contains compounds like linalool
(monoterpenoids), which is the major compound (50%), whereas
p-cymene, o-pinene, limonene and B-pinene are present at levels
of around 5-10% each. Also, phenylpropanoids may be found in
trace amounts (Nayak et al., 2006).

In light of these traditional uses of plants, cited activities and
observations, the present study was performed to assess the syner-
gistic wound healing potential of the aforementioned herb extract
formulation blend in excision and dead space wound models in
rats when applied topically in comparison to a marketed ointment.
Surveying the literature revealed that the synergistic wound heal-
ing activity of such blend had not been previously examined. In
addition, the study also aimed to evaluate the antibacterial and
antifungal activities of the three extracts.

2. Materials and methods

2.1. Materials

Henna, pomegranate and myrrh extracts were obtained from
Kuber Impex Limited (New Palasia, India). Yellow soft paraffin,

mineral oil and yellow beeswax were purchased from Loba Chemie
(Mumbai, India).

2.2. Methods

2.2.1. Ointment preparation

Ointments of henna extract, pomegranate extract, myrrh
extract and the three blended extracts were prepared according
to the following formula:

Yellow Soft Paraffin 52%
Bees wax 3%

Liquid paraffin 25%
Natural Extract 15%

Weighed amounts of yellow soft paraffin, yellow beeswax, and lig-
uid paraffin were added to a 250 mL beaker. Beaker contents were
heated over a water bath to 70 °C and then removed from the heat
source. When the temperature of beaker contents lowered to 50 °C,
the weighed amounts of natural extract were added to the beaker
content and mixed vigorously for 5 min using a hand mixer. The
natural extracts used here were 15% henna extract, 15% pomegra-
nate extract, 15% myrrh extract or a blend of 5% of each of the three
extracts.

2.2.2. Models for wound healing activity

2.2.2.1. Excision wound model. The excision wound study included
the use of male Wistar rats (200-250 g). Animals were chosen
and divided into six groups of five animals each. Anaesthetic ether
was used to anaesthetise the rats, which were then depilated
before wounding at the predetermined site. An excision wound
was perpetrated by removing away approximately 500 mm? full
thickness of the assigned area on the anterior-dorsal side of each
rat (Dash et al., 2001). The treatment of animals involved the exter-
nal application of various formulations at a concentration of 10
mg/kg body weight. The assigned groups of animals including
group I, group II, group III, group IV, group V and group VI were
treated with methanolic extract of myrrh (M) paste (w/w), pome-
granate (P) paste (w/w), henna (H) paste (w/w), blend (B) paste (w/
w), base ointment alone (negative control group) and gentamycin
ointment (positive control group), respectively. All of the formula-
tions were applied to corresponding groups twice daily for 24 days,
beginning from the day of wounding. The wound contraction as
well as the wound closure time were taken as the criteria for eval-
uation of the wound healing property. Every three days, the wound
area was measured by applying a transparent piece of paper over
the wound and outlining it; then, the area of this measurement
was calculated using a graph sheet (Werner et al., 1994). The
wound contraction was described as the % of contraction. The time
for wound closure was noted when total healing occurred. The pro-
tocol of the study for animal experiments was approved by the
Institutional Animals Ethical Committee of the department.

2.2.3. Histopathological studies

The skin specimens were collected in 10% buffered formalin
from rats of the six groups. Then, 5 pum thick sections were sliced
and stained with haematoxylin and eosin. The light microscope
was used to evaluate the sliced sections in terms of collagen forma-
tion, fibroblast proliferation, keratinisation, and epithelisation.

2.2.4. In vitro antimicrobial activity

The cup plate agar diffusion method (BSAC) was used to evalu-
ate the antimicrobial activity of four hydrophilic ointments con-
taining henna extract, myrrh extract, pomegranate extract and a
blend of the three extracts.
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Mueller-Hinton agar medium (Merck®, Darmstadt, Germany)
was autoclaved after being prepared according to the manufac-
turer’s instructions. After autoclaving, the molten agar medium
was allowed to cool down to 40-45 °C. Twenty-five mL of the agar
medium was poured onto sterile Petri dishes (90 mm in diameter)
to provide a depth of 4 + 0.5 mm. The agar was left to solidify. The
following standard strains were used to evaluate the antibacterial
and antifungal activities of the topical formulations: Escherichia coli
ATCC 25218, Pseudomonas aeruginosa ATCC 15442, Staphylococcus
aureus ATCC 29213, Methicillin-Resistant S. aureus ATCC 29213,
Bacillus subtilis ATCC 10400, and Candida albicans ATCC 1023. The
standard strains were sub-cultured on 5% sheep blood agar med-
ium. Three to five well-isolated colonies of the standard microor-
ganism were suspended in 5 mL of sterile saline and vortexed
well until a uniform suspension was obtained. The turbidity of
the suspension was measured at 625 nm using a UV spectropho-
tometer (LKB® Ultrospec, Madison, WI, USA) to give an absorbance
of 0.08-0.13 and an inoculum level of 1 x 108 CFU/ml. The suspen-
sion was diluted to 1:100 in sterile normal saline to obtain 1 x 108
CFU/ml for all standard strains, except S. aureus, which was diluted
to 1:10. A sterile swab of cotton was immersed in the suspension
and streaked over the surface of the agar plates. The inoculated
plates were then left to dry at room temperature. The dried inocu-
lated plates were used for the agar well-diffusion assay. A sterile
cork borer was used to make four wells per plate by perforating
holes on the inoculated plate. Each well was 7 mm in diameter,
and the cut pieces of the agar were removed using a sterile needle.
Then, 100 pg of each formulation was placed into each well. A 100
ug of gentamycin ointment (Garamycin® ointment) and standard
discs (imipenem disc containing 10 pig and ketoconazole disc con-
taining 10 pg) were used as positive controls. The inoculated agar
plates were kept at 37 °C for 18 h. The detected diameters of the
inhibition zones were measured using a ruler to the nearest mil-
limetre. The experiment was carried out in duplicate and the mean
diameter was taken.

3. Results
3.1. Wound healing activity

3.1.1. Excision model

The % of wound contraction ranged from 17.45% to 69.91% in
the period from 4 to 12 days and from 85.19% to 97.96% in the per-
iod from 16 to 20 days in the control (ointment base) group of rats,
whereas whole epithelisation and healing were shown on day 24.
The shedding of eschar lasted for an average of 12.4 days without

Table 1

735

leaving any residual raw wound in the control rats. The % of wound
contraction in rats treated externally with henna (10 mg/kg) ran-
ged from 19.64% to 72.78% in the period from 4 to 12 days and
from 85.90% to 98.50% in the period from 16 to 20 days, respec-
tively. The % rate of wound contraction in rats treated externally
with myrrh (10 mg/kg) ranged from 37.92% to 75.31% in the period
from 4 to 12 days and from 88.35% to 99.52% in the period from 16
to 20 days, respectively. The % rate of wound contraction in rats
treated externally with pomegranate (10 mg/kg) ranged from
41.80% to 79.45% in the period from 4 to 12 days and from
93.55% to 100% in the period from 16 to 20 days, respectively.
The % rate of wound contraction in rats treated externally with
the blend (10 mg/kg) ranged from 49.33% to 88.66% in the period
from 4 to 12 days and from 97.30% to 100% in the period from 16
to 20days, respectively. The gentamycin-treated rats showed
increased wound contraction from 61.03% to 90.25% in the period
from 4 to 12 days and from 90.25% to 100% in the period from 16 to
20 days, respectively. Meanwhile, the mean epithelialisation time
decreased from 12.4 days in controls, to 12.2 for henna, 11.8 for
myrrh, 11.4 for pomegranate, and 9.4 for the blend, while standard
gentamycin showed the lowest time of 9.2 days. Among the pre-
pared herbal formulations, the blended formulation showed the
highest increase in % of wound contraction and decrease in epithe-
lisation period in comparison with controls, and showed compara-
ble results to the standard ointment (Table 1).

3.2. Histopathological studies

Histology of excision biopsy at day 24 demonstrated healed skin
structures of skin wounds with normal epithelisation, the restora-
tion of adnexa and fibrosis within the dermis in all of the formula-
tions and gentamycin-treated groups. The control group lagged
behind the treated groups with respect to the formation of the
amount of ground substance in the granulation tissue, as observed
in tissue sections (Fig. 1a-f). The histology of the deeper structure
within the granulation tissue of the control group demonstrated
mononuclear inflammatory cells with scattered fibroblasts (mini-
mal fibrosis), and few proliferating vasculature in granulation tis-
sue indicating low healing properties, whereas the granulation
tissue of the groups treated with either the herbal formulations
or gentamycin showed an abundance of eosinophilic collagen tis-
sue and neovascularisation, with few inflammatory cells indicative
of healing by fibrosis. The order of healing can be arranged as fol-
lows: control < henna < myrrh < pomegranate < blend = gentamy
cin. These results were similar to that which was observed for
wound contraction and rate of epithelisation.

The measurements of wound areas over a period of 24 days showing the percent of contraction among different formulations.

External treatment Wound area in mm?/rat (% contraction)

Epithelization

(10 mg/kg, twice daily)

period (days)

0 day 4th day 8th day 12th day 16th day 20th day 24th day

Control (ointment base) 545.35+6.35 450.16 £ 7.36 325.32+£5.48 164.08 + 8.18 80.74+5.18 11.12£0.63 24+0.14 124
0 17.45 £ 1.51 4034 +1.12 69.91 £ 1.67 85.19+1.06 97.96 +0.13 99.55 +0.03

Henna ointment 546.82 +7.78 439.42 +6.79 301.28 +4.94 148.82 +4.81 77.09 £3.18 8+0.73 1.04+03 12.2
0 19.64+1.24 44.90 + 0.90 72.78 £ 0.88 85.90+0.58 98.53+0.13 99.80 £ 0.02

Myrrh ointment 545.02 £6.10 338.32+3.93 282.36 +£7.25 13454 +3.70 63.45 +3.09 2.6 +0.36 0 11.8
0 37.92+0.72 48.19+1.33 75.31£0.67 88.35+5.6 99.52 +0.07 100

Pomegranate ointment 547.7 £ 6.70 318.52 +4.06 25598 +£2.28 112.54 +2.98 35.28+3.17 0 0 114
0 41.8+0.74 53.26 £ 0.41 79.45 + 0.54 93.55+0.58 100 100

Blend ointment 551.86 +9.62 279.62 +5.54 14032 + 8.1 62.54 +2.98 14.88 £ 3.31 0 0 9.8
0 4933 +1 74.57 £ 1.46 88.66 = 0.54 97.300.6 100 100

Gentamycin ointment 552.06 +7.87 215.12+4.05 118.24+2.39 53.8+3.73 0 0 0 9.4
0 61.03£0.73 78.58 £ 0.43 90.25 £ 0.67 100 100 100
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(a) Control

(¢) Myrrh

(e) Blend
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(b) Henna

(d) Pomegranate

(f) Gentamyecin

Fig. 1. Histopathology of skin at day 24 stained with H&E (100x ), showing: (a) Skin of control rat showing ulceration and edema, early epithelisation and granulation tissue
and abundance of mononuclear inflammatory cells, (b) & (c) Henna & Myrrh treated rats, respectively, showing large amount of granulation tissue, small number of
mononuclear inflammatory cells, and restoration of adnexa and extensive fibrosis, (d), (e) & (f) Pomegranate, blend and gentamycin treated rats, respectively, showing healed
skin structures with well formed, near to normal epidermis, restoration of adnexa, and extensive fibrosis and collagen tissue within the dermis.

Table 2

Evaluation of antimicrobial activities of four hydrophilic ointments containing henna extract, myrrh extract, pomegranate extract and blend of the three extracts respectively by

Cup plate diffusion method.

Formulation Cup plate diffusion method (mm)

Gram-negative bacteria Gram-positive bacteria Yeast

E. coli P. aeruginosa S. aureus MRSA ATCC33591 B. subtilis C. albicans

ATCC25218 ATCC15442 ATCC 29213 ATCC10400 ATCC 10231
Control (ointment base) NIL NIL NIL NIL NIL NIL
Henna ointment 20 NZ* 26 25 20 30
Myrrh ointment 19 NZ 23 22 25 30
Pomegranate ointment 21 NZ 20 20 21 29
Blend ointment 18 Nz 25 25 25 30
Garamycin ointment 29 25 27 26 28 ND"
Imipenem 10 pg/disc 30 25 35 30 30 ND
Ketokonazole 25 pg/disc ND ND ND ND ND 35

¢ NZ means no inhibition zone.

> ND means not determined.
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3.3. Microbiological results

The results of the in vitro evaluation of antibacterial and anti-
fungal activity of five of the tested formulations by cup plate diffu-
sion method are shown in Table 2. The results revealed that all of
the tested formulations have excellent antibacterial activities
against Gram-negative bacteria, such as E. coli ATCC25218, Gram-
positive bacteria such as S. aureus ATCC 29213, MRSA ATCC29213,
and B. subtilis ATCC10400. No formulations showed any activity
against Gram-negative P. aeruginosa ATCC15442. On the other
hand, all formulations showed amazing antifungal activities
against C. albicans ATCC 10231.

4. Discussion

A wound is a kind of skin injury in which a tear, cut or puncture
occurs in the skin (an open wound). Pathologically, it reflects a
sharp damaging injury to the dermis of the skin (Thomas and
Wysocki, 1990) or it may be epidermal wounds (Moll et al.,
1998). The main processes that are involved in wound healing
are epithelisation, contraction, and connective tissue deposition.
Healing processes are governed by the biosynthesis and deposition
of new collagens at the site of the wound (Agarwal et al., 2009).
The process of wound healing involves the migration of endothe-
lial cells, leading to the neovascularisation of connective tissues
which synthesise extracellular matrices including collagens, and
keratinocytes leading to re-epithelialisation of the wounded tissue
(Clark, 1993). Herbs such as henna, pomegranate and myrrh were
widely used in the traditional system of medicines for their
antiseptic and anti-inflammatory properties. Therefore, the pre-
sent study was performed as an in-depth investigation of the syn-
ergistic wound healing activities of the aforementioned herb
extract formulation blend in excision and dead space wound mod-
els in rats when applied topically on wounds in comparison to a
marketed gentamycin ointment (Garamycin®, Schering-Plough).
In the excision wound model, the blend formulation showed faster
healing properties compared with the control group. Further exci-
sion biopsy of the skin wound at day 10 showed healed skin struc-
tures with normal epithelisation, restoration of adnexa and
fibrosis within the dermis in both the blend formulation- and
gentamycin-treated groups, while the control group lags behind
the treated groups in the amount of ground substance formed in
the granulation tissue. The faster wound contraction by the blend
formulation may be due to the stimulation of cytokine, an inflam-
matory o-chemokine by flavonoids, terpines and gallic acid
(Moyer et al., 2002). Phytochemical constituents of the herbal
extract henna contain monoterpenoides, which have anti-
inflammatory and antimicrobial properties (Chmit et al., 2014;
Tabanca et al., 2013). Pomegranate contains polyphenols such as
ellagic tannins, ellagic acid and gallic acid, with known antimicro-
bial and anti- inflammatory properties (Nayak et al, 2013)
whereas myrrh contains furanosesquiterpenes, B-sitosterol and
alcohol-soluble resins with potent antiseptic, antioxidant and
anti-inflammatory properties (Walsh et al., 2010). In the excision
wound model, the results showed the extent of wound healing
by various formulations in the following order: Blend > Pomegra
nate > Myrrh > Henna.

Antimicrobial studies were performed to evaluate the antibac-
terial and antifungal activities of the hydrophilic ointments of
henna extract, myrrh extract, pomegranate extract and the blend
of the three extracts. These topical pharmaceutical formulations
can be used to cure Candida, Staphylococcus aureus, mucus mem-
brane infections and E. coli topical infections. The advantage of
the tested formulations is demonstrated with respect to their
activity against both bacteria and Candida.

5. Conclusion

The present investigation involving excision wound models,
which included the observation of different physical, histological,
and antimicrobial activities, indicated the wound healing activity
of herbal extracts formulations. The healing effects seemed to be
due to promoting faster collagen deposition, the formation of other
connective tissue constituents, and antibacterial activity.
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