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Keywords: ABSTRACT: Background: In Ayurvedic literature, Aloe vera,
turmeric, honey, karanj oil, and cow ghee are documented for
medicinal properties like anti-infective, anti-inflammatory, anti-

oxidant, anti-coagulant and wound recovery. Objective: In this study,
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we aimed to evaluate the efficacy of a topical gel containing Aloe vera
extract, turmeric, honey, karanj oil, and cow ghee for wound healing.
Methods: Topical gel was prepared and evaluated for skin irritation
and efficacy. Skin irritation studies were performed on rabbits
according to OECD guidelines 402. Wound healing activity was
performed on Wistar rats in the excision wound model, incision
wound model, and burn injury model. Results: Treatment with
formulation significantly ameliorated wounds compared to the vehicle
control group in each wound injury model. Efficacy was comparable
to the standard which was confirmed by amelioration of wound
contraction, increase in tensile strength, attenuation of inflammatory
cytokines TNF-a, IL-6, IL-10 and histological studies. Skin irritation
studies on rabbits showed that formulation is non-irritant. Conclusion:
In the topical gel used in this experiment showed enhanced wound
healing properties in all three models of the experimental wound
without skin irritation.

E-mail: bhatt.lokesh@gmail.com

INTRODUCTION: Wound healing is a dynamic
process in which the wound caused by physical,
chemical, and microbial processes on the tissue is
repaired or regenerated . The process of wound
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healing starts with an injury where the loss of
epithelium occurs % 2. The skin can repair wounds
after a series of processes like hemostasis,
inflammation, proliferation, and remodeling, which
ensures structural and functional integrity of the
tissue *.

A chronic wound can lead to organ failure in an
individual, which may also cause death 3. There are
different types of wounds: open wounds, incised
wounds, superficial wounds, laceration wounds,
puncture wounds, gunshot wounds, penetration
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wounds, close wounds, bruises, hematomas, crush
injury, acute wounds and chronic wounds °. Lack
of proper diet, less oxygen supply, drugs, aging,
wasting diseases like Diabetes mellitus, bacterial
infections at the wound site, sterility, obesity,
movement of wound edges and site of wound
affects wound healing > . The initial phase of
wound healing involves the inflammatory phase,
which is followed by collagen and other cellular
matrix synthesis and may form a scar ®. Wound
healing is done by a network of blood cells, growth
factors, and cytokines which work together to
restore the normal condition of the damaged tissue
' Different methods are used for healing or
management of wounds that include anti-
inflammatory agents, dressing, pain killers and
anti-bacterial, and agents which can promote
wound healing in short duration with less pain &
discomfort °.

It is well known that herbal remedies are used to
treat several diseases, including wounds, cuts and
burns *°. In comparison to the standard treatment
available for wound healing, herbal treatments
show fewer side effects °. Also, polyherbal
preparations provide safe and cost effective option
for wound management **. Aloe vera (Liliaceae) is
an herbaceous succulent plant having an anti-
inflammatory, anti-bacterial, anti-fungal and anti-
oxidant activity that promotes wound closure and
wound healing ** ', Phytochemical present in
herbs promotes fibroblasts' adhesion and
proliferation that increases collagen production and
secretion from fibroblasts which in turn promotes
healing ** *°.

Turmeric (Curcuma longa Fam. Zingiberaceae), a
widespread herb in Asia, has various medicinal
properties like anti-inflammatory, anti-infective,
anti-coagulant, anti-oxidant, and radical scavenging
activity *" 8. It has been used for various dermal
infections and is a part of the South Asian diet.
Curcumin, its major bioactive component,
promotes wound healing by increasing fibroblast
production, granulation tissue formation, collagen
deposition, tissue remodeling, and increased
vascular density and contraction of wound * %.
Oral administration of turmeric has lesser
bioavailability ~# % However, topical
administration is much effective as it is in direct
contact with wound site > ?°. Honey is found to
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have various properties like anti-inflammatory,
anti-oxidant, anti-bacterial. It increases the rate of
re-epithelialization and helps in wound closure %'.
The application site absorbs all the water and
dehydrates bacteria, restricts the pH of wound
exudate, thus prevents bacterial colonization. Its
high sugar content, phenolic content and non-
peroxide factors contribute to wound healing %

Karanj oil obtained from the plant Pongamia
pinnata (Fabaceae) is a traditional remedy for
treating wounds, piles, tumours, skin itches,
rheumatic joints, ulcers, and inflammation. It acts
on the proliferative and remodeling stage for
wound healing. It increases Superoxide dismutase,
an anti-oxidant enzyme that prevents the further
generation of free radicals. It also increases the IL-
10 level in T-lymphocytes and macrophages,
leading to a decrease in pro-inflammatory mediator
expression,  decreasing inflammatory  cells'
recruitment to the wound. This oil is also used as a
lubricant in industries > *. Cow ghee, also called
clarified butter, is used as a base in ayurvedic
medicines. It can transport drugs to deeper tissues
in the body hence be used as a vehicle. Cow ghee
has its use in wound recovery and is used for skin
rashes and broken bones *!. It contributes to the
wound healing process by regulating prostaglandin
synthesis, and if applied topically, it can manage
pain and swelling. It has anti-microbial, anti-
inflammatory properties. It maintains hydration and
gives a moist environment for wound healing 2.

Based on the reports mentioned above, we aimed to
formulate gel containing these ingredients for the
treatment of excision, incision, and burn wounds.
The objective of this study was to evaluate wound-
healing efficacy of gel containing Aloe vera,
Turmeric, Honey, Karanj oil and Cow ghee in
animal models of incision wound, excision wound
and burn wound.

MATERIALS AND METHODS

Chemicals and Reagents: Major chemicals and
reagents were purchased from Sigma-Aldrich (St.
Louis, MO, USA) and Merck Specialities Pvt. Ltd.
(Mumbai, India). The solvents used were of high
purity and HPLC grade. All other chemicals and
reagents used in the whole study were of analytical
grade. Aloe vera extract, Turmeric, Honey, Karanj
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oil, and Cow ghee were provided by Gufic
Biosciences Ltd., Navsari, Gujrat, India.

Experimental Animals: White New Zealand
rabbits (2.5-3 kg) were procured from IPCA Lab.
Mumbai India. Male Wistar rats (230-250 g) were
procured from the National Institute of
Biosciences, Pune, India. They were kept in the
departmental animal house facility at 25 + 2°C and
relative humidity 45-55%, light and dark cycles of
12h each, throughout the experiments.Animals
were provided with a standard rodent pellet diet
and water Ad libitum. The study protocol was
reviewed and approved by the Institutional Animal
Ethical Committee(Protocol No.:
CPCSEA\IAEC\P-36\18)and were conducted in
accordance with the guidelines of the ‘Committee
for the Purpose of Control and Supervision of
Experiments on Animals’ (CPCSEA), Ministry of
Environment and Forests, Government of India.

Preparation of Topical Gel: Topical gel
formulation containing Aloe vera, turmeric, honey,
karanj oil, and cow ghee was prepared to
investigate its wound healing efficacy. To the gel
base Aloe vera, turmeric, honey, karanj oil, and
cow ghee were added with the following formula to
get the final gel formulation.

Aloe Vera: 18.0 % wi/w.

Turmeric Extract equivalent to Turmeri: 1.25%
wiw.

Cow Ghee: 3.0 % wiw.

Honey: 3.0 % wi/w.

Karanj Oil: 3.0 % w/w.

Rose Water: 3.0 % w/w.

Gel base: up to 100%.

Evaluation of the Polyherbal Test Gel: Test gel
formulation was evaluated for different
pharmaceutical parameters like appearance,
homogeneity, pH, spreadability and viscosity.

Skin Irritation Study in Rabbits: The acute
dermal irritation study was performed in
accordance with the OECD Guidelines 404 for
“Acute dermal irritation/corrosion” on White New
Zealand rabbits (2.5-3 kg). Briefly, approximately
24 h before the test, around 5 cm % 5 cm of rabbit’s
trunk was unclipped for experimental use. 0.5 g gel
was then applied under a 2.5 cm x 2.5 cm gauze
patch and wrapped with an occlusive dressing.
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The test sites were observed and scored for
erythema and oedema at 1 h, 24 h, 48 and 72 h
post-exposure with gel. Dermal responses were
determined in accordance with OECD guidelines.
Erythema and oedema were scored on a scale of 0-
4, with 0 showing no effect and 4 representing
severe symptoms.

Wound Healing Studies in Rats:

Experimental  Protocol: The rats were
acclimatized for one week before the
commencement of the experiments. Three separate
studies were performed for three types of wound
models: excision, incision, and thermal burn. For
each wound model, animals were divided into three
groups of six animals each (n=6 per group).The
grouping of animals was done as follows: Group |
(Placebo): treated with gel base (without any drug),
Group Il (Standard): treated with a reference
standard Povidone-iodine 10% (for excision wound
and incision wound) and silver sulfadiazine 1% (for
burn injury), Group Il (Test gel): treated with 0.5 g
gel with test drugs.

Excision Wound Model: The excision wound
model was used to study the wound contraction rate
and epithelization. Animals were anesthetized with
ketamine hydrochloride (100 mg/kg, i.m.), and the
back hair of the animals was cleared. An
impression was made on the dorsal thoracic region
1 cm away from the vertebral column and 5 cm
away from the ear on the anesthetized rat. An
excision wound of size 3 cm? and 2 mm depth was
made by cutting out a layer of skin from the shaved
area *. The entire wound was left open. All the
groups received respective treatment once daily for
21 days. The wound closure rate was evaluated by
tracing the wound on Oth, 3rd, 6th, 9th, 12th, 15th
and 18th post-wounding days using tracing paper
and a marker. The traced papers were then scanned
and the wound areas were measured using Image J
software. Rate of wound contraction was indicated
by calculating the changes in wound area. The
percentage of wound closure was calculated. The
period of epithelialization was also calculated as
the number of days required for falling of the dead
tissue remnants without any residual raw wound.

Incision Wound Model: All the animals were
anesthetized with ketamine hydrochloride (100
mg/kg, i.m.) and hair on the abdomen of the
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animals was shaved. A 4 cm long liner incision was
made with a sterile surgical scissor through the
midline of the abdomen. The wound was then
closed with three interrupted surgical sutures of 1
cm apart **. The test article and standard were
applied to the wound once a day for 21 days. The
Control group was left untreated. On the 21% day,
all the animals were euthanized. One portion of
linear incised skin was measured using a
tensiometer for its tensile strength. Wound-
breaking strength was evaluated on the 21°* day of
the experiment.

Burn Injury Model: A second-degree burn was
induced on the rat's skin. Initially, the hair on the
back of each rat was shaved well, and then the
animal was anesthetized using ketamine
hydrochloride (100 mg/kg, i.m.). A metal coin with
an approximate diameter of 2.5 cm was heated up
to 80 °C and placed on the back of rats for 20
seconds *. The percentage of healing thermal burn
wounds was calculated. The period of
epithelialization was also calculated as the number
of days required for falling of the dead tissue
remnants without any residual raw wound.

Evaluation of Pro-Inflammatory (IL-6, TNF-
Alpha) and Anti-Inflammatory Cytokine (I1L-10)
Levels: Blood samples were collected from all the
animals during the study on 1st, 7, 14™ and 21%
day. The blood was centrifuged at 5000 rpm for 10
min to separate the plasma. The plasma was used to
determine the levels of Pro-inflammatory cytokine
(TNF-alpha and IL-6) and Anti-inflammatory
cytokine (IL-10) production during healing. The
cytokine levels were determined by using ELISA
Kits (Kinesis Dx, USA).

Histopathological Analysis: At the end, animals
were sacrificed and a 0.5 cm X 0.5 cm skin sample
was taken from the wound surface for
histopathological analysis. The tissues were
preserved in 10% phosphate-buffered formalin.
Tissue samples were embedded in paraffin,
sectioned at 5 um, and stained with hematoxylin
and eosin. All the sections were observed under a
light microscope for evaluation.

Statistical Analysis: The results were calculated
and expressed as Mean + Standard deviation. The
data obtained in the studies were subjected to one
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way of analysis of variance (ANOVA) followed by
Dunnet’s t-test. A p-value <0.05 was considered to
be significant. All the statistical analysis were
performed using Graph Pad In Stat Version 3.06
(Graph Pad Software, Inc. La Jolla, CA, USA).

RESULTS:

Characterisation of the Polyherbal Topical Gel:
The developed topical gel was a light yellow in
colour with good homogenicity and smooth texture.
The pH of the formulation was found to be 6.6 *
0.02. The spreadability was found to be 25
g.cm/sec, calculated using formula (S = M.L/T).
Where S = spreadability, M = Weight tied to upper
slide, L = Length of glass slides and T = Time
taken to separate the slides completely from each
other. The viscosity of the formulation was found
to be 14001 cps at 30rpm at room temperature,
which indicates that the prepared gel was easily
spreadable. Based on these pharmaceutical
evaluation results, the poly herbal gel was found to
be best and satisfactory. The formulations was kept
for the physical stability for 6 months and it was
found to be stable with respect to all the above
mentioned parameters.

Skin Irritation Studies: Skin irritation studies
were performed as per OECD guideline 404. The
gel formulation did not produce any skin irritation.
No signs of erythema, oedema or any unusual
changes were observed in rabbits when observed
over a week Fig. 1. During the 14 days of
observation, no irritation was observed. Thus, the
formulations can be considered safe for skin
application.

Effect of Test Gel on Wound Contraction and
Epithelisation Time in Excision Wound: It was
found that the treatment with the gel or the
reference standard (povidone-iodine, 10%) on the
wounds resulted in considerably faster healing
compared to the negative control group. A
significant attenuation was observed in the wound
contraction rate in polyherbal gel treated, and
standard treated animals compared to negative
control animals (p<0.05, Fig. 2. The average
number of days that took for the shedding of eschar
without leaving any residual raw wound
(epithelization period) was significantly less for test
gel and povidone-iodine compared to the negative
control group P < 0.05, Fig. 3.
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DAY 4 DAY 8 DAY 14
FIG. 1: APPLICATION OF TEST GEL ON RABBIT SKIN SHOWED NO IRRITATION TILL 14 DAYS
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FIG. 2: EFFECT OF TESTGEL ON PERCENTAGE WOUND CONTRACTION IN EXCISION WOUND MODEL.
VALUES ARE EXPRESSED AS MEAN=S.D. (N=6). STATISTICAL ANALYSIS WAS DONE BY ONE WAY
ANOVA FOLLOWED BY DUNNET’S T-TEST. *P <0.05 COMPARED TO THE NEGATIVE CONTROL GROUP
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FIG. 3: EFFECT OF TEST GEL ON THE PERIOD OF EPITHELIZATION EXCISION WOUND MODEL. VALUES
ARE EXPRESSED AS MEAN=S.D. (N=6). STATISTICAL ANALYSIS WAS DONE BY ONE-WAY ANOVA
FOLLOWED BY DUNNET’S T-TEST. *P <0.05 COMPARED TO THE NEGATIVE CONTROL GROUP
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Effect of Test Gel on Histology of Healed Skin in
Excision Wound Model: Microscopic images of H
& E stained excision biopsy of skin at day 21 at
100 x magnification is given in Fig. 4. Histological
studies of the tissue sections revealed a maximum
amount of scarring with signs of inflammatory cells
infiltration, few blood vessels, fibroblast, and a
sparing amount of collagen for the control group
treated rats. Rat’s treated with test gel formulation

E-ISSN: 0975-8232; P-ISSN: 2320-5148

and povidone-iodine 10% showed almost healed
skin  structures with normal epithelization,
restoration of the adnexa, reduction of scarring and
inflammatory cells, an increase of fibroblast, blood
vessels and collagen deposition. Improvement in
histological grades and histological observation
was better in the herbal formulation and povidone-
iodine group compared to the negative control

group.

POVIDONE-IODINE 10%

TEST GEL

FIG. 4: HISTOLOGICAL EXAMINATION OF HEALED EXCISED WOUND TREATED WITH (A) PLACEBO (B)
POVIDONE-IODINE 10% (C) TEST GEL

Effect of Test Gel on Incision Wound Injury:

Effect of Test Gel on Wound Breaking Strength:
The incision wound healing was measured in terms
of the wound breaking strength of the healed skin
on the 21%-day post-wound. Results are shown in
Fig. 5. The result revealed that the wound-breaking
strength of the healed skin of rats treated with test
gel and reference standard povidone-iodine

increased significantly (P <0.01) compared with
the control group on the 21st day of post-wound.
The wound breaking strength (WBS) for reference
standard povidone-iodine was 965.33+52.44 g,
whereas for test gel, it was 917.40 £ 105.30. The
wound breaking strength for the control group was
652.85 £+ 48.17.

1000

g 8

Wound breaking Strength (g)
:

[v]

Placebo

Povidone-iodine

-— -

Test gel

FIG. 5: EFFECTS OF TOPICAL APPLICATION OF TEST GEL ON WOUND BREAKING STRENGTH IN AN
INCISION WOUND MODEL. VALUES ARE EXPRESSED AS MEAN £S.D. (N=6). STATISTICAL ANALYSIS THE
BY ONE WAY ANOVA FOLLOWED BY DUNNET’S T-TEST. **P<0.01 COMPARED TO THE NEGATIVE

CONTROL GROUP; *P <0.05 COMPARED TO THE NEGATIVE CONTROL GROUP

Effect of Test Gel on Histology of Healed Skin
In Incision Wound Model: Microscopic images of
H & E stained excision biopsy of skin at day 21 at
100 x magnification is given in Fig. 6. In the
negative control group, there was decreased

International Journal of Pharmaceutical Sciences and Research

epidermis thickness. Degeneration was determined
in the hair roots. The degenerative findings in the
sebaceous glands in the hair roots and the areas
hosting the hair roots were observed to be smaller.
Animals treated with test gel and povidone-iodine
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showed almost healed skin structures with
epithelization and restoration of skin. Improvement
in histological grades and histological observation

PLACEBO

POVIDONE-IODINE 10%
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was better in the test gel and povidone-iodine group
compared to the negative control group.

TEST GEL

FIG. 6: HISTOLOGICAL EXAMINATION OF THE HEALED INCISION WOUND TREATED WITH (A) PLACEBO
(B) POVIDONE-IODINE 10% (C) TEST GEL

Effect of Test Gel on the Burn Injury Model:

Effect of Test Gel on Burn Wound Contraction:
The percentage contraction of thermal wounds is
given in Fig. 7. The results show that percent
wound closure was significantly (P <0.01) more in

test gel and silver sulfadiazine 1% treated groups
than in the negative control group. In the total study
period of 21 days, maximum wound closure
percent was observed in rats treated with silver
sulfadiazine 1% followed by test gel treated group
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FIG. 7: EFFECT OF TEST GEL ON PERCENTAGE WOUND CONTRACTION IN EXCISION WOUND MODEL.
VALUES ARE EXPRESSED AS MEAN=*S.D. (N=6). STATISTICAL ANALYSIS WAS DONE BY ONE WAY
ANOVA FOLLOWED BY DUNNET’S T-TEST. *P <0.05 COMPARED TO THE NEGATIVE CONTROL GROUP

~ W B 42 5 v /
FIG. 8: HISTOLOGICAL EXAMINATION OF HEALED BURN WOUND TREATED WITH (A) PLACEBO (B)
SILVER SULFADIAZINE 10% (C) TEST GEL

Effect of Test Gel on Histology of Healed Skin in
Burn Wound Model: Fig. 8 shows a
representative photomicrograph of skin sections
stained with H&E from all groups.
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Remarkably, inflammatory cells in the wound area
were increased in all groups. The highest
infiltrations of inflammatory cells were detected in
animals from placebo group and test gel and
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standard treated animals showed the lowest

infiltration.

Effect of Treatments on Pro-Inflammatory (IL-
6, TNF-Alpha) and Anti-Inflammatory Cytokine
(1L-10) Levels:

Effect on pro-inflammatory (IL-6, TNF-alpha)
Cytokines: TNF-alpha and IL-6 are pro-
inflammatory cytokines that are elevated during the
inflammatory process of wound healing. At low
level, they assist in wound healing; however, at
high doses they delay the process of wound

E-ISSN: 0975-8232; P-ISSN: 2320-5148

healing. Thus for rapid healing, their up-regulation
should be decreased. TNF-alpha and IL 6
production increased in all the groups initially after
1 day of induction of wounds Fig. 9 & Fig 10. The
level of TNF-ain, the placebo group, was
significantly (p < 0.05) higher than in the test gel
and standard treatment groups Fig. 9 & 10. On 21%
day, the level of TNF-alpha and IL 6 was
significantly decreased (p < 0.05) in the test gel
treated group and standard treatment groups
compared to the placebo group.

Serum TNF-alpha (pg/ml)
g 8 & 8

o

Placebo
Test gel
Placebo

Povidone-iodine

Excision wound model

Incision wound model
mDay1l mbDay21

Test gel
Placebo
Test gel

Povidone-iodine
Silver sulfadiazine

Burn injury model

FIG. 9: EFFECT OF TREATMENTS ON PRO-INFLAMMATORY CYTOKINE IL-6 IN DIFFERENT MODELS.
VALUES ARE EXPRESSED AS MEAN=S.D. (N=6). STATISTICAL ANALYSIS WAS DONE BY ONE-WAY
ANOVA FOLLOWED BY DUNNET’S T-TEST. *P <0.05 COMPARED TO THE NEGATIVE CONTROL GROUP.

Effect on Anti-Inflammatory (IL-10) Cytokines:
IL-10, which is an anti-inflammatory cytokine, is a
major regulator for suppressing the inflammatory
response. It decreases inflammatory  cell
recruitment by reducing the expression of pro-
inflammatory /profibrotic mediators. In this study,

the 1L-10 level was increased significantly on day
21compared today in all the groups. However, in
groups treated with test gel and standard drugs, IL-
10 levels were significantly less compared to
placebo.

@
g

-3
8

Serum IL10 (pg/ml)
g 3

o

Test gel
Placebo

e
el
=
=

Povidone-iodine

Excision wound model

Incision wound model

mDay 1 w=Day21

Test gel
Placebo

Testgel

Povidone-iodine
Silver sulfadiazine

Burn injury model

FIG. 10: EFFECT OF TREATMENTS ON ANTI-INFLAMMATORY CYTOKINE IL-10 IN DIFFERENT MODELS.
VALUES ARE EXPRESSED AS MEAN=S.D. (N=6). STATISTICAL ANALYSIS WAS DONE BY ONE-WAY
ANOVA FOLLOWED BY DUNNET’S T-TEST. *P <0.05 COMPARED TO THE NEGATIVE CONTROL GROUP.
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DISCUSSION: The polyherbal test gel contains
aloe vera, turmeric, cow ghee, Karanj oil, and
rosewater, which were tested and exhibited wound
healing properties. The use of herbal medicine and
its derivative are gaining importance as an
alternative treatment by many countries for various
diseases. When the tissue gets damaged, pain
arises, and abnormal functioning of the nervous
system takes place. If the damaged tissue is not
treated or managed properly, it can result in chronic
inflammation or serious infection *°. Pain is also
related to the delayed process of wound healing;
they dysregulate immune and neuroendocrine
function; these two functions are responsible for
the mechanism of repairing a wound, so treating
the wound with herbal preparations which contain
potent wound healing and pain-relieving property,
\3/\7/ould help in increasing the wound healing activity

The wound healing activity was evaluated using
three in-vivo models: incision wound, excision
wound and burn wound model. The test gel
contains ingredients that have been used as folk
medicine and have been shown to exhibit wound
healing properties and decrease pain. Selecting
various ingredients is crucial; it depends on many
parameters, including pH, color, appearance,
viscosity, density, and many more. Here, in this
experiment, the preparation is in gel form. This
form of administration of the drug becomes very
convenient for applying topically. The reference
standard used in this experiment is povidone-
iodine, which increases the process of contracting
the wound. It reduces migration of fibroblast cell
and its proliferation .

In an incision wound, the healing of the wound is
measured by checking its tensile strength, in which
the amount of force required to break the wound is
measured. The strength in breaking the wound
increases when there is an enhanced formation and
stabilization of collagen fibres *. In a burn wound,
a thermal burn is caused when the skin of the
animal is brought in contact with a hot object; the
process is very complex due to the loss of tissues
and cells. As compared to an incision wound, there
is an extensive loss of cells and tissues in a thermal
burn. In an excision wound, the skin of the rat is
removed surgically, and the wound formed is
examined by measuring the decrease in the
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wounded area after the application of the gel. When
tissue gets damaged, the wound healing process
starts, and it tries to restore the integrity of the
tissue. In many studies, it has been reported that
aloe vera improves wound healing when
administered topically *. It increases cell migration
and wound healing process in human keratinocyte
monolayer **. There are several mechanisms for
aloe vera wound healing activity, which involves
keeping the wound moist, increasing migration of
epithelial cells, rapid maturation of collagen, and
reducing inflammation *%.

The wounds treated with curcumin showed fast
healing and improved the rates of inflammatory
cells, collagen deposition, angiogenesis,
granulation, tissue formation, epithelialization and
showed beneficial effects when applied topically
that accelerated wound healing **. It has been
reported to improve wound healing for thousands
of years and is applied topically to treat various
skin conditions like insect bites and chickenpox. It
has been shown to improve wound healing in a rat
model of full-thickness injuries and heals the
wound by changing cell regeneration and collagen
synthesis **. Consuming curcumin may be
protective against burns or it may be an in-
treatment option after burns injury **. It has been
reported that curcumin possesses potent anti-
inflammatory, anti-oxidant, immunomodulatory,
and anticancer activity “°.

Cow ghee is obtained from the cow’s milk and has
been reported for various medicinal properties that
include cooling in energy, rejuvenating, enhances
luster and beauty, enhances memory and stamina,
increases the intellect, promotes longevity, protects
the body from various diseases and has been
reported for wound healing property in mice and
rats *’. Traditionally prepared cow ghee has been
reported to show two types of properties like
Samshodhana  (detoxifying) and  Samshana
(palliative) and this ghee alone or when combined
with  honey has been useful for healing
inflammatory swellings, wounds and blisters *. It
has been used in various Ayurvedic traditional
preparations and in gel base. It’s a rich source of
essential fatty acids that regulates prostaglandin
synthesis, which helps heal the wound *. Wound
healing activity was found when animals were
treated with karanj oil. The process of wound
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healing is the hemostasis process that involves
various other processes like reepithelialization,
tissue formation, granulation, and remodeling of
the extracellular matrix. Treatment with karanj oil
shows wound healing activity mainly due to its
mitogenic and angiogenic potential. It regulates
pro-inflammatory cytokines and anti-inflammatory
cytokines along with other systemic immune
pathways involved with it *°. Honey has proven to
exhibit anti-microbial activity against various
micro-organisms. The antibiotic activity of honey
is mainly due to the enzymes present in it; amongst
these, some enzymes convert the complex sugars to
glucose and form a supersaturated solution with
high osmolarity responsible for inhibiting the
growth of bacteria **. The glucose gets converted to
gluconic acid by glucose oxidase, which produces
hydrogen peroxide and lowers the pH of honey,
due to which honey exhibits anti-microbial activity
2. Honey moistens the wound and reduces
inflammation, edema and exudation and prevents
infection . It also stimulates the immune system
and increases the healing process by stimulation the
proliferative phase °'. All the parameters like the
tensile strength, reduction in wound area, ELISA,
and histopathology observed and studied showed
enhanced wound healing activity.

CONCLUSION: The study proved that the
polyherbal test gel used in this experiment shows
enhanced wound healing property in all three
models of wound healing, viz. excision, incision,
and burn wound model compared with the
reference standard. Our data shows and the
polyherbal test gel that contains various ingredients
like aloe vera, turmeric, karanj oil, cow ghee,
honey and rose water treats wound through various
processes that include migration of cells,
angiogenesis, development of tissue, etc. its
increases the contraction of tissue that accelerates
the healing process.

ACKNOWLEDGEMENT: The authors are
thankful to the members of Gufic bioscience
Limited for providing the necessary facilities to
carry out the research work.

Funding: This study was funded by Gufic
bioscience Limited, Mumbai, India.

CONFLICTS OF INTEREST: None

International Journal of Pharmaceutical Sciences and Research

E-ISSN: 0975-8232; P-ISSN: 2320-5148

REFERENCES

1. Akkol EK, Koca U, Pesin I, Yilmazer D, Toker G and
Yesilada E: Exploring the wound healing activity of
Arnebia densiflora (Nordm.) Ledeb. by in-vivo models. J
Ethnopharmacol 2009; 124(1): 137-141.

2. Dons T and Soosairaj S: Evaluation of wound healing
effect of herbal lotion in albino rats and its anti-bacterial
activities. Clin Phytoscience 2018; 4(1): 0-6.

3. Arun M, Satish S and Anima P: Herbal boon for wounds.
Int J Pharm Pharm Sci 2013; 5(2).

4. Udegbunam SO, Nnaji TO, Udegbunam RI, Okafor JC and
Agbo I: Evaluation of herbal ointment formulation of
Milicia excelsa (Welw) C.C berg for wound healing.
African J Biotechnol 2013; 12(21): 3351-59.

5. Sharma Y, Jeyabalan G, Singh R and Semwal A: Current
aspects of wound healing agents from medicinal plants: a
review. J Med Plants Stud 2013; 1(3): 1-11.

6. Thakare VM, Chaudhari RY and Patil VR: Wound healing
evaluation of some herbal formulations containing
curcuma longa and cynodon dactylon extract. Int J
Phytomedicine 2011; 3(3): 325-32.

7. Esimone CO, Nworu CS and Jackson CL: Cutaneous
wound healing activity of a herbal ointment containing the
leaf extract of Jatropha Curcas L. (Euphorbiaceae). Int J
Appl Res Nat Prod 2008; 1(4): 1-4.

8. Algasoumi SI, Yusufoglu HS and Alam A: Anti-
inflammatory and wound healing activity of fagonia
schweinfurthii alcoholic extract herbal gel on albino rats.
African J Pharm Pharmacol 2011; 5(17): 1996-2001.

9. Thakur R, Jain N, Pathak R and Sandhu SS: Practices in
wound healing studies of plants. Evidence-based
Complement Altern Med 2011; 2011: 438056.

10. Vamsi S, Satish C, Nagaveni K, Joy JM and Latha P:
Formulation and evaluation of polyherbal wound healing
ointment. 2014; 3: 66-73.

11. Dev SK, Choudhury PK, Srivastava R and Sharma M:
Biomedicine & pharmacotherapy anti-microbial, anti-in fl
ammatory and wound healing activity of polyherbal
formulation. Biomed Pharmacother 2019; 111: 555-67.

12. Mirzahosseinipour M, Khorsandi K, Hosseinzadeh R,
Ghazaeian M and Shahidi FK: Antimicrobial
photodynamic and wound healing activity of curcumin
encapsulated in silica nanoparticles. Photodiagnosis
Photodyn Ther 2020; 29: 101639.

13. Leng QQ, Li Y and Pang XL: Curcumin nanoparticles
incorporated in PVA/collagen composite films promote
wound healing. Drug Deliv 2020; 27(1): 1676-85.

14. Rodrigues O, Leal AC and Khan MI: Author’s accepted
manuscript healing. J Ethnopharmacol 2018.

15. Garcia-orue |, Gainza G and Borja F: Novel nano fi brous
dressings containing rhEGF and Aloe vera for wound
healing applications. Int J Pharm 2017; 523(2): 556-66.

16. Rubio-Elizalde 1, Bernaldez-Sarabia J and Moreno-Ulloa
A: Scaffolds based on alginate-PEG methyl ether
methacrylate-Moringa oleifera-Aloe vera for wound
healing applications. Carbohydr Polym 2019; 206: 455-67.

17. NF, MD and JM: Curcumin nanofibers for the purpose of
wound healing. J Cell Physiol 2019; 234(5): 5537-54.

18. Hossain S, Beydoun MA, Kuczmarski MF, Tajuddin S,
Evans MK and Zonderman AB: The interplay of diet
quality and Alzheimer’s disease genetic risk score in
relation to cognitive performance among urban African
Americans. Nutrients 2019; 11(9). 2181.

19. Alsamydai A and Jaber N: Pharmacological aspects of
curcumin: a review. Int J Pharmacogn 2018; 5(6):313-26.

1724



Vijaykumar et al, 1JPSR, 2022; Vol. 13(4): 1715-1725.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Sharifi-Rad J, Rayess Y El and Rizk AA: Turmeric and its
major compound curcumin on health: bioactive effects and
safety profiles for food, pharmaceutical, biotechnological
and medicinal applications. Front Pharmacol 2020; 11:
1021.

Sulthana N, Vijaya K and Madhavi BB: Effect of
curcumin on chemically induced osteoarthritis. Int J Pharm
Sci Res 2018; 9(1): 182-87.

Ara SA, Mudda J, Lingappa A, Rao P and Zakaullah S:
Efficacy of curcumin in oral submucous fibrosis - A
randomized controlled clinical trial. Int J Pharm Sci Res
2018; 9(12): 5277-86.

Abbas M, Hussain T and Arshad M: Wound healing
potential of curcumin cross-linked chitosan/polyvinyl
alcohol. Int J Biol Macromol 2019; 140: 871-76.

Niranjan R, Kaushik M, Prakash J, Venkataprasanna KS
and Christy A: Colloids and surfaces b: biointerfaces
enhanced wound healing by pva / chitosan / curcumin
patches: in vitro and in-vivo study. Colloids Surf B
Biointerfaces 2019; 182: 110339.

Nguyen M-H, Lee SE and Tran T-T: A simple strategy to
enhance the in vivo wound-healing activity of curcumin in
the form of self-assembled nanoparticle complex of
curcumin and oligochitosan. Mater Sci Eng C 2019; 98:
54-64.

Akbik D, Ghadiri M, Chrzanowski W and Rohanizadeh R:
Curcumin as a wound healing agent. Life Sci 2014.

Tang Y, Lan X and Liang C: Honey loaded alginate / PVA
nano fi brous membrane as potential bioactive wound
dressing. Carbohydr Polym 2019; 219: 113-20.
Rathinamoorthy R and Sasikala L: In-vivo Wound healing
studies of Leptospermum scoparium honey loaded
chitosan bioactive wound dressing. Wound Med 2019;
26(1): 100162.

Prasad MS, Venkateshwarlu G, Dhanalakshmi CH, Kumar
DS and Alekhya K: wound healing activity of pongamia
pinnata in albino wistar rats. Research Journal of
Pharmaceutical Biological and Chemical Sciences 2011,
2(3): 1096-1100.

Dwivedi D, Dwivedi M, Malviya S and Singh V: Journal
of traditional and complementary medicine evaluation of
wound healing , anti-microbial and anti-oxidant potential
of pongamia pinnata in wistar rats. J Tradit Chinese Med
Sci 2017; 7(1): 79-85.

Mahakalkar A, Kashyap P, Bawankar R, Hatwar B: The
Versatility of Cow Ghee- An Ayurveda Pubicon.

Vyas KY, Barve M V, Galib R, Ravishankar B and
Prajapati PK: Wound Healing Activity of Shatadhauta
Ghrita An Experimental Evaluation. Inventi Rapid
Ethnopharmacology 2015; 3: 1-5.

Patil MVK, Kandhare AD and Bhise SD: Pharmacological
evaluation of ethanolic extract of Daucus carota Linn root
formulated cream on wound healing using excision and
incision wound model. Asian Pac J Trop Biomed 2012; 2.
Suntar I, Akkol EK, Enol FS, Keles H and Orhan IE:
Investigating wound healing, tyrosinase inhibitory and
anti-oxidant activities of the ethanol extracts of Salvia
cryptantha and Salvia cyanescens using in-vivo and in-
vitro experimental models. J Ethno 2011; 135(1): 71-77.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Yang R, Wang J and Zhou Z: Role of caveolin-1 in
epidermal stem cells during burn wound healing in rats.
Dev Biol 2019; 445(2): 271-79.

Stadelmann WK, Digenis AG, Tobin GR. Impediments to
wound healing. Am J Surg 1998; 176(2A): 39S-47S.
Mcguire L, Ph D and Heffner K: Pain and wound healing
in surgical patient. Annals of Behavioral Medicine 2006;
31(2): 165-72

Ghosh D, Mondal S and Ramakrishna KPT: A topical
ointment formulation containing leaves extract of
Aegialitis rotundifolia Roxb., accelerates excision, incision
and burn wound healing in rats. Biochem Pharmacol 2019;
100168.

Arem AJ and Madden JW: Effects of stress on healing
wounds: I. Intermittent noncyclical tension. J Surg Res
1976; 20(2): 93-102.

Reynolds T and Dweck AC: Aloe vera leaf gel: A review
update. J Ethnopharmacol 1999; 68(1-3): 3-37.

Kumar R, Singh AK, Gupta A, Bishayee A and Pandey
AK: Therapeutic potential of Aloe vera-A miracle gift of
nature. Phytomedicine 2019; 60: 152996.

Hamman JH: Composition and Applications of Aloe vera
Leaf Gel. Molecules 2008; 13(8): 1599-16.

Kulac M, Aktas C and Tulubas F: The effects of topical
treatment with curcumin on burn wound healing in rats. J
Mol Histol 2013; 44(1): 83-90.

Sidhu GS, Singh AK and Thaloor D: Enhancement of
wound healing by curcumin in animals. Wound Repair
Regen 1998; 6(2): 167-77.

Singer AJ, McClain SA, Romanov A, Rooney J and
Zimmerman T: Curcumin Reduces Burn Progression in
Rats. Acad Emerg Med 2007; 14(12): 1125-29.

Jagetia GC and Aggarwal BB: “Spicing up” of the immune
system by curcumin. J Clin Immunol 2007; 27(1): 19-35.
Biyani DM, Verma PRP, Dorle AK and Boxey V: A case
report on wound healing activity of cow ghee. Int J of
Ayurvedic Medicine 2011; 2(3): 115-18.

Simon A, Traynor K, Santos K, Blaser G, Bode U and
Molan P: Medical honey for wound carestill the latest
resort. Evidence-based Com Altern M 2009; 6(2): 165-73.
Datta HS, Mitra SK and Patwardhan B: Wound Healing
Activity of Topical Application Forms Based on
Ayurveda. Evid-Based Comp Alte M 2011; 2011: 134378.
Dwivedi D, Dwivedi M, Malviya S and Singh V:
Evaluation of wound healing, anti-microbial and anti-
oxidant potential of Pongamia pinnata in wistar rats. J
Tradit Complement Med 2017; 7(1): 79-85.

Bettar |, Gonzalez-Miret ML, Hernanz D, Marconi A,
Heredia FJ and Terrab A: Characterisation of moroccan
spurge (euphorbia) honeys by their physicochemical
characteristics, mineral contents and colour. Arab J Chem
2019; 12(8): 2052-60.

Ait L, Taibi K, Ait N, Boussaid M, Rios-navarro C and
Ruiz-sauri A: Euphorbia honey and garlic: biological
activity and burn wound recovery. Burns 2019; 1-12.
Oryan A, Alemzadeh E and Moshiri A: Biological
properties and therapeutic activities of honey in wound
healing : A narrative review and meta-analysis. J Tissue
Viability 2016; 25(2): 98-118.

How to cite this article:
Eyaldeva CV, Neha D, M Momin, Sailee K, Gandhi SS and Bhatt LK: Wound healing efficacy of a poly herbal topical gelin rat models of excision wound,
incision wound and thermal burn injury. Int J Pharm Sci & Res 2022; 13(4): 1715-25. doi: 10.13040/1JPSR.0975-8232.13(4).1715-25.

All © 2022 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google

Playstore)

International Journal of Pharmaceutical Sciences and Research

1725



