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ABSTRACT

Background: Research on wounds has proved that a wound instigates
interruption to skin integrity caused by physical trauma or disease. Burn
is a wound which causes tissue coagulant necrosis and thus exerts
a devastating effect on individuals in terms of human health and injury.
The present study is designed to evaluate wound healing properties of
Shark liver oil and estimate various parameters such as, SOD, CAT, GSH,
hydroxyproline and histopathological studies. Methods: Thermal injuries
were done with a solid aluminum bar 10 mm in diameter formerly heated
in boiling water to facilitate the temperature reached 100°C measured
with a thermometer. Ketamine at a dose of 80 mg/kg is given to produce
anesthesia and the hair on dorsum of rats were shaved to ensure even
burn wounding. From day-1 to end of experiment (30 days), these rats
were applied with Standard (Silver Sulphadiazine Ointment USP 5%
w/w) and SLO (Shark liver oil emulgel, 5%, 10% and 15%) formulations
were applied 1T mg/cm?; topically. Animals were subsequently examined
for biochemical and histopathological variations. Results: In burn wound
model the developed shark liver oil emulgel shows significant wound
healing property in dose dependent manner as compare to disease control

INTRODUCTION

Wounds inflict mild to significantly injurious damage to a natural
tissue structure that results in a wide variety of molecular and cellular
alterations.! Wound healing is a mechanism involving inflammation,
epithelization, granulated tissue formation, and tissue reshaping process
of collagen synthesis.?> Anti-inflammatory drugs, corticosteroids, and
anti-cancer medicines are some of the causes that reverse and delayed
wound remedies.>* Various animal models are used in wound-healing
research. Rat models are the ones mainly used, probably because of
preexisting sophisticated research methodologies as the appropriate
care and ethical utilization of these species are highly developed and
organized to serve science throughout the world. Burn is a wound that
produces tissue coagulant necrosis wields a harmful effect on individuals.
Skin wounds and conciliated wound healing are major apprehensions
for the public health sector. Composite and extended treatments
cause an increasing burden on healthcare disbursements. Even in
uncomplicated cases, burns and chronic wounds require surgery and
extended hospitalization periods.” Burns are one of the most common
and shocking forms of trauma. Moderate to severe burn injuries requires
hospitalization and many patients die from burn-related complications.®
The massive health benefits of the shark liver oil have been deliberated in
the past few decades and were described as a source of nutrients such as
lipid-soluble vitamins and essential fatty acids.”

groups. The wound healing property of shark liver oil emulgel 5%, 10%
and 15% (*p<0.05, **p<0.01) showed wound healing on 3™ and 4" week
respectively. Conclusion: The shark liver oil emulgel exhibited significant
wound healing activity in burn wound model, comparable to the marketed
standard formulations. This finding provides an insight into the usage of the
shark liver oil emulgel in the treatment of wounds or burns.

Key words: Burn wound, Percentage wound closure, Hydroxyproline,
Epithelization, Shark liver oil and Wound healing activity.
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Because of its therapeutic health advantages such as wound healing
property and the motivation of hematopoiesis, it is being used in
traditional medicine. Shark liver oil is known as natural amazing healer.®
The physiochemical parameters screening of shark liver oil shows that
it has amazing healing properties, due to the presence of major active
constituents like Squalene.” Research on animals shows that Shark
liver oil shield against chemically induced skin, colon, and lung cancer
owing to its antioxidant capacity, which combats the cancer-inducing
effects of free radicals, as well as by intervening with the cancer-causing
influence of certain molecules.'®! SLO (Shark liver oil emulgel, 5%,
10% and 15%) supplemented diets given to rats with ischemic heart
disease and hypertension, perk up clinical symptoms, anthropometric
levels, lipidemic profile as well as boost immunological status.'? SLO is
also suggested in patients diagnosed with atopic dermatitis caused by
bacterial and fungal infections.” Shark liver oil is endorsed as a dietary
supplement used to boost up the immune system, resist infections, heal
wounds, and to heal cancer and decrease the side effects of conventional
cancer therapy. Alkyl glycerol, one of the constituents found in shark
liver oil, are thought to be beneficial in several ways. It has been suggested
that they fight cancer by killing tumor cells indirectly. Shark liver oil has
been used in the treatment of wound healing, and for treating irritations
of the respiratory plus alimentary tracts and lymphadenopathy.* The
formulations are prepared on the basis of above-mentioned concepts
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and standard principles present in shark liver oil for the purpose of its
antioxidant and wound curing properties in the concentration of (5%, 10
%, and 15%) percent respectively.

MATERIALS AND METHODS

Animals

Albino Wistar Rats (180-200 g) healthy adults were selected for the test.
They have been purchased from Mahaveera Enterprises, Hyderabad,
India. The experimental Protocol (No: PRC/AFC/2019/310) was
adopted after approval by the Institutional Animal Ethical Committee
formed under regulation of CPCSEA at Pretox Research Center, Sachin
area, Surat, Gujarat, India. Animals were acclimated over seven days
under natural illumination of 12:12 hrs of light and dark period, 23+2°C
of temperature, and humidity of approximately 50 percent in the normal
laboratory conditions. For the whole study, the animals have been fed
normal diet and water with ad libitum.

Drugs and Chemicals

Analytical grade chemicals, drugs and standard reagents such as
sodium hydroxide ketamine. Silver sulfadiazine, Carbopol 940, etc were
procured from M/s S.K. Appliances, Ambala City, Punjab, India with
voucher number SKA/2019-20/10025 appropriately. Shark liver oil was
procured from Mr. Nissar EM, Coastal Exports Corporation, Mangalore,
India as a gift sample.

Grouping of Animals
The grouping of the animals in burn wound model was as follow:
Group -1 Disease Control (DC)

Group -2 Standard Group (STD) Animals were treated with Silver
Sulphadiazine Ointment USP 5% w/w.

Group -3 Shark Liver oil, 5% Emulgel (SLO 5%)
Group -4 Shark Liver oil, 10% Emulgel (SLO 10%)
Group -5 Shark Liver oil, 15% Emulgel (SLO 15%).

Experimental Method for Burn Wound Model

Primarily albino Wistar rats were procured with weight of 180-200 g
and randomized before grouping. The animals were pre-anesthetized
with atropine sulfate (0.04 mg/kg) intramuscularly and 10 min after
subjected to anesthesia using a mixture of 10% ketamine (90 mg/kg) and
2% xylazine (10 mg/kg) given intramuscularly. With the animal, suitably
anesthetized tracheotomy of back was executed, and 1% polyvinyl iodine
applied as antiseptic. Thermal injuries were done with a solid aluminum
bar 10 mm in diameter formerly heated in boiling water to facilitate that
the temperature reached 100°C measured with a thermometer. The bar
is retained in contact with the animal skin on the dorsal proximal region
for 15 secs, the pressure put forth on the animal skin match up to the
mass of 51 g of aluminum bar used in the burn induction. Instantly after
the procedure, analgesia with dipyrone sodium (40 mg/kg) was given
intramuscularly, lasting for three consecutive days, sodium dipyrone at
200 mg/kg orally dispensed in the drinking water supplied to animals."

Method of Obtaining Shark Liver Oil

The shark liver oil is obtained from the fresh livers of different shark
types: deep-water Centrophorus squamosus sharks. The livers are
separated from the sharks, cleaned, and are unbound from fatty matter
and adhering tissues. The untainted livers are collected and heated in
a boiling vessel at a temperature not exceeding 80°C. The extracted oil
is redirected to dehydration process to purge water and centrifuged to
obtain clear oil. Shark liver oil obtained is 100% pure, devoid of artificial
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coloring, preservatives, or additives.'® Large amounts of constituent like
Squalene are found in fully processed shark liver oil."”

Formulation of Shark Liver Oil Emulgel

The formulations in concentrations of 5%, 10%, and 15% of shark liver
oil emulgel were used to prepare 100 g of gel by applying enough purified
water to Carbapol-940, propylene-glycol 400, ethanol, propyl-paraben,
EDTA, and tri-ethanolamine respectively. The required water was divided
into two components for the formulations. One part dissolved the exact
volume of shark liver oil and added with propylene glycol 400. Ethanol
is added to this mixture and in another one-part dissolved Carbapol-940
added with propyl paraben, and EDTA to this solution. Both solutions
have been blended into a beaker and ethanolamine is added to the
mixture to create a gel consistency. A homogenous gel without intact air
bubbles was collected using a propeller at 500 mins for 2 hrs."®

Biomarkers and Biochemical Estimations

After the completion of experiment, the extracted granuloma tissue
from the burn wound was washed in phosphate buffered saline (pH 7.0)
and centrifuged under cold conditions. The transparent supernatant
was assayed using spectrophotometer and the levels of antioxidant
enzymes like SOD, CAT and GSH are determined."” A piece of skin from
the healed wound area was collected and analyzed for hydroxyproline
content, which is basic constituent of collagen. Tissues were dried in a
hot air oven at 60-70°C to constant weight and were hydrolyzed in 6 N
HCl at 130°C for 4 hrs in sealed tube.?

Histopathological Study

Tissue healing samples from all five animal groups were taken and
subjected for histological analysis. The samples were fixed formally and
placed on the slides and then examined by an automated illumination
microscope, stained by hematoxylin and eosin. Scars, inflammation
cells, epidermal hyperplasia, neovascularization, hyperpolarization,
fibroblastic aggregation, and ulcer scores were all documented.

Statistical Analysis

Results are expressed as mean+SEM. The differences between
experimental groups were compared by one-way Analysis of Variance
(ANOVA) (control vs. treatment) followed by Tukey’s Multiple
Comparisons Test and were considered statistically significant when
(*p<0.05, **p<0.01).*

RESULTS

It is inferred from the present analysis that there is a substantial decrease
in epithelization after using SLO (5%, 10%, and 15%) compared to the
regular standard drug. Therefore, comparative research has shown that
formulations of SLO produces significant wound healing effect.

Relative Bodyweight Changes

The growth rate of disease control rats was dissimilar before and after
the period of burn injury. The injured animals illustrated a response
characterized by weight loss from day 0 to day 15. In burned animals
treated with standard and SLO have shown rapid loss of fat over 15 days
and reached a minimum weight gain by 25 days. This level is sustained
for remainder of experiment and have shown significant increase in
body weight as shown in Figure 1.

Wound Area

On days 1, 5, 10, 15, 20, 25 and 30 wound area (in cm?) was measured.
The wound area of burned rats increased initial 5 days and gradually
decreased progressively. The burn wound treated with SLO healed more
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quickly. There is a significant increase in wound healing activity of SLO
treated groups in comparison to disease control group. (** P <0.01) as
shown in Figure 2.

Relative Burn Wound Area (% Percentage)

The area of wound was measured on the 1, 5, 10, 15, 20, 25, and 30
days of post burn wound surgery in all groups. It has shown significant
reduction in relative burn wound area in % percentage of SLO treated
different groups over period of 30 days. The SLO treated group have
shown significant decrease in burn wound area post 25 days as compared
to disease control groups. (** P <0.01) as shown in Figure 3.

Epithelization Period

A very high rate of closure of wound, the epithelization was observed
after 28 days in treated groups. SLO and standard shown significant
wound healing activity (*p<0.05, **p<0.01) and gradual closure of wound
by 20™ day of post wound surgery and by 30 days in control groups. Both
standard and SLO treated group showed decreased epithelization period
as compare to disease control groups as shown in Figure 4.

Antioxidant Activity

Shark liver oil emulgel has shown major improvement in wound healing
process and antioxidant property has shown decreasing SOD and
increasing GSH, CAT, and Hydroxyproline concentration in all treated
groups. There is significant decrease in SOD level in SLO treated groups
as compare to disease control. Also, the results have proved that there is
an increased level of GSH, CAT and Hydroxyproline concentrations in
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Figure 1: Body weight changes.
All values are represented as Mean+SEM, n=6, Data was analyzed by Two-
way ANOVA, followed by Tukey’s Multiple Comparisons Test.
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Figure 2: Wound area in cm?.
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SLO treated groups. This reveals significant wound healing action of SLO
as shown in Figure 5 (A-D).

Histopathology and Microscopic Observation

Histopathological findings and microscopic examination shows that
topically applied SLO has notably improved wound contraction,
collagenation, and epithelization with well-organized dermis devoid of
inflammatory cells as contrast to disease control. Histological assessment
of the hematoxylin stained tissue of the rat wounds treated with SLO and
standard has illustrated superior healing in abrasion numbers as shown
in histograms. Figure 6 (A-E).

DISCUSSION

In present research, the percentage of wound contraction and
histopathological results have shown relative changes in body weight and
substantial improvement in the efficiency of tissue granulation by raising
the fibroblast proliferation and elevating the degree of maturation of
collagen material, and a major rise in the wound care application of the
shark liver oil emulgel. Relative body weight alteration from slow weight
loss over the first 15 days to that of gain till 30 days was supposed to be a
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Figure 3: Relative burn wound area (%).

All values are represented as Mean+SEM, n=6, Data was analyzed by Two-
way ANOVA, followed by Tukey’s Multiple Comparisons Test. *p<0.05,
**p<0.01 significantly different as compared to DC. #p>0.05 non-significant in
comparison to Sliver sulfadiazine. o p<0.05 significantly different as compared
to Sliver sulfadiazine.
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Figure 4: Epithelialization periods.

All values are represented as Mean+SEM, n=6, Data was analyzed by One-
way ANOVA, followed by Dunnett’s Multiple Comparisons Test. *p<0.05,
**p<0.01 significantly different as compared to DC. #p>0.05 non-significant
in comparison to Sliver sulfadiazine.
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straight outcome of marginal wound healing and thus decreases energy
requirements. Tissue damage after thermal injury is the outcome of an
energy insufficiency brought about by hyper metabolism caused by the
decreased food intake instantly after injury. The injured animals in this
experiment shows growth retardation and were able to regain their body
composition to that of an uninjured animal of the same weight.* It is
noticed that there is non-significant increase in relative body weight post
15 days of burn wound Figure 1. The wound healing mechanism chiefly
relies on the controlled collagenic fabrication of new collagen deposition
and its ensuing maturity.” Collagen is found in profuse quantity in
our body. In wound healing, it plays an imperative role by attracting
fibroblasts and promotes deposition of new collagen to the wound
bed which accelerates new tissue growth and endorses angiogenesis
and re-epithelization.” Wound Contraction is a remedial mechanism
accomplished by two fundamental proteins actins and myosin depicted
by the movement of fibroblasts in granulation tissue collagen and hauls
the forces of granulation tissue my fibroblasts on the skin edges Figure
2, Figure 3.” Epithelialization is depicted by movement of epithelial
cells in upward direction and renovating the wounded area which
predominantly occurs at proliferative phase of wound healing Figure
4. The report demonstrate that, topically applied shark liver oil emulgel
(5%, 10%, and 15%) has established collagenation, wound contraction,
epithelialization and has proved its significance in contrast to other
fixed oil (*p<0.05, **p<0.01).* GSH, amounts of hydroxyprolines, CAT,
and SOD are a big mechanism for a variety of damage, such as burned
wounds and skin ulcers. Antioxidant medication is thought to improve
the viability of collagen fibrils by enhancing the strength of collagen
fibers. This facilitates DNA synthesis by avoiding damage to the cells.

Superoxide Dismutase (SOD) an endogenous antioxidant, are a cluster
of enzymes that catalyze the dismutation of superoxide radicals (O, )
to molecular oxygen (O,) and hydrogen peroxide (H,0,) by imparting
cellular defense against ROS (reactive oxygen species).” Reduced
glutathione (GSH) acts as valuable antioxidant and protects the cellular
components from oxidative injury caused by ROS (Reactive Oxygen
Species).”® Catalases (CAT) are regular enzyme found in all living
organisms which when depicted to oxygen catalyzes the breakdown
of Hydrogen peroxide to water and oxygen. As a result, the cells are
safeguarded from oxidative damage produced by Reactive Oxygen
Species (ROS).”

Hydroxyproline is main component of protein collagen and plays an
important role by providing stability in collagen formation and specify
the amount and concentration of collagen in wound healing process.”
Higher concentrations of hydroxyprolines indicates rapid rates of wound
healing Figures 5 (A-D).
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Figure 5 (A-D): Antioxidant activity.
A. SOD Level; B. GSH Level; C. Catalase Level; D. Hydroxproline Level.
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The research on skin irritations has shown the absence of a serious type
of irritation in the formulation of shark liver oil emulgel when spread
over tropically on the skin.* This specifies that the drug may include
some chemical components which do not cause any extreme type of
irritation. Silver sulfadiazine is a topical antibiotic used in and burns to
prevent infections. It acts by distracting bacteria by damaging the cell
crust and the cell wall rather than by reducing folic acid synthesis. It
has a broad spectrum of bactericidal action against both gram-positive
and gram-negative organisms.”” Histological measurement of the
wound articulates the importance of histopathology. Histopathology
evaluation mostly compares diseased or experimentally altered tissues
with identical sample from powerful control complements. Therefore, it
is very important to thoroughly standardize every histology method.*®
Histopathology study is characterized by Fibroblast proliferation,
Neovascularization, Epidermal Hyperplasia, Inflammatory score, and
Ulcer formation. Fibroblast promulgation comprises fibroblasts which
are mainly important in the progression of tissue repair. They produce
structural proteins, adhesive proteins, and space-filling ground materials
necessary in building extracellular matrix of connective tissue.**
Neovascularization is also identified as new blood vessel creation, is very
prominent in successful tissue refurbishment during wound repair. The
novel blood vessels formed supports in supplying oxygen and nutrients
from blood to dented tissue.®

Epidermal hyperplasia is significant response of connective tissue in
which the multiplying fibroblasts and blood vessels aid in wound repair.
Inflammatory responses is exemplified by pathogens, damaged cells,
and elimination of bacteria in which growth factors, enzymes, White
Blood Cells (WBC), and nutrients initiate redness, pain, and bulge.*
Ulcers owing to arterial insufficiency often instigate as minor traumatic
wounds that remain ineffective to heal. The main tactic to nurture
arterial insufficiency ulcers is to restore accurate blood flow to the tissue
to develop appropriate wound healing.

Histopathology and histological scoring technique has confirmed the
effectiveness of SLO administration in development of the damaging
effects on Burn wound healing includes semi-quantitative scoring
of inflammatory phase, the amount of granulation tissue, level of re-
epithelialization, amount of collagen deposition, intensity of Fibroblast
proliferation, Neovascularization, Hyperplasia and Ulceration. The

SLO 10%

Figure 6 (A-E): Histopathology results.

A. Control - Skin: Showing ulceration (U) inflammation (1) fibrous tissue
proliferation (F) and (N) neovascularization in dermis {100X}

B. Standard - Skin: Showing epidermal hyperplasia (H) fibrous tissue
proliferation (F) and neovascularization (N) in dermis {100X}

C. SLO-5% - Skin: Showing epidermal hyperplasia (H) fibrous tissue
proliferation (F) and neovascularization (N) in dermis {100X}

D. SLO-10%: Showing epidermal hyperplasia (H) fibrous tissue proliferation
(F) and neovascularization in dermis {100X}

E. SLO-15% - Skin: Showing epidermal hyperplasia (H) fibrous tissue
proliferation (F) and neovascularization (N) in dermis {100X}
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total healing score designated that lower scores verified inferior wound
healing in Control groups in contrast to significant healing score in SLO
treated groups Figures 6 (A-E).

The burn wound model revealed substantial reductions in epithelization
time of animals treated with the SLO formulation, as shown by the
shorter duration of eschar reduction relative to stock. The medication
also greatly promoted the rate of wound contraction at various stages.
Phytochemical tests have shown that SLO contains significant amounts
of Squalene and Alcoxyglycerols, an active compound which can induce
epithelization in wound healing. The histopathological experiment
demonstrated a higher collagen deposition comparison to placebo
in the treatment and treated groups. The findings of the present study
demonstrate therefore that shark liver oil emulgel topical treatment has
increased wound healing in laboratory rats of the burn wound model.

CONCLUSION

In this analysis, the results have shown that the shark liver oil emulgel
has active ingredients that can promote natural treatment and can be
used as a wound cure agent effectively. Shark liver oil emulgel increases
the solidity of the wound and the epithelialization rate and longevity of
the collagen throughout the surface of the wound. The concentration-
related healing effect in laboratory rats was seen in all three formulations.
Further research is required to explore wound healing properties and
mechanism of action of the test drug.
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