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ABSTRACT

The prevalence of Diabetes Mellitus is increasing globally, approximately 463 million people in the year 2019,
and is predicted to 700 million people by the year 2045, and it has high comorbidity and mortality based on
International Diabetes Federation (IDF). The wound healing process can be divided into 4 phases, which are
homeostasis, inflammatory, proliferation, and remodeling phase. Each phase plays a major important role and
has an interconnecting signal network to complete the process. The hyperglycaemic condition has been known
to have an impact on inhibiting vascular homeostasis, elevating oxidative stress, elevating procoagulant-
proinflammatory cytokines, and inhibiting angiogenesis, therefore delaying the wound healing process. Diabetic
wound healing is somehow made it very challenging. Various traditional medicine has been studied to have a
pivotal role in enhancing immunological response at the molecular level. Channa striata (snakehead fish) has a
potential role in regulating molecular and immunological mechanisms since it has been known to have an
impact in accelerating the wound healing process, due to its antiinflammation, antioxidant, and promote cell
proliferation and tissue remodeling. Several studies have revealed its molecular and immunological
mechanisms, such as enhancing regulatory T-cell, inhibiting CD68+, inhibiting TNF-a, IFN-y, IL-6, NF-kB, and
increasing SDF-1a chemokines. The objective of this article is to review comprehensively the molecular and
immunological mechanism of Channa striata in the diabetic wound healing process.
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INTRODUCTION

The prevalence of Diabetes Mellitus is increasing
globally, approximately 463 million people in
2019, and predicted to 700 million people in
2045. It has a mortality rate of around 4,2 million
people (10,7%) in 2019. Indonesia, accounted for
7" worldwide diabetic countries, with an
estimated diabetes population as 10,7 million
people in 2019 and predicted to 16,7 million
(9,9%) in 2045

The higher prevalence of diabetes has an impact
on a higher complication rate in uncontrolled
diabetes. Hyperglycaemia condition has been
known to have an impact on inhibiting vascular
homeostasis, elevating oxidative stress, elevating

procoagulant-proinflammatory  cytokines, and
inhibiting angiogenesis, therefore delaying the
wound healing process.?

Wound healing is a complex and dynamic
process to restore cellular structures and tissue
layers, which can be divided into 4 phases, which
are: hemostasis (platelets activation which initiates
coagulation cascade), inflammatory (neutrophils,
macrophages, and lymphocytes activation),
proliferation (new cellular matrix formation), and
remodeling (new matrix maturation) phase. These
mechanisms intercede between phases.?

Diabetic wound healing is a complex process, it
has been known to inhibit the healing process
through a multi-stage impaired molecular
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mechanism, therefore can lead to recurrent
infection, ascending infection, depression,
therefore prolong the hospital length of stay and
increase health-care expenses. Diabetes-related
wounds impose considerable clinical and
economic burdens.”

Various traditional medicine included herbal
medicine, has been studied to have a pivotal role
in enhancing immunological response af a
molecular level in several infectious diseases such
as in typhoid fever>'?, HIV'*', toxoplasmosis'>'7,
Gardnerella vaginal infection'®, Vulvovaginal
candidiasis'*?', periodontitis and gingivitis?*??
and non-infectious diseases such as bone
degeneration?*?%, Alzheimer's disease?’,
preeclampsia®® and sedative in anesthesia?’°.
Previously, the effect of snakehead fish (Channa
striata) has been studied in albumin serum levels
of post-operative neurosurgery patients®'.

Channa striata (C. striata) or snakehead fish is a
freshwater fish that the majority can be found in
tropical countries, including Indonesia. This
snakehead fish has various names, based on its
region, such as “Kutuk” (Java), “Kocolan”
(Betawi),  “Licingan”  (Banjarmasin), “Bogo”
(Sunda), “Kabos” (Minahasa), “Haruan” (Melayu).
It has been used since a long time ago
traditionally for wound healing and other
essential nutrients, and since 1931 there has
been in Malaysian literature discussion about
wound treatment. It contains albumin, many
amino acids (lysine, arginine, glutamic acid,
aspartate), and  arachidonate  acid as
antiinflammation, which play a role in the wound
healing process.*?

The acute diabetic wound is an inflammatory
process which generates high reactive oxygen
species (ROS), marked by superoxide dismutase
(SOD) reduction and increase of
malondialdehyde (MDA), which can be inhibited
by C. striata due to its property of sulfuryl chain (-
SH) in albumin which acts as an antioxidant by
binding ROS, therefore decreasing MDA level.*
C. striata contain 25,5% of albumin which is
higher than other fish and considered as main
composition (64.61% of total protein), while it
also contains omega-6, glycine, zinc, and striatin
as its biologically active component.?*3

Albumin has a role in maintaining oncotic
pressure, cell metabolism, drug transport,
antiinflammation, acid-base balance, antioxidant,
nutritional status, mild anticoagulant, and inhibits
platelet aggregation, which is associated in the
wound healing process.®

An animal study in C. striata reveals to reduce
hyperglycemia by activation of regulatory T-cell,
decreasing  macrophage cell,  decreasing
proinflammatory cytokines (TNF-a, IFN-y, IL-6),

inhibiting NF-kB in CD4 and CD8 cells, and
accelerating wound healing process.®’

A human study in C. striata has been extensively
done in various conditions, including wound
healing but only a few kinds of research in
diabetic wound healing. This review will serve as
the first extensive study on the molecular
mechanism  dan  immune  response  of
C. striata in the diabetic wound as a potential
agent for accelerating the wound healing process.

Search Strategies

A comprehensive search of literature was
conducted in PubMed (NIH), Scopus, EMBASE,
and Google Scholar database using keyword
combinations of the medical subject headings
(MeSH) of ‘Channa striata’, ‘snakehead fish’,
‘ikan gabus’, ‘luka diabetes’, ‘diabetic wound
healing’,  ‘molecular’,  ‘immunology’, and
‘immunological’. Relevant reference lists were
also manually searched.

Channa striata Extract

Channa striata (snakehead fish) is a freshwater
fish, it also has been known as Ophiocephalus
striatus, belongs to the Channidae family and is a
carnivorous fish. This fish can be found in tropical
and subtropical countries, such as in South
America, Africa, and mostly in Asia, including
Indonesia. In Indonesia, this snakehead fish
widespread all over the region, a majority can be
found in Sulawesi, Java, Sumatra, Bali, Lombok,
Flores, Ambon, and Maluku with its region-based
name.*?

Since a long time ago, society has consumed this
fish due to its nutritious content and for medicinal
purposes, including accelerating the wound
healing process. It contains many proteins,
albumin, fafty acids, amino acids, vitamin, and
beneficial minerals. Snakehead fish has higher
protein and complete amino acids content
compare to other fish. In the rural area, the post-
circumcised boy was given snakehead fish to
accelerate wound healing. It has also been used
to accelerate the operative wound and section
cesarean wound.®

C. striata contain 25,5% of albumin which is
higher compared to milkfish (20%), goldfish
(16.05%), snapper (20.0%), dan sardines
(21.1%). Albumin is considered as the main
composition (64.61% of total protein).** Protein is
needed for all stages of the wound healing
process, including fibroblast proliferation,
collagen synthesis, angiogenesis, and immune
function.’

The contents of snakehead fish extract were 17
amino acids including glutamic acid 1.87-43.13
mg/g, glycine 21.80-80.85 mg/g, leucine 7.85-
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40.19 mg/g, aspartic acid 13.85-44.07 mg/g,
proline 9.49-45.46 mg/g, alanine 11.38-35.25
mg/g, and arginine 5.99-21.79 mg/g. The fatty
acid content includes palmitic acid 3.54-26.84%,
stearic acid 3.25-15.90%, oleic acid 1.40-
27.68%, linoleic acid 0.51-7.82% of total protein.
This study concluded that snakehead fish contains
bioactive components, especially amino acids,
and

fatty acids, which are important for the synthesis
of collagen fibers during wound (particularly
glycine), has high contents of arachidonic acid
and polyunsaturated fatty acids that can promote
prostaglandin synthesis, and antioxidants that can
be used on wound healing and regulate immune
system.*°

Table 1: Composition of amino acids and fatty acid in Channa striata extract

Fillet Roe Mucus References
Amino Glycine
acids
Glutamic acid (No study) (No study) Mustafa et al.
Arginine 20123
Aspartic acid
Fatty acids | Eicosapentaenoic Eicosapentaenoic Oleic acid
Acid (EPA) Acid (EPA)
Docosahexaenoic Docosahexaenoic Linoleic acid Mustafa et al.
Acid (DHA) Acid (DHA) 20123
Palmitic acid Hexadecanoic Acid
Oleic acid Oleic acid
Stearic acid Linoleic acid
Arachidonic acid

Natural resources potency in both plants and
animals is a very important resource in the
development of new drugs. Indonesia's aquatic
biological resources have huge potential,
especially fish, but have not been utilized
maximally. C. striata are one type of aquatic
biological resources that has the potential as a
drug. The use of C. striata as an animal protein
source can be used as an alternative adjunctive
therapy in the wound healing process. One of the
benefits of C. striata extract is significant increases
in fibroblast cells count in the wound healing
process, in the remodeling phase.*'
To gain the optimal effects of C. striata, it needs
to be exiracted. The simplest method for
extracting is by using a water-based solvent,
under  several steps of  fractionation,
concentrating, and drying, so that it has more
potent medicinal properties. These are the
compound that can be obtained from the
extraction of C. striata:

1. Albumin is one type of protein that can
enhance the fibroblasts’ proliferation, thus
increase the synthesis, accumulation and
collagen remodeling.*?

2. Omega-3 has antiinflammation properties.*®

3. Omega-6, mainly arachidonate acid, has
antiinflammation property and accelerating
wound healing process.*?

4. Glycine is one of the primary amino acids
required for of collagen synthesis.**

5. Glutamine plays a key role in inflammation
and proliferation phase and also serves as
energy source.**

6. Arginine modulates immune and endothelial
function.**

7. Copper (Cu) plays a role in supporting
connective tissue, linking the collagen and
elastin, and promote angiogenesis.*>**

8. Iron (Fe) has specific function in collagen
synthesis metabolism.*’

9. Zinc plays a role in
maturation phase.*®

10. Striatin, as a biochemical component for
wound healing, enhancing cell proliferation
and increasing serum albumin level.?

proliferation and

Molecular and Immunology Mechanism of
Diabetic Wound Healing

Wound healing is a complex and dynamic
process, which can be divided into 4 phases,
which are: haemostasis, inflammatory,
proliferation, and remodeling phase. These
mechanisms intercede between phases.® Glucose
is needed as energy for cell metabolism in wound
healing process but the hyperglycemia state will
alter its process. Systemic hyperglycemia is a state
of heightened inflammatory state, high oxidative
stress level known as radical oxygen species
(ROS), reduced nitric oxide (NO), which causes
major complications including impaired wound
healing by damaging the microvasculature of
small vessels that bring oxygen and nutrients to

281] International Journal of Pharmaceutical Research | Jul - Dec 2020 | Vol 12 | Supplementary Issue 2



Indra Wijaya et al / Molecular and Immunological Mechanisms of Channa striata in Diabetic Wound
Healing

the wound. The excess amount of glucose makes
the vessels’ cell walls stiff, reducing the blood
flow, permeability of erythrocytes, and inhibit cell
migration, which is required for the development
of new skin tissue.*” Hyperglycaemic conditions
inhibited cell migration due to an increase in
oxidative stress that causes polarity loss, deficient
adhesion, and protrusion.®

ROS is known as the second messenger of tissue
growth factor (TGF), platelet-derived growth
factor (PDGF), and vascular endothelial growth
factor (VEGF) production. Besides, nitric oxide
(NO) is another key in wound healing for
angiogenesis, inflammation, and  tissue
remodeling. NO inhibits vascular smooth muscle
contraction and growth, prevents platelet
aggregation, and maintains vessel homeostasis,
thus it can stimulate endothelial cell proliferation
and prevent cell apoptosis, thus promoting the
formation of new blood vessels in angiogenesis."
In the haemostasis phase, suddenly after the
wound is developed, the blood clotting system will
be activated to protect the vascular system.
Endothelial cells through vascular cell adhesion
molecule-1 (VCAM-1), platelet, and red blood cell
form clots. Platelets will secrete platelet- derived
growth factor (PDGF), platelet-derived angiogenic
factor (PDAF), transforming growth factor-beta
(TGF-B), and epidermal growth factor (EGF) to
initiate the migration of neutrophil, endothelial
fibroblast and keratinocyte to wound site. The
process is delayed in diabetic condition.>?

In inflammatory phase, which is activated in days
1-3, a wave of neutrophils is recruited from the
bloodstream. Responding to local cytokine
gradients, the neutrophils adhere to the luminal
wall of small postcapillary venules, traverse the
endothelium, and migrate into the dermal tissue.

Next, a second wave of leukocytes
(monocyte/macrophages) arrives to remove the
dead neutrophils that have released their

granules and undergone apoptosis. In diabetic,
the levels of cytokines and proteins associated
with inflammation (inferleukins IL-6 and IL-8,
TNF-a, C-reactive protfein, fibrinogen) were
significantly elevated, and also has high
expression of CD31 (proliferating vessels) and
MMP-9 in the skin. These findings suggest a
hyperinflammatory state.*

Macrophages have various functions in the
inflammation and proliferation phase, including
the cytokines activation, ECM synthesis, fibroblast
proliferation, and secreting large amounts of
transforming growth factor-beta (TGF-B), the
major cytokine that stimulates fibroblasts to
differentiate into myofibroblasts that produce
most of the collagen (mediated by IL-4) and
matrix molecules for developing new extracellular

matrix (ECM) [52]. In diabetic condition, the total
numbers of leucocytes and macrophages were
decreased and the expression of TGF- B1 was
lower in diabetes.>*>> Recent studies found that
there is macrophage dysfunction in chronic
diabetic wounds. Classically activated or M1-like
macrophages are known for killing
microorganisms and producing proinflammatory
cytokines. In contrast, the alternatively activated
or M2-like macrophages produce anti-
inflammatory  factors.  The  transition  of
macrophages from a pro-inflammatory M1-like
phenotype to an alternative M2-like phenotype
has been suggested as a prerequisite for the
switch from inflammatory to proliferative phase.>
In the proliferative phase, which is activated in
days 3-10, neutrophil cells decreased while
macrophage cells increased, due to several
inflammatory mediators that had been released
by neutrophils such as histamine lysozyme
enzymes and platelet activation factors (PAF).>’
The study by Kruse et al. showed that high
glucose inhibits both keratinocyte and fibroblast
migration through inhibition of basic FGF (bFGF)
signaling. The secretion of bFGF macrophages
and fibroblasts increased on days 7 to 14 days
after injury in line with the number of fibroblasts
that increased in that period.*"%®

Fibroblasts produce collagen,
glycosaminoglycans, elastin fibres and
glycoproteins that form the extracellular matrix
that the wound cavity and provides a foundation
for keratinocyte migration. Fibroblasts digest
fibrin  matrix and replace it  with the
glycosaminoglycan in conjunction with matrix
metalloproteinase (MMP). Extracellular matrix will
be replaced by type Il collagen which is also
produced by fibroblasts, and replaced by type |
collagen in maturation phase.*

Growth factors and cytokines such as insulin-like
growth factor (IGF), platelet-derived growth factor
(PDGF), and transforming growth factor-B (TGF-
B), are diminished in diabetic wounds.*®
Reduction in levels of IGF-1 was observed in a
study of cutaneous wounds in diabetic and non-
diabetic mice, as well as in rats with
streptozotocin-induced diabetes and in humans.®°
IGF-1 was shown to induce chemotactic activity in
endothelial cell lines, as well as to stimulate
keratinocyte and fibroblast proliferation and
reepithelization and to increase wound strength.®!
Lerman et al. studied the fibroblasts and their
ability to migrate and to release growth factors in
20-week-old db/db diabetic mice, and found that
the migration of fibroblasts and the production of
growth factors (VEGF) was significantly reduced.®?
In  remodeling/maturation  phase, which s
activated from day 10 to 3 months, albumin
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serves as the main ingredient through the body's
catabolic remodeling to form collagen. Collagen
is the main protein component to compile
extracellular matrix components, then it will be
degraded and removed by matrix
metalloproteinases (MMPs), which is an essential
part of the process of wound healing. An
abnormal increase in MMP expression delays
wound healing.%%¢*

Diabetic wound healing is characterized by a
significant reduction in collagen deposition,
decrease in the anti-inflammatory cytokine IL-10,
reduction in the inflammatory phase, prolonged
elevation in inflammatory cytokines (TNF-a, IL-1B
and IL-6), activation of signal transducer and
activator of transcription 3 (STAT3), reduction in
the activation of protein kinase B and nuclear
factor- kB (NF-kB), and decreased expression of
B-defensin 2 and 3, vascular endothelial growth

factor  (VEGF), chemokines (macrophage
inflammatory protein-Ta, macrophage
inflammatory protein-2, KC and CX3CL1) and
transforming growth factors (TGF-B) in wounded
tissue. The elevated levels of IL-1B in conjunction
with TNF-a decreases the expression of collagen
mRNA via a pathway that increases matrix
metalloproteinase  (MMP)  levels.  Moreover,
decreased expression of B-defensin 2 and 3 and
increased incidence of bacterial infection are the
main feature of delayed wound healing in
animal's model of diabetic wounds.®®> Moreover,
there's also a marked reduction in the
phosphorylation of Smad 2 and Smad 3 as well
as a marked reduction in collagen production.
Smads are intracellular proteins that transduce
extracellular signals from transforming growth
factor-beta ligands to the nucleus.®

Table 2: Immunology and Molecular Changes in Diabetic Wound

Increased TNF-a

Increased MMP 1 and 9
Decreased B-defensin 2,3
Increased MMP-9, IL-1B, IL-6, IL-8
Decreased Smad?2 and
phosphorylation

Decreased MIP-1a, MIP-2, KC, CX3CL1
Decreased VEGF expression

Decreased IL-10

Decreased Collagen

Main Changes in Diabetic Wound References

Persistent of neutrophils Al-Waili et al.’
Decrease macrophage activity Al-Waili et al.”
Defective chemotaxis Al-Waili et al.”
Inhibited proliferation Al-Waili et al.®’
Excessive inflammation Al-Waili et al.’
Fibronectin deficiency Al-Waili et al.”
AGEs accumulation Al-Waili et al.®’
Growth factors abnormality Al-Waili et al.”
Peripheral vascular disease Al-Waili et al.”
Neuropathy Al-Waili et al.”

Smad3

Badr et al.®®

Badr et al.®®, Hozzein et al.®
Badr et al.®®
Hozzein et a
Hozzein et al.¢®
Badr et al.®®
Hozzein et al.¢®
Badr et al.®®
Badr et al.®®

|66

Molecular and Immunology Mechanism of
Channa striata in Diabetic Wound Healing

C. striata have been used as a nutritious food and
for medical purpose for almost a decade, yet its
molecular mechanisms for wound healing
properties are still under research. C. striata have
been reported to induce cell proliferation and
platelet aggregation, while amino acids promote
wound healing process. Glycine is required for

collagen  synthesis, glutamine  acts in
inflammation and proliferation phase of wound
healing, and arginine modulates immune

function and promote endothelial function. C.
striata  contains protein that helps capillary

formation, fibroblast proliferation, proteoglycan
synthesis and wound remodelling.** The energy
compound such as adenosine triphosphate in C.
striata can decrease the healing time.®®

It was reported that diabetic patients have lower
SDF-1 and CXCR4. SDF-1 is a chemokine that
stimulates the endothelial progenitor cells (EPC)
mobilization derived from the bone marrow,
which is important in the regulation of
mobilization and recruitment of progenitor cells.®’
Supplementation of C. striata has shown a
significant increase of chemokine SDF-1.7°
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Arginine is known for the ability to enhance
growth factors, increased lymphocyte and
monocyte proliferation and enhanced the
formation of T-cell. It stimulates wound healing by
modulating immune and endothelial function.”!
Glutamine has role in the inflammatory response,
cell proliferation (white blood cell, fibroblast),
collagen formation, enhancing immune function,
and as energy source.”?

Copper (Cu) has been known to play role in
supporting myelin membrane integrity, bone
formation, connective tissue, linking the collagen
and elastin, and increase Vascular Endothelial
Growth  Factor  (VEGF)  that  promote
angiogenesis.”® Iron (Fe) has specific function in
collagen synthesis metabolism by procollagen-
proline dioxygenase, and iron acts as a co-factor
for protein and enzyme that involved in energy
metabolism, apoptosis, and DNA synthesis and
replication.”’ Zinc play a role in cell replication,
cell regeneration, enhancing immune response,
collagen synthesis as well as the proliferation of
fibroblasts in  proliferation and maturation
phase.*®

Fatty acids play role in cell membrane structure
and function for new cells synthesis. Omega-3
has antiinflammation property, especially when
consumed at a high level (> 10% of total fat),
and at low level (< 10% of total fat) can increase
immune system by increasing lymphocyte
proliferation, NK cell activity, and macrophage
activation. Omega-6, mainly arachidonate acid,
has antiinflammation property and is related to
accelerating the wound healing process.
Arachidonate acid is a precursor of prostaglandin
that can induce platelet aggregation and
adhesion in endothelial tissue which activating
coagulation cascade in wound healing process.*
Vitamin A increases the strength of scar ftissue,
and it is required for adequate inflammatory
response, enhances immune response, promotes
collagen synthesis and epithelialisation, and has
antioxidant properties. Vitamin Bé is involved in
the inflammatory response and participated in the
conversion of tryptophan into niacin which helps
the wound healing process. Vitamin B is required
for protein synthesis and formation of red blood
cells which supply the wound with oxygen and
nutrients and collagen linkage.”

C. striata increase the number of regulatory T
cells, decreasing the number of macrophage cells
and proinflammatory cytokines TNF-a, IFN-y and
IL-6 and inhibiting NF-kB in T lymphocytes
CD4+, CD8+ and macrophages.’” NF-kB is a
transcription factor to regulate proinflammatory
process, therefore albumin is considered as an
immunomodulator and immunostimulant.”

The latest, striatin, as a bioactive protein
component for wound treatment is discovered. It
contains amino acids (10 essential and 7 non-
essential amino acids), fatty acids (palmitic acid,
oleic acid, stearic acid, linoleic acid, arachidonic
acid), vitamins (vitamin A, vitamin B6) and other
nutrients (carbohydrate, dietary fiber, biotin,
choline, inositol, L-carnitine, selenium) which are
potential for wound healing by enhancing cell
proliferation and increasing serum albumin level.
It increases the growth of fibroblast cells, related
to neo-angiogenesis and extracellular matrix
secretion, needed for cell ingrowth and tissue
development, and cytokines and growth factors
production. Although does not contain albumin,
this bioactive protein fraction accelerating
albumin synthesis.*®

Albumin is a profein that can enhance fibroblasts’
proliferation and collagen remodeling, transport
of oxygen and minerals (zinc, copper, iron),
capable of stimulating TGF-B1 to increase
fibronectin and collagen formation, synergizes
with  Zn for cell development and cell
regeneration, as an antioxidant and as an
inhibitor of apoptosis process for macrophages,
neutrophil, lymphocyte, and endothelial cells.”*7””
Albumin increases Prostaglandin E2 (PGE2) and
prostaglandin D2 (PGD2) level. Prostaglandin
plays a role in activating M1-like macrophages
cell, which will produce IL-1 which subsequently
stimulates  IL-6 to  increase  lymphocyte
differentiation and  proliferation. IL-6  has
important regulatory function in the immune
system as a mediator of acute-phase response in
wound healing process.”® It is also recognized as
an important cytokine for T and B lymphocyte
differentiation.”?8%818283 Research conducted by
Fauza also showed that the administration of C.
striata extract capsules for 10 days as much as 3
g/day (3 X 2 per day) can increase albumin
levels and protein intake and hemoglobin in
patients with hypoalbuminemia 89848

Table 3: Summary of Studies of Channa striata in Diabetic Wound Healing

Main effects of Channa striata References
Collagen synthesis Guo et al.**, Mustafa et al.®*, Tempest M.”?
Promote endothelial function Guo et al.**, Mustafa et al.**, Fujiwara T et al.”

Fibroblast proliferation

Guo et al.**, Tempest M.”?

Proteoglycan synthesis

Guo et al.*
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Wound remodelling

Guo et al.#

Accelerate wound healing process

Ali Khan et al.®8, Wheeler et al.”®

Increase Chemokine SDF-1

Pradana et al.”®

Enhance growth factors

Fujiwara T et a

|7]

Enhance T-cell formation

Fujiwara T et al.”’, Dwijayanti DR et al.”®

Linking the collagen and elastin

Rahayu et al.®*, Hayes GL et al.”®

Increase VEGF

Rahayu et a

|35

Anti-inflammatory response
Decrease TNF-a, IFN-y and IL-6

Daud et al.*°, Tempest M.”?

Immunostimulant — Immunomodulator

Daud et al.*°, Tempest M.”?
Wolf G et al.”?

Source of energy

Tempest M.”?

Cell replication and regeneration

Mustafa A et al .34

Induce platelet  aggregation  and | Daud et al.*’, Wheeler et al.”®

adhesion

Increase lymphocyte proliferation

Increase NK cell activity

Increase macrophage activation

Increase the strength of scar tissue Kemp S.”*

NF-kB inhibitor Dwijayanti DR.”

Stimulate TGF-B1 Bolitho et al.”¢

Antioxidant properties Salazar J J et al.”’

Increase Prostaglandin Fujiwara T et al.”’
Wheeler et al.”®
Wolf G et al.”®

Increase  albumin, protein intake, | Fauza et al.®°

hemoglobin

Future Direction

There are several molecular mechanisms in the
immune response that may be modulated by C.
striata. The investigation of many possible effect
of C. striata in molecular mechanism that
involved in 4 phases of wound healing has not
been discovered thoroughly in diabetic wound
healing. The strategic modulation through other
possible mechanisms in each phase need to be
investigated in order to more understand its
complex role in diabetic wound healing process
so the treatment can be more effective as a
primary or a supplementary treatment. There are
a lot of more researches need to be done to
explore its therapeutical mechanism.

CONCLUSION

Diabetes and its complication always become a
global health problem and its prevalence is
increasing. The  comorbidites,  especially
peripheral artery disease like diabetic foot ulcer is
a very devastating problem that can lead to
deloyed wound healing and may lead to
amputation. Many treatment modalities are used
to prevent it and the complication rate is still
higher. There have been a vast discoveries of the
C. striata for medical purpose, including wound
healing, yet its role in diabetic wound healing is
still limited. The understanding of diabetic wound

molecular mechanisms has created opportunities
to enhance a good healing process. C. striata has
been used for more than a decade and
emperically show many benefits. lts bioactive
component has shown a potential role in
modulating and accelerating diabetic wound
healing process, as an antiinflammatory by
reducing interleukines, antimicrobial, antioxidant,
enhance cell proliferation and cell regeneration
by increasing growth factors (IGF-1, TGF-B1) and
fibroblast activation. Therefore, C. striata has a
significant potential role in diabetic wound
healing management as an adjuvant to standart
treatment. However, there are plenty other
molecular mechanisms that need to be explored.

CONFLICT OF INTEREST
There is no conflict of interest declared.

FUNDING SOURCE

The authors received no specific grants from any
funding agency in the public, commercial, or not-
for-profit sectors.

REFERENCES
|I. International Diabetes Federation. Global
Picture. Available from:

https://www.diabetesatlas.org/en/ [Last accessed
on 4 Sept 2020]

285| International Journal of Pharmaceutical Research | Jul - Dec 2020 | Vol 12 | Supplementary Issue 2


https://www.diabetesatlas.org/en/

Indra Wijaya et al / Molecular and Immunological Mechanisms of Channa striata in Diabetic Wound
Healing

Brem H, Tomic-Canic M, Cellular and molecular
basis of wound healing in diabetes, |CI
2007;117:1219-22.

Lodhi S, Vadnere GP. Relevance and perspectives
of experimental wound models in wound healing
research. AIPCR 2017;10:57-62.

Angadi N B, Kagal U, Timshetti S. Effect of
sitagliptin and vildagliptin on wound healing in
male wistar rats - an experimental study. AJPCR
2018;11:392-4.

LI Syarif, Junita AR, Hatta M, Dwiyanti R, Kaelan
C, Sabir M, et al. A mini review: medical plants
for typhoid fever in Indonesia. Pharmacy
2020;11(6):1171-80.

Febriza A, Hatta M, Natzir R, Kasim VNA, Idrus
HH. Activity of antimicrobial peptide;
Cathelicidin, on bacterial infection. TOBIOC]
2019;13:45-53.

Febriza A, Natzir R, Hatta M, As'ad S, Budu,
Kaelan C, et al. The Role of IL-6, TNF-a, and
VDR in inhibiting the growth of Salmonella typhi:
in vivo study. Open Microbiol | 2020;14:65-71.
Febriza A, Kasim VN, Idrus HH, Hatta M. The
effects of Curcumin and vitamin D combination
as inhibitor toward Salmonella typhi bacteria
growth in vivo. Int ] App Pharm 2019;11(5):116-
20.

Idrus HH, Hatta M, Kasim VN, Achmad AF, Arsal
ASF, Hadju V, et al. Molecular impact on high
motility group box-1 (HMGB-I) in pamps and
damp. Indian | Public Health Res Dev
2019;10(8):1109.

. Syamsuri F, Hatta M, Natzir R, Alam G, Massi

MN, Bahar B, et al. Expression of TLR-4 in
Salmonella typhi-Induced Balb/c Mice Treated by
Miana Leaves (Coleus scutellaroides (L) Benth).
Indian ] Public Health Res Dev 2018;9(12):1449-
54.

. Syamsuri F, Hatta M, Natzir R, Alam G, Massi

MN, Dwiyanti R, et al. A review: Worldwide
medicinal plants for typhoid fever. Indian ] Public
Health Res Dev 2018;9(8):1461-5.

. Idrus HH, Hatta M, Febriza A, Kasim VN.

Antibacterial activities of Sapodilla fruit extract
inhibiting Salmonella typhi in mice Balb/c. Int |
App Pharm 2019;11(5):121-6.

. Tambaip T, Karo MB, Natzir R, Bintang M, Islam

AA, Salma WO, et al. CD4 + cell impacts of
orally red fruit (Pandanus conoideus) oil extract
in HIV patients with antiretroviral therapy. Indian
J Public Health Res Dev 2019;10(2):510-4.

. Tambaip T, Karo MB, Hatta M, Dwiyanti R,

Natzir R, Massi MN, et al. Inmunomodulatory
effect of orally red fruit (Pandanus conoideus)
extract on the expression of CC chemokine
receptor 5 mMRNA in HIV patients with
antiretroviral therapy. RJI 2018;11(1):15-21.

. Simanjuntak TP, Hatta M, Tahir AM, Sirait RH,

Karo MB, Tambaib T, et al. Analysis of anti-
toxoplasma immunoglobulin G and

20.

21.

22.

23.

24.

25.

immunoglobulin M antibody levels after
intervention with Curcuma longa extract on
early pregnant mice with acute toxoplasmosis. |
Glob Infect Dis 2019;11(1):25-9.

. Simanjuntak TP, Hatta M, Rauf S, Prabandari SA,

Siagian C, Dwiyanti R. Tumor necrosis factor-
alpha levels and histopathology finding after
intervention with Curcuma longa extract. | Med
Sci 2018;18(2):56-62.

. Simanjuntak TP, Hatta M, Rauf S, Yusuf |, Tahir

M. Forkhead box P3 messenger-RNA expression
after Curcuma longa extract intervention in early
pregnant mice with toxoplasmosis. Rl
2018;11(1):1-6.

. Sirait LI, Massi MN, Hatta M, Prihantono. The

effects of extract Andaliman fruit (Zanthoxylum
acanthopodium Dc) to CAMP mRNA expression
and bacterial load in mice balb-C after
Gardnerella vaginal infection. Indian ] Public
Health Res Dev 2018;9(11):607-11.

. Karo MB, Hatta M, Salma W, Patellongi |, Natzir

R. Effects of Miana (Coleus scutellariodes (L)
Benth) to expression of mRNA IL-37 in Balb/c
mice infected Candida albicans. Pharmacogn |
2018;10(1):16-19.

Karo MB, Hatta M, Patellongi I, Natzir R,
Tambaip T. IgM antibody and colony fungal load
impacts of orally administered ethanol extract of
Plectranthus scutellarioides on mice with
systemic candidiasis. ] Pharm Pharmacogn Res
2018;6(1):27-34.

Karo MB, Tambaip T, Hatta M, Simanjuntak T,
Irmawaty L, Rina T, et al. A mini review of
Indonesian medicinal plants for Vulvovaginal
candidiasis. Rasayan ] Chem 2017;10(4):1280-8.
Amsyah UK, Hatta M, Tahir H, Alam G,
Asmawati A.  Expression of IL-10 in
A.actinomycetemcomitans induced rat treated by
Purple Miana Leaves. Biomed Pharmacol |
2019;12(4):2099-2104.

Irawaty DA, Hasanuddin T, Hatta M, Harun A,
Ainul W. Differences of minimum inhibitory
concentration (MIC) and minimum bactericidal
concentration (MBC) of Moringa Leaf Extract
(Moringa Oliefera L.) on Bacteria Aggregatibacter
Actinomycetemcomitans and Porphyromonas
Gingivalis. Indian | Public Health Res Dev
2019;10(8):896-900.

Irawaty DA, Hasanuddin T, Hatta M, Harun A,
Sri M. Effect of Moringa leaf extract (Moringa
Oleifera) on increasing the number of osteoblast
as a marker of bone. Indian | Public Health Res
Dev 2019;10(9):1401-5.

Djais Al, Oktawati S, Thahir H, Hatta M,
Sukmana Bl, Dewi N, et al. Effect of the
combination of demineralization freeze dried
dentin matrix (DFDDM) and Moringa Oleifera
Lam on nuclear factor kapa B as a marker of
bone. Sys Rev Pharm 2020; 1 1(4):515-22.

286| International Journal of Pharmaceutical Research | Jul - Dec 2020 | Vol 12 | Supplementary Issue 2



Indra Wijaya et al / Molecular and Immunological Mechanisms of Channa striata in Diabetic Wound
Healing

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Djais Al, Oktawati S, Thahir H, Hatta M,
Sukmana BIl, Dewi N, et al. The effect of the
combination of demineralization freeze dried
dentin matrix (DFDDM) and Moringa Oleifera
Lam to increase fibroblast and osteoblast cell in
alveolar bone after Caviacobaya’s tooth
extraction. Sys Rev Pharm 2020;1 | (4):523-30.
Kamelia E, Islam AA, Hatta M, Kaelan C,
Patellongi I. The effect of administration of
ethanol extract from Musa paradisiaca L. (MPL)
fruit on the caspase-3 mRNA gene expression in
rat amyloid beta induced, an Alzheimer’s disease
model. AJPCR 2018;11(4):298-302.

Royani I, As’ad S, Mappaware NA, Hatta M,
Rabia. Effect of Ajwa dates consumption to
inhibit the progression of preeclampsia threats
on mean arterial pressure and roll-over test.
BioMed Res Int 2019;3:1-5.

Mulyawan E, Ahmad MR, Islam AA, Massi MN,
Hatta M, Arif SK. Effect of Valerian extract on
GABRB3 gene expression and sedation in
BALB/C Mice. Curr Bioact Compd 2020;16(5):1-
10.

Mulyawan E, Ahmad MR, Islam AA, Massi MN,
Hatta M, Arif SK. Analysis of GABRB3 protein
level after administration of Valerian extract
(Valeriana  officinalis) in  BALB/c  mice.
Pharmacogn | 2020;12(4):821-7.

Rosyidi RM, Januarman, Priyanto B, Islam AA,
Hatta M, Bukhari A. The effect of snakehead fish
(Channa striata) extract capsule to the albumin
serum level of post-operative neurosurgery
patients. Biomed Pharmacol ] 2019;12(2):893-9.
Moch SM, Abdul Manan MJ. Therapeutic
potential of the haruan (Channa striatus): from
food to medicinal uses. Malays ] Nutr
2012;18(1):125-36.

Abdulgani N, Hidayati D, Adinovitasary R,
Oliviatie V, Sekartaji AD. MDA levels in the
pancreas, testes, liver, and plasma of diabetic
rats: The effect of snakehead (Channa striata)
extract. Nusantara Biosci 2020;12:50-4.

Mustafa A, Widodo MA, Kristianto Y. Albumin
and zinc content of snakehead fish (Channa
striata) extract and its role in health. Int ] Sci
Technol 2012;1:1-5.

Rahayu P, Marcelline F, Sulistyaningrum E,
Suhartono MT, Tjandrawinata RR. Potential
effect of striatin (DLBS0333), a bioactive protein
fraction isolated from Channa striata for wound
treatment. Asian Pac | Trop Biomed
2016;6(12):1001-7.

Roche M, Rondeau P, Singh NR, Tarnus E,
Bourdon E. The antioxidant properties of serum
albumin. FEBS 2008;582:1783-7.

Dwijayanti DR, Djati MS, Ibrahim M, Rifa’i M. The
Potential of  VipAlbumin® to  chronic
inflammation in type 2 diabetes mellitus balb/c
mice model. AJl 2015;11(2):56-67.

38

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

5I.

52.

Nicholson JP, Wolmaran MR, Park R. The role of
albumin in critical illness. BJA 2000;85(4):599-
610.

Crowe TC, Brockbank CM. Nutrition therapy in
the prevention and treatment of pressure ulcers.
Wound Practice and Research 2009;17:90-9.
Daud D, Abdul Manan MJ, Zuraini A, Abdah A,
Aishah A. Amino and fatty acid compositions in
haruan traditional extract (HTE). BLACPMA
2010;9(5):414-29.

Siswanto A, Dewi N, Hayatie L. Effect of haruan
(Channa striata) extract on fibroblast cells count

in wound healing. ] Dentomaxillofac Sci
2016;2(1):89-94.
Febriyenti, Noor AM, Baie SBB. Physical

evaluation of haruan spray for wound dressing
and wound healing. Int ] Drug Deliv 201 I;3:115-
24.

Putri AR, Rohman A, Rivanto S. Comparative
study of fatty acid profiles in patin (Pangasius
micronemus) and gabus (Channa striata) fish oil
and its authentication using FTIR spectroscopy
combined with chemometrics.Int ]  App
Pharm 2019;11:55-60.

Guo S, DiPietro LA. Factor affecting wound
healing. ] Dent Res 2010;89(3):219-29.

Urso E, Maffia M. Behind the link between
copper and angiogenesis: established mechanisms
and overview on the role of vascular copper
transport systems. ] Vasc Res 2015;52:172-96.
Kwan KH, Liu X, To MK, Yeung KW, Ho C-M,
Wong KK. Modulation of collagen alignment by
silver nanoparticles results in better mechanical
properties in wound healing. Nanomed
Nanotechnol Biol Med 201 [;7:497-504.

Wright JA, Richards T, Srai SKS. The role of iron
in the skin and cutaneous wound healing. Front
Pharmacol 2014;5:156.

Ab Wahab SZ, Kadir AA, Nik Hussain NH,
Omar |, Yunus R, Baie S, et al. The Effect of
Channa striatus (Haruan) Extract on Pain and
Wound Healing of Post-Lower Segment
Caesarean Section VWomen. Evid Based
Complementary Altern Med 2015, Article ID
849647, 6 pages.
http://dx.doi.org/10.1155/2015/849647.

Kruse CR, Singh M, Serensen JA, Eriksson E,
Nuutila K. The effect of local hyperglycemia on
skin cells in vitro and on wound healing in
euglycemic rats. | Surg Res 2016;206:418-26.
Lamers ML, Almeida ME, Vicente-Manzanares M,
Horwitz AF, Santos MF. High glucose-mediated
oxidative stress impairs cell migration. PLoS One
201 1;6:22865.

Cheng KY, Lin ZH, Cheng YP, Chiu HY, Yeh NL,
Wu TK, et al. Wound healing in streptozotocin-
induced diabetic rats using atmospheric-pressure
argon plasma jet. Sci Rep 2018;8:12214.

Velnar T, Bailey T, Smrkolj V. The wound healing
process: an overview of the cellular and

287| International Journal of Pharmaceutical Research | Jul - Dec 2020 | Vol 12 | Supplementary Issue 2



Indra Wijaya et al / Molecular and Immunological Mechanisms of Channa striata in Diabetic Wound
Healing

53.

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.

molecular mechanisms. | Int Med Res
2009;37:1528-42.

Shakya S, Wang Y, Mack JA, Maytin EV.
Hyperglycemia-induced changes in hyaluronan
contribute to impaired skin wound healing in
diabetes: review and perspective. Int ] Cell Biol
2015. http://dx.doi.org/10.1155/2015/701738
Galkowska H, Wojewodxka U, Olszewski WL.
Chemokines, cytokines, and growth factors in
keratinocytes and dermal endothelial cells in the
margin of chronic diabetic foot ulcers. Wound
Repair Regen 2006;14:558-65.

Jude EB, Blakytny R, Bulmer J]. Transforming
growth factor-beta 1,2,3 and receptor type | and
I in diabetic foot ulcers. Diabet Med
2002;19:440-7.

Carabelly AN, Firdaus IWAK, Nurmardina PC,
Putri DA, Apriasari ML. The effect of topical

toman fish (Channa micropeltes) extract on

macrophages and lymphocytes in diabetes
mellitus wound healing. ] Phys Conf Ser
2019;1374.

Hendriati L, Kuncorojakti S, Widodo T, Meitasari
HK, Prasasti W. The influence of Channa striata
extract emulgel on incision wound healing in
white rats. Trad Med | 2019;24(3):210-5.

Yun YR, Won JE, Jeon W, Lee S, Kang W, Jo H.
Fibroblast growth factors: biology, function, and
application for tissue regeneration. | Tissue Eng
2010:218142.

Velander P, Theopold C, Hirsch T, Bleiziffer O,
Zuhaili B, Fossum M, et al. Impaired wound
healing in an acute diabetic pig model and the
effects of local hyperglycemia. Wound Rep Reg
2008;16:288-93.

Lerman OZ, Galiano RD, Armour |P, Gurtner C.
Cellular dysfunction in the diabetic fibroblast:
impairment in migration, vascular endothelial
growth factor production, and response to
hypoxia. Am ] Pathol 2003;162:303-12.

Blakytny R, Jude EB, Gibson JM, Boulton A,
Ferguson MW. Lack of insulin-like growth factor
I (IGF-I) in the basal keratinocyte layer of
diabetic skin and diabetic foot ulcers. J
Pathol 2000;190:589-94.

Bowler PG. Wound pathophysiology, infection
and therapeutic options. Ann Med 2002; 34:419-
27.

Johnston EF, Gillis TE. Transforming growth
factor beta-l (TGF-Bl) stimulates collagen
synthesis in cultured rainbow trout -cardiac
fibroblasts. | Exp Biol 2017;220:2645-53.
Lobmann R, Ambrosch A, Schultz G. Expression
of matrix-metalloproteinases and their inhibitors
in the wounds of diabetic and non-diabetic
patients. Diabetologia 2002;45:101 1-6

Badr G, Badr BM, Mahmoud MH, Mohany M,
Rabah DM, Garraud O. Treatment of diabetic
mice with undenatured whey protein accelerates
the wound healing process by enhancing the

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

expression of MIP-la, MIP-2, KC, CX3CLI and
TGF-B in wounded tissue. BMC Immunol
2012,13:32.

Hozzein W, Badr G, Al Ghamdi A, Sayed A, Al-
Waili N, Garraud O. Topical application of
propolis enhances cutaneous wound healing by
promoting TGF-beta/Smad-mediated collagen
production in a streptozotocin-induced type |
diabetic mouse model. Cell Physiol Biochem
2015;37(3):940-54.

Al-Waili. Propolis and Bee Venom in Diabetic
Wounds; A Potential Approach That Warrants
Clinical Investigation. Afr | Tradit Complement
Altern Med 2015;12(3):1-11.

Ali Khan MS, Mat Jais AM, Hussain ], Siddiqua F,
Gopala Reddy A, Shivakumar P, et al.
Gastroprotective effect of freeze-dried stripped
snakehead fish (Channa striata Bloch.) aqueous
extract againsts aspirin induced ulcerogenesis in
pylorus  ligated rats. ISRN  Pharmacol
2014;327606.

Egan CG, Lavery R, Caporali F, Fondelli C, Laghi-
Pasini F, Dotta F, et al. Generalised reduction of
putative endothelial progenitors and CXCR4-
positive peripheral blood cells in type 2 diabetes.
Diabetologia 2008;51:1296-1305.

Pradana ARA, Djati MS, Rifa’l M. Detection of
VipAlbumin® Effect in CD34 and SDF-1
mobilization in streptozotocin-induced diabetes
mellitus mice. ] Exp Life Sci 2015;5:1.

Fujiwara T, Kanazawa S, Ichibori R, Tanigawa T,
Magome T, Shingaki K, et al. L-arginine stimulates
fibroblast proliferation through the GPRC6A-
ERKI1/2 and PI3K/Akt pathway. PLoS One
2014;9(3):e92168.

Tempest M. Glutamine  supplementation-
evidence indicates it may benefit patients with
critical illness. Today's Dietitian 201 I;13(1):40.
Hayes GL, McKinzie BP, Bullington WM, Cooper
TB, Pilch NA. Nutritional supplements in critical
illness. AACN Adv Crit Care 201 1;22(4):301-16.
Kemp S. The vital role of nutrition in wound
healing. Prim Health Care 2001;11(1):43-9.
Dwijayanti DR, Djati MS, Ibrahim M and Rifa’l M.
The role of  VipAlbumin® as an
immunostimulatory  agent for  controlling
homeostasis and proliferation of lymphoid cells.
Cent Eur J Immunol 2016;41(1):31-3.

Bolitho C, Bayl P, Hou ]Y. The anti-apoptotic
activity of albumin for endothelium is mediated
by a partially cryptic protein domain and reduced
by inhibitors of G-coupled protein and PI-3
kinase, but is independent of radical scavenging
or bound lipid. ] Vasc Res 2007;44:313-24.
Salazar JJ, Ennis W), Koh TJ. Diabetes
medications: impact on inflammation and wound
healing. ] Diabetes Complicat 2016;30(4):746-52.
Wheeler DS, Giuliano JS, Lahni PM, Denenberg
A, Wong HR, Zingarelli B. The

288| International Journal of Pharmaceutical Research | Jul - Dec 2020 | Vol 12 | Supplementary Issue 2



Indra Wijaya et al / Molecular and Immunological Mechanisms of Channa striata in Diabetic Wound
Healing

immunomodulatory effects of albumin in vitro
and in vivo. Adv Pharmacol Sci 201 |; 691928.

79. Wolf G, Schroeder R, Ziyadeh FN, Stahl RAK.
Albumin up-regulates the type Il transforming
growth factor-beta receptor in cultured proximal
tubular cells. Kidney Int 2014;66:1849-58.

80. Fauza MR, Dahlan CK, Taslim NA, Syam A. The
effect of giving fish extract (Pujimin Plus®) on
intake of protein and hemoglobin
hypoalbuminemic  patients. ~ Enferm  Clin
2020;30:452-5.

81. Achmad, H. Khairunnisa, P. Mardiana, Karni
Aulia, A. Potentially Of Extracted Papua's Anthill
(Myrmecodia pendans) As Antitumor To
Emphasis The Expression Of Vascular Endothelial
Growth Factor Cell Burkitt's Lymphoma Cancer,
Asian Journal. of Microbiol. Biotech. Env Sc. ©
Global Science Publications pp. 108-112, Vol. 20,
No. (1): 2018 . ISSN-0972-3005.

82. Adam, AM, Achmad, H. et. al. 2018. Efficacy of
Mouthwash From Aloe Vera |uice After Scaling
Treatment on Patients With Gingivitis: A Clinical
Study. Pesquisa Brasiliera em Odontopediatria e
Clinica Integrada (PBOCI Journal). Vol. 18, No.
(1): e3959

83. Achmad H, Ramadhany YF. 2017. Effectiveness of
Chitosan Tooth Paste from White Shrimp
(Litopenaeus vannamei) to Reduce Number of
Streptococcus Mutans in the Case of Early
Childhood Caries. Journal of International Dental
and Medical Research. 2017; 10 (2): 358-363.

84. Hendrastuti H, Achmad H , Andam Dewi,
Marhamah Firman, Surijana Mappangara, Sri
Ramadhany, Rini Pratiwi, Dwi Putri W. 2018.
Analysis of Antibacterial Effectiveness of Red
Ginger Extract (Zingiber Officinale Var Rubrum)
Compared to White Ginger Extract (Zingiber
Officinale Var. Amarum) In Mouth Cavity
Bacterial Streptococcus Mutans (In-Vitro) Journal
of International Dental and Medical Research,
April. ISSN 1309-100X. Vol Il No. (2) pp.676-
681.

85. Achmad H. Horax S, Ramadhany S, et.al. 2019.
Resistivity of Ant Nest (Myrmecodia pendans)
On Ethanol Fraction Burkitt's Lymphoma Cancer
Cells  (Invitro)  Through Interleukin 8
Angiogenesis  Obstacles  (1I-8). Journal of
International Dental and Medical Research ,.
ISSN 1309-100X. Vol 12 No. (2) pp.516-523

289| International Journal of Pharmaceutical Research | Jul - Dec 2020 | Vol 12 | Supplementary Issue 2





