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ABSTRACT
The prevalence of Diabetes Mellitus is increasingglobally, approximately463 million people in the year 20 19,

and is predicted to 700 million people by the year 2045, and it has high comorbidity and mortality based on
lnternational Diabetes Federation (lDF). The wound healing process can be divided into 4 phases, which are
homeostasis, inflammatory, proliferation, and remodeling phase. Each phase plays a maior 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-o, IFN-y, lL-6, NF-xB, and

increasing SDF-lq 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 prevolence of Diobetes Mellitus is increosing
globolly, opproximotely 463 million people in
2019, ond predicted to 700 million people in
2045. h hos o mortolity rote of oround 4,2 million
people (10,7%) in 2019. lndonesio, occounted for
7'h worldwide diobetic counlries, with on
estimoted diobetes populolion os 'l 0,7 million
people in 20.l9 ond predicted lo .l6,7 

million
(9,9%l in 2045.1
The higher prevolence of diobetes hos on impoct
on o higher complicotion rote in uncontrolled
diobetes. Hyperglycoemio condition hos been
known lo hove on impocl on inhibiting vosculor
homeostosis, elevoting oxidotive stress, elevoting

procoogulont-proinflommotory cytokines, ond
inhibiting ongiogenesis, therefore deloying the
wound heoling process.'
Wound heoling is o complex ond dynomic
process to reslore cellulor structures ond lissue
loyers, which con be divided inlo 4 phoses, which
ore: hemostosis (plotelets octivotion which initiotes
coogulotion coscode), inflommotory (neutrophils,
mocrophoges, ond lymphocytes octivotion),
proli{erolion (new cellulor molrix formolion), ond
remodeling (new motrix moturotion) phose. These

mechonisms intercede between phoses.3

Diobetic wound heoling is o complex process, il
hos been known to inhibit the heoling process

through o multi-sloge impoired moleculor
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mechonism, lherefore con leod to recurrent
infedion, oscending in{eclion, depression,
therefore prolong the hospitol length of stoy ond
increose heohh-core expenses. Diobetes-reloted
wounds impose consideroble clinicol ond
economic burdens.a
Vorious troditionol medicine included herbol
medicine, hos been studied to hove o pivotol role
in enhoncing immunologicol response ot o
moleculor level in severol infeclious diseoses such
os in typhoid fevers-r2, HlVr3-r4, toxoplosmosisr5-r7,
Gordnerello voginol infectionrs, Vulvovoginol
condidiosisre-2r, periodontitis ond gingivitis22'23
ond non-infectious diseoses such os bone
degenerotion2a'26, Alzheimer's diseose2T
pre"eclompsio2s ond sedotive in onesthesio'e'3ol
Previously, the effect of snokeheod fish (Chonno
strioto) hos been studied in olbumin serum levels
of post-operolive neurosurgery polienls3r.
Chonno strioto (C. strioto) or snokeheod fish is o
freshwoter fish thot the moiority con be found in
tropicol countries, including lndonesio. Thls
snokeheod fish hos vorious nomes, bosed on ils
region, such os "Kutuk" (Jovo), "Kocolon"
(Betowi), "Licingon" (Boniormosin), "Bogo"
(Sundo), "Kobos" (Minohoso), "Horuon" (Meloyu).
ll hos been used since o long time ogo
troditionolly for wound heoling ond other
essentiol nutrients, ond since I 93I there hos
been in Moloysion literoture discussion oboul
wound lreotmenl. ll contoins olbumin, mony
omino ocids (lysine, orginine, glutomic ocid,
osportote), ond orochidonole ocid os
ontiinflommotion, which ploy o role in the wound
heoling process.32

The qcute diobetic wound is on inflommotory
process which generotes high reoclive oxygen
species (ROS), morked by superoxide dismutose
(SOD) reduction ond increose of
molondioldehyde (MDA), which con be inhibited
by C. strioto due to ils property of sulfuryl choin (-

SH) in olbumin which octs os on ontioxidont by
binding ROS, therefore decreosing MDA level.33

C. strioto conloin 25,5o/o of olbumin which is

higher thon other fish ond considered os moin
composilion (64.6\0/o of totol protein), while it

olso contoins omego-5, glycine, zinc, ond striolin
os its biologicolly octive component.3a'3s
Albumin hos o role in moinloining oncotic
pressure, cell metobolism, drug tronsport,
ontiinflommolion, ocid-bose bolonce, ontioxidoni,
nutritionol stotus, mild onticoogulont, ond inhibils
plotelet oggregolion, which is ossocioted in the
wound heoling process.t6

An onimol study in C. slriolo reveols lo reduce
hyperglycemio by octivotion of regulolory T-cell,

decreosing mocrophoge cell, decreosing
proinflommotory cytokines (TNF-o, IFN-y, lL-6),

inhibiting NF-kB in CD4 ond CD8 cells, ond
occeleroling wound heoling process.3T
A humon study in C. strioto hos been extensively
done in vorious condilions, including wound
heoling but only o few kinds of reseorch in
diobetic wound heoling. This review will serve os
the first extensive study on the moleculor
mechonism don immune response of
C. strioto in the diobetic wound os o potentiol
ogent {or occeleroling the wound heoling process.

Seorch Strotegies
A comprehensive seorch of lilerolure wos
conducted in PubMed (NlH), Scopus, EMBASE,

ond Google Scholor dotobose using keyword
combinolions of the medicol subiect heodings
(MeSH) of 'Chonno strioto', 'snokeheod fish',
'ikon gobus', 'luko diobetes', 'diobetic wound
heoling', 'moleculor', 'immunology', ond
'immunologicol'. Relevont reference lists were
olso monuolly seorched.

Chonno striolo Exlroct
Chonno strioto (snokeheod fish) is o freshwoler
fish, it olso hos been known os Ophiocepholus
slriolus, belongs to the Chonnidoe fomily ond is o

cornivorous fish. This fish con be found in tropicol
ond subtropicol counlries, such os in South
Americo, Africo, ond mostly in Asio, including
lndonesio. ln lndonesio, this snokeheod fish
widespreod oll over the region, o moiority con be
found in Sulowesi, Jovo, Sumotro, Boli, Lombok,
Flores, Ambon, ond Moluku with its region-bosed
nome.32

Since o long time ogo, society hos consumed this

fish due to its nutritious content ond for medicinol
purposes, including occeleroting the wound
heoling process. lt contoins mony proteins,
olbumin, fotty ocids, omino ocids, vitomin, ond
beneficiol minerols. Snokeheod fish hos higher
protein ond complete omino ocids contenl
compore to other fish. ln the rurol oreo, the post-
circumcised boy wos given snokeheod fish to
occelerote wound heoling. lt hos olso been used

to occelerole the operotive wound ond section

cesoreon wound.38
C. strioio contoin 25,5% of olbumin which is

higher compored to milkfish (20%), goldfish
(16.05%), snopper (20.0y,1, don sordines
(21 .1o/ol. Albumin is considered os the moin

composition (64.61y" of totol protein).34 Protein is

needed for oll stoges of the wound heoling
process, including fibroblost proliferotion,
collogen synthesis, ongiogenesis, ond immune

function.3e
The conlenls of snokeheod fish extroct were l7
omino ocids including glutomic ocid 

.l.87-43'.l3

mg/g, glycine 2.l.80-80.85 mg/g, leucine 7.85-
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40.19 mg/g, osporlic ocid 13.85-44.07 mg/g,
proline 9.4945.46 mg/g, olonine 11.38-35.25
mg/g, ond orginine 5.99-21 .79 mg/g. The fotty
ocid contenl includes polmitic ocid 3.54-26.84%,
steoric ocid 3.25-15.90%, oleic ocid .l.40-

27 .6Syo,linoleic ocid 0.51-7.82% ol totol protein.
This study concluded lhol snokeheod fish contoins
biooctive components, especiolly omino ocids,
ond

Table 1: Co

Nolurol resources potency in both plonts ond
onimols is o very importont resource in lhe
development of new drugs. lndonesio's oquotic
biologicol resources hove huge potentiol,
especiolly fish, but hove nol been utilized
moximolly. C. striolo ore one type of oquolic
biologicol resources thot hos the potentiol os o
drug. The use of C. strioto os on onimol prolein
source con be used os on olternolive odiunctive
theropy in the wound heoling process. One of the
benefits of C. strioto extrocl is significont increoses
in fibroblost cells count in the wound heoling
process, in the remodeling phose.ar
To goin the optimol effects of C. striolo, it needs

lo be extrocled. The simplest melhod for
exlrocling is by using o woler-bosed solvent,
under severol sleps of froclionotion,
concenlroting, ond drying, so lhot it hos more
potent medicinol properties. These ore the
compound thot con be obtoined from the
extroction of C. striolo:
l. Albumin is one type of protein thot con

enhonce the fibroblosls' proliferotion, thus
increose the synthesis, occumulotion ond
collogen remodeling.a2

2. Omego-3 hos ontiinflommotion properties.a3

3. Omego-6, moinly orochidonote ocid, hos

onliinflommotion property ond occeleroting
wound heoling process.o3

4. Glycine is one of the primory omino ocids
required for of collogen synthesis.aa

of amino acids and acid in Channa striata extract

fotty ocids, which ore importont for the synthesis
of collogen fibers during wound (porticulorly
glycine), hos high conlents of orochidonic ocid
ond polyunsoturoted fotty ocids lhol con promole
prostoglondin synthesis, ond ontioxidonts lhot con
be used on wound heoling ond regulole immune
system.ao

5. Glutomine ploys o key role in inflommotion
ond proliferotion phose ond olso serves os
energy source.'o

6. Arginine modulotes immune ond endotheliol
function.aa

7. Copper (Cu) ploys o role in supporting
conneclive tissue, linking the collogen ond
elostin, ond promote ongiogenesis.as-46

8. lron (Fe) hos specific funclion in collogen
synthesis metobolism.aT

9. Zinc ploys o role in proliferotion ond
molurotion phose.oe

.l0. 
Striotin, os o biochemicol componenl for
wound heoling, enhoncing cell proliferotion
ond increosing serum olbumin level.ss

Moleculor ond lmmunology Mechonism of
Diobetic Wound Heoling
Wound heoling is o complex ond dynomic
process, which con be divided into 4 phoses,

which ore: hoemostosis, inflommolory,
proli{erotion, ond remodeling phose. These

mechonisms intercede between phoses.3 Glucose
is needed os energy lor cell metobolism in wound
heoling process but the hyperglycemio stote will

olter its process. Systemic hyperglycemio is o slole

of heightened inflommotory stote, high oxidotive

slress level known os rodicol oxygen species

(ROS), reduced nitric oxide (NO), which couses

moior complicotions including impoired wound
heoling by domoging lhe microvosculoture of
smoll vessels thot bring oxygen ond nutrienls to

Fillet Roe Mucus References
Amino
ocids

Glycine

Glutomic ocid (No studv) (No study) Mustofo et ol
Arginine 2012.34
fuportic ocid

Fotty ocids Eicosopenloenoic
Acid (EPAI

Eicosopenloenoic
Acid (EPA)

Oleic ocid

Docosohexoenoic
Acid (DHA)

Docosohexoenoic
Acid (DHA)

Linoleic ocid Muslofo et ol
2012.31

Polmitic ocid Hexodeconoic Acid
Oleic ocid Oleic ocid
Steoric ocid Linoleic ocid
Arochidonic ocid
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the wound. The excess omount of glucose mokes
lhe vessels' cell wolls stiff, reducing the blood
flow, permeobility of erythrocytes, ond inhibit cell
migrotion, which is required for the development
of new skin lissue.ae Hyperglycoemic conditions
inhibiled cell migrotion due to on increose in
oxidotive slress lhot couses polority loss, deficient
odhesion, ond prolrusion.so
ROS is known os the second messenger of tissue
growth foclor (TGF), plolelet-derived growth
foctor (PDGF), ond vosculor endotheliol growth
foctor (VEGF) production. Besides, nitric oxide
(NO) is onother key in wound heoling for
ongiogenesis, inflommotion, ond lissue
remodeling. NO inhibits vosculor smooth muscle
controction ond growth, prevenls plotelet
oggregotion, ond mointoins vessel homeostosis,
thus it con stimulote endotheliol cell proliferotion
ond prevenl cell opoptosis, lhus promoting the
formolion of new blood vessels in ongiogenesis.5r
ln the hoemoslosis phose, suddenly ofter the
wound is developed, the blood clotting system will
be octivoted lo protect the vosculor syslem.
Endotheliol cells through vosculor cell odhesion
molecule-l (VCAM-l), plotelet, ond red blood cell
form clots. Plotelets will secrele plotelet- derived
growth foctor (PDGF), plotelet-derived ongiogenic
foctor (PDAF), tronsforming growth foclor-belo
(TGF-B), ond epidermol growth foctor (EGF) to
iniiiote the migrotion of neutrophil, endotheliol
fibroblost ond kerqtinocyte to wound site. The
process is deloyed in diobetic condition.s2
ln inflommolory phose, which is octivoted in doys
1-3, o wove of neulrophils is recruited from the
bloodslreom. Responding lo locol cytokine
grodients, lhe neutrophils odhere to the luminol
woll of smoll poslcopillory venules, lroverse the
endolhelium, ond migrote into the dermol tissue.
Next, o second wove o{ leukocytes
(monocyte/mocrophoges) orrives to remove the
deod neutrophils thot hove releosed their
gronules ond undergone opoplosis. ln diobetic,
the levels of cytokines ond proleins ossocioted
with inflommotion (interleukins lL-6 ond lL-8,
TNF-a, C-reoclive protein, fibrinogen) were
significontly elevoted, ond olso hos high
expression of CD3 I (proliferoting vessels) ond
MMP-9 in the skin. These findings suggest o
hyperinf lommotory stote.s3

Mocrophoges hove vorious functions in the
inflommotion ond proliferolion phose, including
the cytokines oclivotion, ECM synthesis, fibroblost
proliferotion, ond secreling lorge omounts of
tronsforming growth foctor-beto (TGF-p), the
moior cytokine thot stimuloles fibroblosts lo
differentiote into myofibroblosts thot produce
most of the collogen (medioted by lL-4) ond
motrix molecules for developing new extrocellulor

motrix (ECM) [52]. ln diobetic condilion, the lotol
numbers of leucocytes ond mocrophoges were
decreosed ond the expression of TGF- p1 wos
lower in diobetes.sa'ss Recenl studies found thot
lhere is mocrophoge dysfunction in chronic
diobetic wounds. Clossicolly oclivoted or M j -like
mocrophoges ore known for killing
microorgonisms ond producing proinflommotory
cytokines. ln conlrost, lhe olternotively octivoted
or M2-like mocrophoges produce onti-
inflommotory foctors. The lronsition of
mocrophoges from o pro-inflommotory M1-like
phenotype to on olternotive M2-like phenotype
hos been suggested os o prerequisite for lhe
switch from inflommotory to proliferotive phose.tu
ln the proliferolive phose, which is octivoted in
doys 3- l 0, neutrophil cells decreosed while
mocrophoge cells increosed, due to severol
inflommolory mediotors thot hod been releosed
by neutrophils such os histomine lysozyme
enzymes ond plotelet octivotion foctors (PAF).5'/

The study by Kruse et ol. showed ihot high
glucose inhibits both kerotinocyte ond fibroblosl
migrotion through inhibition of bosic FGF {bFGF)
signoling. The secretion of bFGF mocrophoges
ond fibroblosls increosed on doys 7 to 14 doys
ofter iniury in line wilh the number of fibroblosts
thot increosed in thot period.ae's8

Fibroblosts produce collogen,
glycosominoglycons, elostin fibres ond
glycoproteins thot form the extrocellulor motrix
thot the wound covity ond provides o foundotion
tor kerotinocyte migrotion. Fibroblosts digest
fibrin motrix ond reploce it with the
glycosominoglycon in coniunction with motrix
metolloproteinose (MMP). Extrocellulor motrix will
be reploced by type lll collogen which is olso
produced by {ibroblosts, ond reploced by type I

collogen in moturotion phose.a6

Growth foctors ond cytokines such os insulin-like
growth foctor (lGF), plotelet-derived growth foctor
(PDGF), ond tronsforming growth focror-p (TGF-

P), ore diminished in diobetic wounds.se
Reduction in levels of IGF-I wos observed in o
study of culoneous wounds in diobetic ond non-
diobetic mice, os well os in rols with
sireptozolocin -i nduced d iobetes ond in humons.60
IGF-l wos shown to induce chemoloctic octivity in

endotheliol cell lines, os well os to stimulole
kerotinocyte ond fibroblost proliferotion ond
reepithelizotion ond to increose wound strength.6l
Lermon et ol. studied the fibroblosis ond their
obility to migrote ond to releose growth foctors in
2O-week-old dbldb diobetic mice, ond found thot
lhe migrotion of fibroblosls ond the production of
growth foctors (VEGF) wos significontly reduced.62

ln remodeling/molurotion phose, which is

octivoted from doy 10 to 3 monlhs, olbumin
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serves os the moin ingredient through the body's foctor (VEGF), chemokines (nrocrophoge
cotobolic remodeling to form collogen. Collogen inflommotory protein-1o, mocrophoge
is the moin protein componenl to compile inflommotory protein-2, KC ond CX3CL1) ond
extrocellulor molrix components, then it will be tronsforming growth foctors (TGF-P) in wounded
degroded ond removed by motrix tissue. The elevoled levels of lL-lp in coniunction
metolloproteinoses (MMPs), which is on essenliol with TNF-a decreoses the expression of collogen
port of the process of wound heoling. An mRNA vio o polhwoy thot increoses molrix
obnormol increose in MMP expression deloys melolloproteinose (MMP) levels. Moreover,
wound heoling.63'6a decreosed expression of p-defens'n 2 ond 3 ond
Diobetic wound heoling is choroclerized by o increosed incidence of bocleriol infection ore the
significont reduction in collogen deposilion, moin feolure of deloyed wound heoling in
decreose in the onti-inflommotory cytokine lL-10, onimol's model of diobetic wounds.65 Moreover,
reduction in the inflommotory phose, prolonged lhere's olso o morked reduction in the
elevotion in inflommotory cytokines (TNF-o, lL-lp phosphoryloiion of Smod 2 ond Smod 3 os well
ond lL-5), octivolion of signol tronsducer ond os o morked reduclion in collogen production.
octivotor of tronscriplion 3 (STAT3), reduction in Smods ore inlrocellulor proteins lhot tronsduce
the octivotion of prolein kinose B ond nucleor extrocellulor signols from tronsforming growth
foctor- rB (NF-rB), ond decreosed expression of foclor-beto ligonds to the nucleus.66
p-defensin 2 ond 3, vosculor endotheliol growth

Table 2: and Molecular in Diabetic Wound

Moleculor ond lmmunology Mechonism of
Chonno strioto in Diobetic Wound Heoling
C. strioto hove been used os o nulritious food ond
for medicol purpose for olmosl o decode, yet its
moleculor mechonisms for wound heoling
properties ore still under reseorch. C. strioto hove
been reported to induce cell proliferotion ond
plotelet oggregolion, while omino ocids promote
wound heoling process. Glycine is required for
collogen synlhesis, glutomine octs in
inflommotion ond proliferotion phose of wound
heoling, ond orginine modulotes immune
function ond promote endotheliol function. C.
striolo contoins protein thot helps copillory

formolion, fibroblost proliferotion, proleoglycon
synthesis ond wound remodelling.ao The energy
compound such os odenosine triphosphole in C.

slrioto con decreose the heoling time.58

It wos reported thot diobetic polienls hove lower
SDF-I ond CXCR4. SDF-I is o chemokine thot
slimulotes the endotheliol progenitor cells (EPC)

mobilizotion derived from the bone morrow,
which is importonl in the regulotion of
mobilizotion ond recruitmenl of progenilor cells.6e

Supplemenlotion of C. strioto hos shown o

significont increose of chemokine SDF-l .70

Moin Chonges in Diobelic Wound References
Persislenl of neutrophils
Decreose mocrophoge octivity
Defective chemoloxis
lnhibiled prolifurotion
Excessive inflommolion
Fibronectin deficiency
AGEs occumulolion
Growth foctors obnormolity
Peripherol vosculor diseose
Neuropolhy
lncreosed TNF-a
lncreosed MMP 1 ond 9
Decreosed p-defensin 2,3
lncreosed MMP-9, lL-lp, lL-6, lL-8
Decreosed Smod2 ond Smod3
phosphorylotion
Decreosed MIP-l q., MIP-2, KC, CX3CLI
Decreosed VEGF expression
Decreosed lL-.l0
Decreosed Collosen

Al-Woili el o1.67

Al-Woiliet o1.67

Al-Woili et o1.67

Al-Woiliet o1.67

Al-Woili et o1.67

Al-Woiliet o1.67

Al-Woili et o1.67

Al-Woiliet o1.57

Al-Woili et o1.67

Al-Woiliet o1.67

Bodr et o1.65

Bodr et o1.65, Hozzein et o1.66

Bodr et ol.6s
Hozzein et o1.66

Hozzein el o1.66

Bodr el o1.65

Hozzein el o1.66

Bodr et ol.5s

Bodr el ol.6s
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Arginine is known for the obility to enhonce
growth foclors, increosed lymphocyte ond
monocyte proliferotion ond enhonced the
formotion of T-cell. ll slimulotes wound heoling by
moduloting immune ond endolheliol function.Tr
Glutomine hos role in the inflommotory response,
cell proli{erotion (white blood cell, fibroblost),
collogen formolion, enhoncing immune funclion,
ond os energy source.72

Copper (Cu) hos been known lo ploy role in
supporting myelin membrone integrity, bone
formotion, connective tissue, linking the collogen
ond elodin, ond increose Vosculor Endotheliol
Growth Foclor (VEGF) thot promole
ongiogenesis.T3 lron (Fe) hos specific function in
collogen synlhesis metobolism by procollogen-
proline diorygenose, ond iron octs os o co-foctor
for protein ond enzyme thot involved in energy
metobolism, opoptosis, ond DNA synthesis ond
replicotion.aT Zinc ploy o role in cell replicotion,
cell regenerotion, enhoncing immune response,
collogen synthesis os well os the proliferotion of
fibroblosts in proliferotion ond molurolion
phose.a8

Fotty ocids ploy role in cell membrone struclure
ond function for new cells synthesis. Omego-3
hos ontiinflommolion property, especiolly when
consumed ot o high level (> l0% of totol fot),
ond ot low level (< l0% of totol fot) con increose
immune system by increosing lymphocyte
proliferolion, NK cell octivity, ond mocrophoge
ociivotion. Omego-6, moinly orochidonole ocid,
hos ontiinflommotion property ond is reloted to
occeleroling the wound heoling process.
Arochidonoie ocid is o precursor of prosloglondin
thot con induce plotelet oggregotion ond
odhesion in endotheliol tissue which octivoting
coogulotion coscode in wound heoling process."
Vitomin A increoses the strength of scor tissue,

ond it is required for odequole inflommotory
response, enhonces immune response, promoles
collogen synthesis ond epitheliolisotion, ond hos

ontioxidont properties. Vitomin 86 is involved in

the inflommotory response ond porticipoted in the
conversion of tryptophon into niocin which helps

the wound heoling process. Vitomin B is required
for protein synthesis ond formotion of red blood
cells which supply the wound with oxygen ond
nutrients ond collogen linkoge.Ta

C. slrioto increose the number of regulotory T
cells, decreosing lhe number of mocrophoge cells
ond proinflommotory cytokines TNF-c, IFN-y ond
lL-6 ond inhibiting NF-xB in T lymphocytes
CD4+, CD8+ ond mocrophoges.3T NF-kp is o
lronscriplion foctor to regulote proinflommolory
process, therefore olbumin is considered os on
immunomodulotor ond immunostimulont.Ts
The lotesl, striolin, os o biooctive protein
component for wound treolmenl is discovered. lt
conloins omino ocids (10 essentiol ond 7 non-
essenliol omino ocids), fotty ocids (polmitic ocid,
oleic ocid, steoric ocid, linoleic ocid, orochidonic
ocid), vitomins (vitomin A, vilomin 86) ond other
nutrients (corbohydrote, dietory fiber, biotin,
choline, inositol, L-cornitine, selenium) which ore
potentiol for wound heoling by enhoncing cell
proliferotion ond increosing serum olbumin level.
It increoses the growth of fibroblost cells, reloted
lo neo-ongiogenesis ond extrocellulor motrix
secretion, needed for cell ingrowth ond tissue

development, ond cytokines ond growth foctors
production. Although does not conloin olbumin,
this biooctive protein froction occeleroting
olbumin synthesis.35

Albumin is o protein thot con enhonce fibroblosts'
proliferotion ond collogen remodeling, lronsporl
of oxygen ond minerols (zinc, copper, iron),

copoble of stimuloting TGF-Pl lo increose
fibronectin ond collogen formotion, synergizes

with Zn for cell development ond cell

regenerolion, os on ontioxidont ond os on
inhibitor of opoptosis process {or mocrophoges,
neutrophil, lymphocyte, ond endotheliol cells.76-77

Albumin increoses Prostoglondin E2 (PGE2) ond
prostoglondin D2 (PGD2) level. Prostoglondin
ploys o role in octivoling Ml -like mocrophoges
cell, which will produce lL-l which subsequenlly
stimulotes lL-6 lo increose lymphocyte

differentiotion ond proliferotion. lL-6 hos

importont regulolory function in the immune

system os o mediotor of ocute-phose response in

wound heoling process." lt is olso recognized os

on importont cytokine for T ond B lymphocyte

differentiotion.Te'80'81'82'83 Reseorch conducted by

Fouzo olso showed thot the odminislrolion of C.

slrioio extroct copsules for 10 doys os much os 3
g/doy (3 x 2 per doy) con increose olbumin
levels ond prolein intoke ond hemoglobin in

potienls with hypoolbuminemio.s0'8a'85

Table 3 of Studies of Channa striata in Diabetic Wound
ReferencesMqin effects of Chonno striotq

Collogen synthesis et ol
et ol. Telol

M.Guo et ol
Guo et ol.

Fibroblost proliferotion Guo el o M.

Guo etProteog lycon synlhesis
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Wound remodelling Guo el ol.aa

Accelerqte wound heoling process Ali Khon et o1.68, Wheeler el o1.78

lncreose Chemokine SDF- I Prodono et ol.7o

Enhonce growth foclors l-ulrworo I el ol.''
Enhonce T-cell formotion Fuliworo T et ol.7r, Dwiioyonti DR et ol./s
Linking the collogen ond elostin Rohoyu el o1.35, Hoyes GL et o1.73

lncreose VEGF Rohoyu et ol.3s

Anti-inflom motory response
Decreose TNF-q,, IFN-y ond lL-6

Doud et ol.ao, Tempesl M.72

lmmunostimulont - lmmunomodulotor Doud et ol.ao, Tempest M.72

Wolf G el ol.7e

Source of energy Tempest M.72

Cell replicotion ond regenerolion Mustqfo A et ol.3a

lnduce plotelet oggregotion ond
odhesion
lncreqse lym phocyte proliferotion
lncreose NK cell octivity
lncreose mocrophoge octivotion

Doud et ol.ao, Wheeler et o1.78

lncreose the strength of scor tissue Kemp S.7a

NF-xB inhibitor Dwiioyonti DR.75

Stimulote TGF-0,|

Antioxido nt properties SolozorJJelo1.77
lncreose Prostoglondin

lncreose olbumin, protein intoke,
hemoolobin

Fouzo et ol.8o

Fulure Direclion
There ore severol moleculor mechonisms in the
immune response thot moy be moduloted by C.
strioto. The investigotion of mony possible effect
of C. slrioto in moleculor mechonism thot
involved in 4 phoses of wound heoling hos nol
been discovered thoroughly in diobetic wound
heoling. The strolegic modulotion through other
possible mechonisms in eoch phose need lo be

investigoled in order to more understond its

complex role in diobetic wound heoling process

so lhe treolmenl con be more effeclive os o

primory or o supplemenlory lreotment. There ore
o lot of more reseorches need lo be done to
explore its theropeuticol mechonism.

CONCLUSION
Diobetes ond its complicotion olwoys become o
globol heohh problem ond its prevolence is

increosing. The comorbidites, especiolly
peripherol ortery diseose like diobetic foot ulcer is
o very devostoting problem thot con leod to
deloyed wound heoling ond moy leod lo
omputotion. Mony lreolment modolities ore used

to prevenl it ond the complicotion rote is still

higher. There hove been o vost discoveries of the

C. slrioto for medicol purpose, including wound
heoling, yet ils role in diobetic wound heoling is

still limited. The underslonding of diobetic wound

moleculor mechonisms hos creoted opportunities
lo enhonce o good heoling process. C. strioto hos

been used for more lhon o decode ond
empericolly show mony benefits. lts biooctive
componenl hos shown o potentiol role in

moduloting ond occeleroting diobetic wound
heoling process, os on ontiinflommotory by
reducing inlerleukines, ontimicrobiol, onlioxidont,
enhonce cell proliferolion ond cell regenerotion
by increosing growth foclors (lGF-1, TGF-p1) ond
fibroblosi octivotion. Therefore, C. slrioto hos o
significont potentiol role in diobetic wound
heoling monogement os on odiuvont to stondort
lreolmenl. However, lhere ore plenty olher
moleculor mechonisms thot need to be explored.
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