
C

1. 

2. 

3. 

4. 

5. 

6. 

 
 

 

 
Ori
http
Med

Med 

 

_______________
Corresponding auth
 
Department of A
Sciences, Tehran, I
Firefighters' Burn
Surgery/Plastic Su
Department of Ra
University of Medi
Department of Im
Sciences, Tehran, I
Experimental Med
Tehran, Iran 
Iranian Student S
Center, Tehran Un

 
Promoti
Derived 

Farzane Reza
Tayebeh Rast
 
Received: 26 A

Abstract 
    Background
derived mesen
repair. The pre
   Methods: Th
groups. The se
Medium (DME
sulfadiazine (S
rats were evalu
immunofluores
reverse transcr
analysis of vari
   Results: The
higher in the A
was significant
was significant
   Conclusion: 
well as increasi
 
Keywords: Ste
 
Conflicts of Interes
Funding: This stud
 
*This work has bee
  Copyright© Iran 
 
Cite this articl
Dafchahi K, Tak
Study. Med J Isla
 
 

Introducti
Burns is on

munity that h
health of peop

iginal Arti
p://mjiri.iums.a
dical Journa

J Islam Repub Ir

________________
hor: Dr Nasrin Takz

Anatomy, School 
Iran 
n and Wound 
rgery, Vancouver, C
adiology and Radi
ical Sciences, Tehra
munology, School 
Iran 
dicine Research Ce

Society for Immu
niversity of Medical 

on of Bu
Mesenc

ei Yazdi1, Aziz
tegar1,  Fatem

Apr 2021             

d: The burn wo
chymal stem c
sent study was 
he present expe
econd-degree b
EM) were inje

SSD) ointment w
uated for 21 day
scence techniqu
ription-polymer
iance and repea
e number of fib
ADSCs group th
tly lower in the 
tly higher in the
ADSCs accele

ing the express

em Cells, Secon

st: None declared 
dy was approved by

en published under
University of Medi

le as: Rezaei Ya
kzaree N. Promot
am Repub Iran. 2

on 
ne of the chall
has a great imp
ple. Reducing

icle   
ac.ir   
al of the Islam

ran. 2021(22 Dec

_ 
zaree, takzaree@tum

of Medicine, Teh

Healing Research
Canada 
otherapy, School 

an, Iran 
of Public Health, T

enter, Tehran Univ

nodeficiencies, Stu
Sciences, Tehran, I

urn Woun
hymal St

z Ghahary2, M
meh Malek1, Ta

       Published: 

ound is one of t
cells (ADSCs) 
designed to inv

erimental study
burns with a ra
ected into the 
was applied top
ys. Wound heali
ue and vascular
rase chain react
ated measures a
broblasts, the nu
han in the SSD
ADSCs group 

e ADSCs group
erate and impro
ion of the TGF

nd-Degree Burn

y Tehran University o

r CC BY-NC-SA 1.0 li
ical Sciences  

azdi F, Ghahary 
tion of Burn Wo
2021 (22 Dec);35

lenges of the 
pact on the m
g burn treatme

 
mic Republic

c);35.172. https://

ms.ac.ir  

ran University of 

 Group, Departm

of Allied Medicine

ehran University of

versity of Medical 

udents' Scientific 
ran 

nd Healin
tem Cells

ohammad Mi
ahereh Abbas

22 Dec 2021 

the health prob
have received 

vestigate the eff
y was performe
adius of 10 mm
dermis around

pically once dai
ing rate, histopa
r endothelial gr
tion. The resul

analysis. 
umber of vesse

D, DMEM, and
compared with

p compared with
ove burn wound
-β and VEGF g

ns, Silver Sulfa

of Medical Sciences

icense. 

A, Mirdoraghi M
und Healing by 
:172. https://doi.o

international 
mental and phy
ent time to pre

c of Iran (MJ

/doi.org/10.47176

Medical 

ment of 

e, Tehran 

f Medical 

Sciences, 

Research 

 
↑W
Me
wo
dif
 
→

Ad
ang
inf
rec

 

ng by Lo
s: An Exp

 
irdoraghi3, Ha
i Moayyer1, K

 

blems in the wo
medical attent

ffect of ADSCs 
ed on 36 male W
m were induced
d the burn area
ily as the SSD 
athological para
rowth factor an
lts were entered

els, TGF-β, and
d control groups
h the control gro
h other groups 
d healing by af
genes, and thus 

adiazine, Wound

s No, 1399.609. 

M, Sarvnaz H, A
Local Applicatio
org/10.47176/mji

com-
ysical 
event 

infec
port
4 sta

IRI) 

6/mjiri.35.172 

What is “already
esenchymal ste
ounds because 
fferentiation.   

→What this artic
dipose-derived 
giogenesis, st
flammation, wh
covery.  

cal Appl
periment

amzeh Sarvnaz
Kamyar Ghaffa

orld that affects
tion for their ac
on burn wound
Wistar rats divi
d after anesthe
a in the ADSC
group. The con
ameters, and th
d transforming 
d into SPSS so

d VEGF gene e
s. The results a
oup (p<0.001). 
(p<0.001). 

ffecting fibrobla
increase in ang

d Healing, Rat

Asgardoon MH, R
on of Adipose-De
iri.35.172  

ctions and inc
ant (1). Burn 
ages: bleeding

y known” in th
m cells are use
of their high 

cle adds: 
mesenchyma

imulate regen
hich lead to fa

ication o
tal Study

z4, Mohamma
ari Dafchahi1, 

 physical and m
ccessibility and

d healing. 
ided into 1 con
sia. ADSCs an
Cs and DMEM
ntrol group did n
e number of fib
growth factor 

oftware (SPSS I

expression in th
also showed tha
Moreover, the 

asts, keratinocy
giogenesis. 

Rastegar T, Male
erived Mesenchy

crease the qua
repair is a dyn

g (open or clo

his topic: 
eful in the trea
potential in ce

al stem ce
nerative cells
aster and better

of Adipos
y  

ad Hossein Asg
Nasrin Takzar

mental health. T
d the ability to

ntrol group and
nd Dulbecco's 
M groups, resp
not receive any

broblasts were e
β (TGF-β) gen
Inc) and analy

he burn area we
at the amount o
percentage of w

ytes, and inflam

ek F, Abbasi Mo
ymal Stem Cells: 

ality o f repair
ynamic proces
osed), inflamm

atment of many
ell division an

ells accelerat
, and reduc
r-quality woun

se-

gardoon5,6, 
ree1*    

Today, adipose
o reproduce and

d 3 experimenta
Modified Eagl

pectively. Silve
y treatment. Th
evaluated by th

ne expression by
zed with 1-way

ere significantly
of inflammation
wound recovery

mmatory cells a

ayyer T, Ghaffar
An Experimenta

r is highly im
s that include
mation, prolif

y 
d 

te 
e 
d 

e-
d 

al 
e 

er 
e 
e 
y 
y 

y 
n 
y 

as 

ri 
al 

m-
s 

f-

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

5.
17

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
25

-0
6-

05
 ]

 

                               1 / 9

https://crossmark.crossref.org/dialog/?doi=10.47176/mjiri.35.172
https://orcid.org/0000-0001-7434-5341
http://dx.doi.org/10.47176/mjiri.35.172
https://mjiri.iums.ac.ir/article-1-7613-en.html


 
 Burn Wound

 
 http://m
Med J Is
 

2 

eration and a
rangement of 
cess is perfor
inflammatory
tions in each 
ing, and a low

Silver sulfa
medicine for 
the many ben
a result of the
to silver poiso
ver sulfadiazi
skin and a red
ering the shor
remedies are 
healing is one

Mesenchym
accelerate the
crine and affe

Mesenchym
sources, such
bone marrow
considerable 
tissue engine
quisition and
large quantiti
tured in vitro 
ditions until t
this regard, 
(DMEM), wh
nutrients prov
extracted AD

Stem cells c
ing process by
thelial growth
amount of VE
sis and tissue
with better qu
chymal stem 
the migration
fibroblasts (10

Studies hav
can affect the
by affecting 
and inflamma
mesenchymal
growth, and 
observed in a
process (7). 

 So far, ma
covered to b
ducted on ce
healing has sh
sion would am
nisms, includ
sis, and myof

It has been
stem cells in 
and participat
and division i

d Healing by S

mjiri.iums.ac.ir 
slam Repub Ira

angiogenesis, 
f the skin surfa
rmed by the 

y cells, and cy
phase of wou

wer risk of infe
adiazine ointm
the treatment

nefits, the relea
e use of silver
oning and live
ine can cause 
duction in lym
rtcomings of 
emerging; th

e of them (6). 
mal stem cells
e wound heal
ecting cells inv
mal stem cells
h as embryon

w. Adipose tis
attention in w
ering because

d easy access
es, and abund
to be prolifer

they occupy a
 Dulbecco's
hich is rich i
vides a suitabl
SCs (8).   
can help spee
y secreting cy
h factor (VE
EGF is increa

e repair are pe
uality (9). Res
cells accelera

n of keratinoc
0, 11). 
ve also shown
e rate of inflam
the secretion 
atory cells (6
l stem cells 
healing facto
a few studies

any genes, inc
e effective in

ell pathway a
hown that an 
meliorate wou

ding increasing
fibroblasts diff
n proved that 

the hair folli
te in healing, 
is slow and ta

Stem Cells 

an. 2021 (22 De

and the regen
ace (2). The w
interaction b

ytokines. With
und healing, b
fection can be 
ment is a top
t of burns in t
ase of high am
r sulfadiazine 
er and kidney
permanent d

mphocyte coun
existing thera

he use of stem

s used in wou
ling process b
volved in the 
s can be colle
nic tissue, ad
ssue has bec

wound healing
e of its conve
s, low damag
dant sources. 
rated under th
all of the avail
s Modified 
in amino acid
le environmen

d up the ische
ytokines, such

EGF). In stem
ased. Consequ
erformed to a 
search has ind
ate wound he
cytes as well 

n that mesenc
mmation in th
of specific t

6, 12). Moreo
on the expr

ors, including 
s evaluating th

cluding TGF-
n wound heal
analysis in th
increase in TG

und repairing b
g fibroblast m

fferentiation (1
in the wound

icles and the 
but the proce

akes a long tim

 

ec); 35:172. 

neration and 
wound healing
etween skin c

h positive inter
better quality 
achieved (2).

pical and stan
the world. De
mounts of silv
ointment can

y toxicities (3)
iscoloration o
nts (4, 5). Co
apies, various
m cells in w

und areas can 
by secreting p
healing (7). 

ected from va
dipose tissue,
ome the focu
g and regener
enient materia
ge, availabilit
Cells must be

he appropriate 
lable substrate

Eagle Me
ds,  vitamins,
nt for culturin

emic wounds 
h as vascular e
m-cell therapy
uently, angiog
greater extent

dicated that me
ealing by affe
as matrix-form

chymal stem 
he healing pro
types of cytok
over, the effe
ression of g
TGF-β, has 

he wound he

-β, have been
ling. Studies 

he field of w
GF-β gene ex
by various me

mitosis, angiog
13). 
d healing pro
basal layer d

ess of regener
me to heal (14

 

rear-
g pro-
cells, 
rven-
heal-
 
ndard 
espite 
ver as 
n lead 
). Sil-
of the 
onsid-
s new 

wound 

help 
para-

arious 
, and 
us of 
rative 
al ac-
ty in 
e cul-

con-
es. In 
dium 
, and 

ng the 

heal-
endo-
y, the 
gene-

nt and 
esen-

ecting 
rming 

cells 
ocess 
kines 

ect of 
genes, 

been 
ealing 

n dis-
con-

wound 
xpres-
echa-
gene-

ocess, 
divide 
ration 
4). To 

spee
stem

Be
cells
uate
mes
para
stud
on t
an a

 
M
An
36

aged
divid
Insti
sepa
pera
hum
wate
Ethi
ence
acco
NIH
prov

 
Iso
Th

of th
(coll
shak
ADS
stem
med
(Sin
were
ward
line,
cuba

Th
gate
od to
third

 
La
Ad

lipop
tetra
Prob
of 1
incu

 O
4 se
the b
stud
as a
with

ed up the pro
m cells should 
ecause of the
s in the proces
e the effects o
enchymal ste

ameters in all
dy was perform
the healing pr
animal model.

Methods 
nimals 
6 adult male 
d 3 months ol
ded into 4 gr
itute (Karaj, I
arate cages, un
ature of the an

midity (55 ∀ 5
er. The study
ical Committe
es (IR.TUMS
ording to the ‘

H publication 
ved in 1996. 

olation and C
he ADSCs we
he rat abdom
lagenase SCR
ker for 1 hour 
SCs was centr

m cells were t
dium (GIBCO
na Darou), and
e incubated (3
d, the cells w
, placed in a p
ated under sta
he surface ma
ed antibodies o
o find the cell
d passages and

abeling of Ste
dipose-derive
philic Dil 
amethylindoca
bes). The stem
 mg/μL in 0.2

ubated (5 min:
On the day of 
ections and inj
burn with a 3

dy, tissue samp
nd investigate

h a fluorescent

cess of regen
be injected in

e advantages 
ss of wound h
of locally adm
em cells (AD
l phases of b
med to invest
rocess of seco

Wistar rats, 
ld, were used 
roups. Rats w
Iran). Rats w
nder a 12-hou

nimal room wa
5%), with ad 

protocols we
ee of Tehran 
S.MEDICINE.
‘‘Principles of
82-23, revise

Culture of ADS
ere harvested 

men and expo
R-Merck KGaA

to take out ex
rifuged at 3,50
then placed in

O), 15% FBS
d 100 IU/mL p
37 °C and 5%

were washed w
pure DMEM 
ndard conditio
arkers of cells
of markers an
ls for CD34 a
d at a confluen

m Cells and In
d stem cells a

stain 
arbocyanine 
m cells were s
2 mL lipophili
 37 °C and 15
surgery, 106 s
jected intrader
1 gauge syrin
ples were coll
ed for the pre
t microscope (

neration and d
nto the wound

of the mese
healing, we de
ministrated ad

DSCs) on his
burn repair. T
tigate the effe
ond-degree bu

weighing 20
d in the study 
were purchase

were housed i
ur light/dark c
as set to 25 °C
libitum acces
ere in compli
University of
.REC.1399.60
f Laboratory A
ed in 1985 an

SCs 
from the subc

osed to collag
A) at 37 °C in
xtra tissues. T
00 rpm for 45
n flasks conta
, 100 μg/mL
penicillin (Sin

% CO2) for 24
with phosphat

medium (GIB
ons (15, 16). 
s were exami

nd the flow cy
and CD90 for 
ncy of 80%.  

njection 
at passage 3 w

(1,1′-Dioctad
perchlorate,

stained with a
ic Dil/DMEM
5 min: 4 °C, re
stem cells wer
ermally into th
nge (17). On t
lected from th
esence of labe
(CX31-OLYM

 

division, more
d area. 
nchymal stem
ecided to eval
dipose-derived
stopathologica
Therefore, thi
fect of ADSC
urn wounds in

0- 250 g and
and randomly

ed from Pasto
ndividually in

cycle, the tem
C to 30 °C and
ss to food and
iance with the
f Medical Sci
09) and were
Animal Care’
nd further im

cutaneous area
genase type 
n an incubato

The solution o
5 minutes. The
aining DMEM

L streptomycin
na Darou) and
4 hours. After
te-buffered sa
BCO), and in

ned by conju
ytometry meth

injection afte

were labeled by
decyl-3,3,3′,3′
, Molecula

a concentration
M(GIBCO) and
espectively).
re divided into
he area around
the last day o
he healing are
eled stem cell
MPUS, Japan)

e 

m 
l-
d 
al 
s 
s 
n 

d 
y 

or 
n 

m-
d 
d 
e 
i-
e 
’ 

m-

a 
1 

or 
of 
e 

M 
n 
d 
r-
a-
n-

u-
h-
er 

y 
′-
ar 
n 
d 

o 
d 

of 
e-
s 
).  

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

5.
17

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
25

-0
6-

05
 ]

 

                               2 / 9

http://dx.doi.org/10.47176/mjiri.35.172
https://mjiri.iums.ac.ir/article-1-7613-en.html


 

 

 

Burn Woun
On day zer

mine hydroch
50 mg/kg, dia
of 4.5 mg/kg,
a dose of 0.4
animal's neck
disinfected w
Iran) (18). To
anesthetized 
aluminum pie
at 100 °C for
back of the an
sure (19). Th
confirmed by 

 
Experiment
Animals w

ADSCs, DME
Group: 9 hea
be used as a 
around the w
ADSCs in thi
dermally inje
around the w
once daily wi
was divided i
rats in each 
DMEM and 
the burn woun

 
Rate of Wo
To measure

21 photos we
using Image J
calculated wit

ൌ݋݈ܿ	݀݊ݑ݋ܹ  ሺܹ݀݊ݑ݋ൈ 100. 
 
X is the wo
 
Histopatho
At the end 

and 21 the rat
by inhaling C
epidermis and
pared and pla
drated with et
with paraffin,
ly, hematoxyl
performed. T
cal microscop
Inflammation
cells, includi
more, to obta
each tissue pi
vessels was c

nd Model 
ro, rats were 
hloride (Ketala
azepam (Valiu
, and pentazoc
4 mg/kg. Then
k were remove
with povidone-
o create a sec
rats, based o

ece with a rad
r 30 seconds 
nimal's neck f
he developme
y the pathology

tal Groups 
were classified

EM, and SSD
lthy rats with 
reference gro

wound were in
is group. The 
ected with 10

wound. SSD: T
ith 1% silver 
into 3 subgrou
subgroup. It 
ADSCs were
nd on day 0. 

ound Closure 
e wound closu
ere taken; the b
J software. Al
th the followin݁ݎݑݏ݋	݀ܽݐ݊݁ܿݎ݁݌	ܽ݁ݎܽ	݊݋		ݕܽ݀	ሾܹ݀݊ݑ݋

ound surface m

ological Exami
of each of th
ts of the respe

CO2 gas. Then
d dermis and 
aced in 10% n
thanol, and cle
, they were cu
lin-eosin and M
issue samples

pe (CX31-OL
n was measur
ing neutrophi
ain the numb
iece were eva
counted. The r

anesthetized 
ar; Gedeon Ri
um; Chemidar
cine (Pentazoc
n, the hairs o
ed and the ski
-iodine (Betad
cond-degree b
on previous 
ius of 10 mm 
was immedia

for 10 seconds
ent of second
y team. 

d into 4 main
D groups (Tab

no treatment
oup.  ADSCs 
njected intrade

DMEM grou
00 μL DMEM
The top of the
sulfadiazine c
ups (days 7, 1
should also b

e intradermall

ure on days 4,
burn wound a
lso, the woun
ng formula (2ܽ݃݁	ሺ%ሻ0ሻ െ ሺܹ݀݀݊ݑ݋	ܽ݁ݎܽ	݊݋	ݕܽ݀	

measured on th

ination 
he study perio
ective subgrou
n, a sample o
adjacent heal

neutral buffere
eaned with xy
ut into 5 μm th
Masson trichr
s were examin

LYMPUS) and
red by count
ils and macr
er of blood v

aluated and the
rate of collag

by injecting 
ichter) at a do
rou, Iran) at a 
cine; Toliddar
on the back o
in of that area
dine; Chemid

burn wound on
research (19)
(314 mm2) he

ately placed on
s without any 
d-degree burn

n groups: con
ble 1). The co

were separat
group: four a

ermally once 
up: rats were i
M once in 4 a
e ulcer was tre
cream. Each g
14, and 21) w
be mentioned
ly injected ar

 7, 10, 14, 17
area was meas
nd closure rate
20). 

0ሿݔ	ݕܽ݀	݊݋	ܽ݁ݎܽ	
he given day.

ods on days 7
up were sacri
f wound bed 
lthy skin was
ed formalin, d
ylol; after cove
hick pieces. F
rome staining 
ned using an 
d ImageJ softw
ting inflamma
ophages. Fur

vessels, 3 area
e number of b

gen deposition

  http:/
Med J
 

keta-
ose of 

dose 
ru) at 

of the 
a was 
darou, 
n the 
), an 
eated 
n the 
pres-

n was 

ntrol, 
ontrol 
ted to 
areas 
with 

intra-
areas 
eated 
group 

with 3 
d that 
round 

7, and 
sured 
e was 

ሻݔ

7, 14, 
ificed 
with 

s pre-
dehy-
ering 

Final-
were 
opti-

ware. 
matory 

rther-
as of 
blood 
n was 

mea
syste

 
Re

PCR)
VEG

W
the R
were
usin
mea
com
usin
forw
ATA
AGG
reve
and 
The 
prog
minu
anne
minu
Mor
ciate
The 
Doc
resu

 
Im
Im

Vim
The 
samp
minu
tions
Den
furth
men
antib
body
body
4′,6-
minu
chan
view

Tab
Ma
Gro
1 
2 
3 
Co
 
Tab
Ab
Par
  
Co
 
 

//mjiri.iums.ac.i
J Islam Repub I

asured accord
em (21) (Tabl

everse Transc
) for Transfo

GF 
We evaluated T

RT-PCR tech
e isolated and

ng RNX Plus S
asurement and

mplementary d
ng the PreMix
ward and rev
ACAGGGCT-
G-3, respectiv
erse primers w

5-TGCATT
PCR program

gram: First, de
utes, seconda
ealing at 57 °C
ute, and fina
reover, 1% ag
ed with the PC
agarose gel w

c (UVITEC) im
ultant bands (1

mmunofluores
mmunofluores
mentin was use

formalin pigm
ples to 10%
utes. To inhib
s were treated

nmark). To id
her incubated 
ntin antibody 
body for 120
y (ab150113,
y for 30 minu
-diamidino-2-
utes in a da
nges (the pe
wed using flu

ble 1. The Classif
ain 
oups 

Numb

9 rat
9 rat
9 rat

ontrol 9 rat

ble 2. The histolo
bramov's Histolog
rameter 

ollagen deposition

ir 
Iran. 2021 (22 D

ding to Abram
le 2). 

cription Polym
orming Grow

TGF-β and VE
nique. On day

d Ribonucleic 
Solution (Cinn
d a qualitative
deoxyribonucl
xkit kit (Bion
verse primers 
-3 ́ and 5-G
vely. Sequenc

were 5-TACCT
TCACATTTG
m consisted of
enaturation wa
ary denaturatio
C for 1 minut

al elongation 
garose gel was
CR products a
was stained w
maging was u
8, 9). 

scence Techni
cent staining 

ed to determin
ment was rem

% ammonium 
bit intracellula
d with oxygen
dentify bound

at room temp
(ab8978, dilu
 minutes and
dilution 1:15

utes. Cells we
phenylindole 

ark condition
ercentage of 
orescence mic

fication of Studie
ber 

ts 10଺(A
ts 
ts 1% silver
ts 

ogical Scoring fo
gical Scoring Syst

0 1
n None Sca

F. Reza

Dec); 35.172. 

amov's histolo

merase Chain 
wth Factor β

EGF gene exp
ys 7 and 14, t

c acid (RNA) 
nnagen). After
e analysis of 
leic acid wa

neer). Sequen
 were 5-AG

GGATCCACT
ces of VEGF
TCCACCATG

GTTGTGC-3, 
f 30 cycles for
as performed 
on at 94 °C 
te, elongation 
at 72 °C fo

s used to dete
at 150 volts fo
with ethidium
used to observ

ique 
with a speci

ne the number 
moved by expo
m in 95% et

ar peroxidase
nated water (

d antibodies, 
perature with 
ution 1:00) a
d the goat an
50) as the se

ere finally sta
and allowed t

n.  Finally, m
vimentin m

icroscopy (Ol

ed Animals 
Intervention

ADSCs) in 100 μl
100 μl of DME

r sulfadiazine cre
No treatmen

or Collagen Depo
tem (21)   

Score 
 2 

ant Moderate 

ei Yazdi, et al

3

ogical scoring

Reaction (RT
β (TGF-β) and

pression using
tissue sample
was extracted

r a quantitative
the RNA, the

as synthesized
nces of TGF-β
GGAGACGGA
TTCCAACCC
F forward and
GCCA AGT-3

respectively
r the following
at 94 °C for 3
for 1 minute
at 72 °C for 
r 10 minutes

ect bands asso
for 25 minutes

m bromide. Ge
e and interpre

ific marker o
of fibroblasts

osing the fixed
thanol for 10
e activity, sec
(DCytomation
sections were
mouse antivi

as the primary
ti-mouse anti
econdary anti
ined using the
to stand for 20
morphologica

markers) were
ympus BX61

ns 

l of DMEM 
EM 
eam once a day 
nt 

sition Based on 

3 
Abundant 

l. 

g 

T-
d 

g 
s 
d 
e 
e 
d 
β 
A 
C 
d 
3 
y.  
g 
3 
e, 
1 
s. 
o-
s. 
el 
et 

of 
s. 
d 
0 

c-
n, 
e 
i-
y 
i-
i-
e 
0 
al 
e 
) 

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

5.
17

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
25

-0
6-

05
 ]

 

                               3 / 9

http://dx.doi.org/10.47176/mjiri.35.172
https://mjiri.iums.ac.ir/article-1-7613-en.html


 
 Burn Wound

 
 http://m
Med J Is
 

4 

and ImageJ so
 
Statistical A
Data are rep

tical evaluatio
using SPSS 2
sidered as sta
for the rate 
β  gene expre
fibroblasts. A
percentage of

 
Results 
Wound Clo
The percen

in Figure 1. T
all groups fr
evaluated by 
served at the 
most wound 
wound closur
the 21st day c
SSD, 88% in
p<0.001). Th
nificant diffe
(p>0.05). 

 
Histopatho
Figure 3 ill

of the wound
days 7, 14, an
21 is ranked 
(Table 2 and 
longs to the A
a significant 
group on day
tively). 

The highes
the control gr
the lowest nu
the ADSCs g
mean ± SD; p
p=0.019 com
the rate of an
and then decr
genesis was o
and 21, which
the control gr

 
Investigatio
As shown i

groups was h
gene expressi
ADSCs and S
day 14 than d
gene expressi
ed on days 
groups). Also
ADSCs group

 

d Healing by S

mjiri.iums.ac.ir 
slam Repub Ira

oftware (22). 

Analysis  
ported as mea
on was done 
24 (Chicago). 
atistically sign

of collagen 
ession , and fre
A line chart wa
f wound closu

osure 
tage of wound

The percentage
om the 4th d
surface mark
wound site o
surface cov

re rate in the 
comparing wit
n DMEM an

he results also
erence betwee

ological Exami
lustrates macr
d surface of c
nd 21. The rat
according to 
Fig. 4). The 

ADSCs group 
difference be

ys 14 and 21 

st number of i
roup in all ex
umber of infla
group on days
p<0.001 comp

mpared with S
ngiogenesis p
reased (Table
observed in th
h was statistic
roup.  

on of TGF- β a
in Figure 5, th
higher on day
ion was high
SSD groups, c
day 7 in DME
ion was highe
7 and 14 (p

o, VEGF gene
p (p< 0.001 co

Stem Cells 

an. 2021 (22 De

ans ± standard
by 1-way an
For all tests, 

nificant. Bar c
deposition, V

equency of vi
as created for 

ure using Grap

d closure in a
e of wound cl
day. The stem
kers (CD34 an
on day 21 (Fig
verage in AD

ADSCs grou
th other group
nd 87% in th
 showed that 

en DMEM an

inations 
roscopic and 
control and A
te of collagen 
the histologic
highest amou
(score: 2.7). B

etween the AD
(p=0.043 and

inflammatory
amined phase

ammatory cell
s 7, 14 (25.5 ±
pared with co
SD). The res

peaked in all 
e 3). The grea
he ADSCs gro
cally significa

and VEGF Gen
he TGF- β gen
y 14 than on d
er on day 14
conversely, an

EM and contro
est in the ADS
p<0.001 com
e expression w
ompared with 

 

ec); 35:172. 

d deviation. S
nalysis of vari

P<0.05 were 
harts were cre

VEGF, and T
imentin mark
demonstratin

phPad Prism. 

ll groups is sh
losure increas
m cells which
nd CD90) and
g. 2), provide
DSCs group. 
up was highe
ps (97% vs 93
he control gr
there was no

nd control gr

microscopic 
ADSCs group
deposition on

cal scoring sy
unt of collagen
Besides, there
DSCs and co

d p=0.007, res

cells belonge
es (Table 3), w
ls was observ
± 0.57, 18 ± 
ntrol and DM
ults indicated
groups on da

atest rate of an
oup on days 7
ant compared 

nes Expression
ne expression 
day 7. The V
than on day 

nd it was lowe
ol groups.  TG
SCs group eva

mpared with o
was highest in
other groups)

 

Statis-
iance 
con-

eated 
TGF-

ker of 
ng the 

hown 
sed in 
h are 
d ob-
d the 
The 

st on 
3% in 
roup; 
o sig-
roups 

view 
ps on 
n day 
ystem 
n be-
e was 
ontrol 
spec-

ed to 
while 
ed in 
0.81; 

MEM; 
d that 
ay 14 
ngio-
7, 14, 

with 

n 
in all 

VEGF 
 7 in 
er on 

GF- β 
aluat-
other 
n the 
). 

Im
Th

perc
cant
seco
SSD
p<0
p<0
serv

Fig
pos
the
val

Fig
tur
ana
res
Nu
bar

 
mmunofluores
he immunoflu
centage of fibr
tly higher than
ond highest nu
D group (on da
.001; on da
.001) and the

ved in the con

g. 1. Percentage o
st burns. There i
e ADSCs is indic
lues are presented

g. 2. A. Image of
e (scale bar = 1
alysis of surface m
scence microscop
uclei were stained
r = 100 μm) 

scence Evalua
uorescence exa
roblasts in the
n other groups
umber of fibro
ay 7: compare
ay 14: comp
e lowest numb
trol group (co

of wound closure
s significant diff
cated as * P < .0
d as mean ± SD.) 

f adipose stem ce
00 μm). B, C. R
markers of ADSC

py showed Dil-lab
d with DAPI, blu

ation of Fibrob
aminations rev
e ADSCs grou
s on day 14 (

oblasts were o
ed with contro
pared with o
ber of fibrobl
ompared with

e on days 4, 7,10
ference between 
05. (1-way analys

ells at the third p
Representative fl
Cs (CD34 and CD

abelled, red ADS
lue. (magnificatio

 

blasts 
vealed that the
up was signifi
p<0.001). The

observed in the
ol and DMEM
other groups
lasts were ob

h other groups

 
0, 14,17, and 21 
the control and 
sis of variance; 

 
passage of cul-
flow cytometry 
D90). D. Fluo-
Cs on day 21, 
on 400× ,scale 

e 
i-
e 
e 

M; 
s; 
b-
s; 

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

5.
17

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
25

-0
6-

05
 ]

 

                               4 / 9

http://dx.doi.org/10.47176/mjiri.35.172
https://mjiri.iums.ac.ir/article-1-7613-en.html


j

 

 

 

p< .001) (Fig
 
Discussion
Burn woun

operation of c
this process, 
justed. In thi
burn wound h
ings, burn wo
and VEGF ge

 
Fig. 3. Macrosc
the control and 
erable collagen
 

Fig. 4. Rate of 
ance; values are

s. 6 and 7). 

n 
nd healing is a
cells and vario
the speed and
s study, the e
healing was ev
ound treatmen
ene expression

copic and microsc
 ADSCs groups: 

n fibers, as well as

collagen deposit
e presented as me

a dynamic pro
ous factors (1)
d quality of th
efficacy of A
valuated. Acco
nt with ADSC
n, the number

copic view; Hem
E, epidermis; S, 

s granulation tissu

tion in experimen
ean ± SEM vs con

ocess with the
). By interferin
herapy can be
DSCs injectio
ording to our 
s increases TG

r of fibroblasts

matoxylin-Eosin st
scar. D, dermis, 
ue are observed in

ntal groups based
ntrol group [*P <

  http:/
Med J
 

e co-
ng in 
e ad-
on in 
find-
GF-β 
s, the 

num
crea
rats 
epid
to co

In
injec
grou
labe
also 

taining and Mass
C, collagen. On d
n the ADSCs gro

d on the histologi
< .05]) 

//mjiri.iums.ac.i
J Islam Repub I

mber of blood
ases inflamma

promoted wo
dermis and a m
onventional tr

n one study, th
cting ADSCs
ups of healthy
eled ADSCs w

the epidermi

on's trichrome sta
day 21 complete 

oup. (×10 scale ba

cal scoring system

ir 
Iran. 2021 (22 D

d vessels, col
ation. In our s
ound healing b
mature dermis
reatment with 
he wound heal
s locally into

rats and diab
were not only 
is, indicating 

 

aining of burn wo
epithelialization, 

ar = 100 µm). 

 
m. (1-way analys

F. Reza

Dec); 35.172. 

llagen deposi
study, ADSC
by leading to
s, which mad
silver sulfadi

ling rate was m
o the dermal 
betic rats. They

observed in t
the ability of

ounds in 
, consid-

sis of vari-

ei Yazdi, et al

5

ition, and de
Cs treatment in
o an integrated
de it preferable
azine cream.
measured afte

area of both
y reported tha
the dermis bu
f these cells to

l. 

e-
n 
d 
e 

er 
h 
at 
ut 
o 

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

5.
17

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
25

-0
6-

05
 ]

 

                               5 / 9

http://dx.doi.org/10.47176/mjiri.35.172
https://mjiri.iums.ac.ir/article-1-7613-en.html


 
 Burn Wound

 
 http://m
Med J Is
 

6 

differentiate i
having a posi
(23). 

The paracr
keratinocytes 
examined by 
repair and in
exposure to A
ty of mesench
covering ker
provement. T
alpha 1 proco
portant collag
higher in ADS

Wang et al
the wound he

Table 3. Histop
multiple compa
 
The number of
The number of
The number of
The number of
The number of
The number of
 

 
Fig. 5. A. The 
pared with the
creased the exp
presented as m

d Healing by S

mjiri.iums.ac.ir 
slam Repub Ira

into various c
itive effect on

rine effects o
and fibrobla
Lee et al. T

ncrease in ker
ADSCs. The r
hymal stem ce
ratinocytes le
The study also
ollagen gene (
gen protein bu
SCs treated gr
l examined th
ealing process

pathological eval
arisons with cont

f blood vessels on
f blood vessels on
f blood vessels on
f inflammatory ce
f inflammatory ce
f inflammatory ce

VEGF gene expr
e control group. B
pression of TGF-

mean ± SEM vs co

Stem Cells 

an. 2021 (22 De

cells during w
n the healing 

of mesenchym
asts, known as
They investiga
ratinocyte and
results showed
ells increased 
eading to ov
o showed that
(COL1A1), on
uilding chains
roup (7). 
he effect of A
s of diabetic m

luation of the num
trol group; *P <0

n day 7 
n day14 
n day 21 
ells on day7 
ells on day 14 
ells on day21 

ression on days 7
B. The TGF-β ge
-β. C.: PCR band
ontrol group [*P <

 

ec); 35:172. 

wound healing
of diabetic le

mal stem cell
s repair cells,
ated the exten
d fibroblasts 
d that the prox
the fibroblasts
erall healing

t the expressio
ne of the mos
, was signific

ASC-Exosome
models. The re

mber of blood ve
.05) 

7 and 14. On days
ene expression in
s of the expressio
<0.05] ) 

 

g and 
sions 

ls on 
, was 
nt of 
after 

ximi-
s and 

g im-
on of 
st im-
cantly 

es on 
esults 

show
colla
high
bele
prol

In
effec
the 
and 
tribu
was 
integ
meta

A 
in h
burn

essels and inflam

Control 
7.25±0.5 

12.75±0.957
3.25 ±0.5 
40.5±0.57
30.5±0.57
21.75±1.5

s 7 and 14, the A
n experimental g
on of the TGF-β, 

wed that in th
agen in the A
her than in the
ed exosomes e
iferation (24)

n another stud
cts of stem ce
repair area, i
the expressio

uting to the w
found that s

grin genes an
alloproteinase
few studies (

healing rate a
n wounds, wh

mmatory cells on d

DME
*10±0.

 14±1.4
*5.5 ± 0
*37.5±0
*27.75±
21.75±

 

ADSCs group had 
roups on days 7 
VEGF, and Gap

he final stage
ASC-Exosome
e control grou
enter the fibro
. 

dy, Smith et a
ells cause the 
increase the p
on of its funda
wound healin
tem cells giv

nd a decline i
e genes in fibro
23-25) have s

and fibroblast
hich is congru

days 7, 14, and 2

M 
816 *10
411 
0.577 *7
0.57 *30
±0.5 *19

±1.5 *1

a positive effect 
and 14. The AD
dh genes. (1-way

es of repair, t
mes group was
up. It turned o
oblasts to help

al discovered 
 collection of
proliferation 

damental prote
ng process. F
ve rise to the 
in the express
roblasts (25). 
shown a signi
t cells in ste
uent with our 

21 (1-way ANOV

SSD 
0.5±0.577 
*17±0 
7.75±0.5 
0.25±0.5 

9.75±0.95 
17±1.414 

on VEGF gene e
DSCs group has s
y analysis of vari

 

the amount o
s significantly
out that the la
p increase thei

that paracrine
f fibroblasts to
of fibroblast,
eins, thus con

Furthermore, i
expression o

sion of matrix

ficant increase
m cell-treated
study. Subse

VA, mean ± SD, 

ADSCs 
*13.5±1 

*18.5±0.577 
*8.75±0.5 
*25.5±0.57 
*18±0.81 

*14.75±0.5 

expression com-
significantly in-
ance; values are 

of 
y 

a-
ir 

e 
o 
s 

n-
it 

of 
x 

e 
d 

e-

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

5.
17

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
25

-0
6-

05
 ]

 

                               6 / 9

http://dx.doi.org/10.47176/mjiri.35.172
https://mjiri.iums.ac.ir/article-1-7613-en.html


 

 

 

quently, fibro
dermal protei
Accordingly, 
with more co
study showed
nificantly inc
genes compa
cells on TGF
volved in the

Fig. 6. Frequenc
analysis of varia

 
 
Fig. 7. Fluoresc
DAPI: the nucle
conforming to th
 

oblast cells pr
ins and accele
in our researc

ollagen deposi
d that the pres
creased the ex
ared with oth
F-β levels an
e wound hea

cy of vimentin m
ance; values are p

cence microscopy
ei that are blue us
he cytoplasm of th

roduce extrac
erate the woun
ch ADSCs gro
ition than the 
sence of injec
xpression of T
her groups. T
nd other facto
aling process 

marker of fibrobla
presented as mean

y images to confi
sing DAPI stainin
he cells. Magnifi

ellular matrix
nd healing pro
oup was assoc
other groups.
ted stem cells
TGF-β and V
he effect of 
ors and gene
had already 

asts on days 7 and
n ± SEM vs contr

irm vimentin mar
ng. Vimentin: Fib
cation: 400×, Sca

  http:/
Med J
 

x and 
ocess. 
ciated 
. Our 
s sig-

VEGF 
stem 

es in-
been 

mea
Wha
tive 
angi
and 

In
with
ber 
nific

d 14. The highes
rol group [*P < 0.

rker to evaluate t
broblast cells usi
ale Bar: 20 µm. 

//mjiri.iums.ac.i
J Islam Repub I

asured (26). O
arton's jelly m
impact of me

iogenic and g
platelet-deriv

n line with ou
h ADSCs incr
of blood vess
cantly increas

st number of fibro
.05]) 

the number of fi
ng vimentin mark

ir 
Iran. 2021 (22 D

One of the in
mesenchymal 
esenchymal ste
growth factor
ed growth fac
ur results, wh
eases the leve
els, Lu et al r
ed the healing

 
oblasts was obser

broblasts on day
ker. Merged: the 

F. Reza

Dec); 35.172. 

nvestigations 
stem cells pro

tem cells on th
rs, such as T
ctor (27). 
hich showed 
els of VEGF 
reported that 
g capacity of 

rved in the ADSC

ys 7 and 14 in th
 merged image s

ei Yazdi, et al

7

performed on
oved the posi
he secretion o

TGF-β, VEGF

that treatmen
 and the num
stem cells sig

f the skin flap

Cs group. (1-way

 

e studied groups
hows the nucleus

l. 

n 
i-
of 
F, 

nt 
m-
g-
s 

y 

. 
s 

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

5.
17

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
25

-0
6-

05
 ]

 

                               7 / 9

http://dx.doi.org/10.47176/mjiri.35.172
https://mjiri.iums.ac.ir/article-1-7613-en.html


 
 Burn Wound

 
 http://m
Med J Is
 

8 

by increasing
endothelial tis

Several inv
ADSCs in inc
blast growth
VEGF, all of 
bed, resulting

This study 
cantly reduce
burn repair ar
evaluated infl
Necrosis Fac
healing proce
lated inflamm

In general, 
SCs therapy c
pared with oth
in the ADSC
ered and a hi
not investigat
sulfadiazine c
limits. We su
gistic effects 
the burn woun

 
Conclusion
Our study 

wound increa
number of fib
gen depositio
area comparin
conclude that
eters, acceler
lead to better 

 
Acknowled
The author

Medical Scien
 
Ethical App
The study p

Committee o
(IR.TUMS.M

 
Conflict of I

The authors d
 
 

Reference
1. Li Y, Xia WD

cell therapy fo
of preclinical s

2. Jeschke MG
mesenchymal 
Res Ther. 201

3. Razavi H, Da
in Lipid-Base
2018;39.  

4. Storm-Verslo
silver for prev
2010;  

5. Sandri G, Bon

d Healing by S

mjiri.iums.ac.ir 
slam Repub Ira

g blood flow
ssues and incr
vestigations h
creasing hema

h factor 2, h
f which increa
g in more angi

showed that 
es the neutro
rea (p<0.001)
lammatory cel
ctor-α and in
ess. The result
mation more ef

the results of 
can accelerate
her groups. F
s group, the w
igher quality 
te the synergis
cream in this

uggest future s
of ADSCs an

nd healing. 

n 
showed that 

ases TGF-β an
broblasts, the 
on, and decrea
ng to SSD, D
t ADSCs amel
ate the burn h
quality and fa

dgment 
rs would like 
nces. 

proval 
protocols were
of Tehran Un

MEDICINE.RE

Interests 
declare that th

s 
D, Van Der Merw
or burn wounds: 
studies. Stem Cel

G, Rehou S, Mc
stem cells for tre
9;10(1).  

arvishi MH, Janfa
d Nanocarriers f

oot MN, Vos CG
venting wound in

nferoni MC, Ferr

Stem Cells 

an. 2021 (22 De

w through par
reasing angiog
had shown a 
atopoietic fact
hepatocyte gr
ased vascular b
iogenesis (9, 2
treatment wit

ophils and ma
). In this regar
lls and factors

nterleukin-1 d
ts showed that
fficiently alon
f our study sho
e the burn hea
inally, near th
wound surfac
repair was p

stic effects of 
s study becau
studies to inv
nd silver sulf

ADSCs inje
nd VEGF gen
number of blo

ases inflamma
DMEM, or co
liorate histopa
healing proce
aster healing. 

to thank Teh

e in complianc
niversity of 
EC.1399.609) 

ey have no co

we L, Dai WT, L
a systematic rev

ll Res Ther. 2020
cCann MR, Sha
eatment of severe

aza S. Silver Sulf
for Burn Treatm

G, Ubbink DT, V
nfection. Cochran

ari F, Rossi S, A

 

ec); 35:172. 

rticipation in 
genic factors (
positive effe

tors, such as f
rowth factor, 
buds in the w
29). 
th ADSCs sig
acrophages in
rd, various stu
s, including Tu
during the w
t stem cells m

ng with repair 
owed that the 
aling process 
he end of the s
e was totally 
erformed. We
ADSCs and s

use of the bu
estigate the sy
fadiazine crea

ection to the 
ne expression
ood vessels, c

ation of the w
ontrol groups
athological pa
ess, and ultim

hran Universi

ce with the Et
Medical Scie

ompeting inter

Lin C. Efficacy o
view and meta-an
0;11.  
ahrokhi S. Allog
burn injury. Stem

fadiazine Encaps
ent. J Burn Care

Vermeulen H. T
ne Database Sys

guzzi C, Mori M

 

new 
(28). 

ect of 
fibro-

and 
wound 

gnifi-
n the 
udies 
umor 

wound 
modu-

(12). 
AD-

com-
study 
cov-

e did 
silver 
udget 
yner-

am in 

burn 
n, the 
colla-

wound 
. We 

aram-
mately 

ity of 

thical 
ences 

rests. 

of stem 
nalysis 

geneic 
m Cell 

sulated 
e Res. 

Topical 
st Rev. 

M, et al. 

Mo
top
ant
Ca

6. G
Ma
Su

7. Le
adi
An

8. M
reg

9. Sc
V, 
reg

10. W
Me
hea
ass

11. 
Me
on

12. X
et 
wo
tre

13. L
Sil
nan
sig

14. W
epi
epi

15. D
ov
tis

16. Z
Mu
ba

17. Z
Do
tra
Ae

18. T
A, 
cut
Ph

19. O
po
ste
Tis

20. T
Ha
ver

21. 
Al
abd
Re

22. F
et 
An

23. N
Ad
dif

24. W
adi
dia
20

25. S
al. 
inj

26. L
Sil
nan
sig

ontmorillonite-ch
pical treatment o
tibacterial effica

arbohydr Polym. 2
Gundogan B, Or
anagement of C

urgery. 2020.  
ee SH, Jin SY, 
ipose-derived ste
nn Dermatol. 201
Miana VV, Priet
generative medici
hlosser S, Dennl
et al. Paracrine e

generation in isch
Walter MNM, W
esenchymal stem
aling: An in vi
says. Exp Cell Re
Jeon YK, Jang 
esenchymal stem
 fibroblast cells a

Xu J, Wu W, Zha
al. The role of M

ound-healing imp
eatment. Diabetes
Lu L, Chen-wen
lver nanoparticl
nofiber promote

gnaling pathway. 
Worst PKM, Mac
idermal structure
idermal and derm
Davoodian N, Lo
erexpression pro
sue-derived stem
Zuk PA, Zhu M,
ultilineage cells 
sed therapies. In:
Zografou A, Tsig
onta I, et al. Imp
ansplantation of a
esthetic Surg. 201
Takzaree N, Hadj

Zolbin MM. Tr
taneous wounds 

hysiol Pharmacol.
Oryan A, Alem
tential of injecta

em cell in skin ti
ssue Res. 2019;37
Takzaree N, Has
aajiakhondi A. H
ra gel in rat. Tehr
Abramov Y, G
shahrour A, et 
dominal surgical

egen. 2007;15(1).
Fuyuhiro Y, Yash
al. Clinical sign

nticancer Res. 20
Nie C, Yang D, 
dipose-derived s
fferentiation and v
Wang J, Yi Y, Z
ipose-derived ste
abetic mice. Zh
20;34(1).  

Smith AN, Willis
Mesenchymal s

ury. Exp Cell Re
Lu L, Chen-wen
lver nanoparticl
nofiber promote

gnaling pathway. 

hitosan-silver su
of chronic skin l
acy and gap c
2014;102(1).  
gill DP. Basic 

Chronic Wounds.

Song JS, Seo K
em cells on kera
2;24(2).  
to González EA
ine. Ecancermedi
er C, Schweizer 

effects of mesenc
hemic murine skin

Wright KT, Fuller
m cell-conditioned

tro study of fib
es. 2010;316(7).  

YH, Yoo DR
m cells’ interaction
and skin tissue. W
ng L, Dorset-Ma

MicroRNA-146a i
pairment: Correct
. 2012;61(11).  
L, Qing W, Mi

les/chitosan olig
es wound heali
Int J Nanomedici

ckenzie IC, Fusen
e by transplantati
mal cells. Cell Tis
otfi AS, Soleiman
omotes hepatic d

cells. J Cell Bioc
, Mizuno H, Hua
from human adip
Tissue Engineeri

gris C, Papadopou
provement of sk
adipose-derived s
11;64(12).  
jiakhondi A, Has
ansforming grow
after topical app
2016 Jul 14;94(1

zadeh E, Moham
ble Aloe vera hy
ssue-engineering
77(2).  
sanzadeh G, Rou
istological study 
ran Univ Med J. 2
olden B, Sulliv

al. Histologic 
wound healing 
 

hiro M, Noda S, 
nificance of vime
10;30(12). 
Xu J, Si Z, Jin X

stem cells acce
vasculogenesis. C

Zhu Y, Wang Z, 
em cell released 
ongguo Xiu Fu

s E, Chan VT, M
stem cells induc
s. 2010;316(1).  
L, Qing W, Mi

les/chitosan olig
es wound heali
Int J Nanomedici

ulfadiazine nan
lesions: In vitro 
closure cell mo

Science of Wou
. In: Grabb and

KK, Cho KH. Pa
atinocytes and d

A. Adipose tissu
icalscience. 2018
R, Eberli D, Ste

chymal stem cells
n. Microvasc Res
r HR, MacNeil S
d medium accele
broblast and ker

R, Kim SN, Lee
n with skin: Wou

Wound Repair Reg
artin W, Morris M
in the pathogene

ction with mesen

Min H, San-jun S
gosaccharide/pol
ing by activati
ine. 2016 Jan 21;
nig NE. Reforma
ion of suspension
ssue Res. 1982;22
ani M, Mowla SJ
differentiation o
chem. 2014;115(
ang J, Futrell JW
pose tissue: Imp

ring. 2001.  
ulos O, Kavantza

kin-graft survival
stem cells in rats

ssanzadeh G, Ro
wth factor-β (TG
plication of aloe
12):1285–90.  
mmadi AA, Mo
ydrogel loaded b
g in a rat burn w

uini MR, Keshtk
of wound repair

2015;73(9).  
van M, Botros 

characterization
in a rabbit mode

Kashiwagi S, M
entin-positive ga

X, Zhang J. Loc
elerate wound 
Cell Transplant. 2

Wu S, Zhang J
d exosomes on w
u Chong Jian W

Muffley LA, Isik F
ce dermal fibrob

Min H, San-jun S
gosaccharide/pol
ing by activati
ine. 2016 Jan 21;

 

nocomposites fo
biocompatibility

otility properties

und Healing an
d Smith’s Plasti

aracrine effects o
dermal fibroblasts

ue stem cells i
;12. 

ein J V., Enzman
s enhance vascula
s. 2012;83(3).  
S, Johnson WEB
erates skin woun
ratinocyte scratc

e SK, Nam MJ
und-healing effec
gen. 2010;18(6). 

MW, Mitchell ME
sis of the diabeti

nchymal stem cel

, Zi-wei L, et a
ly(vinyl alcohol
ng TGFβ1/Sma
;11:373.   
ation of organize
ns and cultures o
25(1).  
J. MicroRNA-12
f human adipos
9).  

W, Katz AJ, et a
plications for cell

as N, Patsouris E
l after autologou
s. J Plast Reconst

ouini MR, Manay
F-β) activation i
e vera gel. Can 

oshiri A. Healin
y adipose-derive

wound model. Cel

kar A, Manayi A
r with topical alo

SM, Miller JJR
n of vaginal vs
el. Wound Repai

Matsuoka J, Doi Y
stric cancer cells

cally administere
healing throug

2011;20(2).  
, et al. Effects o
wound healing i
Wai Ke Za Zh

FF, Gibran NS, e
blast responses t

, Zi-wei L, et a
ly(vinyl alcohol
ng TGFβ1/Sma
;11:373.  

or 
y, 
s. 

d 
ic 

of 
s. 

n 

n 
ar 

B. 
d 
h 

J. 
ct 
 

E, 
ic 
ll 

l. 
l) 
d 

d 
of 

2 
se 

l. 
l-

E, 
us 
tr 

yi 
n 
J 

g 
d 
ll 

A, 
oe 

R, 
s. 
ir 

Y, 
s. 

d 
h 

of 
n 
i. 

et 
to 

l. 
l) 
d 

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

5.
17

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
25

-0
6-

05
 ]

 

                               8 / 9

http://dx.doi.org/10.47176/mjiri.35.172
https://mjiri.iums.ac.ir/article-1-7613-en.html


 

 

 

27. Choi M, Lee
Proangiogenic
stromal/stem c
Biochem Cell 

28. Lu F, Mizu
Improved viab
adipose-derive

29. Cao Y, Sun 
tissue-derived 
and improve p
Res Commun.

 
 
 

e HS, Naidansare
c features of W
cells and their ab
Biol. 2013;45(3)

uno H, Uysal C
bility of random
ed stem cells. Pla
Z, Liao L, Meng
stem cells diffe

postnatal neovasc
 2005;332(2).  

en P, Kim HK, E
Wharton’s jelly-
bility to form fu
).  
CA, Cai X, Oga

m pattern skin fla
st Reconstr Surg.
g Y, Han Q, Zha
erentiate into end
cularization in v

Eunju O, Cha JH,
derived mesenc

unctional vessels.

awa R, Hyakuso
aps through the u
. 2008;121(1).  
ao RC. Human ad
dothelial cells in
ivo. Biochem Bi

  http:/
Med J
 

, et al. 
chymal 
. Int J 

oku H. 
use of 

dipose 
n vitro 
iophys 

//mjiri.iums.ac.i
J Islam Repub I

ir 
Iran. 2021 (22 D

F. Reza

Dec); 35.172. 

ei Yazdi, et al

9

l. 

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

5.
17

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
25

-0
6-

05
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

http://dx.doi.org/10.47176/mjiri.35.172
https://mjiri.iums.ac.ir/article-1-7613-en.html
http://www.tcpdf.org

