[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

o) s VA G ) IA sladadon s Lot A 0,50 0 E) SR Gl (St posle o€l (St 3y oaSetily alao Il ”\/”

24S oo 3 (y9awg) 9 (BM-MSCS) ylgsciml 320 31 G g0bis s e oS 35 loyd b syl
Flow Jdo 43 93 4253 (Kb gww o35 390 53 39090 9 29 s (55>

ARRVEL VRR IR H IR PR VIR 70 VRN SVA VY SEVARVAR SEN-A VPR SRVARVRYSC I a.\:s.?:-
ey gl ol andlas 5l G ol Ko s Gl e Sy oo la il 5 (G rdde 5 i
334> (S g o35 g 3 Ol e 3l Gt 3y sk 5 pge o st I ¢ e (S5l O g L
el Sl Je 5o

LT olo go 5l Ol (S pske oiils (Sa5 oSy 6l Ol 53 o2 anlllas onl iy p s
A (S 033 VY 5V (slaesss bos 8t s (S g 5l e S VY 5 plandl 1YY Gl oLl
(05 ) ps2 25 (ol Gladshe) b o2 () kol sy s slay) e J 28 (0le s 05 ) Aals
AN Vi Gho gl 0 o sl 5HIOMEM) ool o (0505 5 90k dshe) p g (25
Lt sas YO8 lass, 55 5 S b image J Jlle 5l b o5 ol 5 AS g WS TY 5 IV
Graph Pad ,i33le 5 b bS5 Ldd 48 RT-PCR 5 IHC (gls s 2 5 Ogmle o5 S5 HE&E Cpel K, g
A5, » Tukey 5 Two Way Analysis of variance L;uoyj 5 Prism8

3 SysSus Sl pslal 53 Oy 058 b e 5 S5 Olod 058 L Slays Sl claasil
@l edalin oS 5 Oleys oS 5o Wl OIS slaaid;y pam 5 055 by Olgen (e (S sKs S
PR 5 Doy b Sadshe 5 5 55 5T OIS S (IS8 Osel i) RISy 5 LU
(P</20) 355 1l 1 TGF-B 05 Ol Olee (oo i oS 5 Oloys 03,8 30 oS 5 Olays 05,5 53 ol

03 33 4y (Ko y o35 e 5 53 Ol sae 51 Grie by Sladhe 5 O (oS 5 Oleys g S azed

2y SN Sl a4 e s 23l glles SILGE Sl ke

50 e 8ok Gd s (s o Jes dysas T eeds” olals”

jé)w J.ch L‘J.:M le.\} 5,&&
a5 S abls ey 4k

©olis Hlals “‘63}3 Q;LL/’)

*‘@')&;Lﬁf’:’ < aleoils

oSl o S 5 0lSCiils o 37T 05,5 )
Ol g s Sy p 5l

e ol (Kot i S =T
SoUE 1555 sl

*

poke ol by g1 OLLS O 1 it 0k 55
U 05,8 (S eaSls g S5

SYV-AMROY S A il

E-mail: takzaree@tums.ac.ir

oS Al 03 Ok s e sl Dl Sy g e asdde

ol Sl o ¢t::J\ Al e Slsle OWI 5 ey S

Ol Glingan 1AEL o atwsy 5 il lasl glls oS el .njfw S £ S s s V)J"f*-\ g3 4y J<:>j.» B
V.'@L.}J;_{; Sedge 1y SSUS Calby 0k SBL o Sn Olgea Sy

ol 2t 3o SOl (S g slaests Oloys  shaiaey b Sas 3 Pt 4 jzmin Lil5 e S g sl 5

I 26 o35 a3 Jsltie slatless sy (nl Lo S e ol o g (S SOl plad 53 g et S ey

Tehran Univ Med J (TUMJ) 2022 June;80(3):168-79

http://tumj.tums.ac.ir


mailto:takzaree@tums.ac.ir
https://journals.tums.ac.ir/tumj/article-1-11718-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

OllKan 5 pas pelic 5,0l A

Ol e 3l Grie Jlewiilze o5l slad sl BM-MSCs
oS 5o (SSD) 3kl sr 5 sk (PBS) ol L i
LSty (TGF-B) Ly edins ois A3, 5556 (H&E) 35l s

DMEM (RT-PCR) 1 sSae oy 3l (Slo,eis
.(Dulbeccos Modified Eagle Medium)

e8P

53 AFA4 6le OLT VY4 ole g 31 aS oo anllas ol o
Sy pske o8I (Sl saSBls gl 0 8 Wl Ul
03 5dome 53 Sl s oI5 Al 5y e VY Sl plsl 4 Ol
0o b, S el YOu=Yer gr S5 e35de 5 ole Y=§ o
S0l g Lol 5 A IS e sbas (oo bkl gla i
ol elaly sl IS5, o, p"}) slas bl a> s
eS 3 5 23S g AT Sl 3550 53 Ml
Yoy il 4 DL Sy psle oREL gy s GO
.(IR-TUMS.MEDICINE.REC.1399.598)

Wlie glaesls 1 eslinal b iged pmm 5 S80S
0> by gla e slae Sl 5 S0le 5 Jetde oS wlis
G-Power version l3le 5 5l sslizal L el il slaos S
One-way analysis of variance (ANOVA) coxss 55 55 5 3.1.7
Lol sl Analysis of variance of duplicate data s <.
Ggas pm= (V8 5 V00V N Glass, o5 258 055 Sl
JEISTRGCIPIA ] TS PRR R PIRCE) | e R PR S P
L Odey sl (LB VY 058 5 55 Oy VY Losaze) 055
A3l o0 el anlllae Chlial

Slio 215 G5 bus Lo, (S sbul shites
Calypso Ketamine HCL, Ketalar ) ;.. IS Ll IS5 0 uls
Valium, ) ﬁlﬁ)b—’ 5 0+ mg/kg Ol ;.4 (Gedeonrichter, Germany
Oeesiliy 5 Ndd ea o £/0 Mg/kg Ol 5. 4 (Iran Chemidarou
25 JS& 4 /8 mglkg Ol 4 1, (Pentazocing, Toliddaru, Iran)
Tkn Sl s 3 S g sl

G mhae s el Ol 005y Sl A sl

}('-1"3 ol s Gl 5 V00 °C ;.j)s I, Y+ mm wa

3kl Jlamtal Ola cnl 1 Lles i G3se Ol (S5
oolinal Ll Asl o 5ol Silver sulfadiazine (SSD) /) o ,&
5o b s pes (DaelileSs wile blee O Sl SY5b
el Caw as i 5 sy ol sle ool o s S
"ol b 5 aLS &b

Ol 3 Vb glail 45wl o s )T J5 ke OF 5
ol Fib e OF S s e JT U5 als (5l el 3l ol
O35 Lls Jsas b ipman 5 AL o bl 5 51 (s olie Il 3
023 e gy 3 S LS e Camiles Sy (SES I OI1 3 ol
oolital (Kot g Glaess e Sl 5 Jes Tk s
Ao Lol @l YY=8/0 Jsles PH L s .ol ol 0
Ll oL S

SIB Gk Sl eS s 0 Jee DL IS sk
s (Granulation) ¢ ;.Y $ (Epithelialization) ¢ sl .zl
wiiS s ol sad 50158 (Angiogenesis) . 55 sl
Sote sbaoley Oloys jskaeas (oo 0 ) (PTOPOlS) od sy 52
o255 Sl e srs LIl ys cpudies Vol 63 4 e5lizul 3 40
Ml e gl SLas 5 (o BAS (s 9 ls

Lo o el gladsle Ul sl gladle s
Solg 0> S ks IS Opmalidinl 5 0V HLS (S p3l
@by sladshe V338 e o5 e Lsy 3 med o
e 3 @ls 53 oS dmes ladshe (MSCS) dles 2l bl e
g el e Sl A5 4 530 5 Lsd e o Ol
Ol sre Jlantile ol ladshe Jpe 25 'dites
Mol o 5158 e e 5 s (BMSCs)

L@l e d s n (s Sl p ot S5 130w axp b
s bdsbe sl o nla 5 ool gladsbe U5 rames
A6 S Gladlas 086 &S ol Sl 5 S &35
ol S 5 el 48,5 g il )y o 1y OUT Olssen
EL e (Ko o35 el 3 edd S5 sl LSS
SRl Jen O e sole G e il
oS Jes Gl O 5l S 5 L Ole s (Synergistic)
e 53> (Ko s 055 e 5 L5, 53 BM-MSCs L s I s

355 DB sz 350 Sl

VA G IFA K olas Ao oyp0 i) Fol lys o loed oKy psle oletily (K53 0aSCtils dlono


https://journals.tums.ac.ir/tumj/article-1-11718-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

YWY

Opems) 45 Sl TS ol 3740 CBIE L S5 5 A5 S e
Oljes 4 Jes 5 13501 U5 Propolis IS uilul i 55
L3S S5 ea Ve mg

s Slidss 53 5 e O ) edias LSS sl SOSS
‘ﬁ]ﬁ}bu\.\i‘fﬂ)ﬁg@)}rﬁ#J‘)}Ab'a.:sjjama)wnﬂ‘
Sadshe zlanl Cgr ol s S Silys | gl 5 o
A3 5Bl el gl s lal Ol she Sl e ool
Sl Sl ey 5 edd L3 Ter=YO0r gr ssd 055 L sl
s lanl Kot 5y b ol jre Sl simes ) gad 5 s
A s CiS o peasis S 4 O Sl e g o 2 4]

CO2 ¥V 'C slos L 5, 5L sl Jls (Jshr (g5 DS
S 238 el Gloy Sl Slel 5 28 S 15780 b, 0
Vs S Ll St S LSS ad sl

L b b bdge ciS b LS Gy 0 2
J.T‘)JCMLS&MW ;ESV'—././\' 3 9> ASJLA))Jg)ﬁ u@.)"j
6L§J).L.u Jil”“ B Llle ujb o hn Sl S “ &LAJJJ"«\
Ll o e i b S

Yoo pl ol osls ciS sad b O geilos s 51Vl 4
L1y sler Shb ol ladsho Skt 5 s S LI PBS il
b L Obeys Coss glaes S 5o 23l bl L (a\l 31 eslaxal
e w boler Sl ool sladshe V01 is 55 L ol
ol ol 4 m5 T &'ﬂu,wﬁw}ﬁ;m@“m
Mﬁ)}&)ﬁ&yﬁ)d\}‘)}

wgﬁvﬁ-)éﬁﬂ)‘\'\ j\\/g\i e v ‘J.Lpdu)'j))J
1.46r, Java 1.6.0-20 Cambridge ) Slle Loy 5 g
25 Jsap b s aeslows o5 mla oL Image J (University

8l Cwddy (§3 50 o33 Ol 50

slias 03 055 o™ 555 03 o35 XV
(D Sk 23T

ol 555 0% 055 e

025 e S 507

Tehran Univ Med J (TUMJ) 2022 June;80(3):168-79

http://tumj.tums.ac.ir

Plain Jo oo g 4o (SR e 035 g oo Lstisl] 5 il s s (si5ln 8IS o 3 5 ac sl s BMEMSCS) i o 5/ Sicdo gl slafslow (S5 oo (ulis!

owsls 3 e 038 ey sl sl 0k 0 S e
T an S s i 55y (S g sl 53,

S 58 s sla psba (S s 5l e o,
I3l 225 05,8 s ol 0555 YV OE Vs slae,ss L
Voo il D Dlex Sl sl Jske V0T dl s, s d(Jske)
S o sl Coyen 5 oS Ll ® |, DMEM
Foa S GoF o) Skl il

Y MY Ol 405 5L S wlis) (O ) 055 02 058
AP S s 035 S5 g Wped ZBlap 555 b S Osee s
Lo S s Gl g el sy Dpes) e el

b S 058 3 A ekl S b YE CM?

Vool Sl Sl ool b Vsl 55 55 (S 5 0bes)
Sl oo Jlsll Sosea 5 008 Jler ek |, DMEM
a0k S8 Wl O Bl ey s S GF =5 Skl s addas
(D S g Wes Ll 555 U S S5 Oses 51T MY Ol
S B C s

Voo b dob sy 03 (CES Lame) polex g 05 S
Sl o Jloslml Sosen 5 03 S Sl et |, DMEM
225 Gy e SLbl s adkae

3L S a3kl ) phe) Cote J S 65 S s
G55 g S Cedlsy 5a, B/ SSD sl 51Y MY Ol 4
Sl o (JmS) dals op 8 b8 15 Ko o5
LlS Al sl Ol 055 iy 3 bt S5 8L
i S pods 5 Olandly O Lol €Lo_?} LS g
L Jlee!

o35 S 3 S sy sl Jee wslind 3y s
548 T e L3 3 5 4 Olml)3T s Wl e
335 e Y0 35555 b SHASPHEYIA UN0 ol b s
s piedd e LS a5 5l o G a3, /T
”..,\;_:J? oslatal

6))%‘»’: Ol )3T 3 s S5 SLasS 5l 55 I ssn
s S s ag O ISl o las Bosio s, b s
sl 5 Gatedd (phsland Sl 5 el S s5osleS FL
5 rSen opbipen olaes b s glsal O 05 (Job oy


https://journals.tums.ac.ir/tumj/article-1-11718-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

OLlKas y pro ulic s alb WA

fl’-""' S b S rb,.;\ Astercycler (Hamburg, Germany)

sl ey 2 8l BT 5 s 5,505 0 SSS 51 PCR Jl e

A eslaul Lshdi ejl.,\.'»‘ 9 [ .J.:j}} olalad 9

Lasl

oIl 3 pd Al 0 el S, Soslul 5l Juol= zb
3l 0L e s poler S 3 SilesT slaes 8 oS 3 1 o5 e

025 b Ol (p it (S Ss Sl slal el
3 BM-MSCst 05 L ok jlad 055 55 andllas SLL 555 02
i Olpe (e eS A sdalie alela Osee ) 038 0151
0 JS5) S wdalin S35 035 5 30

03,5 b 03 (S o35 G Aesd 2Ll @l
V lases 53 T SOV A8 OV slas, s candlas 3,4
30 3 s S eled 55 Gosmgr Ao el 0l eals 0L
SV AE O Glags, 3 aSesb 4 ol al oIl s
=S5 0o o584 b o SR Ol e Y
4 Sl Pe/ee ) Slslae M L Oy 058 e
il e ey S L

FeS il Sl pa S Aoss candlas SLL 55 o
Dt Jibe s S5 Ol slees S 4 by
SSosb 4 il J 25 Culg s 5 SlS o kol s
g OLE TN e b 035 (93 m Ao s3 (oS 5 DLy 05

HEE (50l S5 ol S8y S sl
Oloss el sles sbaes 55 i ja podal 8 I codS
035 OAE i 5 3 oy S ple 5l 2 O e 5 oS S
23S e Gt UL RS 0y S s Ko

s ANOVA Lgu}:JUT Graph Pad Prism8 SI5le 5 Sl raen
Tukey ails i glawslio glad go3l 5 sboman 5 Kruskal-Wallis
%38 e3lizel Dunn’s post hoc test

Cew gy 8 V;‘-)'J:M.)'l 5 alS by YV AWV e, oo
R S 05,5 i b b ek pes OF Skl L
Gs,e A 5 Kks wyp LS 4@ RT-PCR 5 Koy Sun
I Gy Sl L3555 el sladsbe (s
3y ey S pled 55 s b 5 Sdls s clad e
s Seo 00X 5855 L) HRE (53015 3 b Sl andllas
sebsl Sy sl 0 S S Ol Ve s 0 b (08
A5 Lol Image ) Lo s

(Masson's trichrome staining) o ss ¢35 (5 5 Sl S,y Sl
shieay i3S eslinad OIS slawd, olantl 5l
Sl gy Sl ol 3l Gase lambl 4 el
A e TV VY glass, (b oss e 64 Abramov
5 sl (505 Pl OIS s Olge 51 e S
5 Kruskal-Wallis test 3| s 5 LS oy 8L sVl S
~rﬂ’;5 o3l Dunn’s post hoc test

535 Sk Glonmis LuS1s) RT-PCR SaSs
Al 43 eslinad TOF-BL 05 Oy ooy o sbitany (o sSnn
Kiagene, ) odijle oS & ISy, &by dacsl 51 RNA
O Jsdx) co S plxsl (Germany

S8y fSeel b edd pl el RNAL (o gl am s o
Gk s Y Bl 5 ol LRNA #lsaal 51 e s 550
o k& st CONA (Fermentas, USA) odijle oS 5 IS5,
asdlles 5y b s o3zl CDNA L5 (gl PCR STy 51 o S

NEEW L.v-"};PCR J—"\f .JJJ_;)lJ_SgiLiZ_M\ J)}_AJL.:\?{

sl SN dodr

Template strand Length Start Stop Tm GC%
Forward primer AGGAGACGGAATACAGGGCT 20(plus strand) 775 794 60.03 55.00
Reverse prime GGATCCACTTCCAACCCAGG 20(minus strand) 1079 1060 60.03 60.00

Product length: 305

VA G IFA K olas Ao oyp0 i) Fol lys o loed oKy psle oletily (K53 0aSCtils dlono


https://journals.tums.ac.ir/tumj/article-1-11718-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 ]

\VY

Oz 05,5 55 Olges cpl a5 aals |y L1338, ke o i
VL S 05 S 4 Caed P/ sl OVl U S 5
Ssloe O b Oegd 038 OF 51 e 5 dls 1y Olgs
Wls S 3 S ey S L avslis j3 P<e/ro
S il gl sbdske s Sk o ces
e e o3 ey S elas s oledl o Sle i
LVE 5V sboss 5o S5 Ols es,S Ad sdalis
S A eles J,aS 6,8 4 G P<e/er ) sl O3S
rL».?): T S 3 ey P/ 0 VY 555 55 Ol ol
Shalme Ol b S 5 Oleys 05,8 ey, laenss
Shalie Ol b Ogamyd 05,5 OF 51 G 5 P<e/ee)
slaws o min Gy oS 65,8 L awslis 3 P<e/io

Al e g5t sl d sl

ol o o g 4o S g 535 g o0 Ll 5 s e 55l 5 S oo 5 sl 5 BMAMSCS) s o S Fictio gl csla s a5 Lo ol

Olzmas DMEM 5 J =S (glaoy S 55 andlae JLL 555 53
=S5 Oles glaoy S 5s a8 J s ol sy Slgdl 3
3 odd aten LolS jsbas podal (pleia O bodd Slad
Sl UK (Y S el 0ad L Je s ey
035 85 Sl el (S e oS S
LYY Sss 03 IS 5 oS5 Ol glaes S oo Osmbe
s e 0L XY 5 XV SlaS 5

ssba podal 5 edls ) Splplinl WS 5 Obys o5 S 5o
OIS glaandy ol s (HLa Il s Congy 5 0l atny ]S
Ll S 5 4 ol Ky 5 Ly e BL oS oS 5035 Ol 50
Il 5 JLL OIS slaans; 036 5 ool 5L o225 (J 28 05 8 5o
ol S s 4 ol K55 5 s (5,5 IS

VE 5o 03 ey, S pled il Can B Y s pas bl

control

DMEM

SSD

BM-MSCs

Lotion

BM-
MSCs+Lot
ion

4

|
4

A s
Py 3
s

andlas 5,90 glaog S 5o YN AV NE N Vg ‘,a.a6u;,,ub,=§syrsjch~‘5=m&ﬁ,s¢,;udu:\ Jre

Tehran Univ Med J (TUMJ) 2022 June;80(3):168-79

http://tumj.tums.ac.ir


https://journals.tums.ac.ir/tumj/article-1-11718-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

OllKan 5 pas pelic 5,0l N8

PR
i
af . §§ s
100 %%E: gii fM Ctl

TioR 58

k™ g B DMEM
S ] O ssD
> £ B BM-MSCs
[ M
3 i [ Lotion
g S0 BM-MSCs
= B+
S5 Lotion
[an]

§
olal

17 21
~ 2501
g M Ctrl ~
E 2001 @ DMEM §5°
£ 0 ssb 240
© 150 e
3 . 8 BM-MSCs 20
7 1004 O Lotion B
© 0 20
2 BM-MSCs g
é E + ‘ 510
L, B I AL Lotion o

Day 7 Day 14 Day 21 Day7 Day 14

3550058 b plaT 33 035 (53908 M3 g gt D3 ged TN s sl

MEANESEM - 5 Wosls) YV 5 AV ONE Vv ¥V & slajy, 5o addlas
ordinary one-way ANOVA s, gos 555 2 53 bl 56T .asb e
ol 05 8 b alin ;o N Codle (J S 0y S L anslis 5o F Cudle Ll
Y P<t/00 Jsles Coode N sl SSD 0 B b amslis j3 & s
Jolee e & P<e/en) dolee cude ¥ P<e/0) ol Cude

Tukey's multiple comparisons test _ulul ;5 (5 lsbas g Pt/

ASb
()
507
HCl
BM-MSCs 5 404 @ DMEM
+ Q
Lotion g 304 Ossp
O Lotion £ B BM-MSCs
1]
B BM-MSCs 220 0 Lofion
O ssp [
o OMEM 8, BM-MSCs
|_Jeii] B+
Lotion
Day 21 0

Day 7 Day 14 Day 21

055 i oled s (@) Dy b slad s 3l oRile () L@ sad i slan 5 Kle (W) Gy ,8 slan pKle S5 Slals 505 1Y ls 403
CoMe 4w P<t/0) Joles e 95 P<e/rv0 Hlabwe Oyl Jalee e &.3 BLIE) .L;Li‘-’é median+IQR > aosls) .Y 9 VeV sy, andlas 3,90

b awslie ;3 & 5 BM-MSCSHLOLION 65 8 b awylie ;5 =" CIrl 65,5 b amslie 3 =" .l o a3 8 I3 55 P<e/r00) dalae cdls jlg 5 P<2/0 ) Joles

(a3L_ DUNN's multiple comparisons test uslul 5 (5 ,lstas C""" 5 <l Kruskal-wallis test & gt 555 2 53 s bl 6T .0sL e SSD o5 8

oS 2l el 4 S e S Sl Sl o i
ol Sl aBl il ey S pled 53 YN 55 3 () Ut
4 Cod Pe/r0 (gl e b oS 5 Oless 05 S 53 Ol
52 DMEM 5 J 8 (leos S a)ls 1) Oljee cp iy 28 055
O gl ki) (65 555l inls DL 1, Llie 5 V8 5V (gl
Ve 555 31 SSD 5 Jskw O ) (S 5 Oloys laes S 53 (5)
Slate O gal alzol g LSl rin YV s 02 el 4Bl 5l
6 L pa Al o Ogemg) 03,5 OF 31 5 (oS 5 Olays 05 5 &
05,5 4 S P<o/00 lslias O] gyl S 5 Olays 03 S

Al 28

S 5 Dl OIS gy 58l (K55 stes s
ol (Bl 0V S Osendlisls,  (Neovascularization)
Y olssed 55 VY 5 V8V clags, s Abramov's (g Sl e
330 03 Wes S plad 5o () O3S ey Sl il 0l il
Ol b oS 5 Oleys 05 S 55 Olpee ol e o sl s 0530 Y
Sl Sl s e i J S 05 S L anglie 53 P<Y/00 sk
Wl oy 355 Ol S 4 YY) sy 5 bees S ples s ()
Ll s 208 53 O g 5 oS 5 Olans 05,8 53 ke ol Ay
Ssbas GBSl glyls VE 5V sladss 53 S 5 Olays s S
adllas JLL 35, 53 . A3L s DMEM 5 J S o5 8 L P<v/v0

VA G IFA K olas Ao oyp0 i) Fol lys o loed oKy psle oletily (K53 0aSCtils dlono


https://journals.tums.ac.ir/tumj/article-1-11718-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 ]

WYl ao o st (SR e o35 s o0 Lstisl] 5 sl s et 55l i€ a5 g5l s BMEMSCS) i o S Fickio (solis cslashew (S5 Slasa (o]

sdal sty SOl L 64 RT-PCR ST 51 Y)Y
e @ S Ol b lged 5 8 S8 B s
Rl boamlie 5o S5 0ls 058 5 05 Ol Rl
e}_)f b A.M.iu.a BE P<e/veny 6)|>L;.x.a c]a_ﬂ L; E) Lﬁa)jf

ey, S plas 53 () BVl S [ sSul aalllas sltzl 53

SV slaias 53 (6) Bl 0 s 1S Sl ol anl [l
S VE 55y 50 & Wil o iy oS 5 0lys oS 55
05,5 53 YY) Say Al e J S ey S LP< /00 sl 3D
Tl by @St ssba 0 NHS Sl (oS 5 Ol

RGW| wli J:.a:lS «J,LS o)JgQgL.:MJP<'/'O 6)\)[.«”

Lotion+BM-MSCs

Lotion

BM-MSCs

B

SSD

DMEM

control

BX3)

39

Ve

BX3)

Al

555 0KV b5 b s YN 518V glada, 53 )t kS len 55l b il slaey £ 3 Oy (K e g sy S gled Y JSS

(A3 o g0 ST B S35 s kiaslEs JJ O By 9 Bo s sbdl g S35 s kiasOlEs dde OISy ‘r)Juzu“ S5 odaas oL

Lotion+BM-MSCs

Lotion

BM-MSCs

DMEM

control

OLE 15 O3NS slaaady OIS) XY+ (plai 5 b 5 YN S5 53 Ogmle p S 5 5 IS0) b e laeg B 55 ooy (Ko g oy (5550 s Koo (slod Y2

Tehran Univ Med J (TUMJ) 2022 June;80(3):168-79

http://tumj.tums.ac.ir

.(M.}da


https://journals.tums.ac.ir/tumj/article-1-11718-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

o
o4
3 o Ctrl
12
c © DMEM
o3
2 m SSD
=, A BM-MSCs
< )
E * Lotion
01 BM-MSCs
g .
3 Lotion
Z 0
Day 7 Day 14 Day 21

o,

o

o

7

34

33

n

0

=1

c 27

2

=

© ;

=R

c

©

s

O 0~

Day 7 Day 14 Day 21
(o)

V,) St 53 () L b}_w"y}il;} (3) O gpml 5dza!
gt 53y P s bl LT .ol mediantIQR

Inflamation score

Ctrl
DMEM
SSD
BM-MSCs
Lotion

BM-MSCs
o +
Lotion

* » B O O

OSen 5 o pesloe s all

)

e
o cul 34 o
2]
o DMEM c o
o3
m SSD = [
4 BM-MSCs 22 .
. o *
* Lotion 2
1
BM-MSCs I8 o
o+ 8
Lotion 8 o0-ae £
Day 7 Day 14 Day 21
()
24
)
2 o Ctrl
c 3 © DMEM
'g m SSD
@
N, A BM-MSCs
= * Lotion
()
é 1 BM-MSCs
2 o+
o) Lotion
xo
Day 7 Day 14 Day 21
()

Ve

Ctrl
DMEM
SSD
BM-MSCs
Lotion

BM-MSCs
¥
Lotion

e BO 52w) YV 5 V8V (s, 55 Abramov’s histological scoring system s, 5SSl olul

Sl Jslee S ja .ol SSD 69 8 b amslis 45 =C 5 BM-MSCS+LOLION 65,8 b amslis ;3 =b (Ctrl o5 5 b awslis 43 =a .cwwl Kruskal-wallis test

MR

(43l = DUNN’s multiple cOMParisons test julul ; (g5lskas paw .ol P<2/00 jlaline

() (il

1-Ladder 100 bp, 2- Negative control (H,O) of PCR, 3- Negative control of TGF-B (Health), 4- DMEM, 5- SSD, 6-BM-MSCs, 7-Lotion& BM-

MSCs, 8- Lotion .PCR size: 305 bp

Gapdh f)l?.a PCR )“55 (é)jv\ BYD) (G) AEASYY)

(2 55, () s andllan 5590 09 8 aud oled 55 YV 55, 53 TGF-B 05 Oly PCR ,lg it K3

addlas 3,90 09 8 b led s (Internal control)

VA G VFA K olas Ao oyp0 i) Fol olsys o loed oKy psle olitily (555 0aSiils dlone


https://journals.tums.ac.ir/tumj/article-1-11718-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

ARG 4

0 Control

B DMEM
3 a £33 SSD
BMSCs
& Lotion

in
1

1.0+

=
n
1

Relative TGFP expression level

ISEEEEEEEEEEEEEEERE

lime (days)

o an 5 Jee Lol Sleg 05,8 53 0 »osdle s S eali
035 b OIS slad 5 Jdy s Sl Sl ccadly b slia
SIS 5 gbay 55 B0 slad 5 e3ls 0L (Il BB J 28
J5 06 Ol aslie shieas glanlllas cpioman o3l il
m S oS bl 055 %0 5 SSD L anlas 5o sl
T s T I35 L Olys 55 O gl iyl 3 s Sy

skea (3, Kea 5 Shahanipour L g oS Jiags s
plnil (S o35 p sl 5 e Sloss DU )
5 S5 oo sl 5 s Sl Jeily Oy 28 S
L odalie 5 oLl 53 ax)s (S g glans es Sl
G o aadl 5 Jes Olijen sdiSCils 058 55 oS
o5 Sobes ales a4 Lsadl 5 Jes oS Gl s slass S
Sl 0s 8 il SIS Olpe 5 Al S s
odiS Cibs 0,8 5l i I 0 Slas SRalS s S
2 sls olad a4

2 s 5 s 6 alie Cgr 3 5 glanlllas
S sz b 5 88 el 2bs s s 2ls glap el
3k slaes S s gl LB sl S5 5L s
Sob s stalin sl s e Lol Sl 2l 2
Pog a8 elnl JalS b Ogmlialigl 65 VE 535 02

Lok slasd o8 53 b Gl i b 5 Se Olalllas s
03,5 4 bogsp S sKs S Slalllae 53 bl Cikllan O g

ol TV 5y oo 5 S LSS B e ailr o3ie S )0 O S

Tehran Univ Med J (TUMJ) 2022 June;80(3):168-79

http://tumj.tums.ac.ir

W BMSCs+Lotion

Pl Jo 5o g 4o (SR e 035 g oo sl 5 il s s (si5ln 8IS o 3 5 ac sl s BMEMSCS) i o 31 Gicdo cgalins sl fslow (S5 oo (ol

BL) Y\ K) \i}V}JJ ):TGF-B Q} Ql:.a Q‘J.:n sl 4 3 )‘3}@3
one 5 IMaje j kwy 03 ol J5 SeMb) obejl o5 8 jid plos
59 grey B b JmS 058 amslie A3, Way ANOVA

b cuMe LP</20 ga Cwde L P<y/rre)

PRP by I laslis ooy sskie & 5 (glanlllan s
b 3 el e S 3 ey e e S 53 Jes 5 S0
sy Gy e 53 PRP 5 e 5l aslinad ileys 4l
03,5 b amlio ;3 Jus 5PRP (glaoy S 3 aSg sb 4 s Ao
Mls el (6,8 ISE L Ol izl o5 VY 5a5 3 5 J xS
233 plasil oo

O gl skl 3 ST sl (st 5l sl 3T
Slasdllas pioman i & s 3 PRP L el las Glanss
Slos Olgeas SSD 7Y 5 s 86 oLl skieas (glavslie
b e ol Jos 5 55 planil omlan sl (St s 3
5 obel 5 s Ao DG o Kos glasdllas T sls 0L
Tl Gl ) e glaes e 03 by cdly b 5SS
o 53 age S A s VL lse e 5 ed s
5 Oselbigl Ol o238 SR 5 s OselieST
sl ) sz@;-

55 o Oan 5 HAN L oS laallas b
5SSD U amlin 3 100 dpysn e 05 ASle BB 0
o ke U (S e 5 A glaes s Ol slaten
B U3 Gl b3 03 e n 5 Jee gl Bl U
Comlos 5 doys 53 gl BB Cli 5 L2 4l glaslllas

IS 05 S b anlie 53 pdsisp 5 Joe Lol Jleg 058 o5


https://journals.tums.ac.ir/tumj/article-1-11718-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

OllKan 5 pas pelic 5,0l %%

GRS 5 03 S5 eS8 S S S pslal 5l fol>
S Sl et 5 g b Jobe 5 Bo e Al sl
i JolS Hsbar (35N a0 5 Al e W5 50 g0 Sl
5o s sldsSdp K0 5 Cavn O00E FLE 5 cal el
A edalis

S5 0S4 A IS al5S5 Olge npe VE S5 03
055 i bos S ule & Cad P<o/oee) hsbae G3sl L
TGF- 05 0Ly (Rl Jdoas Kl5 om0l 5050 Zomar )l 53 O 50 )
SN Sy 3 oS 508 55 TGF-B 05 Oly o 8 3L B
sbolole 5 Kl LS 5l 6,8 5l oF s Lil5 e a5 il
plod 53 OIS sy Sl i AL OIS Gl e
s bl e a8 A o> S S es S 53 55 s p glaesss
EE L Gl & 55 ax i os Sl s Sl Sl
S el @l L s Osle ps S 65 Sl Sy 5l Jool
o3 st e 5l Sl Ol (65 5 23S, 5 LS
e C

(s om0 edel s b 4 a5 b g S e
Oorliinl ) S Sy 035 Ll Jdsar oS a3 05 s
S 0553 e 2l Gl il 5 s
bodltilze ool slad e Olojan oslital il o 53 o
b okd (St s o3 oo md 5 s 4 e Doy
Olpea Mg Codlg b gladde il 5 Sl Lo
R 3 G g0 S s G e 5 3 0 S0l Sl
P ol sl e Sldlas s 55l e slgd 5,8 3 xi
350 S0s w3l ol ladshe 5 Eom 3) 50 O g ) Lol
Aoz sl el b iy Sllas Gies 358 3 e
ey o e (o5 5

Sl Olse Cow @walbObl ol dlis ol s/l
(BM-MSCs) &l gl e ) il ool slad sl J\.SJJ Ol s
3 0> sl 5 el n (e ol 0S5 O g
Ll 2 S whade 3 Gl Je 3 53 a3 (S e 055
LS il SANPIEY 0S5 T4 L s w5 ole
Lo O s iy s 5 Koy sl oSl Soles

el 0l

el hel Bs5 b el rmes A wy JulS 5k
O} 03,8 33,5 am 58 TOF 05 0y Sial 3l L 0l 5o 8 13
Olpe i oS 5 Olss 098 5 V8 5V la 55,5 03
S YV S 03 palie cpl oS sl Ol 1y OV il S S
oSS st Ll o 4ty A 0 eSS 5 Oleys 058
Ot OIS ey oSl (i LIS ramen AL e 5 Gl
CeBlg et gl SE jpam LS ap WSS e S
o YV 5o 00 el Glad e slaad omes 23 5 s g
13 OLES 1y e o 2eS (S 5 Oleys 03 S

5 el S see RIB L sl slads
Joo iy lay St a5 L s Sl Sl S s A
B gladlas 5s LA S e > s a e TGF-B
o el Ly s 5 Ol re Jleg il glad sl
DIl RSP S e S A IS (S
e s shere s SSG s LIS, sl
AU as bl iasn imes s fol O3NS
laes Ol L SS3l Jlaiile ol gladyhe
oS S Gl laddlas s bl (Ko s

Dl s b S RISl Aol s plasn s
by sladshe 055 o3 mpiasl G5 O g e
o5 ol s plaanllas 53 Mg Ol ke Jlepdilse
O ol gladshe 5 sl oS5 L Ol s (Kot s

Sl Ve 555 5 ol sbad ke 05 5 3 ol anllas s
528 sdalie 55 g b Ol 5 sl 5 A LSS 5 0
3 S5 Obs glaes S 5l L oS8 Sl o rin
315 O &)
330 53 0B S o> S Se3ll Sl edel sy il
035 L aglie 5> S5 Oliys 05,8 6 sls L anllas L
Solsban o Glls plsld s slay 5 LS baoe (J S
5 el d sladse Hpa= LS il e P<i/ee)
S5 Oless 058 53 rmmes ASl e a5 BB s b s
03,5 4 Camd 5 P<o/ee) (goblias e Jo o5 8 4 cos
o s A el sl LB lslas Dogle §pen s

VA G IFA K olas Ao oyp0 i) Fol lys o loed oKy psle oletily (K53 0aSCtils dlono


https://journals.tums.ac.ir/tumj/article-1-11718-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

\VA

References

10.

11.

12.

13.

14.

15.

16.

Monstrey, S. Monstrey S, Hoeksema H, Verbelen J, Pirayesh A,
Blondeel P. Assessment of burn depth and burn wound healing
potential. Burns 2008;34(6):761-9.

Takzaree N, Hassanzadeh G, Rouini MR, Keshtkar A, Manayi A,
Haajiakhondi A. Histological study of wound repair with topical
aloe vera gel in rat. Tehran Univ Med J TUMS Publications
2015;73(9):660-7

Malek Hosseini A, Ghaffarzadegan R, Alizadeh S A,
Ghaffarzadegan R R, Haji Agaei R, Ahmadlou M. Effect of aloe
vera gel, compared to 1% silver sulfadiazine cream on second-
degree burn wound healing. Complement Med J 2013;3(1):418-28.
Barchitta M, Maugeri A, Favara G, Magnano San Lio R, Evola G,
Agodi A, et al. Nutrition and wound healing: An overview
focusing on the beneficial effects of curcumin. Int J Mol Sci
2019;20(5):1119.

Shahanipour K, Sadeghi M. The therapeutic effects of Aloe vera
and Honey on burn wounds in rats. J North Khorasan Univ of Med
Sci 2016;8(1):71-81.

Takzaree N, Hadjiakhondi A, Hassanzadeh G, Rouini MR, Manayi
A. Synergistic Effect of Honey and Propolis on Cutaneous Wound
Healing in Rats. Acta Med Iran 2016;54(4):233-9.

Gheibi N, Teimouri H, Kochaki R, Mehri A, Azizi SR, Kiani R, et
al. The effects of combination of honey, ostrich oil and propolis on
skin wound healing in rats. J Torbat Heydariyeh Univ Med Sci
2018;5(4):39-45.

Ali ZH, Dahmoush HM. Propolis versus Daktarin (R) in mucosal
wound healing. Life Sci J Acta Zhengzhou Univ Overseas Edition
2012;9(2):624-36.

Chen JS, Wong VW, Gurtner GC. Therapeutic potential of bone
marrow-derived mesenchymal stem cells for cutaneous wound
healing. Front Immunol 2012;3:192.

Morales-Mantilla DE, King KY. The role of interferon-gamma in
hematopoietic stem cell development, homeostasis, and disease.
Curr Stem Cell Rep 2018;4(3):264-71.

Fu X, Fang L, Li X, Cheng B, Sheng Z. Enhanced wound-healing
quality with bone marrow mesenchymal stem cells autografting
after skin injury. Wound Repair Regen 2006;14(3):325-35. 5-335.
Takzaree N, Hassanzadeh G, Rouini MR, Manayi A, Hadjiakhondi
A, Majidi Zolbin M. Evaluation of the Effects of Local
Application of Thyme Honey in Open Cutaneous Wound Healing.
Iran J Public Health 2017;46(4):545-51.

Oryan A, Alemzadeh E, Mohammadi AA, Moshiri A. Healing
potential of injectable Aloe vera hydrogel loaded by adipose-
derived stem cell in skin tissue-engineering in a rat burn wound
model. Cell Tissue Res 2019;377(2):215-27.

Wang X, Ge J, Tredget EE, Wu Y. The mouse excisional wound
splinting  model, including applications for stem cell
transplantation. Nat Protoc 2013;8(2):302-9.

Horniackova M, Bucekova M, Valachova |, Majtan J. Effect of
gamma radiation on the antibacterial and antibiofilm activity of
honeydew honey. Eur Food Res Technol 2017;243(1):81-8.
Ounagh AGh, Toukmechi A, AdibHesami M, Ebrahimzade S.
Study of the effect of alcoholic propolis extract from beehives of
West Azerbaigan against the growth of dermatophyte and non-

Tehran Univ Med J (TUMJ) 2022 June;80(3):168-79

http://tumj.tums.ac.ir

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Abbasi Moayyer T., et al.

dermatophyte fungi and analysis of its constituents by GC-MS
method. Med J Urmia Univ Med Sci 2000;21(3):206-14.
Woodbury D, Schwarz EJ, Prockop DJ, Black IB. Adult rat and
human bone marrow stromal cells differentiate into neurons. J
Neurosci Res 2000;61(4):364-70.

Khoo YT, Halim AS, Singh KK, Mohamad NA. Wound
contraction effects and antibacterial properties of Tualang honey
on full-thickness burn wounds in rats in comparison to hydrofibre.
BMC Complement Altern Med 2010;10:48.

Takzaree N, Hassanzadeh G, Rouini MR, Keshtkar A, Manayi A,
Haajiakhondi A. Histological study of wound repair with topical
aloe vera gel in rat. Tehran Univ Med J TUMS Publications
2015;73(9):660-7.

Badis D, Ouafa D. Comparative study of the therapeutic efficacy
of autologous platelet-rich plasma and honey in healing skin
wounds in sheep. Vet World 2021;14(8):2170-7.

Mashhood AA, Khan TA, Sami AN. Honey compared with
1% silver sulfadiazine cream in the treatment of superficial
and partial thickness burns. J Pakistan Assoc Dermatol
2006;16(1):14-9.

Nordin A, Omar N, Sainik NQAV, Chowdhury SR, Omar E,
Saim AB, et al. Low dose stingless bee honey increases
viability of human dermal fibroblasts that could potentially
promote wound healing. Wound Med 2018;23:22-7.

Balata GF, Shamardl HE, Abd Elmoneim HM, Hakami AA,
Almodhwahi MA. Propolis emulgel: a natural remedy for
burn and wound. Drug Dev Ind Pharm 2018;44(11):1797-
808. -41.

Han M, Durmus A, Karabulut E, Yaman I. Effects of Turkish
propolis and silver sulfadiazine on burn wound healing in
rats. Rev Méd vét 2005;156(12):624-7.

Mohi-Eldin MM, Allaam AA. Clinical and Pathological Assessment of
Aloe Vera and Propolis for Wound Healing in Normal and Diabetic
Albino Rats. Zagazig Vet J 2017;45(4):314-25.

Eryani A, Sukmawati D, Damayanti L, Angmalisang EC, Pawitan
JA. The Healing Effect of Adipose-derived Stem Cell Conditioned
Medium on Burn Wound Model. Trends Biomater Artif Organs
2018;32(1).

Soleymani L, Hobbenaghi R, Mokarizadeh A, Zare S, Delirezh N. Effect
of allogeneic bone marrow derived stromal cells on induced third-degree
skin burn healing in mouse. Tehran Univ Med J 2014;72(7).

Jeschke MG, Rehou S, McCann MR, Shahrokhi S. Allogeneic
mesenchymal stem cells for treatment of severe burn injury. Stem
Cell Res Ther 2019;10(1):337.

Aryan A, Bayat M, Bonakdar S, Taheri S, Haghparast N, Bagheri
M, et al. Human Bone Marrow Mesenchymal Stem Cell
Conditioned Medium Promotes Wound Healing in Deep Second-
Degree Burns in  Male Rats. Cells Tissues Organs
2018;206(6):317-29.

Sharifi E, Chehelgerdi M, Fatahian-Kelishadrokhi A, Yazdani-
Nafchi F, Ashrafi-Dehkordi K. Comparison of therapeutic effects
of encapsulated Mesenchymal stem cells in Aloe vera gel and
Chitosan-based gel in healing of grade-11 burn injuries. Regen Ther
2021;18:30-37.


https://journals.tums.ac.ir/tumj/article-1-11718-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

menthiy

I [ ) ] V I | Tehran University Medical Journal, June 2022; Vol. 80, No. 3: 168-179

Original Article

Evaluation of the combined treatment of bone marrow-derived stem cells
(BM-MSCs) and restorative lotions containing honey, propolis and aloe
vera in the healing of second-degree burn wounds in the animal model

Tahere Abbasi Moayyer, M.Sc.
Student.t

Aziz Ghahhari, Ph.D.2
Tayebeh Rastegar, Ph.D.!
Fateme Malek, Ph.D.!

Farzane Rezaei Yazdi, Ph.D.
Student.!

Kamyar Ghaffari Dafchahi,
M.Sc. Student.!

Nasrin Takzaree, Ph.D.>*

1- Department of Anatomy, School
of Medicine, Tehran University of
Medical Sciences, Tehran, Iran.
2- Burn Research Center, British
Colombia University, Vancouver,
Canada.

*Corresponding author: Department of
Anatomy, School of Medicine, Tehran
University of Medical Sciences, Poursina
Ave, Tehran, Iran.

Tel: +98-21-88953008

E-mail: takzaree@tums.ac.ir

Abstract

Received: 26 Dec. 2021 Revised: 02 Jan. 2022  Accepted: 15 May. 2022  Available online: 22 May. 2022

Background: One of the most important issues in medical science is the healing of burn
wounds. The use of medicinal plants has been common for many years and today cell
therapy offers new approaches to the management of skin wound healing. The present
study aimed to evaluate the the combination treatment of lotion containing honey, Aloe,
and propolis with BM-MSCs in the healing of second-degree burns in animal models.
Methods: this experimental study from October 2020 to November 2020, was
performed in the animal house of Tehran University of Medical Sciences. 72 rats with
an age range of 3-4 months and a weight of about 200-250 gr, after burns were
randomly divided into 6 groups of 12 with study periods of 7, 14 and 21 days. The
groups were as following: control (no treatment), Positive control (SSD1%), First
experimental (Stem cells), Second experimental(lotion), Third experimental(Stem cells
and lotion), and Fourth experimental (DMEM). To measure the percentage of healing
from the wound surface on days 0, 4, 7, 10, 14, 17, and 21 photos were taken and the
wound surface area was calculated by Image J software. After sacrificing rats, tissue
samples were taken on days 7, 14 and 21 after burning induction. Samples were
prepared for staining H&E and Trichrome Masson’s, as well as RT-PCR examination.
The results were analyzed using Graph Pad Prism8 software and Tukey and one-way
variance tests.

Results: Treatment preference was with the combination therapy group and then with
the lotion group. According to macroscopic and microscopic images of H&E and
Trichrome Mason, the highest amount of wound coverage and the presence of mature
collagen fibers were also observed in the combination therapy group. The results of
statistical analysis and scoring also showed increased epithelization, granulation tissue
formation, collagen deposition, angiogenesis and fibroblast cell proliferation, and
decreased inflammation in the combination therapy group. The combination therapy
group also had the highest expression of the TGF- gene. (P<0/05)

Conclusion: Due to its epithelialization, anti-inflammatory and angiogenesis properties, the
lotion has healing properties in second-degree burn wounds and its simultaneous use with
mesenchymal stem cells leads to healing and acceleration of burn wound healing.

Keywords: aloevera, honey, propolis, stem cell, wound healing.
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