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ABSTRACT

Cartilage tissue engineering, by using stem cells, scaffolding and appropri-
ate growth factors, seek to produce natural cartilage tissue to replace damaged tissue and solve the
problems that exist in the treatment of cartilage damage. This study aims to compare chondrogenic
differentiation of adipose-derived stem cells under the influence of the transforming growth factor beta
3 (TGF-B3), Kartogenin, and avocado/soybean unsaponifiables (ASU) on the fibrin scaffold in the labora-
tory and animal models.

In this experimental laboratory study, after extraction of stem cells from human
adipose tissue, induction of chondrogenic differentiation was done for 14 days on the fibrin scaffold in
laboratory. The cells differentiated in the fibrin scaffold were transplanted subcutaneously under the
skin of male rats for two weeks. Then, comparison of histological and immunohistochemical studies was
performed in both laboratory and animal models.

[T A significant increase in the density of Toluidine blue dye accumulation was observed in TGF-B3,
Kartogenin and ASU groups in the animal model compared to the laboratory model. Immunohistochem-
ical results for the collagen type X accumulation in the TGF-B3 group showed a significant increase in the
animal model compared to the laboratory model. In the Kartogenin and ASU groups, the accumulation
of collagen type X showed a significant decrease in the animal model compared to the laboratory model.
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Extended Abstract

Introduction

rticular cartilage is a highly specialized

connective tissue with no blood vessels,

lymphatics and nerves. It is morphologi-

cally characterized by a small number of
chondrocytes that are responsible for the production,
organization and protection of the extracellular matrix.
This tissue has minimal compensatory potential for in-
nate healing and repair. It is degenerated with aging, se-
vere weight bearing, trauma and joint disorders such as
osteoarthritis. In tissue engineering, the use of biological
and engineering principles has led to the development
of functional methods for replacement of damaged tis-
sues. The tissue engineering has been able to provide a
lot of services in regenerative medicine and regenera-
tion of human body tissues with the progress in the ap-
plication of material engineering, stem cell extraction,
cell signaling, and transforming growth factors (TGFs).
The TGF family belongs to the family of biologically
active chemicals that are very useful in cartilage tissue
engineering. TGF-B3 causes the production of extracel-
lular matrix in cartilage and leads to an increase in the
synthesis of sulfated glycosaminoglycans. Despite the
positive effects of this growth factor on the differentia-
tion of stem cells, several studies have shown that it can
also increase the expression of collagen gene type X in
the chondrogenesis process.

The small small-molecule compound Kartogenin has
recently been proposed as an induction factor in cartilage
tissue engineering, which increases the expression of
genes involved in chondrogenesis, such as SOX9, type
II collagen, and aggrecan. natural products can be safer
than prescribed medications and have less side effects.
For this reason, there is great interest in the application
of herbal medicine for treatment of diseases. The avoca-
do/soybean unsaponifiables (ASU) consists of one-third
avocado and two-third soybean. The main components
of ASU are phytosterols B-sitosterol, campesterol and
stigmasterol, which are quickly absorbed into the cells.
ASU is a complex combination of various fat-soluble
vitamins, sterols, tritetrapene alcohol, and furan fatty ac-
ids. Moreover, it has a positive effect on osteoarthritis
and inhibits cartilage fracture and stimulates the produc-
tion of collagen and Aggrecan by inhibiting a number
of molecules and pathways involved in osteoarthritis. In
this study, we used Kartogenin, ASU, and TGF-3 for
chondrogenic differentiation. The goal is to find a suit-
able compound with good chondrogenic differentiation,
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reasonable price, and no harmful side effects such as hy-
pertrophy and reduced viability of stem cells.

Methods

This is an experimental laboratory study. After extract-
ing stem cells from human adipose tissue, chondrogenic
differentiation was induced for 14 days on fibrin scaffold
in the laboratory. The cells transferred to the fibrin scaf-
fold were classified into four groups: (a) Control group
(cells affected by chondrogenic differentiation medium
without growth factors), (b) TGF-B3 group (cells affect-
ed by the chondrogenic medium containing TGF-33 at a
dose of 10 ng/mL), (c) Kartogenin group (cells affected
by the chondrogenic differentiation medium containing
Kartogenin at a dose of 100 nmol), and (d) ASU group
(cells affected by the chondrogenic differentiation me-
dium containing ASU at a dose of 10 pg/mL). To in-
vestigate the changes of fibrin scaffolds and differenti-
ated cells in an animal model, after separating stem cells
from adipose and then cell culture up to passage 2, fibrin
scaffolds and stem cells were differentiated for 14 days
by using chondrogenic medium containing the above
mentioned factors. After the fourteenth day, scaffolds
containing cells were transplanted under the skin of
male rats. At the end of the experiments, after anesthe-
tizing the animals, sampling was done. For histological
study of different groups, fibrin scaffolds and cells were
put in 10% formalin solution. After 24 hours, the fixed
samples were placed in the tissue processor and, after
passing through the stages of dehydration and clarifica-
tion, were molded in paraffin. Then, a 5-micron sections
of the blocks were prepared and stained for histology,
histochemistry and immunohistochemistry studies. To-
luidine blue staining and Safranin-O staining were used
for histological examination, and immunohistochemical
technique was used to prove the presence of type 2 and
10 collagen proteins in the tested samples.

Results

Comparison of toluidine blue dye accumulation den-
sity showed the increased accumulation of proteoglycan
in all groups in the extracellular matrix of animal model
compared to laboratory conditions. This increase was
significant for the TGF-f3, Kartogenin, and ASU groups
(P<0.05), but was not significant for the control group.
Comparison of the density of safranin-O dye accumula-
tion showed an increase in all groups in the animal mod-
el compared to the laboratory model, but this increase
was significant only in the ASU group (P<0.05).
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Regarding the immunohistochemical results of colla-
gen type 2 and 10, the accumulation of diaminobenzi-
dine (DAB) color in the groups which indicates the ac-
cumulation of collagen type 2 in the extracellular matrix,
was found in all groups, but it was not significant in any
groups. The accumulation of DAB color in the groups
which indicates the accumulation of collagen type X
in the extracellular matrix, was found in all groups. In
the TGF-B3 group, the amount of collagen type X ac-
cumulation in the animal model increased significantly
compared to laboratory model. However, in the Karto-
genin and ASU groups, collagen type X accumulation in
the animal model significantly decreased compared to
laboratory model.

Discussion

Compared to the expensive growth factor TGF-B3,
Kartogenin and ASU are able to induce chondrogenic-
ity in adipose-derived stem cells, where the effect of
Kartogenin in 14 days seems to be higher compared
to ASU. On the other hand, the inhibitory effect on the
expression of genes involved in ASU hypertrophy is
greater than that in Kartogenin and TGF-B3. The results
of animal models indicates that the implantation of dif-
ferentiated cartilage cells in the laboratory environment
before transferring to the lesion site can help to mature
and complete the features of the constructed cartilage.

Ethical Considerations
Compliance with ethical guidelines

This study has been approved by the code of ethics
IR.MUI.REC.1395.3.176 in Shahid Sadougi University
of Medical Sciences, Yazd.

Funding

The article is taken from the doctoral thesis of Moham-
mad Ali Izadi - Department of Anatomical Sciences -
Isfahan University of Medical Sciences and was funded
by this university.

Authors' contributions

Conceptualization: Betul Hashemi and Ali Valiani;
Methodology: Betul Hashemi, Hamid Bahramian and
Ebrahim Esfandiari; Written by: Majid Pouratzari,
Mohammad Ali Izadi and Betul Hashemi; Editing and
finalization of the writing: Mojbod Pouratari, Betoul
Hashemi, Hamid Bahramian and Ebrahim Esfandi-

June, July 2022. Volume 21. Number 2

ari; Visualization: Betul Hashemi and Majid Pouratari;
Sources and funding: Mohammad Ali Izadi.

Contflicts of interest

The authors declared no conflict of interest.

Hashemlbeni B. et al. Comparison of Chondrogenesis Induction by TGF-f3, Kartogenin and Avocado/soybean Unsaponifiables. JSMJ. 2022; 21(2):264-277



https://ssu.ac.ir/
https://ssu.ac.ir/
https://mui.ac.ir/fa

Y o)l YY) 0y90 .VF+) 1 g olo 5 S -
s gu—=

iRy} Allie

U 0100y o y 5935’8 31 03Mian! Uy Sl 9 (Ao ] Juko 95 (o 3959,5" (S0 dam e
Lguv/ 93U 991 9 (3395, Y

Mgzl dome® ¢ plelyte dren ¢ Vg bidl panlyl ¢ oWy o Tonnl edeme ¢ Ny el Jo

el ol 525 pale Al 55 o0l g st 5 S 095 )

Ol 05 03 (SBoho St (Kb oo LAy ¢ Kby 0uSLtils ¢ v 125 pgle 9 (Tplsms 09,5 ¥
Oyl 652 053 (Bguo At Sloyd Slads g Sy pale oLl ( Sz 0aSLiils 6033 1 )5 gukly y98 Dlinions 35,0 Y

Use your device to scan
and read the article online

[SETLTT Hashemibeni B, 1zadi MA, Valiani A, Esfandiari E, Bahramian H, Pourentezari M. [Comparison of chondrogenesis induction by
TGF-B3, Kartogenin and avocado/soybean unsaponifiables between laboratory and animal models (Persian)]. Jundishapur Scientific
Medical Journal. 2022; 21(2):264-277. https://doi.org/10.32598/ISMJ.21.2.2296

d https://doi.org/10.32598/JSMJ.21.2.2296

0 S-
By paé Zly ol 300 cslin iy (518535 5 Sl (53l (sla ok 3l oolin s abypad il gwariges
Byl 3y 80 39279 B9 pa (Slaagan] Lo yd yams 184S ) MK itn g 994 b Spo] By i By 4 5Kyl ilg2y U sl gapulo
28 ol g 2l 3] e g8leis sl sl e pe> Jobo g oalKitslos] Ly duslie (B ol 3l o S
ol (o o g2 ol 930S 90l 5 (r23595,15 ¥ iy 0010205 0 sl 9258
2y S35 5ala5 (Sl o sl oy il 5 ol (sl s il 5 g sty ooSetoles] anlliae oyl o IEPIPEPEETY
P 525 039001 4 yred Camny o 30 45l a5 (6l Jolaos 3 s el K2l nuomo 0 (o ped Camns J0 (535 2 59, F e
o> 9 A 2lel Joo ¥ 30 sordiginmspyise 5 (55el5mmnt Slo g dunilio it Sigey a3an ¥ Sidody 55 o g
gl
Ja 50 gesl 5315 951 5 3355 IS ¥ iy 00100 005 0y 197516 (gloog 5 10 5l (rdaflys S, gooms a5 folime 253
013,35 0 19358 09 10 )+ 93 IS sordgtunstgisasl alts b bl 15 0 osaltie AIS Ll Juto dy s g
9 39S 00,5 4 Lal el s (5 foline Bal3dl AR 8Le3T Laal s ) s o> Jao 10 S £0i il e e ¥ L2
e 0000 Lt (5 loline (alS  alRtlosT Lasl o 4 s gun Joo 38 V+ £5 (IS 2oz dygad 90599 09,5
s g5 gn & gy 25 ¢ Ji ] 8 S Les] daoma 3 45l 05 g oo ol CBIS cad ool L S IR yvan iy i

S oS oubtils B9 pad sl Sy b S JelS g ol Voo Caligusd ) o8 sy g b

59758 o peed sty 3 Beo (930ets (S Jols diguod 5018 a5 ey IS ¥ Ly oins it oSO ETIENG 1P ol 3 W s lanl o 6

e covovevceccosesrononececrcronsenonsesesessssrsrsssssessrossesessssesonsssssessssssrsrsesesessrsesossssssessssssrsssssesessrsesesessssesossssrsessssssrsrsseetetsesesossrsesesssstsroresectetsrsssesersrsessssrsrsranans -
1] ghanno oy 93

‘_g)Ué:.ﬂ”g Saxo

(P pgle 5 (S3elam 09,5 Kby 0uSaily ) (g e (S pole olStils 03 1L
+AA QYY) VOPOPOY 1 oals
m.pourentezari@gmail.com :asbb/,



http://jsmj.ajums.ac.ir/
https://jsmj.ajums.ac.ir/?lang=en
https://jsmj.ajums.ac.ir/?lang=en
https://doi.org/10.32598/JSMJ.21.2.2296
http://jsmj.ajums.ac.ir/?lang=en
https://www.orcid.org/0000-0001-7549-4672
https://www.orcid.org/0000-0003-2282-840X
https://www.orcid.org/0000-0001-6436-5672
https://www.orcid.org/0000-0003-3093-5547
https://www.orcid.org/0000-0002-8796-0359
https://www.orcid.org/0000-0001-9656-2355
mailto:m.pourentezari%40gmail.com?subject=

4 uired A ija.c 5 Solw C)l" u‘&iflﬁ A:J,;
Dgd oo yrin dildlgu (Gl S giel 19SS i ol
ool pled oy ;9356 pulaS oute OlSG e, e
Wgy 50 Alg go sl 00ld yLid (6 by Silalllas o )l> ol
1) X g oD ¢35 Ol 359,055

SuSB Glyedy 0355 JoSge SzgS 50 0394
LY) 45 ol ol C).la.c Lfajfa'é st P P L;,LEJl
Jho o K 5 gl 0yl L (55500 5 Sliudos
Juate 5351 ale 4 Jlasl b opui5ei 18 a8 bl Yo Y
a g9 opedld 3l Jale oyl o ol3T el Ly atn 4y oaigis
Je o5 ol alesys o RUNXL 35T o Uw 5
lodsbs jo (0,515 Y gg8 IS < SOXI Ja 5339 ,08
IA] 09 o 2l yoeo Sige gl i 5l i 6.>L,...,

LV s 2ul38l 5

Lgws pgwgd 5 995l pounSy 3l LigadgolSgsl S5
S g isgnd LigedolSTs9l (Lol (gl sl o0l JoSts
445 " g alaSinl 5l g asgiiansns g phangalS
Slodazny <S5 Ligad 535 991 g o0 3l La Jbus 55 S s
I 555 ol oz 50 Jolone slacalivg eled 5
otalosl 1o ity lallae L] el o198 0y (sloansl o
Al cailttsl y Lgad g0l g5l am0 o (it (Jlge> Joo 9
G 3l 5 9 o0 By pad (SaSh Jlge Secly 9 310 (Ste
S lgtid 10 50 sl e 3 o J5Sse 5l ol loe
Iv-Tog oo 0815 3I5 adgs S o5 sy
ad) 55l LgulsolSssl uifgi)s 5l adlllas ol o
a0 oolits] SKi5q,iS lad sl ¥ L adind s
Sl b oo (oS 5 (8L (S 5 Gl 5l eolicisl 5l San
il S il g ceslis Cuand wgs Sidfe S siled
63k ol (lns) 21575 (39 5 pale Sloml Jio pae

LW PX) 9

st 09

§3leiz S gl adgl CulS g (giluliz ot Bl and
2l ) m st b 5ot Jshoo ki sl

dbgls JLo YV B ¥ g ogasms b jla ¥ 3l aslicyls,

Ve e ds gl o 07 Sl digal o Sudlyginegadd (>

ol ysSB dlg) o syl byl L Coi g ubagi p S Y U

S pole on,F ol S €l 4 il o

1. TGF-p3
2.«Campesterol

3. B-sitosterol
4. Stigmasterol

Y o lous YY) 090 .1F+) 9 .>|.>)9'

.

LVRUTY

Goye 3 oa polaisl Ly wied il o laie By
Sl olass b (S5eled jee Hhaisl a5 conl Clasl 5 8 ¢ So>
I cbli> 5 aalole Wiy Jotus &5 (placoug,usS
Jolas sllo «dly sl 0gd oo hmogi il Joloo 7)o
o ORI L g Sl (G msa 3 g Sgnte sl Sz Sy
Ca gl aile lade SIS ¢ Logyi oy39 sy Jaxs
Joel 5l oolial «edly pwaige yo [N 098 oo cygmnil 5o o
S GORS (Shy) (S drsg dyowidige 5 oulidans
B i Lo ady ol ol 00 jouie sdsdca] (slacdls
sl ol zlzenl wlge cwdige 8,150 Cd oy b 0l 0>
6oL Slons dilys il (gl )9S 5 Jokos syl es5lity
a plodl ol ¢y (glacdly (g3lojly g (sown i (S diay
Sl ploys slp e oy S plyiedr (b guiigs
4 Sl Slocily dom 0 g 13 Lo 5 45 998 o0 igauine (Sl
I¥] ol assls 8, alises oy

4 Sy ) 17 3l ) Weest 3 e 50k slagles
1y By 5 lgiasl e stz sl Johos 41 3aled g5 g iyl o o
ol slagho dr s b Jshos ool (665,54 sllje 51l
JU pas gy o) Sy oy <L,5 93l gy 41 plgiism S
Lo glor cnl 3l oaliul yo (gl gt s o STy (slacs o
b olyos Jobos (slacsily ;0 e (Ysb (5l 4 3L pae
5 0% Jpofl e Grizpad 255 o) Lil il (sloanzo b0
o 53 sl ol ) Comd CutS lagme yo oyl ity iS5
I¥T agyisn o s T Koo (sblje 3l

hlizee glol Loy wuly (gondilie (g0l slosls lod
oy Jalge il cnl 53 oS 098 Bl Gy 5 (S8 S Jalge
2l Jub st by Jale cnl il |y 3G ooy
e g iS5 650,20 Wil oo &S Al (o Jauwgs oSS
Shr iung JJnl 9w @ulas | s Bgpa 4y Joloo
Jolse podle i) Jlads 4y oariSlol (S 9 <l quiige
o)lac 3 Szs5 lasSge b alag)ls 3l olizul 09l (395
A0S gy 2)l5 (Do pad Sl quiigs y Cilidia (lalS
SlygiSh e lse 98B (4391 (e yedyd g Oy pedle
[f] wzs slad o,
cé‘,ﬁlﬁ- 4 él.:.:.n L EXCE LJUUEL BN ) )53515 S))J cébﬁl&
e ey 45 wiud Sofelsn JLd (aliend Slge
b g Vo 3 o Lyes LO] 0 0,8 lowy By iy
oS 5 u.al&b.s L:aJ,l...)a ) 5300, S Y g Vegioni S Y
O byl .aied o oylo ol e 4o 4T ol oal anslis
oyl el pogdle s o gs‘?l“' 52led 5 3901 ST 50 st
Il stn 12550 tasl pitasas 9 oo 452 a0

U/ 53051 9 (339715 ¥ U 043003y sy 5956 5 0listast U Sl 9 (BURNEILoT Jobo 9 (o 359,08 ST dummlil 5 SK02 9 2 (oo St

YA



http://jsmj.ajums.ac.ir/

Y o)Ll .Y 0y90 VF+) pi g o105

D] a5 g ol 3 sl a3 A+
Oig pudatg

om0 45 sl sl (95 ST 5l cryocipitate aw,S
god Feieas aopd Ve JIL S (2 )15 gl b g8
Seslital b o5 125 50 9 Jayiesl Ll o o (9,0 Sagions

DT was (6 g5 o5 iilo a0 -A+ (slas

halojl (slaog,5

i 54 09,8 F 10 s perd Sl 4y il Jlal gl Joles
0D (Gddiwd 23

porse ;SGCS 09, ol 55 aoh (JyuS 098 )
S o0 B (sl 518 B Sy pS

09,5 Ol ) o Jobus ¥ Ly 0aims et o) )5S 09,5 .Y
YL 00 psd aidy 593516 (g1l Siiga S pgaie puiliceos
IV 5,8 o )15 2 o 2 o536 Ve e

S8 pgata slicodonS il ol Jahuoiaiiph S og 5 Y
IVF 528 a8 gmgili Vo ym i S sl

porse il 0g)S ol 59 o Jolo diguadgolS gol 09,5 F
2 595 Ve Oliee 4 Lgwl gl ggl (glls Siisg uas
IV 55 e 15 e

2] 20 (190 Cumwigy 33 5 St jId CudlS' (109

ook 9 (rymd Comp)ls DS pwyp jelate 4
slodsle 50,5 x5 G (Slge> Joo po aBliples
el ¥ 5l dl>1o b Johw caS 5 252 3l g0l
pore b 5aleS Co 59, VP ey gl slo sl 9 02 508
VE 5l )5 18 aadioly (slaygS (gol> S iS
o S ge Cusgy 5 4 Jsh ol glacau s 5o,
P slyeo ey Vo dlawd wdan ol (gl y aazdly el
i3 Olinions 35 50 3l 0,5 Voo B YO 90 359 b &L
Gl VY Ll o e S Sl 5 55l 5 ekl
Qolslywu.&& Lg)b.e‘ii ‘:Swls el VY g gsil-l-‘i’j)
3l Wl jle 45" ol s 6 B 09,5 ¥

JFS 09,8 (lateds S piS poacke 53 Johus g eyl

ol ,5551 ol pgrae b aidly HleS Jolu g Camls ¥
Felon 25 )+ 50 Y i oaims s

390 o5l ol pgate b il ppled Jol g Cunylo ¥
Jge glb Ve e

)%l_w SS—>

2 dil By Cod qgyz dges Gl g 2l Jlal
Oelles 3l ad Jolora b 4 pe ¥ oF S el 090 5
5 St Sacdl Sl ax 15 g ud ool ggennds Tl
4 A g9 ) U puil il b oz b 5l s g0
s D 03933 Sl 4y 0,5 0 gl 4y p S e V e
43955] 4B FO oo 4y 0l 5 il a0 YV (gles jo ladiges
Sl yobaiads (2l JolS 525 5| lipadsl 3l un i

s AL| 5 CtS ame i IS4 o 31 oo o 3]

VEeo) Jolo fpgmmilomgar (3955 Sonds il b aclal s

S ok b olyon o9y asle (4,80 V + Sonedy 42 Bd 10 4950
ol S 4 okal sy Jolos Cogusy 9 0B 4l o1y
5 Jshos 3l TVO CSudll ol s i 0938l CedS Laoea
YY) il Ll b Jshas a5 5igSi 4 ot ngons
(s Sagboy 9 52,5 SamaST (69 o0 B WIS il d o
(Lol sla sl el V¥ s s g b it Jiio
RS J-‘l{ s jgeods Sudld pgse (slgsizms 59, 1 50 5 4SS
o el sadlas gla Jolw adgl caS wod 5 ppay ol
i 1, bl g 5 il 2555 Loy 3,V 5 B

I s s
$Oh (sl gl ;0535 g 5Luly

S0 )3 A+ Jolao Jlidl g aol cosS y ool 5u3S5 5l
S Lape (slyione bt (Jolu Sluly jolaieds (D S
Al Slawd 2l dee VL L Y baJsho 5 dlss TV Ll
gt Jptone sl sl ¥ odind gt o il (yells
A8, ¥ Cide 4y 9 b adls] LB 4y U s 00l duo o YO
osalive il g 9 <35 5 j5lsSil o azyo YV (las o
3] o o2 a3l Collad B (sl da ol (o yslid
JHo Glgize g o adlsl SLdld 4y cuiS” e 4, IS4y
Sadld 2 dy e ol TYD Db s s Sdld
5Ll 5 eSudls it 05938l cotS awmea il Lo V-
DY] wads )05 o hasbiwl oyl b Joloo csS

09 55 A

Fom 9 48 ledeel il (195 SO 3l cominnils slowsidly

3 il e V0l Ssieas ao o Ve JSIIL dueS (yads g
Gy S logs oyl bl pd Cale) b duS” Jobs Sligioee
b Jiie gy sles 00 (95 @y LY 390 25 10 5 (9>
16 & S S Joel (8l n 1+ g )
YV sled jo dido Voo Sae gl Joolo ygumilowgus g adlsl
20 VEe ) ol S 53 Speds yiilis ol g 0 dppSil a0
eenss s o 1y ) i ey i elions (i
lod po wg i e V polie jo 40,5 oSl Ly g ads (ol

Lyl 93991 9 (3359515 ¥ s 045003y sy 598516 51 0lisant t Sl 9 (PEEaLojT Jbo 95 o 335908 (ST s Ko 9 513 (oo St



http://jsmj.ajums.ac.ir/

oG g0 | SiSS

PV s Y g oI lagetay sezrg Sl jslaieas
00litsl (goridgtuginadl SSS 5| Saleslsjge (sladiges
al> o (glys LY 30,5 aidl s 5 s «Bow Cpl (gl
ab solizsl 4 pH L EDTA (s 5 Jalea 51 Jlga 5, x5!
e sbos o Iy 03T Jslre 1o adBs VO bapY 4
03T Jalors BT gled )9 525 4830 18 s 5 9385 18
sbs 55 oY lyo ool 31 U fas a8 0y Jinsy
Ol 31 o 8,8 1,8 Celes ¥ ooy o0 ) jladg el
2 050598 STy Jslore Lansgs 81300959 oS s (J>1 0
TBS Joloeo 58 gudiglonnd 5l s 9 )les A 41) Copn 4y Jgilte
dele (chge g5 315V 5 Y 95 oI T eyl slagsaly 3T
ax )0 F o sles (o cel V8 vty VB- 8, L Sl go
a5 6ol gl ggtend 3l pug 3 2350l lapY (9, Sl
A 43980l cuels ¥ ey THRP L 48458 Jdige 45 aple
oolizinl (55200055 (6l crazi ghel (60 Jglme 3l uns
I om 9 G50l kS lon K dags ladin 0l
DAl wus asige diges (g luciliss 9 5 w50l

wolaid] (S 6540155y (43,5 oS dasi 4S9,

Sl 5el S5y 10 Aoy Ky i 05 (o5 4ess sl

o soedyimadgigail (65l 9 ol rdslys O (il 8l
olai GlocSS, b 520l 5 (539,500 O sl e 5
by g ad ploxl glopSe LSy Ll s Y
o9y b g (505 Ao Oijgoay TP A Image ) f5éls
5 05 e ein 5y 5 25 g Bl aillissl s
5 aalllas cpl [V-] 02 (g uSojlail Johu crm wSoyile 50
O a5 Cdl o by (Bade dupd Sy pale olKasly

ol 00y cgas

ol Jaos

5 oSy ol ly Jao s, 5 SPSS ke Laasl
ngbLu.ac.‘auu‘y&d.’ P<’/’03¢5‘5m)ﬁoby)|éh.~o)]&
A 48,8 s o
azdly

o adelys (6 5aelSS,

OISl 5559 el Shalicrioiplyi S padaipmdonnlie

4 S (g Joho 53 (oo T3 S 3o 3 10095 o 3,

2955 lnog 3 (gl ol S a0 oo i 2K tolos] sl

095 8lyt 3 Jolimo Ligunlg3lSTggl 5 cyedier IS ¥ Ly oiins s 0
) ojlods yyguas) (P<+ [+0) Co  pino (y90y J yiiS

Y o lous YY) 090 .1F+) 9 éb)a'

P850 Vo (ol poacte b andljoled Joluw g s ¥
Ligusd 9318 g5

Sty 4ol (Bglle bawgs Glsam 50,5 st 3 oy
Ol g a0 Ve JSUIL g o0l 5 (laua IS 9 (s 90
42l 0 (S2sS (b e 2D plondl (Ggdead do o ) - ¢
JEL! lga 1 Cawgs o 4 Sy sld 90 5 A 00ld 00l )53
22D Sgaedd ISdal IS (6 penl b dndes (30 Jore 9 2l
S shee Vo (b o) (SMae SSgm il 50 6 Yo
s 536 JLBLS polatedy 08 b o (S e i &
£5 shee B) (i pemalSons (500 Lo Is (59, (loe> (sion
F 3 59y 3 Olgw 4 (Blaw S )50 (oS 2 il 4
PR AN REISSTPRN GUECTRP-HI ) FORVIN T LPOpEsjes
Sllgez 39,5 s 3 ot 439 V¥ st Gtalejl 090 Ly
Sy ey Vo pdlo 3 o g ls g ol ploil (5l paiges
DWW o plasas s sam slo oo aloxl

(o giamad 9 (6 5o gt S 5 340l SS

VF ey 5w Glise (slaog S (Siglgnd (ouyp ol
suoy3 Ve Gullayd Jalove o Joloo olyad dy (22 b (glocens s
ol 1 oad w8 (sladiges el Y 5l day g o o0ls )3
Ogelilyoans Jolye 88 ) Gy 9 8,5 )3 pgunnsgy 9o
D csla iy s (§Sedd il o lotigas (silndlis 5
9 (sorbyiansd (SglgTud ()1 81 9 4t LS sl 5l (59 )S0e
Lo oobel Lgﬁ.a]g_ii) &y WM)‘S"&‘

ol craiglyd (s ual Sy

el S5l Sle pbusgrms oole SIS (reand pslite 4
LpY (JSI g L35 5l yaue (90,5 a8l 5l a0 oolazsl oly

w3 S 5000 38 ob nadglys o Jolone yo 4iBs & ety
[\A] Mﬁ&yoﬁ&m}‘~59§9m “}‘w,

O il il (5300l

Sl 33 SIS el 30515 0929 il g Lyt yglitoay
3 o ozl 0 03l O il yilos (6500055 31 oo oo
Lol atus (JSI 9 Jh3S 5} LapY j90e 9 (43,5 ardl s
A (55l Sy 4B Ve Sdedy 505 kS 5lon Jangs
Sdeds Qo [+ 0 oy S Cansld S5y 51 B8l 6500 (51 0
PopY SIS 52 ol55S8 glgiome (6500155, (512 5 4830 0
Ot S 8,8 | 8 aiBs B glp w03 ) O (il Bl Jolone
3 om0 phgcnds 5yl ST b lopY (5500l S0
IVA] s aige WapY (g jlucdliss 5 5 uST

5. Toluidine Blue

U/ 53051 9 (339715 ¥ U 043003y sy 5956 5 0listast U Sl 9 (BURNEILoT Jobo 9 (o 359,08 ST dummlil 5 SK02 9 2 (oo St



http://jsmj.ajums.ac.ir/
https://web.ssu.ac.ir/

Y o)l YY) 0y90 .VF+) 1 g olo 5 )yl & é ! . .

*

Jag“)-:a » (L”n}/’\;lsjj-[, &333)15 Ay L‘Zg o..\.z.b.:)#.i.? A.::) ),.:Slé sJ):.ZS) aliseo GLQO,; 5» ’1.3 o.;d.:j,],g ‘5}.:.01&) @SM—;—" @Lﬁ 4“‘:’.&" A x,..n&’
Sy ke alna P<eyey™ 9 (P<[+0) Sl * ‘SJ’:’ Je g ‘sibli.i’.ﬂlnj
bl gu—=

Ll 38 (Lgud 90l 59] 5 03595, ¥ Ly odimo yuds oy 4935 ¢ J,518) caliseo (sloog,S 10 O il il (5500lSSy (oS dous Zulis Anlio ¥y guad
Sl e (P<e o 1) ™ 5 (P<+/+0) g lolins * . Slgu> Joo g 2K 20Le5]
)yl_w GI—==

/3.)[535‘5&)5;)[:‘*L40M.>M M))QJL‘! J)J)MGLQOS;)GY &u)%wsmyw‘sﬂ‘& Ggfwebmbu “)J’;AJ
P<e e 1) * o (P<+ [+0) 5 lolna * . KPP L ¥ IS A Y (1
)yl_w‘s.,\_;,? ( )™ S 9> Joe g (2 51 Bl yo (g

Lyl 93991 9 (3359515 ¥ s 045003y sy 598516 51 0lisant t Sl 9 (PEEaLojT Jbo 95 o 335908 (ST s Ko 9 513 (oo St



http://jsmj.ajums.ac.ir/

iy ledlzne

1 gu—

Y o lous YY) 090 .1F+) 9 .>|.>)9'

15905 391 5 Couiei 15 ¥ By 00imd prais s 593516 ¢ J 515) il (glmog,§ 50 1+ £5 (IS (sordigimntgigosl (5520l (oS das bl dunlia P y1 gua

ey pas yogdle 5 Cool 52l Loy g 48,5 Oj90 (S
2 Jes el Jelge gl (308 Job sl e o JolS
IYy v\ ] g gn e T itins 55 41 35 B9 pia el
33 S 9 Sletll &8 bl B9 i sl Loy (1925
3jlge 4o el 0 Ay (g lo Mgy (0,5 WS Sy o
Soloil Ngmy 9,25 89,500 o 03I )18 (6 Lo bty
)L\fﬁ.ﬂ: FILIWS ng‘ J.‘> 30 (§O9> G ..\4‘53‘59 Q:Aﬁ-u.’j)\-\-;s
Bd by o ownyi Sy g bl wdiges 0390 Lol [YY] il
6591550 (SO oy L ol o et s S plal i 350
99y sl 525 ol Com 3l (o125 5 &5 Cansl axdly JalSS
o Lg.)L:.z.g L§L°J 51....;
Y o SOy pmed Gyl 3 oolainl b candllas oyl jo
bz sla ol SC359,aiS” oS g ) (sl (oraslin (s
1551 (sl ygiSTo 51 osliid b Sladl yz il sontilie
.]a.::u P L&}u}/jéL{jjT 9 0.3.3353)[5 <Y L:.j omb)i.:.;.? A.A:'J)
F9pS Joruiliy (35 310 ol Slge> Joo 5 (A8 24Los]
3lge dtrgils )l 3 oo (S o515 4 (g0l slayhos
btz Joloo sl oslial ( Sl ys Jobo 0 Johoo W 5L 5 (395
S92 dalys Julio Comg S Joho 4 Sos Jlopitile
6obeis sl Jokus a5 sl 00 00ly lid (ool Silalllas yo
4 willgion 9 Wb (@Y (685 Ol (27 <L Sl Bt
Ol il el oy S alezil (Jol sloos, gl
sl JBoo b 1y <l 5l 5y 4 esoliy sladsles g5
SUlg Ll 0590 y0 uizmen IVF] wigd Jol> ailys oo
9 098l ety L 5l e ool slaJglus S5,05S
gyl 3l oolasnl b as” wio,S ledl Ve o ¥ Lo jo o)) Sen

(P<e [0)™ g (P<+/+B) 5, o sime * . Slga> Jdo g aKalosl dasl s 1o (g

O oyl yils (5 a0l

1) 5 gz G2133810 sl Bles S5 o dtandls dulio

ol A asLesT Je dy Cond Slgus Joa 15 Laog S dan o

o )L>L;"“° u:‘-.’.‘)s‘ U'.’.‘ l-g,j-wljblS”T 05; » 1azs Ll RS o
LY ojlos pgua) (P<2/+0)

Y 895 OIS (oo g gigos] g U

oS 033 L3 45 09 S 3 (a7 gl ) oS
Loos,S ol 5o Sl sl gl i So5lo 0 ¥ 55 (IS
Solos o 45 Cons aog 5 5l SO e gulis Lol o ls 5929

Vo £99 OIS (omdgiumabgigos! g LS

o 0210 L 45 Laeg S 50 a3 gielis0 Sy o2
oo, plas 9 ol Johos 5 oS la 9 1+ 55 IS
Ol ¥ Ly oaimo s w1955 09,5 ;o Lol o)lo 0429
o 5 jloline j5bo &y Jloum Joo 0 V0 g3 03?15 &
9 G55 09,5 50 5 Consl il aliBl calRialej] Lasl o s
Cud (e Jon 331+ £33 OIS oS dagud 50l 5ol 095
pad) Cul oold Las (g lobine pals aliolejl Loyl i ay
(Fo )Lo..fs
S

RSl S bk gy alls WS
Jbggirw Jolis slas lon 9 (i ple aoye 10 Jlus

U/ 53051 9 (339715 ¥ U 043003y sy 5956 5 0listast U Sl 9 (BURNEILoT Jobo 9 (o 359,08 ST dummlil 5 SK02 9 2 (oo St

YVY



http://jsmj.ajums.ac.ir/

Y o)Ll .Y 0y90 VF+) pi g o105

3 350,058 50 Juso slagys ol ool pl aald 45" wuS sl
St 3 Jolo gl e IS5 5 Vs IS SOKD o
Y9 NS slogyaigy sy g (pRiulesl dayl o yo a5 ol
& Somd 3 85 (o Je 5 alEtalesl Ll 5 0 X
Cond Ral381 nl Lol 092 330 (6 fobine )00 Lygusd 5015 g
o3yl 45 X 93 (IS 15 Ol 9 9945 Jloline (593 1S 4
a5 ol 5 (ol oo > (g le e
VLG o i w5516 (g5l Siijg 0 pgactae y0 45
Sfolise & jgoas cings sBly 53Le3 f oo 0 )5l + (e
TR CRSHINE RS NS TN
OB yuonsS Ay 9318 Wl 1935 aS ol  ae (pl 4y &S
koo 42 (0lezz (slo sl L5 5o s 13l oy e ¥
WS 9 (o (B9l Caonw 41, Lol Wl oo (B9 i
ol 5l eolitul Cans blis 5l gadge ol 45 8,0 Gl se5s]
ol Ay 495518

3 o Lm0l g1 51 ooliciasl ols (Lt ol anlllao gl
PS50 Jeo slay ler (2K talojl Laslys 4o 59,V
09,5 5 ;525 SUog,S & Cermd siall o2l Lol s s il
VY 5 o 45 o0l 3l L8 ol 0005 olina |15
S oline JSb a2 S 519 ¥ 98 P o 2oy Ol 39,
ol 3 e Vg ooliz als LYVFI ol ool olts 238l
05 ol Rl ol 0o by nl Gl il Sl (Jule
4S5 ol &N Lale ool g8 ol s saly Ve g5 oIS
oaolie yol ol (g Jo oo 9 2ISEaLosT Ly 50 o0
Lyl 5505 391 09,5 50 (golts (sl Jols galiaws; iz s
S (59515 9 ¥ Ly 00 s ) yiST6 09,5 4y Caand
5 5 035 (ol Syl i (955 e oyl
G5 Oiizee b Langs o5 el (5l g2 jlees sy o0
2 by Gl g (ol Sy 5l 6Kty ecly 09 00
Sl 00 (0l slo Jolw

$SL Glpieds 5585 JoSUge SgS (590 0394
4 ks a5 cudl oud ik By pad Cdly cwiige o Sl
O g gl ToVY Jlo 0.0l (5500 s Sliudios
Jate ,e5t Jole a4y Jlasl b (595,57 45 wis,s” bl
3 £95 adledyl Jale 02l i o3 el by d 4y g
o sl ol Cales 0 3 RUNXT 5251 & o JLasl
sladsbe ;8 (5515 Y £95 IS « SOXI o 3359,055 50
IA] 34 o gl yore 9o gl 3o 5 Gidw (sobts

by 3l 3l s IS 0,5 e S VNE Lo o

Ly s5005 (00im359,S5 Jule 9 V(S ol il g ILT Joo Mol
WS oo § S ol ctS basme 18 (B9 pad glo ok 59 2
b ol gl [¥0] wals o la Jsluo ol 8 gl 550 839, 5l 9
¥ g5 OIS by Ol ey (5233915 51 eolicid ol Lt

)%l_w SS—>

VB ouins yois 0 1938516 it 391 F 5l g iyl
LYl e azsly 2al53l jguie slo ok 18 ¥ g4 IS ags

WBypat Bl puaige 0 e 121 5 Jeloe S0
b S yile aline sl S sl)lo a5 cul glacun o
2S5 Sz 3 e jl Cules (el il g col Jols
Joe (15541 Wl 0lge 185 9 (5590 (5300 Sl JUil ejules
93593 (3235l Olijee L b gy atilsy (pizren wiiS
Ao I lgsl o 50 LYV Y] ol Jlasl bsee il 4
Dguite (b g () OS5 ) (S cnpd Sl
IYAT 058 4005 Jlont 095 5 gt 42 Wl g0 45 098 00
5295 Sl o 9 (52200000 )5 S 0y Sl
PSS Sz amlin (5 aans (FRBI drazgily g o)l
P sy slaooliinl 1S oo ool 8 o Jolus &2l g 52Les
Lve YAl o s B paé il pwdige

e g sailyS YN Jlo 0 &5 5,50 addllas jo
9959 (o7 3l e o3l sla ol iy g 2SS dnlie gl
Ui g S5 e s L iy ol s30T g sy o
ol LT o I 5 iy o pad Sl o L Joleo (o]
o3Il Canylo 51 S Syl ol 50 59305 ] lsee Crazead
G o clalllas S5 5 35 lalllae o [M] a3 )f58
caalllan ) 35 Lol o) 00 4g3 (6 )15 &y Bikos (1 yosd
SO 5| g5 5 921, D pgoty Cen o osind JSi3 (632
sge o aisls 5 prad oyl olBtolesl 50 5 4 0195
I ol 10 YSS 5ialigSlS (e 45 08 (e
&35 Ol 4 (895 B (B9pad sladobe ol b
Col 428l (2al38 (5y9m Sige Cowgy pj 50 SA Sl
a5 s 5 0 e Gains ol bt L 45 [¥Y]
5 Can)ld Bl (gl s LSyl eolaid 45T )5
S S I8 g Conns (6 s 0 49 Sl (owiigee
5 ousliee (rizren il 5o SG5e,uS paled 5o Wlgs e
Cryed ol 50 (Lol Laora ;0 43dl 5oLes (slo Syl
S lme Jhge Cungy )y <Ol 5l 5, VF 28 )y
Lagy oold Las 395 31y rande By paé il Sluogas

25SB 2li814S° 5,8 (155 o 10 e, VoY JLo po
Sl g (shate B9 pat o 25 Jalge 51T Ly oaans pois o,
A 153518 glmoss S o f5n calllnn el 13 sl oy 3 Tgsn
P95l S 285" B9 pad (gl Joloo 10 ¥ By 00000 05
Bgyese bt 9515550 Ol ¥ Ly 0aim yss w5258
TEY] o o 2al381 (gloassl3 gboay
Ay oS ad, g8 5l eoliwl o ol dddllae o
bylpd o o ad, ;o358 ol ol las ¥ Ly oauas s
S, juled Wlgi e Slgu> Joo 5 00 5 AKELS]

Lyl 93991 9 (3359515 ¥ s 045003y sy 598516 51 0lisant t Sl 9 (PEEaLojT Jbo 95 o 335908 (ST s Ko 9 513 (oo St



http://jsmj.ajums.ac.ir/

M SlhaVe

oARg3 YS! Jgol 5l (595w
5 IRRMULREC.1395.3.176 31 oS | aslllas oyl
ol 00 g g9uaf 033 Bguo Al Sy pale olSitilo

Jlo o>

09,5 ~(603] (ledosra (55553 0,90 Aalip)lily 5lasd 5y allis
bsgi g Al oo ledual (S pole olRisls - o 735 pole
Sl 00 a>0g: O.:AL? olKdls O.;‘

OB Sy 95 &5y b0

il gy (SUly o g odle Joi i impstde
o)t bl wadlpl 9 Closlie drex oodla o
Sl g ool Jsio 5 3] (sledosme o Uit ygs duome
Spe> ogadle Jolu o ity daze el 3loaled 5
Seme 9 Bl Jo i slcs par s ] masl il el e
(535 edases s Jlo puels o ailin 15 Wil g

&be oo )15

.é)b_i S99 ‘r’.éL..c

Y o lous YY) 090 .1F+) 9 .>|.>)9'

2Elesl Ll yd 0 o (g foline 550 SOX 5 (IS 51
as ooly jlias aads Cladbos oed oo (Slaw> Joo 0 o2 g
4 B9 ple Gy S 5l VL s Byl 3l 558
Ve E9 OIS 0f Ol 2l sl 2SS g e oy Caos

I¥F] o s oot aions ool gulis b 45 09 o

bolyd jo (Bgpad pled 59, VF Gl Gy cddlllas ol o
Ol 8 sk 457 o yd o g b Jobos ol 2K Loj
9 <l Jaul i alyo Ghge Cusgy pj 4 o9 axdly o3
9 S g Hhai il laaiges 5 plowl (655 Aig0d 59, V¥ 5l (g
Lylbaconiascd 8 8 ool MM&-‘S‘-A"
i g .l Slasein (gl it bn oo oSl
ATV

Ol gnal 39Sl (e 45708 (s 0yate ¥ oA Jluw o
&35 Ol 42 (3955 (B pad sl obe (sol> Canals 5
Col a2l 38l (5y9m Shge Comgy pj 40 SA Sl
2385 led] oo g gilusbus ¥ ¢ o) Jlos 48 (puizon [1Y]
» el iy S Su 5 Vg G Ol liee &S
alejl o dy S e Juto y3 38l Lo sl Jslus
2 wobaid] sl el gl awslio [¥V] cul oS
oS Gl cllas o 31 (ST g oo 9 2K taLosT eyl
@l ples sl ok (28,5 3 0adardls glacuun)ls ;o
oSl 0aamd S polie Glime (Al oy 25 50
Srbil g Cul 03,8 sl | lapSlS 559y o (B9 e
gy E589 9 E9yh 0aiadLES &5 V¢ 9 (IS e (e
lrog)S (i o ol Bljiled (gladsls jo (g pmlo
sl a2l 2805 5 jlsbine j9boas Lyl 50l 9] 052902

S5 Ao

0y )8 &y S &S Sl Gl 3l (Sl G Gl s

O399, ¥ Ly 0 s wly j9S CeaB) S oAb
&3l slosls 1o Sifgyaus” il a4y 008 gl g0l gl o
b aglie ;0 (3395, 5 Lol caitn Sl 0y 5l Bhte
sy g0 a5 4 i35l (6099 U 5, V¥ ke 0 Lygas/ g0lS g
SBamle 3 Jeo 05 oo 9y 2 s b Bk
Ly 0ty sy 593518 9 adgi 157 51 s Ligasl90lS g

cls as el ools QL.'LJ Cj.lo Q?.‘ (5“55", c{b.t g o

! 51 L olizalosl Jasoes yo asdl uled g paé (sloy ok

oSy ood S JelS g Eob 4 Wlgi oo anld oo 4
IS S5 obdisls g i

U/ 53051 9 (339715 ¥ U 043003y sy 5956 5 0listast U Sl 9 (BURNEILoT Jobo 9 (o 359,08 ST dummlil 5 SK02 9 2 (oo St

YV¥



http://jsmj.ajums.ac.ir/
https://ssu.ac.ir/
https://mui.ac.ir/fa

June, July 2022. Volume 21. Number 2

References

[1] Khorasani G, Miri R, Ghanbarzade K, Farzad H, Farhadi H. [Ef-
fect of dexamethasone on viability of cartilage grafts in pre-
serving medias (Persian)]. Med J Mashhad Univ Med Sci. 2016;
9(3):155-62. [DOI:10.22038/MJMS.2016.7723]

[2] Basiri A, Hashemibeni B, Kazemi M, Valiani A, Aliakbari M,
Ghasemi N. Cartilage tissue formation from human adipose-
derived stem cells via herbal component (avocado/soybean
unsaponifiables) in scaffold-free culture system. Dental Res J.
2020; 17(1):54-9. [DOI:10.4103/1735-3327.276236] [PMID]
[PMCID]

[3] Izadi M, Valiani A, Bahramian H, Esfandiari E, Hashemibeni B.
Which factor is better for cartilage tissue engineering from hu-
man adipose-derived stem cells? Kartogenin or avocado soy-
bean unsaponifiable. Pharmacophore. 2018; 9:140-8. [Link]

[4] Augustyniak E, Trzeciak T, Richter M, Kaczmarczyk J, Suchorska
W. The role of growth factors in stem cell-directed chondro-
genesis: A real hope for damaged cartilage regeneration. Int
Orthop. 2015; 39(5):995-1003. [DOI:10.1007/s00264-014-
2619-0] [PMID]

[5] Endo K, Fujita N, Nakagawa T, Nishimura R. Comparison of
the effect of growth factors on chondrogenesis of canine
mesenchymal stem cells. J Vet Med Sci. 2019; 81(8):1211-8.
[DOI:10.1292/jvms.18-0551] [PMID] [PMCID]

[6] Mueller MB, Fischer M, Zellner J, Berner A, Dienstknecht T,
Prantl L, et al. Hypertrophy in mesenchymal stem cell chon-
drogenesis: Effect of TGF-B isoforms and chondrogenic
conditioning. Cells Tissues Organs. 2010; 192(3):158-66.
[DOI:10.1159/000313399] [PMID] [PMCID]

[7] Lépez-Ruiz E, Jiménez G, Kwiatkowski W, Montafiez E, Arre-
bola F, Carrillo E, et al. Impact of TGF-B family-related growth
factors on chondrogenic differentiation of adipose-derived
stem cells isolated from lipoaspirates and infrapatellar fat
pads of osteoarthritic patients. Eur Cell Mater. 2018; 35:209-
24. [DOI:10.22203/eCM.v035a15] [PMID] [PMCID]

[8] Johnson K, Zhu'S, Tremblay MS, Payette JN, Wang J, Bouchez LC,
et al. A stem cell-based approach to cartilage repair. Science.
2012; 336(6082):717-21. [DOI:10.1126/science.1215157]
[PMID]

[9] Thiers M. [Unsaponifiable constituents of avocado and soya
oils. treatment of certain forms of arthralgia (French)]. ] Med
Lyon. 1972; 53(222):195. [PMID]

[10] Kut-Lasserre C, Miller CC, Ejeil A, Gogly B, Dridi M, Piccardi
N, et al. Effect of avocado and soybean unsaponifiables on
gelatinase A (MMP-2), stromelysin 1 (MMP-3), and tissue in-
hibitors of matrix metalloproteinase (TIMP-1 and TIMP-2) se-
cretion by human fibroblasts in culture. J Periodontol. 2001;
72(12):1685-94. [DOI:10.1902/jop.2001.72.12.1685] [PMID]

[11] Bahrami M, Valiani A, Amirpour N, Rani MZR, Hashemibeni
B. Cartilage tissue engineering via icariin and adipose-derived
stem cells in fibrin scaffold. Adv Biomed Res. 2018; 7:36.
[DOI:10.4103/2277-9175.225925] [PMID] [PMCID]

[12] Hashemibeni B, Razavi S, Esfandiary E, Karbasi S, Mardani
M, Nasresfahani M. Induction of chondrogenic differen-
tiation of human adipose-derived stem cells with TGF-B3 in

Jundishapur

Scientific Medical Journal

pellet culture system. Iran J Basic Med Sci. 2008; 11(1):10-7.
[DOI:10.22038/1)BMS.2008.5191]

[13] Hashemibeni B, Valiani A, Esmaeli M, Kazemi M, Aliakbari
M, Iranpour FG. Comparison of the efficacy of piascledine
and transforming growth factor 1 on chondrogenic differ-
entiation of human adipose-derived stem cells in fibrin and
fibrin-alginate scaffolds. Iran J Basic Med Sci. 2018; 21(2):212.
[DOI:10.22038/1JBMS.2018.24693.6136] [PMID] [PMCID]

[14] Liu F, Xu H, Huang H. A novel kartogenin-platelet-rich plasma
gel enhances chondrogenesis of bone marrow mesenchymal
stem cells in vitro and promotes wounded meniscus healing
in vivo. Stem Cell Res Ther. 2019; 10(1):201. [DOI:10.1186/
$13287-019-1314-x] [PMID] [PMCID]

[15] Park JS, Yang HN, Woo DG, Jeon SY, Park KH. Chondrogenesis
of human mesenchymal stem cells in fibrin constructs evalu-
ated in vitro and in nude mouse and rabbit defects models.
Biomaterials. 2011; 32(6):1495-507. [DOI:10.1016/j.biomate-
rials.2010.11.003] [PMID]

[16] Noori A, Ashrafi SJ, Vaez-Ghaemi R, Hatamian-Zaremi A,
Webster TJ. A review of fibrin and fibrin composites for bone
tissue engineering. Int J Nanomedicine. 2017; 12:4937-61.
[DOI:10.2147/1IN.S124671] [PMID] [PMCID]

[17] Kreuz P, Gentili C, Samans B, Martinelli D, Krliger J, Mittelmei-
er W, et al. Scaffold-assisted cartilage tissue engineering us-
ing infant chondrocytes from human hip cartilage. Osteoar-
thritis Cartilage. 2013; 21(12):1997-2005. [DOI:10.1016/j.
joca.2013.09.007] [PMID]

[18] Schmitz N, Laverty S, Kraus V, Aigner T. Basic methods in his-
topathology of joint tissues. Osteoarthritis Cartilage. 2010;
18:5113-6. [DOI:10.1016/j.joca.2010.05.026] [PMID]

[19] Solchaga LA, Penick KJ, Welter JF. Chondrogenic differen-
tiation of bone marrow-derived mesenchymal stem cells: Tips
and tricks. In: Vemuri M, Chase L, Rao M, editors. Mesenchy-
mal stem cell assays and applications. Totowa: Humana Press;
2011. [DOI:10.1007/978-1-60761-999-4_20]

[20] Jensen EC. Quantitative analysis of histological staining and
fluorescence using imagej. The Anat Rec. 2013; 296(3):378-81.
[DOI:10.1002/ar.22641] [PMID]

[21] Stock M, Menges S, Eitzinger N, GeRlein M, Botschner R,
Wormser L, et al. A dual role of upper zone of growth plate
and cartilage matrix-associated protein in human and mouse
osteoarthritic cartilage: Inhibition of aggrecanases and promo-
tion of bone turnover. Arthritis Rheumatol. 2017; 69(6):1233-
45. [DOI:10.1002/art.40042] [PMID]

[22] Saito T, Tanaka S. Molecular mechanisms underlying osteoar-
thritis development: Notch and NF-kB. Arthritis Res Ther. 2017;
19(1):94. [DOI:10.1186/s13075-017-1296-y] [PMID] [PMCID]

[23] Hotham W, Malviya A. A systematic review of surgical meth-
ods to restore articular cartilage in the hip. Bone Joint Res.
2018; 7(5):336-42. [DOI:10.1302/2046-3758.75.BJR-2017-
0331] [PMID] [PMCID]

[24] Karimpour Malekshah A, Talebpour Amiri F, Ghaffari E, Aliza-
deh A, Jamalpoor Z, Mirhosseini M, et al. Growth and chondro-
genic differentiation of mesenchymal stem cells derived from

Hashemlbeni B. et al. Comparison of Chondrogenesis Induction by TGF-B3, Kartogenin and Avocado/soybean Unsaponifiables. JSMJ. 2022; 21(2):264-277



https://dx.doi.org/10.22038/ijbms.2008.5191
https://doi.org/10.22038/ijbms.2018.24693.6136
https://pubmed.ncbi.nlm.nih.gov/29456819/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5811761/
https://doi.org/10.1186/s13287-019-1314-x
https://doi.org/10.1186/s13287-019-1314-x
https://www.ncbi.nlm.nih.gov/pubmed/31287023
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6615105
https://doi.org/10.1016/j.biomaterials.2010.11.003
https://doi.org/10.1016/j.biomaterials.2010.11.003
https://www.ncbi.nlm.nih.gov/pubmed/21122912
https://doi.org/10.2147/IJN.S124671
https://www.ncbi.nlm.nih.gov/pubmed/28761338
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5516781
https://doi.org/10.1016/j.joca.2013.09.007
https://doi.org/10.1016/j.joca.2013.09.007
https://www.ncbi.nlm.nih.gov/pubmed/24096178
https://doi.org/10.1016/j.joca.2010.05.026
https://www.ncbi.nlm.nih.gov/pubmed/20864017
https://doi.org/10.1007/978-1-60761-999-4_20
https://doi.org/10.1002/ar.22641
https://www.ncbi.nlm.nih.gov/pubmed/23382140
https://doi.org/10.1002/art.40042
https://www.ncbi.nlm.nih.gov/pubmed/28086000
https://doi.org/10.1186/s13075-017-1296-y
https://www.ncbi.nlm.nih.gov/pubmed/28506315
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5433029
https://doi.org/10.1302/2046-3758.75.BJR-2017-0331
https://doi.org/10.1302/2046-3758.75.BJR-2017-0331
https://www.ncbi.nlm.nih.gov/pubmed/29922453
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5987691
https://dx.doi.org/10.22038/mjms.2016.7723
https://doi.org/10.4103/1735-3327.276236
https://www.ncbi.nlm.nih.gov/pubmed/32055294
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7001572
https://pharmacophorejournal.com/article/which-factor-is-better-for-cartilage-tissue-engineering-from-human-adipose-derived-stem-cells-kartogenin-or-avocado-soybean-unsaponifiable
https://doi.org/10.1007/s00264-014-2619-0
https://doi.org/10.1007/s00264-014-2619-0
https://www.ncbi.nlm.nih.gov/pubmed/25512139
https://doi.org/10.1292/jvms.18-0551
https://www.ncbi.nlm.nih.gov/pubmed/31167981
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6715918
https://doi.org/10.1159/000313399
https://www.ncbi.nlm.nih.gov/pubmed/20407224
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2968769
https://doi.org/10.22203/eCM.v035a15
https://www.ncbi.nlm.nih.gov/pubmed/29652075
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5922762
https://doi.org/10.1126/science.1215157
https://www.ncbi.nlm.nih.gov/pubmed/22491093
https://pubmed.ncbi.nlm.nih.gov/5065287/
https://doi.org/10.1902/jop.2001.72.12.1685
https://www.ncbi.nlm.nih.gov/pubmed/11811504
https://doi.org/10.4103/2277-9175.225925
https://pubmed.ncbi.nlm.nih.gov/29531934/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5840972/

Jundishapur

Scientific Medical Journal

human adipose tissue on chitosan scaffolds. J Babol Univ Med
Sci. 2016; 18(9):32-8. [Link]

[25] Erickson GR, Gimble JM, Franklin DM, Rice HE, Awad H, Gui-
lak F. Chondrogenic potential of adipose tissue-derived stro-
mal cells in vitro and in vivo. Biochem Biophys Res Commun.
2002; 290(2):763-9. [DOI:10.1006/bbrc.2001.6270] [PMID]

[26] Zhang D, Yi C, Zhang J, Chen Y, Yao X, Yang M. The effects of
carbon nanotubes on the proliferation and differentiation of
primary osteoblasts. Nanotechnology. 2007; 18(47):475102.
[DOI:10.1088/0957-4484/18/47/475102]

[27] Chen Y, Bilgen B, Pareta RA, Myles AJ, Fenniri H, Ciombor
DM, et al. Self-assembled rosette nanotube/hydrogel compos-
ites for cartilage tissue engineering. Tissue Eng Part C Meth-
ods. 2010; 16(6):1233-43. [DOI:10.1089/ten.tec.2009.0400]
[PMID]

[28] Mauviel A, Loyau G, Pujol J. [Effect of unsaponifiable extracts
of avocado and soybean (piascledine) on the collagenolytic ac-
tion of cultures of human rheumatoid synoviocytes and rabbit
articular chondrocytes treated with interleukin-1 (French)].
Rev Rhum Mal Osteoartic. 1991; 58(4):241-5. [PMID]

[29] Hashemibeni B, Razavi S, Esfandiary E, Salehi M, Karbasi S,
Mardani M, et al. [The effect of BMP-6 growth factor on dif-
ferentiation of adipose-derived stem cells into chondrocyte
in pellet culture system (Persian)]. J Isfahan Med Sch. 2009;
27(100):618-31. [Link]

[30] George M, Abraham TE. Polyionic hydrocolloids for the intes-
tinal delivery of protein drugs: Alginate and chitosan-a review.
J Control Release. 2006; 114(1):1-14. [DOI:10.1016/j.jcon-
rel.2006.04.017] [PMID]

[31] Girandon L, Kregar-Velikonja N, Bozikov K, Barlic A. In vitro
models for adipose tissue engineering with adipose-derived
stem cells using different scaffolds of natural origin. Folia Biol.
2011; 57(2):47-56. [PMID]

[32] Munirah S, Kim S, Ruszymah BH, Khang G. The use of fibrin
and poly (lactic-co-glycolic acid) hybrid scaffold for articular
cartilage tissue engineering: An in vivo analysis. Eur Cell Mater.
2008; 15:41-52. [DOI:10.22203/eCM.v015a04] [PMID]

[33] Ab-Rahim S, Selvaratnam L, Raghavendran HR, Kamarul
T. Chondrocyte-alginate constructs with or without TGF-B1
produces superior extracellular matrix expression than mon-
olayer cultures. Mol Cell Biochem. 2013; 376(1-2):11-20.
[DOI:10.1007/511010-012-1543-0] [PMID]

[34] Esmaeily M, Hashemibeni B, Valiani A, Amirpour N, Purmol-
laabbasi B, Kazemi M. [Effect of piasclidin on induction of
chondrogenesis by human adipose-derived stem cells in fibrin
scaffold (Persian)]. J sfahan Med Sch. 2016; 33(357):1862-70.
[Link]

[35] Zhang J, Wang JH. Kartogenin induces cartilage-like tissue
formation in tendon-bone junction. Bone Res. 2014; 2:14008.
[DOI:10.1038/boneres.2014.8] [PMID] [PMCID]

[36] Yuan T, Zhang J, Zhao G, Zhou Y, Zhang CQ, Wang JH. Creating
an animal model of tendinopathy by inducing chondrogenic dif-
ferentiation with kartogenin. Plos One. 2016; 11(2):e0148557.
[DOI:10.1371/journal.pone.0148557] [PMID] [PMCID]

June, July 2022. Volume 21. Number 2

[37] Sasano Y, Takahashi I, Zhu J-X, Ohtani H, Mizoguchi |, Ka-
gayama M. Gene and protein expressions of type | collagen
are regulated tissue-specifically in rat hyaline cartilages in
vivo. Eur J Morphol. 2001; 39(3):149-54. [DOI:10.1076/
ejom.39.3.149.4675] [PMID]

Hashemlbeni B. et al. Comparison of Chondrogenesis Induction by TGF-f3, Kartogenin and Avocado/soybean Unsaponifiables. JSMJ. 2022; 21(2):264-277

276



https://jbums.org/article-1-6043-en.html
https://doi.org/10.1006/bbrc.2001.6270
https://pubmed.ncbi.nlm.nih.gov/11785965/
https://iopscience.iop.org/article/10.1088/0957-4484/18/47/475102
https://doi.org/10.1089/ten.tec.2009.0400
https://www.ncbi.nlm.nih.gov/pubmed/20184414
https://pubmed.ncbi.nlm.nih.gov/1647544/
http://jims.mui.ac.ir/article_13063.html?lang=en
https://doi.org/10.1016/j.jconrel.2006.04.017
https://doi.org/10.1016/j.jconrel.2006.04.017
https://www.ncbi.nlm.nih.gov/pubmed/16828914
https://pubmed.ncbi.nlm.nih.gov/21631961/
https://doi.org/10.22203/eCM.v015a04
https://www.ncbi.nlm.nih.gov/pubmed/18288632
https://doi.org/10.1007/s11010-012-1543-0
https://www.ncbi.nlm.nih.gov/pubmed/23238871
http://jims.mui.ac.ir/article_14772.html?lang=en
https://doi.org/10.1038/boneres.2014.8
https://www.ncbi.nlm.nih.gov/pubmed/25419468
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4237211
https://doi.org/10.1371/journal.pone.0148557
https://www.ncbi.nlm.nih.gov/pubmed/26848746
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4744046
https://doi.org/10.1076/ejom.39.3.149.4675
https://doi.org/10.1076/ejom.39.3.149.4675
https://www.ncbi.nlm.nih.gov/pubmed/11910533

This Page Intentionally Left Blank



