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Background and Objective: The Osteoblast differentiation is an essential process that causes bone
stability and homeostasis. Zingerone (ZG) 4-(4-hydroxy-3-methoxyphenyl)-2-butanone isolated from the
ginger plant is involved in many biological processes and can be used to treat diseases as an anti-
inflammatory and antidiabetic agent. This study aims to identify ZG potential to bone tissue regeneration
by investigating the effect of Zingerone on human umbilical cord stem cells (hUC-MSCs) and their
differentiation into osteoblasts.

Methods: In this cross-sectional study, the effect of Zingerone toxicity on 2x10® hUC-MSCs cells was
investigated in 4 groups; one control group without any ZG and 3 groups threated with 50uM, 100uM and
200uM ZG. Cell viability was evaluated by the MTT method after 24, 48 and 72 hours. The gene
expression of miR-590 and Smad7 and differentiation markers such as Osterix (OSX) and runt-related
transcription factor 2 (RUNX2) were investigated by quantitative real-time polymerase chain reaction
(gRT-PCR). The expression level of this enzyme was checked by an alkaline phosphatase (ALP) reaction.
Findings: Zingerone has significant proliferative effects on hUC-MSCs cells in 200uM (p<0.05).
Zingerone positively affects the differentiation process of osteoblasts by influencing the expression of
specific markers such as ALP (p<0.05 in 200uM), RUNX2 (p<0.001 in 200uM), and OSX (p<0.001). The
expression of miR-590 is increased in 200uM (p<0.05), while that of Smad7 is decreased under the
influence of different Zingerone concentrations (p<0.001). In fact, miR-590 suppresses Smad7 and helps
the differentiation of osteoblast cells.

Conclusion: The results of this study showed that Zingron causes the differentiation of osteoblast cells by
increasing the expression of specific markers of osteoblasts (OSX, RUNX2 and ALP). In addition,
increasing the expression of miR-590 suppresses Smad7 and helps the differentiation of osteoblast cells.
Keywords: Zingerone, Osteoblast Differentiation, miR-590, Smad7, ALP.

Cite this article: Zafari AH, Piravar Z, Ramezani M. The Osteogenic Effect of Zingerone on Human Umbilical Cord Stem
Cells via miR-590 and Smad7 Expressions. Journal of Babol University of Medical Sciences. 2024; 26: e21.

Copyright © 2024 Babol University of Medical Sciences. Published by Babol University of Medical Sciences. This work is licensed
under a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/).
Noncommercial uses of the work are permitted, provided the original work is properly cited.



https://orcid.org/0000-0001-8949-362X
https://orcid.org/0000-0002-5316-8734
https://orcid.org/0000-0002-9982-1276

Journal of

w.
Babol University of Medical Sciences J‘u" (,("' ¥ ”u‘y »

e-ISSN: 2251-7170  p-ISSN: 1561-4107

9 MIR-590 by (w2 9 (Sl Sb Wiy 31 Gido SOt S b 2 (999502 ) S j gt 5!

Smad7

Y(PhD) (slae, bue < (PhD) ,g1 5 < ;o7 Y(MSC) (5,85 yaman yol

Sl et ool ST oK1 (535 0 o) ya5 3Ty sl pole 01Ky (sl G j 095 )

S

Jo g4

09505 dgbie ol silwglesn 5 olul cel & cul Slo g pre I cwdMgiul plo B 5 bl
5 Soseden sl 5l 6yl 53 348 0 s Juzsj olS ;1 a5 4-(4-hydroxy-3-methoxyphenyl)-2-butanone (ZG)
3k 9 (NUC-MSCs) Sluil b s 5l gute (o3l (slaJoho p1 (9,505 13U (o) adllas oyl 3 G )l i85 g ylows oloy
A3 o Mgzl 4 ba)]

V08 ey 09,8 ¥ ) 8Ly I e penilie o3l Jolo YXVT (g9 2 019,505 58U (abaile adllas (] 5 s hg g Sge
L hUC-MSCS (sloJoho (slar 51 (19,505 8 2535 aolllas Vg0Seo Yoo g Ve <00 sloclale L jlos 0,5 ¥ 5 [ 095
Osterix (OSX) xile s ples sla,Sylo s SMAA7 s MIR-590 (sla 5 by 05,5 (wyp el VY g FA XF 5lan MTT 3,
sy oS jlyeah sloyo; STy (QRT-PCR) Liulesl alwg 4 runt-related transcription factor 2 (RUNX2)
235 oop w3l il ol e (ALP) bl o JISIT (28T g 4 03

2 0955 cudls Vgag Koo Yoo clale )y joguad 4 HUC-MSCS (slaJsho o 6,655 31 (slosine 90 41 (19,505 il
P<+/+ V) RUNXZ ((j¥g09,500 Yoo ;5 P<+/+0) ALP x5l oz (cla)S)lo o)y o g azils (6yls sze | acawMgiinl jle
Yoo 3 P<:/-0) MIR-590 4,505 cliseo slacdale b cov ol lis cute w36 (P<+/++1) OSX 5 (;¥g09,50 Yo v 5
SMad7 oS o el MIR-590 &sly )3 (P<+/++3) sl ol |y glo il SMAAT Llas )3 03,8 by by Gial58l (Y909 ,Sue
S (o oS Mgl gla ol LS 4 5 0l

(ALP 3 RUNX2 OSX) lacasMgisnl aolassl glaySlo by ialibl b oe)Sus 45 ol lis addlas cpl zols £ g S domsis
Mgl sl Joho 53Le3 & 9 005 SMAAT g8 po el MIR-590 b )53l ogMe 4335 oo cuoMogiinl (sla ol 3bos el
&S oSS

Blend JIIT SMad7 MIR590 dacusMogiinl ples 9,50 15l (sWo3lg

HWL| P
AEXRTAVARS
He
AEZA VAR FARA

L)
VELY/Y/VY

oSl ols aloee SMAAT 5 MIR-590 s ooyt 5 (o] Bl iy J) 5o 5biy sla oo 1 9,505 Seifstial o liioy Lm eyl it o8y cypme ool 25 Un0]
VY VE AFY b S3 pole

Al (5350 0L, Aty oDl 35T oRils J S0 g0 5 Jsbo sy (gl (5 b i ool 406 DL 1 o vt lin ! (8]
230 a3 S s e d e

Saba.piravar@gmail.com : a1, VPR VAV il s 5058 el oo oSl (3 m O g8 oy ¢ Dl 13T o815 015 1y T


https://orcid.org/0000-0002-5316-8734
https://orcid.org/0000-0002-9982-1276
https://orcid.org/0000-0001-8949-362X

The Osteogenic Effect of Zingerone on Human Umbilical Cord Stem Cells .../ A. H. Zafari, et al Y

doddo

sk el (V) 28 o Lais |y Wl gl 33 g 35,15 S s 5 o> bl b iy lssial jio 53 &l 3131 )5 Lowiile (oolty (ol sk
J e (ol o3kt slasho A Ll 1) (SMae g (a0 (Bopat ladshe dacudbgial wil ke (slasho 4 pled Jusly
3 6L 3,8 5l s ( B Plae 4 bgsype (slaadlge 423l g (wyiwd DB g 03y quie 5l opad ls s 4 (UC-MSCs) &b as
(V) oo Clas 4 (S e

A (e (Bl g (S g (SSlS (glacillad 0aiS Slundy g o JSB0bml 3 (s 0kl 255 5 (S p g plgie 4 gl
ol ol goize slod Slas 0aiiS ppenss b lgstin] (¢jliwgigen Lais (V) ditud mudgilio 0008 plals § Jdme (sla g 008 Joleie 0gde 4 .15l
G o 39 Jis s 5 55205 (sla s RIS g e ol Lyt (5 gtiagn s bl loesSlgitul &y pouiilzn (4t (slo Jsbos j1los
{¥) 25l oL

Cand & Sz 09,5 Sudid a1 5l)3 pé S 5 O oleie 4 4-(4-hydroxy-3-methoxyphenyl)-2-butanone (ZG) .y5,%5;
5 Sl 3l ol ws Sl dayger iy Sle dlon 51 (0) 31 dgmg lapludl i 0 ZG wlgd e o3dxie slays)liS e
4 );Lu » ZG ).»I “9) Olallas Jl> d" L (;’) Sy PL ZG .\J|95 (Jl?‘& 4 u‘}:u‘o |) Az uml; ]a.»}: ol &l é)ﬁu}»i Lo g u.iu:) dhwi Lo
ol 01 o) 5 Icundbgiinl & ige ewdilie (o3l (sla ok ples p ZG cute S1 ladlas ;5 Jlto lgic a4 Canl d9a0 jluss Mgt
(V) 230 L5 owa i b 3 1) oS 5l 38 & parie 5 &S

cue MRNA 3 3UTR asb b (0B, o3,Sloe )3 45 aitd (059205 5 YY 5 IA okigd 8 it glas) 5 sla Jlgs e MICTORNA
g ples P MIR-96 Jlo lgic a4 wlosh olis Slyseul cil bis 5 bl o 1) Lalise sla MIRNA 565 Gilisee clallas (A) B9 00 oS 5
4 osiilze ookt slosbe 515 MIR-214 55 ol zpan (8) 35 285 WE Sl s oo J) ige oy €3l 68 S
(V+) 58 oo ,loe WNt/P catenin poue ciumss g xS b oS o 3ayb 511 acanDbgianl

slio g (259085 5 Cwizman SMAAT (2d5 (M) 3980 o 085,65 p il o) 5 TGF-B e el SMAAT o o3ls L5 clalllas T3]
ol il 355 5 ] sliagely dlawly W57 o 05e 4 (V) ool 05 s Logizs S Jlstogil 5 Logidle etz (ol s (JUS 358 ol o
SlopuslSe g Sl jplod (> 9 oyl (id six ym a5l azsly 8 lie acawMgiiol plai 3 wlg o SMAAT s G )b 5l .usb TGF-B
daCiwg,uiS dacuwMgiinl Wile alse b Johw 4 Llgr o BU A 3l siie eolis sla Jolo (M) Cawl ol asiie Meols BTN OT ool
26 )8 pasle Bun b adlllas ol sl atdl (18 il slaslon oloyd 13 Gloyd Jolo o9 L 5 20k e (65503 (sl sl 5 amsge]
i plool Gludl Bb s I suie ook sl Jokw ,> SMAAT g MIR-590 Ly ¢ ¢y9,Ki; Sojgil

W g, g 3130

45 b IRJAU.CTB.REC.1400.042 5351 55 b (655 50 g oy oMl o151 olStils 58] aieS j3 o0 sole dnlllan ]
FBS /- oS b olyon DMEM/F12 S Lo 5 5 00 (5l 55 sy oitimgty oo S0l 1 ] b a2y 51 5o ooty (slo Jslas
b sk 5 plos] 119,505 Gl (glacdile L o oo (S5t <l 505 653l lgn 720 5 70 CO2 jiwas 5 5,8 ke a0 TV (clod 5o
> S gt 4 019,505 g 09,5 b 48l el VY o 4y 39,505 Yo+ UM g1+ UM @+ UM (slacate | hUC-MSCs
Pl ZG Jsbs o (g psbaie & MTT s IMTT (189, b BU iy 51 o (g3Ls g g 855 2 (39,5025 s9U (o 2
o el VY g YA I o ds 159,505 435 3590 slacdale b g ond cuiS oyis AF clacady jo Jolw OxVT 390> s ol plos] jglaie 4 3
Y Sde dy b gSSl e s adlal Sals a4 (SIgMA-AIDrich) MTT /-0 Jolowo jilg)San Yeor 500 2, 29 bause s 0505
Saly o 4 (gilegd sl S 53,5 J> sl (DMSO, Sigma-Aldrich) s.slsw o (63 5015 2,6 295 e 361 slod )3 cecls
b (65 0310 (puid 90 5) yiogighg Sl ol lawgs A+ NM ;5 (OD) (¢,9 ateuilsy coles p .0 4!

Journal of Babol University of Medical Sciences, 2024; 26: e21



¥ e g (5l (ool SMAAT g MIR-590 1l s 2 5 (] B 12251 Be 50tz (sloJghos 2 198025 S5l 1

b o2 les NUC-MSCS (sla Johs RNA S 351 0uly (100255 5Ty (199, b WransMlagitos] sobiais! (S5 et on 2
CDNA ) sslizul L CDONA s i (5be s (Sigma-Aldrich) Joi s Joloe 1 oslital b aclo YV @te d 9,505 Gilises claclale
SYBR Green PCR Master MiX jl o3zl L QRT-PCR 581y .cé 5 @0 wgi oyb S 00 FEVErse transcription kit
b yorlyy b o3l 81 S lgie 4y STl o7 50,8 dnebre YAAC Jon 3 il onlil b b5 (s e 03 plsl Amiplicon e s
Sl Cand V oz 50 g cpl 5o edliisl 350

09555 b ylowi Cd Cawngiin! & NUC-MSCs (s Johw 33lod ;3 dawi 00wl (b poulss .Y Jou

RoF sWyouly L3
CCCAGTATGAGAGTAGGTGTCC

RUNX2
GGGTAAGACTGGTCATAGGACC
ACCCGTTGCCTGCACTCTC
OSTERIX (OSX)
CACAATGTTCTCTCCCCAAGCT
GGGGGAGCTTATTCATAAAA .
miRNA-590
CAGTGCGTGTCGTGGAGT
TGTCCAGATGCTGTGCCTTCCT Smad 7
CTCGTCTTCTCCTCCCAGTATG
GGCATCCTCACCCTGAAGTA .
B-actin

TGAGTGTAAGGACCCATCGGA

PBS L b xix b Jgl 9,%05 cilizee slacdale L NUC-MSCS (gl Jobos jlas 3l 5oy VF S 51 o 25U lunnd oo ISIT yiiminn 990 51
b g oad li (Lo2gy Jslomo) Cibliypgus 05 Sonis il aid )3 593 WWoov 1> 598 Jolomo 9 250 1) NPAO 0aiis ) 18 Lo 5 250 00l gty
290 yagidg Sl 3l o3litl b (e S5y gy b ¥ MM zge Jobo 1 (g5blansd oSN codled (ol opgasl oly) SBlansd (SIS 51 olil
b3 5 bl

e 5 odlizel L MEANESD &j90 4 V8 aseus SPSS 158l o5 13 sdal cows a4y sloodld s plosl J1,S5 4L dw @jgo 4 Slilojl ples
A 4B )5 a3 Iy gme P<-/+0 4 w3 JUT Tukey Kramer post hoc cuws 5 48,b S, ANOVA

o adly

NoogSea Yoo g)ee e lackle » MTT cos gl 13,15 B by 1 g (comdiil o (632 S5k 32 (6,850 51 (39,50 5
o9 Vor Clale )3 0309 o Canl a ol iS5 g 035 2 03lo ol (6585 Sl oaimd (Lt B i 1 Be (powdilie (3l (sla ol 2 (9,505
i 5l asllae bl s )3 g 03 S5 (S9d ceoluo VY 51y 49,5005 L slesd 5] e gl (635168590 (VA US2) (D 1+0) sl 1o imo el ()
(VB JS) szl )13 Jsko 4,

226 Sigmal 1 s sl 3980 o0 WCuMlghinsl & B sl 1alod Casly (99,505 b BU sy 5l S (5341 (S gk jlowd
el VYl ol Lt gl a3 wyp QRT-PCR 34, L MRNA b ,» Osterix  RUNX2 a3 oL hUC-MSCs (cls Jsb
clile ) a8 gygb 4wty o al3E U8 4 Cond RUNXZ 5 ol (1Y5909)S00 Yoo gV 0 e 00) ZG ciliseo slaclale o sk jlos
sl ol ZG cdals 38l b JymS 4 e 55 OSX 05 ol (P<0/)) 30 ol S8 & cans 6)b (ize glis Yoo UM
(¥ I3 ) (P<e/+)

Journal of Babol University of Medical Sciences, 2024; 26: e21



The Osteogenic Effect of Zingerone on Human Umbilical Cord Stem Cells .../ A. H. Zafari, et al I

Cell proliferation (MTT assay)

-
o
=]

"
oy
tn

"
oy
o

[
o
[

=24 hr
=48 hr

[
o
=]

m72hr

Cell viability %

o
wn

w
=]

o
n

TCP Zg50 Zgl100 Zg 200

9 EA L 5 am sk 1 ZG dilitee gcdile iU MTT cund gl :A NUC-MSCs sl Johw wiST g By j (49,5005 »1.Y S0
el VY 51ax ZG b jlagi 51 as NUC-MSCs (gladsb (559998 90 B ccaslus VY

=
[ow}

" 39.0

37.0
‘8 35.0 il | o 250 3 il |
o~ 33.0 kol = 23.0 3 i
2 ;;:g wkE ‘ | E 21.0 4
2 270 ] s 3 |
g 278 _— s 19.0
S i 15.0 1
Z ig.g ; 13.0
P A s ] :
g L ! Z 110 3 % E
5 130 7 | £ oo %
© 11.0 %7 | N o
2 // i S 7.0 3 /
= 9.0 / | 2 /
E ;_g % ; % 5.0 %
2 o 4 I N

. 50 uM 100 M 200 M " Control 50 UM 100 pM 200 uM

SRCBL 5 OSX 5 ol A esl YT 51 azg MRNA o 43 hUC-MSCS sl Jobus i 395500 5 Soiorinn] 51 .Y JSu3
95 j Cilies B 33 565 RUNX2 (45 ol 1B add 0 Wi (51350 (sl 581 U0 &2 Capmad o 1¥909, 500 T o v 9 Vo v (00) (39,50 § cilitsn
(TP [+0) dgui o0 DB JpUS Ay S (5,13 e Wiglis Yoo UM GRS ;5 .08 o0 (i J 58y Camnnd 1) by (]33]

& o 3 03,5l le (33 MIR-590 (49,5 5 illisee SLCBIE L s jlowi BU iy I B (55 (S Jgbw )3
4 MIR-590 s> ;L5 b .as plosl QRT-PCR cus MIR-590 )y 5 015,505 186 paids sl 108 0 law ol (i ls Smad7
(P<1+0) 351 Jlosime 58 & Cams Voo UMl o ol (2al33 ol pogeas 42l ol (2al33) U8 4 Conms 019,50 590 4 diadly ©y90
ZG cbile )L SMad7 waw .4 plosl &M ¢y yiasg s SMAAT (59 oine 52 ZG dilisee claclale (56 Laseis ¢l . (A JS8)
Smad7 s MiR-590 & wiad o olis bosls ol (FC 4 YB i) (P</+ V) sl ol 1y (oyls ine by (idlS S 4 o 93 dan 3
S oy (9,505 bawgi 0ad Wl UC-MSCS (cla Jgko )

g 2 098005 Slaclale Sjsiml 109,80 5 Moo SBCRE b ol jloi UC-MSCs (gladghw 3 jUliud T o)l
» ol Uil ol 4 ek b e Ll blewd WIS 5l by eyKi; clale LiliEl b as sl i cuiS 59, VF 51w NUC-MSCs
{F JS2) (P<e/-0) w3l (oo Joigine S8 b dunlis 3 Y-+ UM cale

Journal of Babol University of Medical Sciences, 2024; 26: e21



# e g (5l (ool SMAAT g MIR-590 1l s 2 5 (] B 12251 Be 50tz (sloJghos 2 198025 S5l 1

A B
s 25.0 j 35.0 5
S 23.0 3 E 33.0 3 i |
' = 31.0 3 P
S 2103 S 200 3
= 19.0 3 < 270 ik | {
< 25.0 e
3 o T 230 ok
2 15.0 3 " E 21.0
oo 3 - 19.0
E 130 E - % T g 17.0 L
g 110 / % 150 % J
- . S ; 2
5 7.0 Z < % :
Z 50 % Z 710 %
et % ;o / |
g 7 Z 30 0 |
= 1.0 1.0 -

control 50uM 100uM 200pM control 50puM 100pM 200pM

P MIR-590 oy :A &S 0 law oyl a5 SMAd7 &' (g0 3 03,5 i b Liul33 MIR-590 ZG 40U cow ¥ UK
b 8w jloi NUC-MSCs slaJsb ;3 SMAUT s B o ¥g09,5w0 To o g Vo e 09) 39,505 it gCllé b s jloi NUC-MSCs glaJgbus
("p<efee) g P<e/40) .9y Ninj Ho0g, Km0 Voo g Voo 00 it glrcdile

0.8

— AINIINN
i [ W
ANNNNNNY
= AN
! AN
i AR
S By, ISSASSSNAY
o ISSSSSNNNN
e - ANANANNY
S AN
T 04 2 NS
&~ e AR
— ", ANNRNNAY
« AR
e AR
AN
0.2 AR
AN
P RN
e AN
SSNSSANSY|
o AN
o AR
0.0 g BRI

Control 50puM  100pM  200pM

. . _ . R X s 1.4 Al e e . o 1A &
V909 S0 Ve v u.‘alc)b.)s) Ak )‘ L hUC-MSCs dud’“ » 05)5«_{) chls U“i‘)s‘)ﬁ"b o ALP O":‘! w‘)ﬁ' £ &MJ

(*p<~/0 0) Cuw! 8399 1> o jUlhwd u.:JlSJi Ol il 381 (49,5505

S5 Aol g Coy

2 Sl 93 ol i 4 dagi b b sdnlie 9, ) Lawgi oad Wl sl Jobw ;> SMAA7 by Lials g MIR-590 ol il addlas oyl 4

s & a5 b L(VF) WS e St 95 oo (suoMsgiin] sl Jolo plad el 15,805 45" Jlain! slapulSo odly pl dacuMgiinl 33ls dwys
JopsS Sid awgy (b & Canl (b S5 09,5025 (10) 1) lasslan Glopd sl (sl Sl 5l osliial &y gyt hled p3ye (S35 S
it S5 19,505 039 42 (V) 2.l Jloewl 25 5 ST 5l ¢ ool 5 3l ailo (ol (Sidgm sl Sl (19,805 (V) 350 i S
sles ZG s ol b asdlllae alive jobo 4 (VA) Cunl atily JsUs0 g (Johw prdaw )0 bacuwMgiinl & bge coudilio (oolis (sla Jolw led p
1548 RUNX2 5,15 s hUC-MSCS (sla Jsks 3 ALP s OSX RUNX2 siils (jles cslo S o s S50 b casdlsizsl 4 o Joks
sles adgl Jnlpe 1 (eSSl lgie 4 ALP (V) cunl osds 5155 s Jolo ol joles oS Wl slgie 4 g oo o acomsg,biS g s Mgt
Mgzl pled g gl JuSits gl a5 el (ZINC FINGET) (o9, cutSil gols cnnginy 59518 OSX (Y+) 39 0 48,5 JLas ;5 lacew Mgl

Journal of Babol University of Medical Sciences, 2024; 26: e21



The Osteogenic Effect of Zingerone on Human Umbilical Cord Stem Cells .../ A. H. Zafari, et al v

MIR-590 Ly )b i 5,Shas ol g 3,5 IS8T acawMgtinl 4 1y 59,505 sles 3,Shoe dlie ol 42538 Glllas b gunod (V) Cawl (5950
MIR-30C (gladlas ;> Jlo lgic 4 .5l lacawMgiinl 3los wabais )3 ot s RUNX2 -0y 51,3 o b s MIRNA (YY) 595 oo o
o 4 g ok lacuoMgtinl led 3yt celb MIR-590-5p aad o olis wus lllae (YY) cuily oly (il cwMginal bl Job 5
095525 LNUC-MSCS (sloJsho jlos addllaa oyl 5 (VF) 33,5 .0 RUNX2 (g )lil g Lis cel c SMADT (1l 55 G b puiiane
SMad7 .ol acwMgiial plos ,» RUNX2 5l cblis 3 SMAd7 oubas js o Jlas! i85 oimd olis &5 15 MIR-590 (b iljél eel,
e slacusdogiinl oy slaJshs 1> SMAAT 1o 5l G ol (Y0) 3, (sl (68 JSb s TOF-PI Sl alits o e oilas (15
o1 5l SMUI2 dawly L RUNXZ zals s 4 lacwsMogiial ples » SMAAT Lake 156 395 oo olgstiunl LS )3 (5)l5 ixe il sl
il eblis g Smad7 , MIR-590 b 5,k ;) LewMgiwl 4 NUC-MSCS (cla Jsbo nlos p oy9)Kinj il simd olis Lo gulbs ol
b3 s > MIR-590/SMad7 el pwe b bsye olgien Iy bJshe cpl (1l oo ool caws 4y sloodls 4 axgi b .ol RUNX2

il dalss 1) gzl w5 sl 63,008 Jeily il e

JLSHPRERTY

09,5 gk olSslojl (33 y3 9 JUub Jrusyy (2L s 253 ol g (538 p0 s sy ool SliT oSl (6 5bid g i Cigleo 31 Alpginy

D)5 oo (S10y08 ol Cums

Journal of Babol University of Medical Sciences, 2024; 26: e21



A e g (5l (ool SMAAT g MIR-590 1l s 2 5 (] B 12251 Be 50tz (sloJghos 2 198025 S5l 1

References

1.Hurtado MD, Vella A. What is type 2 diabetes?. Medicine (United Kingdom). 2019;47(1):10-5.

2.Chatterjee S, Khunti K, Davies MJ. Type 2 diabetes. Lancet. 2017;389(10085):2239-51.

3.Wei F, Yang S, Guo Q, Zhang X, Ren D, Lv T, et al. MicroRNA-21 regulates Osteogenic Differentiation of
Periodontal Ligament Stem Cells by targeting Smad5. Sci Rep. 2017;7(1):16608.

4.Eskildsen T, Taipaleenméki H, Stenvang J, Abdallah BM, Ditzel N, Nossent AY, et al. MicroRNA-138 regulates
osteogenic differentiation of human stromal (mesenchymal) stem cells in vivo. Proc Natl Acad Sci U S A.
2011;108(15):6139-44.

5.LiuT, Wu Y, Huang T, Zhang X, Cai Y. miR-590 promotes the proliferation of HUMSCs and induces ECM synthesis
by targeting Smad7. Oncol Lett. 2017;14(4):3941-6.

6.Vimalraj S, Selvamurugan N. MicroRNAs: Synthesis, Gene Regulation and Osteoblast Differentiation. Curr Issues
Mol Biol. 2013;15:7-18.

7.Yoshizuka M, Nakasa T, Kawanishi Y, Hachisuka S, Furuta T, Miyaki S, et al. Inhibition of microRNA-222
expression accelerates bone healing with enhancement of osteogenesis, chondrogenesis, and angiogenesis in a rat
refractory fracture model. J Orthop Sci. 2016;21(6):852-8.

8.Vishal M, Vimalraj S, Ajeetha R, Gokulnath M, Keerthana R, He Z, et al. MicroRNA-590-5p Stabilizes Runx2 by
Targeting Smad7 During Osteoblast Differentiation. J Cell Physiol. 2017;232(2):371-80.

9.Vimalraj S, Partridge NC, Selvamurugan N. A positive role of microRNA-15b on regulation of osteoblast
differentiation. J Cell Physiol. 2014;229(9):1236-44.

10.Preethi Soundarya S, Sanjay V, Haritha Menon A, Dhivya S, Selvamurugan N. Effects of flavonoids incorporated
biological macromolecules based scaffolds in bone tissue engineering. Int J Biol Macromol. 2018;110:74-87.
11.Kornicka K, Kocherova |, Marycz K. The effects of chosen plant extracts and compounds on mesenchymal stem
cells-a bridge between molecular nutrition and regenerative medicine- concise review. Phytother Res. 2017;31(7):947-
58.

12.PranavKumar Shadamarshan R, Balaji H, Rao HS, Balagangadharan K, Viji Chandran S, Selvamurugan N.
Fabrication of PCL/PVP Electrospun Fibers loaded with Trans-anethole for Bone Regeneration in vitro. Colloids Surf
B Biointerfaces. 2018;171:698-706.

13.Ahmad B, Rehman MU, Amin I, Arif A, Rasool S, Bhat SA, et al. A Review on Pharmacological Properties of
Zingerone (4-(4-Hydroxy-3-methoxyphenyl)-2-butanone). Sci World J. 2015;2015:816364.

14.Mueckler M, Thorens B. The SLC2 (GLUT) family of membrane transporters. Mol Aspects Med. 2013;34(2-
3):121-38.

15.Menon AH, Soundarya SP, Sanjay V, Chandran SV, Balagangadharan K, Selvamurugan N. Sustained release of
chrysin from chitosan-based scaffolds promotes mesenchymal stem cell proliferation and osteoblast differentiation.
Carbohydr Polym. 2018;195:356-67.

16.de Girolamo L, Lucarelli E, Alessandri G, Avanzini MA, Bernardo ME, Biagi E, et al. Mesenchymal stem/stromal
cells: anew "cells as drugs" paradigm. Efficacy and critical aspects in cell therapy. Curr Pharm Des. 2013;19(13):2459-
73.

17.Thorens B. GLUT2, glucose sensing and glucose homeostasis. Diabetologia. 2015;58(2):221-32.

Journal of Babol University of Medical Sciences, 2024; 26: e21



The Osteogenic Effect of Zingerone on Human Umbilical Cord Stem Cells .../ A. H. Zafari, et al i

18.Balagangadharan K, Trivedi R, Vairamani M, Selvamurugan N. Sinapic acid-loaded chitosan nanoparticles in
polycaprolactone electrospun fibers for bone regeneration in vitro and in vivo. Carbohydr Polym. 2019;216:1-16.
19.Horcajada MN, Offord E. Naturally plant-derived compounds: role in bone anabolism. Curr Mol Pharmacol.
2012;5(2):205-18.

20.Arumugam B, Balagangadharan K, Selvamurugan N. Syringic acid, a phenolic acid, promotes osteoblast
differentiation by stimulation of Runx2 expression and targeting of Smad7 by miR-21 in mouse mesenchymal stem
cells. J Cell Commun Signal. 2018;12(3):561-73.

21.Leena RS, Vairamani M, Selvamurugan N. Alginate/Gelatin scaffolds incorporated with Silibinin-loaded Chitosan
nanoparticles for bone formation in vitro. Colloids Surf B Biointerfaces. 2017;158:308-18.

22.Janani C, Ranjitha Kumari BD. PPAR gamma gene--a review. Diabetes Metab Syndr. 2015;9(1):46-50.

23.Zhou T, Meng X, Che H, Shen N, Xiao D, Song X, et al. Regulation of Insulin Resistance by Multiple MiRNAs
via Targeting the GLUT4 Signalling Pathway. Cell Physiol Biochem. 2016;38(5):2063-78.

24.Hou X, Tian J, Geng J, Li X, Tang X, Zhang J, et al. MicroRNA-27a promotes renal tubulointerstitial fibrosis via
suppressing PPARy pathway in diabetic nephropathy. Oncotarget. 2016;7(30):47760-76.

25.Chen T, Zhang Y, Liu Y, Zhu D, Yu J, Li G, et al. MiR-27a promotes insulin resistance and mediates glucose
metabolism by targeting PPAR-y-mediated PI3K/AKT signaling. Aging (Albany NY). 2019;11(18):7510-24.

Journal of Babol University of Medical Sciences, 2024; 26: e21



