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Trgo] 11128 7AW JEE tgEs A4 Baslely Exo] ¥
SE&HI glom, HZ o] 7

sje] zhgo)] gl & Age
0.7% AT o] S22 D 242 0, 1, 2, 4 mgH A7l o= XA E Azsigon,
4W7E A8 4HUE 2 FTIRE 3481%om, A4 9716 915) MTT, Bio-SEM, ® RT-

HofellA] zhgts EAR QI Qlet. 8
slasE|do] Az A mAlE JFe AF

CR# 22 AdS Hrisiitt. 2 A, 1 mg sl AXAE A= A a7t 7P frdive 2S
gl mebd AzAES 28l | mg sl d/ARE AXA ] et 88 7RSS I 5 Ui

Abstract: Gellan gum is an FDA-approved heteropolysaccharide, composed of sodium gluconate, rhamnose, and glucose
in molar ratios of 1:1:2. It has been widely utilized in tissue engineering because of its biocompatibility and outstanding
physicochemical properties such as stability at high temperature transparency, and dynamic elastic modulus. In this study,
we prepared 0.7% gellan gum hydrogel scaffolds with different amount (0, 1, 2, 4 mg) of hesperidin to incorporate col-
lagen regeneration and anti-inflammatory effect for cartilage regeneration. The physiochemical and biological char-
acteristics of the scaffolds were evaluated by compressive strength, FTIR, MTT, Bio-SEM, and RT-PCR. Interestingly,
the gellan gum scaffold containing 1 mg hesperidin was found to be the most excellent scaffold for cartilage tissue regen-
eration in terms of compressive strength, cell differentiation, cell viability, and gene expression.
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slzwlgde] M7k A AR oA A Ay A 671

o] ol AFH7F=E, JoFE, sPFE T thds FofollA
= AT (gellan gum)S AR EZ=Z AYA|
L

%853 9l
Flol Aeka A, B, EAe) $E By

Aol
olUe}l XFF o] = (hydrocolloid)®2 A Ao F¢ A] &
At EE FRE S5 FAskAL, ArERF 9
ARG mof A ZA Tl -8-o] FHLs) A
e 0-F8|FA=(0-glycosidically)’ A3 of|2~F] (ester)
2 o}a7](acyl group)s TSt lom, ofd7]o]
of whe} slolola A @A (high acyl gellan gum), Z-F-oF24
2 (low acyl gellan gum)S 2 o7t} slojolal ek
2 B, ASA E fddo] o, E2olAT S 74
A Aee AT & BARE EA4L ettt A st
ol=2A4 AAAY| Hrlshs g HER] Pl dF
o= Fepll NS FiL AET A8, sl HHE dH
of 37t o, Hd 9 AFol| JEIS Fohal dHA A
Th

oo & AFolx= EfordATl R Faved
(hesperidinyS 7}t sl 22| /Ad sto| =24 XA
E AFrste], AAA] E4H7F 2 sl 22 e] gk Wzt

£ AT stol=24 AXAH| ] AZAY aE GolE
Al &t

2L o 2

NI

Al A JZ. 290l (Gelzan™ CM; Sigma-aldrich,
USA, Ha 2% 1,000,000 g/mole, G1910), 3 =3 2]l
(>80%, Sigma-aldrich, 3 #A% 610.56 g/mole, G1910)&
ARESIIAL, 9] BE sheteRE 3 718 HPLC 5+
< ARSIt

sloj=2d M=, FEAIZ 90°CY] 33 SR AEy
< S3IAA, 0.7%S] Az 898 A=z}, olwf, 7t
A2 0.03% P34 (CaCl)S H7Fetar waksldoh. 0.7%
AT F8 50mLdl 0, 1, 2, 4mg?] sl dE 247}

oA 304 & =2 T AH 6.0 mme] HlolFA] HAX](biopsy
punchyE ARE-3l] 0, 1, 2, 4 mg dl2= /Ay slo|=
2A AAAH/G A7 6.0 mmxE=©] 5.0 mm)E AZ3F T
MZE i, A= AEE 47] 9l A5 2579 2 wEA
= s}o]E E7|(Hanil laboratory animal center, Korea)s A&
SAth E7)9] 75 #E AboloA AZH-E WS §
PBS(pH 7.4, Gibco, USA)Z o4& ¥ Mgt the AZA X
£ FojUdlth Fold AFA 2= FIUZE FH 22
1200 rpm, 4 °CellA] 3% F<t 28 L4lEE)sisieh. A4l
7F B AZA2Z] Dulbecco’s modified eagle medium
(DMEM/F-12, Gibco), 10% -Efo}& % (FBS, Gibco) 12|31
1% &AA(100 units/mL #HA A7} 100 pg/mL =ES]En}

olalyS &S v 10 mLet 0.2 wi% ZEHAIo|= AY
(Roche, USA) 200 uLE 7t 36°C, 5% CO, Z713}¢]
AFHlolE QtollA 1Y & S-S Esliskaith 19 +
1200 rpm, 4 °CoA] 33 5t el § F=lgste] Ax
w2 G A] (cell culture dish)oll ¥l =} A E351990H, 3
Aol A i FelS AT Ao ARGE Al
XE+= Passage 29 M2ZE AAAT 1x10° cell/scaffoldZ I
sto] AAS 8y siint.

SIO|EEH XXX &EFLE SH. HGY 4EFHEE =
A3zl Y3l AE g Zg 2(TMS-Pro, food technology
corporation, sterling, USA)E A}-&-3}31t}. olu] S A<=
Imm, 274 5= 2mm/kec, ¢ 2 0.5NE s},
PSAEE A

FTIR 4. w/Ge] A= S1(#H87] Syt 233t
2 S B Ssl A 23 3=A(FTIR, Spectrum
GX, Perkin Elmer, USA)E A&-3}] 4000~500 cm™ 3}
Al A ST

SEM &4, FAP-d A& v] 7 (SN-3000 Hitachi, Hitachi,
Japan)2 AF&-3Fe] 20KV, x1.0K Z4 slolA, AZHEE
g F 27 B3t uS H/Ge] S Este] SIS

NZSAls S8 Ax PR AE SHES W SHo=
F257] Y8l MTT(3-(4,5-dimethylthiazole-2-y1)-2,5,-diphenyl-
tetrazolium bromide, Sigma-Aldrich) ¥41-2 43 &} t}. A
ZH H/GA AZAE(1x10° cell/scaffoldys 53] vl 1,
4, 7,14 2 2147 MTT &(5 mg/mL stock in PBS)<
100 LA B3 4N7F B9 QIFH|OTE (37 °C, 5% CO,)ell Wl
3Rk 3A7F & H/IGE 48 well plateel] &4 TWEAd =
AF]=(DMSO, Sigma-Aldrich) 8912 1 mL¥ 2o Z}7} 30
HA F I YSIAT 2 F, 96 well plateo] A 855 747}
100 uLA #5312 570 nm S-8=0A ATt

FHX WHE &ol. AFA|xze] 54 A G
Yolr 7] 95l GHAxF E4E ARESI] RNAE S3A1A RT-
PCR 717]%4S A3t A 95 3 7, 14 2 2194
o 3]5%¥ H/GE PBS IXZ Al# $ 300 uLe] RNAiso plus
(Takara Bio Inc., Japan)2 37} & F|3l&lsle] 1.5 mLe] EP
FHo| A ©3 180 uL FEE ¥ S (Sigma-Aldrichye 7}
gk 5 4°C, 12000 rpmolA] 15% B AAEE] skt e
¥l RNAE Oligo(dT)12-18 2Z&2}o] H(Invitrogen™, 5x first
strand buffer(Invitrogen™), dNTP (dGTP, dATP, dTTP,
dCTP, Gibco), RNase inhibitor (Invitrogen™, Superscript™
RNase H S EH~THE|o]= (Invitrogen™), DNase/RNase
free water(Gibco)E 3 718}l authorized thermal cycler
(TP600, Takara Bio Inc.)& &3] cDNAZ AL T}
A 7] cDNAE beta-actin, aggrecan, Collagen-1 2
Collagen-IIE A1%A1717] 913ll, PCRS 34 3F3dth. PCR 3%
A F ZEZF DNAZ 1%(wh) oP1E2A A719%-S 3
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F, 4dd HdS SYBR H4 3 (SYBRTM Green |
Nucleic Acid Gel Stain, Cambrex, UKl 2Js] A|Z}3}51$2
™, 300 nm A& A2 ARG S 51e] Beta-actin,
Aggrecan, Collagen-I 2 Collagen-1l M=2] U8 =& &
Zhsleitt.

EAIEE BM, Student’s r-tests APsle] zt Ado] B4
shA] BAS S19A p ol 0.05 v u] ZAIFOZ {9
F 2107 & o m(¥p<0.05, *¥p<0.01, **¥p<0.001), L=
132 3 o]l 2A Xy sisirt.

o

>

t=ZT BM. Ax3 H/GS VA B4 BEs] ¢
3 PFAEE HASIAT Figure 12 AAA 2] 82t o]H]%]
o} EAEE YehtE a8 Zolt). | mm/secd] £EE 05N
o] AHE st AFAIAS W WG] #EI A9 55
< AAA S @dEF o2 Witk 2 A3 0 mg H/GOM A
SN o] tE7dwr BE=9om™, 1, 2 2 4 mg H/GOIA]
£ dlzuEd go] S7HE dEEIT AR gashe
S el s 7171848 F s vk Y
sto] dlolEl kel AFALS =ch

FTIR 24. 54421 &5 2 EHS dohfo] AA]A]¢]

XK

Compressive Strength (N)
w
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0 T T T T T T T
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Figure 1. (a) Gross image; (b) compressive strength of 0, 1, 2, and
4 mg H/G scaffolds.
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DR SRl

TZHEE BF7] 98l FTIRS o]-&3l] 43t &
A Az}, AB7 o] Eo] 332l C-0(1000~1100 cm™), ol =
H|Z7](ester groups)2] C=0(1550~1650 cm™) B O-H(3300~
3400 cm™)e] 544 H3E #AE 4 AAh(Figure 2).5
0 mg H/GOM Ve k= 91271 1, 2 2 4 mg H/GIM = &
A7 Yepte AL 1 = e, ol A 1
fro] A Aol BE M fAFHIL Utk Ae ¥
=tk 53], O-H7|= Sg 22 opn =2zt Exke] 744
HFoay, Alxe f54de o A3 S s Wi
o, AlZZF2lel g S AlFdlE o= AlsE
SEM &, Figure 3& AN E 95 F 25 Fof 247} 0, 1,
2, 4mg®] H/GE] ©HS Bio-LV SEMOZ ¥H-S 23}
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Figure 2. FTIR spectra of 0, 1, 2, and 4 mg H/G scaffolds.

(c)2mgH/G (d) 4 mg H/G

Figure 3. Bio-LV SEM photomicrographs of 0, 1, 2, and 4 mg H/
G scaffolds. (Magnification with 20.0 kvx1.0 k, scale bar=50 um).
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#zsk Zloltt, B2 Axt 2221 0 mg HIGIME Al ES
2] gl A 3Z.2] 7] (extracellular matrix)2] 50| HAHHE o=z
AZENT, 1, 2 2 4mee] H/IGE SA], QA EL] F2]0]
st o] FoA| AL Ue RS AT Yo, A E
71do] S = AL Mot 74% 2 5 AT o= 3l
2¥Ede SR =] SeHEe] dF 0B Al EU
TS do7le A S AAG L AlEHE EESH ske
71550l o] Azl Agtxz IR 715 Aol S AR
FEFE A7 Eo= /\]_351];}152123

vl
MTT 24. H/Gell 1x1070¢] &

= 12% g & st
o] 1, 4,7, 14 2 210 AZAHE F2ES F&Es7] S8l
MTT £492 A3, *E‘fé 734’]’(F1gure 4), A|7¥o] Z7}
= M2 %—él l £ oA FkelE AS ERIEkA

) FRIENA 1 mg HIGAA 7F 93t Al
I FNES H‘f‘l 142 2 219789 2, 0, 4mg H/G =
o] ZFas ‘:} 53], 4mgH/G{rL—:EH7*-E?l
Hel=t, O]E s s !
= _ o] g
o] &7Fo] 2HsHAEA _‘?_ 5] d%
wj o2kl AtgEet 2
tloly el MRS li‘}i‘:]'
RT-PCR BY. Az X fA4 23S f&fgfs}oq A=A
a‘_i 5"]3’/} P AEE ‘47‘]'5}7] SEl AT v
, 2, 9 3FA o] mRNAS 3l o 4*]—,?..5: AL
0}04 ’\}Exq DNA(cDNA)Z FFAI7 & ﬂ% 14¢] 8
Q1 o] 1] TH(aggrecan), AZZ2Ze] A XM &AM &
T = Y dF(collagen fibers)E 173 F— ollagen- I A
ZAES] EA] FAR] Collagen-II Iz a35le] A
71935 (electrophoresis)d+ & LFERS Z]'Z]'-J U2 3lols)
Atk ol& A= JE=F7 A H(housekeeping gene)?! beta-

x *x
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Figure 4. Cell viability of 0, 1, 2, and 4 mg H/G scaffolds was ana-
lyzed by MTT assay after 1, 7, 14 and 21 days post-seeding in vitro.

ANy A+ 673

[_10mg H/G
15 [CJ1mg H/G
7] | 2mg H/G *
§ 10| [ZBMmOHG| - -
e XK x
§ 12 - _L
C
3 1.0 | o
®
Sos | ||
m
2 06
C
o
® 04|
N
®
£ 02|
o
z
0.0 X
1w 2w 3w
(@
[10mg H/G -
16 [ 1mg H/G ol
“ 7 | 2mg H/G *
.| Eamans| .

Normalization of Beta-actin (collagen )

xx
e El R
104 ™
0.8
0.6
0.4
0.2 4
0.0
1w 2w 3w
*
l\é
3w

Figure 5. RT-PCR of the BMSCs on 0, 1, 2, and 4 mg H/G scaf-
folds was analyzed after 1, 2, and 3 weeks. Quantitative analysis of
(a) aggrecan; (b) collagen I; (c) collagen II by normalization of beta-
actin.
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actin® 27O 2 AR5 normalizations} 3] Ch(Figure 5).2°
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