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Abstract: In this study, a novel crosslinked carboxymethyl cellulose sodium salt (CMC) and porcine cartilage acellular
matrix (PCAM) hydrogel for adhesion prevention were prepared by gamma-irradiation. CMC is known as a kind of
cross-linked natural polymer at highly concentrated aqueous solution under action of gamma-irradiation. The radiation-
crosslinked CMC/PCAM hydrogels were characterized by scanning electron microscope (SEM), gel-fraction, gel
strength, swelling behavior, and FTIR-ATR spectroscopy. The results showed that the PCAM addition increased the
swelling behavior and decreased the gel-fraction and gel strength of CMC/PCAM hydrogels. The degree of attachment
and proliferation of human fibroblast on CMC/PCAM hydrogel was lower than the CMC hydrogels. In conclusion, this
study suggests that the radiation cross-linked CMC/PCAM hydrogels may be useful as an anti-adhesion barrier.

Keywords: carboxymethyl cellulose sodium salt, porcine cartilage acellular matrix, hydrogel, gamma-irradiation, cross-

linking, adhesion prevention.
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Aol S8 FAEAE FI S Az Sl
AAAEZA = FHZEAR] E2(HE ¢2E), ZT(elE
d S AAFARG] HAER, S YFEL AERS
2 Fo] AUTHOE 2 Foll A BAAFA ] skl e
o] FEHE AlFat, SHA, FIsA| TO=E SJokE ok
of da] AREEAL e S0l AEELE FEAQ] 4t
& 7HEAIH YA E 2 @ 2 (carboxymethyl cellulose, CMC)7}
FE FEIAAR AREIL QT CMCE AR A
Z87] fIgh 7hE o 2= 31HAQL W AP S o]&
she o R R 4 Stk CMCO] 3FEHHQl 7kl Y
0 2= tloldlo|=girfo| =, FhHTlo| olu = 1 4-butanediol
diglycidylether 52] T}t 710 ATAS ARE-Sle] HA} A}
740 shehARl 7t s Fa S gAY ¢ dnk A
AT, ARE THLATAIE A T AAsCF sk BT
I AA Foll= 27 549 EAR ] B A E sllof
Ithe 5 B 340 AR U

WA o8 WS faleh shet 7t d gAY AAAIAE
AHEEEA] 2871 w7t § A SIS AAS
Zart I 7hnkg oA DS 7HekA] ot HH,
W7t el e 7tart He 53] At AvE THE
AP EZ 0 20k ZHe T {4
carboxymethylchitin, carboxymethylchitosan®] &2 &% (10
FTH% ool & ox] WA o] 28t Ao &) i
A} Al B ek slo]==4 2lt]Z(hydroxyl radical),
T4~ 2} Z(hydrogen radical), 578} Z1 &} (hydrated electrons)
9 Bz IAHOE Q) ThalEo] AR A o
Fehdo] FAEThs A7 EREHUTY o) AR AL
A A G FEe R £ EAS AMEA
248 F = EAo] Atk T3 eMCs} A AREE A
ZZ (articular cartilage, AC)y F33 & FA173 22O =2 A
2% w9 (collagenyZt 30%2] T (proteoglycans)O = 19
Elo] Ma22]713 (extracellular matrix, ECM)l= Al3Ze] F-2}
< WA 3HE lubricin, biglycan, decorin 52+ &% @37}
+= chondromodulin-1, encostatin, thrombospondin-1 5=
Sl ATkl YA JTh? FHZoll= HA dxxF] e
ZAIE 2 AEL)7)1AS glutaraldehyde® 71ulEl DEo]
A e SHNIMEE wiFAS o Mxe] F24
SAgo] wolRltke Ad=E RS YA E2A A

carboxymethylstarch,

x2

do

e o @

A - WHE - R

|3 F dvhe A AHE ST 2 Aea e W
AP ZAE Al EPEA] RS S SR FAIE AEAME
9171 (porcine cartilage acellular matrix, PCAM)Z} CMC2]
F 2 o] &9t 2/gulol e Fbdle] Asks, AR, WiE
S 2 293 B4 2 RIS ekt gt

At & T=E. 2 AP AREE sodium carboxymethyl
cellulose(CMC, DS=1.2, Mw. 250000)= Sigma-aldrich(St.
Louis, MO, USA)IA F+Y43Itt. =A] FAE AZAE7]
A (porcine cartilage acellular matrix, PCAM)S 2512}
AR Algtol mz P2 glo] ARgslor g2
AREE =2 33} SRTE ARSI

CMC/PCAM =&pdo| X|z=dHH. CMCe} PCAMS 7}z}
32k SFOl 159 0.1 %= 4°CollA] 48417k B2t S3iA]
At F F&dS &3 9 H & H(CMC:PCAM=100:0,
90:10, 80:20)2 UE3517](Planetarycentrifugal mixer, Awatori
Rentaro, ARE-310, THINKY Corporration, Japan)S ©]-&3}
of #Astal 71327} flo1d wi7kA] F/do] Z+ék CMC/PCAM
=eA e 717 AE=Z] HA(9.5 mmx9.5 mm)el| Fof L&
FEE A &, e st 7hed A flol AR 7k
of &M rt 3Pl 2 Azskd Tk AR 2 (“Co,
MDS Nordion, Canada, IR 221n wet storage type C-188,
AR AT AP ATF A4S ARSI, Zhakad
A 20 kGy(H#E; 10 kGy/hr)E ZAFISATHTable 1). 7+
oA ZAbe] 2)8] 7kE CMC/PCAM =314 & Freezing
dryer(-89 °C, VAC. 5 mTorr, 220V, Bondiro, ilshin BioBase
Co.Ltd., Korea)= 3€7F 4A71x3sl] i 2EXE A7t
3 Th(Figure 1).

CMC/PCAM &Fdo| Mstg. 7rhd ZAtel ofsf 7
Hhgoll FelakA] 9L Hol e CMCeF PCAME: A A
7] fJsto] 30 °Colld 72AIRE F<F 33 SHRFE o8&t
Astdtt FAAAE AR 7twE CMC/PCAM 31 &
70°C 220l YL 48A17F FF Azt Ashe2 4 (1)
of tieiste] Al & AxE Ao FAW)E ek AL
T A Aol Az CMC/PCAME] FA|(M)Z Lro] aiE
&2 FARIT

Table 1. Gamma-irradiation Conditions of Carboxymethyl Cellulose/Porcine Cartilage Acellular Matrix Hydrogels

CMC concentration (wt%)

PAC concentration

Final solution volume ratio Gamma-irradiation dose

Sample code (Mw=250 kDa) (DS=1.2) (Wt%) (CMC:PCAM) (kGy)
CP 100 15 - 100:0 20
CP 91 15 0.1 90:10 20
CP 82 15 0.1 80:20 20
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Figure 1. Schematic diagrams for the preparation of CMC/PCAM hydrogels using gamma-irradiation.

A (%) = Wy /W% 100 1)

CMC/PCAM F8Pdo| AFUE. M1 R 7ld CMC
o} PCAM®] &% vl &l m& F31A 9 7|44 S4&
Texture analyser(TX-XT2i, stable microsystem Co. Ltd.
Surrey England)E ©|-§-ste] Z783k3it}. 7hunk-gol rost
A &AL "olBle ALRARE AAAZ17] f18te] 30 °ColA 72
AIZE B JANZ ] Al TS Bt Smm, 27
A5-2 20 mme|For 7} AT F THe] Al A|xste
=30t A= =4 Al 22 F=(cross head) =
£ 10mm/min®=Z Ao 50% o] o]FoZ we] Zhe
=45kt

CMC/PCAM =3pdlo| HEfEIY 2EM. WAMICRE 7hwe
CMCS} CMC/PCAM “F3hdle] stz 548 #Ea7] 9
3 FAPAAE 1 7 (FE-SEM, Hitachi S-4800, Japan)S ©]-&
sto] Sl 7ol FredsiA] Bl Holdle A
A= AANZIZ] 98K 30 °ColA] 72A17F B9t AR 4=
S SHTE W ol A F 80°C w& 547
oA 249 EF B & FHUXIE o8t 113
AzE AEL TsPdeo] o|uRE A7) S8l sputter coater
g ol&3ate] 60x B MEFAY S e, 15kve] AR}
W, 83 mme] A 21& ARt gRlsiglt.

CMC/PCAM &aldo| WRE. 3HH CMC/PCAM 578}
A 715 24317] YA AZFE A20 mmx20 mm)S
37°COA SRl 48A17F B¢t FAAZ -, Ao 73}
A 0 £7)5 Holke § FAIE SA6IT ek
S8 FAWet AxE A FAWYE S48 F 2 ()l ol
Yate] WaES WEEE YRS

—

WE (%) = (Ws— Wy)/Wyx 100 )

CMCIPCAM $:5139| &fats| &4, 2A#4 S AR 2

o Al ola 7hE CMCSF PCAMS] &3 ]l wh
£ e slekd B8 AiRE Aol 753 4971 (Bruker
TEMSOR 37, Bruker AXS. Inc., Germany)E ©]-&-3}o] #-4]
3tk A8 7= 37 8 mm o, S EE 4 cm'o]
AL, 500-4000 cm™'e] ST EFH A 643] 2708k T4}
ATt

CMC/PCAM 3Rl M= & 2 4| "I}, 72w
02 7tuE F3del MEE vjdst] 3l 6 well plated]]
CMC(CP100), CMC/PCAM(CP91, CP82) <F3lHE Qe &
Human Fibroblasts(HFs, Lonza, USA)S &E< 1x10°2] ¥
=2 g3 x| HE3E 3 Dulbecco’s modified Eagle’s
medium(DMEM, Gibco. USA) Bl Ao €& F 37°C, 5%
CO2 incubatorol| A 5 &<t vlleFslsitt. =skdo) tighk HFs
o 1, 3¢ ko] R 9 FAE gRIsk] f13l cell counting
kit-8(CCK-8, Dojindo, Japan)S &3 &elstsdth. wj x| <}
CCK-8&<4 2] v]&-2 9:19] Hle& Esi3ien, 500 uLy
Z}z+2] 6 well plateol] ¥ 3L 37 °Coll A 2A17F FoF 28] 6k
t}. Spectrometer(PowerWave XS, Biotek, USA)E ©]-8-3}
450 nmell A S48kt

SAXME|. 2E A3 d7e] FAAME 2] Al o
S HF+HF o AE YER Yo, two-tailed unpaired
Student’s #test(Excel, Microsoft) &2 p<0.05 G0l A] 2 A]
ste] H7lshic.

Zn o

EE

CMC/PCAM F=spdo| Mslgu MZE. vl o3|
7t CMC/PCAM S8k o] Aslgy) A7Y=s ¢7] 23l
Al 7kakgol FedsA] 2ol Holdls CMC E= PCAME
AAE Ffde] FA s 798I th(Figure 2, 3). €
W o2 7halA g ZAIES W], CMC F3ldle] 7hait-g-
& ERLe] WARES| (radiolysis) 2 A EE 23k A gt
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Figure 2. Gel fraction of CP100(CMC alone), CP91 and CP82
hydrogels after cross-linking using gamma-irradiation (p<0.05).
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Figure 3. Compressive strength of CP100(CMC alone), CP91, and
CP82 hydrogels after cross-linking using gamma-irradiation (p<0.05).
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091 H = OH 20| CMCe] B4 ARl rjzs &
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A - WHE - R

oA CMCE] 24 ARl 2heizto] F45)7] oj7] o)
£ CMCe) 7k whgo] Yolbd] @i Ee ek A

A= CMCE] Aslgo] ol 584 5Ao] SV 43
7heoll Ao k. wEtA B Aol f2RA S 45)
AL Az3b7] SeiA WARD 20 kGy A3 74 5ke] A
< APt 2ukd 20kGy A Fo 2 ZAPS 2S¢
15 wt% CMC(CP100)2] 23}8-2 84.3+3.4%°]3L, PCAM7}
Z7VTE CP91 CPR2 3Pl o] Asl8-2 79.842.3%¢]
A 66£1.4%74A] ZHA2E QA ek hupalel os) 7taE CMC
(CP100)2} CMC/PCAM(CP91, CP82) 5314 o] A3lg-o
PCAM 3t&Fo| 27132 7hAaslgth B3 15 wi% CMC
(CP100) 731 9] k=73 w= 57.9+8.2 kPao]3Z, PCAMZ} &
7FeE CP913} CP82 F78HAl o] S 41.447.8%0 A
30.6+£2.6 kPaZ7tA] 7ZFAE T CMC/PCAM 314 o A
PCAM o] Z7V5 Aslgs} A7lwr 7443 olf+=
CMC/PCAM 314 FollA] #hARd e &3] 7had CMCE
S A= Qe s oA ] ot 3akel WY &
7} F29E 7] wolelal ARRETE gk 7 AL Al A
28 WY& (collagen)s} T P (proteoglycans) 2 -4 & o]
UE PCAM2Z CMC/PCAM FsPdof|x o] &2} A7 7hal
o 98k Aslgol} Awdls Jo] gle How dAnker)

CMC/PCAM =&Fdlo| HENst SN, A FAIAnES
Zall 7apadol] o) 7kl CMC/PCAM FF3bdollA] 7yt
5ol Fefap] dolle ABAS A A Fo 547
ZH Ae] sk 125 SISt Figure 4904 52471
ZE CMC % CMC/PCAM 731 Yjie] ks 2=
Zupdel] ofs) 7kE CMC2F PCAMS] 3319 "3 <t
o Eo] e TS TAAXYE "ol dY & AHo]
SoEHA A7 3R T RS BEEQUTE ol T
%2 zH= CP100(CMC alone)?} PCAM7} 0.01 wt% 3H+¥
CP91 Fsldle] F= A7|= AMZ7F AL FAFSHAA R,
PCAMZ} 0.05 wt% 3H+-8 CP82 Fr3bdol e 332 =]

j=NIN
AolwA FFe] 57} S 2 BT ol

Si

L
fu

L

fu

Figure 4. Scanning electron micrographs of top surface and cross section of (a) CP100 (CMC alone); (b) CP91; (c) CP82 hydrogels after

cross-linking using gamma-irradiation. Scale bars represent 500 pum.
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£ 7o) ola 7k® CMC/PCAM S3HS PAC &+
o] FT7VTE T YoM e 3xMlA W 320 CMC
o] Alslge] AR 3l B e  Ade AFe] St
7] wEolt}.

CMC/PCAM sldo| Wz, 7tupdd 93] 7tu s
CMC/PCAM <F3Fdo] HE w2 47] Qi saE Ao A
F A =43 th(Figure 5). 2Rl oJ&) 71alEl CMC
(CP100)9} CMC/PCAM(CP91, CP82) 314 o] AW H &=
PCAM 3to] 7185 S7kslith. CMC(CP100)e] -5
E& 1400%°]3L, PCAM7}F 57H55 CP913} CP829] 7
HE= 1600014 1900%714] S7H=I AT o2 gt glel] 9
3led CMC/PCAM(CP91, CP82) =314l oll4] PCAM $Heko)
Z7VEE Jta R 918 CMCY 33K AR AR 9l
3 &5 TR 7 e T SR dEel Wa=Tt
Z7Vshe Ao E AlgHt). 3 SEMOE E1s19S w A
ZH Fapd o] gejsts TR0 = CMC(CP100)E thH=
CPRIA ES T/ = AEe 7] T/ AS B9l

g 5 ASe.

CMC/PCAM ==&Fdlo| statx S4. 7hvpdel] o3l 7}al
S SAAZE CMC(CP100)2F CMC/PCAM(CP91, CP82)
el o] ek Edwists BEsI Tt Figure 62 CMC
(CP100)$} CMC/PCAM 314 ] 12 Z oA = CMC]
1045 cm™& C-O 25, 12387} 3000-3600 cm™'= -OH 14,
29303} 2987 cm'= C-H 28-S VERALEY #%] FAX o
A E9] 712 (PCAM) 2 Zo| A& 1590-1720 em™ & =2}
Z1¢] amide 13} amide 112} 980-1140 cm™ = proteoglycans
(Pg)®l C-0 &9 A 54 #=aS AT CMC
(PC100)2} CMC/PCAM(PCI1) 31 2] 73-9- 980-1140 cm™
fIRollA PCAMS] 54 I A (Pg)7t $IAATF CMC/PCAM
(PC82) F3} A o A= PCAM 3] =9} FALS Ao 7 Ho}

2000

7 1500 -

1000 -

Swelling (%

500 1
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Sample code
Figure 5. Swelling ratio of radiation cross-linked CP100 (CMC

alone), CP91, and CP82 hydrogels after 48-h equilibration in deion-
ized water (p<0.05).
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Figure 6. ATR-FTIR spectra of (a) CP100 (CMC alone); (b) CP91,
(c) CP82; (d) PCAM alone hydrogels after cross-linking using
gamma-irradiation. Black arrows indicate characteristic peaks of
CMC; white arrows indicate PCAM peaks.

CMC/PCAM <731 EHol| PCAM7F =9 HAth=4 891
7=

CMC/PCAM =sPdio| M itz I JAE, 7hapd 7}
¥ CMC(CP100)9+ CMC/PCAM(CP91, CP82) <=3} oj
ek Az Fae 9 AT dolur] 93] A7k A+
SIHEE o] &ale] HE}F AFES} HES B4 A7 T o)
3 AlEe] A2 BA o2 CCK-8 assayS Tt 7}
¥ CMC(CP100)2} CMC/PCAM(CP91, CP82) <F3FdolA
o] Mlaze] Rkt FAlo] tlZatl Al Zu|YHAI(TCP) Kk
B5F e A8 sk thFigure 7). ©1& - 54
CMC 3P Q3|3 A<l F 2 A2 o] A=)
FHA Bt oFgk A F2g Ho|7] mito R AlgHch B
gk CMC(CP100) s o B]a| PCAM 3HFo| F71=+=
CMC/PCAM <Fspdollx] M xe] F-2h 5l F2j0] 1Hg s o
AdstATh AMEZ S 1922 = CMC(CP100)2} CMC/
PCAM(CP91, CP82) A&t Alololl= BAIF SR fFaAdol

1.0
£ = 1 day
c C— 5days
o 08
0
<
® * *
> 0.6
= *
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o 044 ‘
T
S
= 0214
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Figure 7. CCK-8 assay of human fibroblasts on tissue culture plate
(TCP) and CMC/PCAM hydrogels for 1 and 5 days (p<0.05,
*p>0.05).
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