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Abstract: Collagen scaffolds were synthesized by cross linking into a solution mixture of 1-ethyl-3-[3-dimethy-
laminopropyl]carbodiimide hydrochlorid(EDC) in ethanol, followed by pressing, cleaning and lyophilization process
after the type I atelo-collagen solutions in D.I water(pH3). The experimental conditions are collagen concentration
of 1.0 wt%, 3.0 wt%, 5.0 wt% and differential concentration of cross-linker. Then, parametric studies were performed
by varying the parameters to investigate the morphology, the porosity, the swelling ratio and the thickness and geno-
toxicity of the scaffolds. The scaffolds thickness pattern was regular to concentration of the degree of cross-linker
and collagen. It was observed that the swelling ratio, the degree of crosslink, and the pore size(thickness of scaffold)
can be controlled by adjusting the collagen, crosslinker. Among the parameters investigated, the smallest thickness
can be achieved by collagen, crosslinker concentrate condition. The collagen scaffold is induced no genotoxicity. The
lowest swelling ratio, as an indication of the highest degree of crosslink, can be obtained by adding crosslink agent.
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1. Materials and basic experimental method

HZ] FFojA FETE type I Atelo-collagen AFHZ]
(Bioland, Korea)S pH3°o 2 ZXAE 32} ZF40 242
1.0 wt%, 3.0 wt%, 5.0 wt%2] F== AlLox 33 =
collagens=go4-S u|z] FH|E AF ETof B335 & —40°C
9] A& W31 (BF-160DFC, Biofree Co.. Ltd., Korea)o]
A 2417 ofjB] Wge AlRskiH. WEH collagentEoe
S ZA2A%7](FD-8508, Ilshinbiobase, Co., Ltd., Korea)o]
A -86°C, 5 mTorr ZACE 24X 7 ZAAZRE A3t =
Az oFA collagen X AAH|E Stonl @ 10827F d=7}
#3912, Carver INC., USA)3te] A AE A3t
7InA| 2 1-ethyl-3-[3-dimethylaminopropyl]carbodiimide
hydrochlorid(EDC) (Sigma aldrich, USA)E ethanol
(99.5%, Daejung, Korea)o] 0.005 mol%, 0.03 mol%2]
T2 275t Az k3o collagen -84 9| F=o
uel AURE DS Lol 47 24402 skl Ahw g
AL 6X17HY 4318 ol AlHeloict. AHo] gl
collagen A\ THA] oflv] WE T EAAZE AFsiol
Ggd02 saE £ Fe collagen AAAE A
akgich.

H1.438x4.
Table 1. Experimental design.

concentration of collagen
[wt%]
1.0
3.0 0.005 0.03
5.0

concentration of EDC [mol%]

AZE  collagen A A|A|+= SEM(S-3000H, Hitachi,
Japam)o.= Tl W guie] e, niAlcEES B

o WS sh19fste] 12 collagen A XA ST
243131 PBS(NaH,PO,)o]| 24417 AAA 7] & Zeks =
olo] Pews TSIk, BoeE ohe Ao A sigic).

Swelling % = W — 43 100[%]

d

Ws : W85 collagen A|A|H|Q] FA

Wd : AZH collagen A XA A
2. Biocompatibility test(Genotoxicity test)

2 A7) 4 A2 collagen AA|H|2] ebdA olne g}
Qlal7] glatel FHEHAY % vlaE BAEAE0] Y

= AlFskelT. digtvl= AofA] 77719 EEx21[12&
71l m FA4-8uel a4 Sil= 8E5] Sl A=
=22 "84 94 (Dahan Pharm Co. Ltd., Korea)2}
dimethyl sulfoxide(DMSO) (Wako Pure Chemical in-
dustries, Ltd., Japan)E AFE3}9 o FAYZEAZE=
OECD 7tol=eel[13-14]0f B7]H o] = =42 sodium
azide(S9-)2} 9-aminoacridine(9-AA), 2-aminoanthracene
(2-AA) (Sigma Aldrich, USA), 2-(2-furyl)-3-(5-nitro-2-
furyl) acrylamide(AF-2) (Wako Pure Chemical indus-
tries, Ltd., Japan)& AN&3s}3c).

Collagen 2|24 4 g7 20 mLe| H|&=2 BtAYe]
o} DMSOZ 7Z+zF @11 37+ 1°Coj|A] T2A17F 83t
WS AAHCE, collagen AAAE YA 2
4ok DMSOE AHgsle] 5T o Al
24 28 oz ARSIl sodium azide:=
 ThE 379 Pyt BAL DMSOS| afste] of
drix gl Abgstech Agele] el
bation BH[15]0 2 s}t AY HHSH tubed]| Al
0.1 mL, S9mix, 0.5 mL, #8feFod 0.1 mLE 91 37°Coj
Al 208-7F 120rpm o 2 ZgA g =
B3 o} &35l =A] minimal glucose agar plate
of Fof HRHOE A ste] FaALh. SHHETE
AFEA g thA 8 0.1 mLE, GAHRILS FATY
e oz Askeich A9l @S9 mix
o RFAS Skelst] 91s) A8 0.1 mLet SImix 0.5
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1. Morphology and swelling ratio of collagen scaffold
Typel Atelo-collagens Z}ZF 1.0 wt%, 3.0 wt%, 5.0
wt%o] e Aeox fafit = SAAz) 43, 7,

EAAZY FALS AA A 20 mm, F74 200~300 um

9] collagen A A|AE AASFHAHIH 1). AAA 9| &

of tigt SEM 235 17 20 Yeplild. ol éﬁr

2 collagen®] F&=of 7huA| 9] w0 upel FUT W

Yow Aae Al S} mAR Kol do] WAlsH=

AL = 2= 9lrk. Collagen®] F57} £852 MA49] &
A7} Z7F8tk. ol st 71t R Ao A collagen?] &

7} Bkl whet wAo] ARgE, Eak 7] s

sapazo] 27l Z7jete] A4

A Ao 2= collagen®] U7} F7hg o] SRl ). ESH
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2! 1. Collagen A A|A].
Fig. 1. Collagen scaffold.
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3l 2. SEM3-2HS: =3t collagen A 2| |9 ©hH. 2HzE collagen =9} 7FalA] %o T3t (a) 1.0 wt%, 0.03 mol%, (b) 3.0 wt%,
0.03 mol%, (c) 5.0 wt%, 0.03 mol%, (d) 1.0 wt%, 0.005 mol%, (e) 3.0 wt%, 0.005 mol%, (f) 5.0 wt%, 0.005 mol%.

Fig. 2. SEM image of collagen scaffold (cross section), (a) 1.0 wt%, 0.03 mol%, (b) 3.0 wt%, 0.03 mol%, (c) 5.0 wt%, 0.03 mol%,
(d) 1.0 wt%, 0.005 mol%, (e) 3.0 wt%, 0.005 mol%, (f) 5.0 wt%, 0.005 mol% each concentration of collagen and cross linker.
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Fig. 3. Swelling ratio[%] of collagen scaffold by different
collagen and cross linker concentration.
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3. Genotoxicity test
2 Ao A AlAHE collagen A A A= o] A & 7o)
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Table 2. Result of bacterial reverse mutation assay (Group
summary).

Colonies/
Tester collagen plate(Mean + S.D.)[Factor]

strain  scaffold Dose

without S9 mix with S9 mix

SN 27+8 31+2
Test DN 21+2 35+4
TA98  lution SE 23+4 [0.9] 3444 [L1]
DE 25+8 [12] 384+7 [10]
SN 91+10 95+ 8
Test DN 93+ 14 1065
TAL00  lution SE 93410 [1.0] 10810 [L.1]
DE 82+4 [09] 100£9 [0.9]
SN 17+6 14+ 4
Test DN 14+3 14+ 4
TA1535  (lution SE 1245 [0.7] 1546 [L1]
DE 14+3 [1.0] 12+2 [0.9]
SN 339 36+9
Test DN 29+3 38+ 3
TAIS3T  lution SE 3444 [1.0] 376 [1.0]
DE 30+4 [10] 34+7 [09]
SN 103+12 121+ 17
WPouora Test DN 10618 110+ 18

solution SE 105+16 [1.0] 121 +22[1.0]
DE 115+8 [1.1] 121+8 [L.1]

Positicve controls

TA98 AF-2 0.10 438+2 [18.3]
TA100 AF-2 0.01 344+5 [3.7]
TA1535 NaN;  0.50 273+ 14 [17.1]
TA1537  9-AA  80.00 733+10 [23.6]
WP2uvrA AF-2 0.01 340+ 16 [3.2]

TA98 2-AA 0.50 158 £ 10 [4.8]
TA100 2-AA 1.00 432 + 8 [4.3]
TA1535 2-AA 2.00 173+ 7 [12.4]
TA1537 2-AA 2.00 194 +9 [5.2]
WP2uvrA 2-AA 10.00 305 + 8 [2.6]
Note

SN: saline negative, DN: DMSO negative, SE: saline extract,
DE: DMSO extract

Factor: No. of colonies of treated plate/No. of colonies of
negative control plate

NaNs: sodium azide
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