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Effects of Cross-Linking Agents on the Stability of
Human Acellular Dermal Matrix
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Purpose: Human acellular dermal matrix(ADM)
widely used in the treatment of congenital anomalies and
soft tissue deficiencies. But it is rapidly degraded in the
body and does not provide satisfactory results. There is a
need to improve collagen fiber stability through various
methods and ultimately regulate the speed of degradation.

Methods: The ADMs were added with various cross-
linking agents called glutaraldehyde, dimethyl 3,3'-dithio-
bispropionimidate to produce cross-linked acellular dermal
matrices. 1,4-butanediol diglycidyl ether solution was ap-
plied with a pH of 4.5 and 9.0, respectively. The stability
of cross-linked dermal matrix was observed by measuring
the shrinkage temperature and the degradation rates. The
cross- and non-cross linked dermis were placed in the rat
abdomen and obtained after 8, 12 and 16 weeks.

Results: The shrinkage temperature significantly in-
creased and the degradation rate significantly de-
creased, compared to the control(p<0.05). All of cross-
linked dermises were observed grossly in 16 weeks, but
most of non-cross linked dermis were absorbed in 8
weeks. Histologically, the control group ADM was found
to have been infiltrated with fibroblasts and most of der-
mal stroma were transformed into the host collagen
fibers. However, infiltration of fibroblasts in the experi-
ment was insignificant and the original collagen structure
was intact.

Conclusion: Collagen cross-linking increases the

Received February 15, 2008
Revised March 28, 2008

Address Correspondence : Jong Seol Woo, M.D., Department
of Plastic and Reconstructive Surgery, Chungnam National
University Hospital, 640 Daesa-dong, Jung-gu, Daejeon
301-721, Korea. Tel: 042) 280-7380 / Fax: 042) 280-7384 /
E-mail: bell-snow@hanmail.net

*E e 20079 % SIS wAATH sl o) 2] el
/] 0}"4 T 51011:!-

A7E A FAl v o) A m A= &

structural stability and decreases degradation of
acellular dermis. Therefore, decrease in body absorption
and increase in duration can be expected.
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AEE AAstL 99k A3E 2] 7] (extracellular
matrix)®] 24, A nFAEI o At
(fibril) & 223Fet 7] 42} 5314 (basement membrane
complex)& L= FAAX W5 Axd FAE, @
vste Hvm A dgukge] 14<

Aske]l AFRESo] flo] AztolA ] tiAlE=A
sta Gy ow Abgd 4 gioht EE

&2 2> (elastin), ¥ & = (channel), 714
TEZ ool glo] oA Al A7E EF7]AIE(host
stem cell)®] F2, 3} 2 F2& FErh L A
FRV = AES ols R A A7 VA FE =
Aed 7 Ade 7IdEmA 53 AAAFE S 7HA AL
Aol Eakar, A vl

FRAESC] iR A&t w5 Fepld
T A7EERA R tAE AL AZke] A deE 2

O RI7F AR Eolee T

7] olgve @S A A =

a7] el ol AR #H3 wAHE FJEA L U
& WS Fal Ao P S
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2 Aol A= 7FalA] (cross-linking agent)ll €] -
AT 9] b AS Sroln 7] $18] SureDerm®(FH2=v
olom=, thA, e)ol ole] 7] AuAE wat A
AL S Fepale] g2 et Bl RE SAS
om FEAR o7 S, A HAAE FE
IR ) S

L A5 %y
7h AEAs
Q1AESEZE-8-<H(PBS, Sigma, USA) of HAJYH FAE

9 Fo FE AT ¥, glutaraldehyde(GA,
Sigma, USA), dimethyl 3,3'-dithiobispropionimidate
(DTBP, Sigma, USA) % 14-butanediol diglycidyl
ether(BDDGE, Sigma, USA)E AH&-3ke] 7FalA| i th.
GAE °l83t] -4 23k X9 E PBS & 05% GA
S N(pH 7.4)°l gol 243t &t Aol M w3121 $-
4 M NaCl £33 FFHFZE AHsta 54 1233k
DTBPE AH&-3 7halo A= 223 195 0.2 M Tris-
buffer = 0.5% DTBP -&(pH 9.0)ll A 23+ &<k vk
SAIZ ¥ 5mM lysineo 2 W¥kg- DTBPE #1733 th
7T PBSZ M &sta 52 713313 th BDDGE
ARERE Tt whe2A, S 5899 pHE
4.5(BDDGE45)¢} 9.0(BDDGE90) 2.2 7}H7} th2 7] &}
th. pH 459 ¢%F&dML 01M 2-[N-morpholino]
ethanesulfonic acid& AH&ste] RHE812™, pH 9.09
k582 0.025M di-sodiumtetraborate-decahydrate
(Roche, German)g A}-&-3fo] #|x=3}qlt). 7hal vy
Ztzke] k8ol 4 wt% == BDDGES %9 ¥
o] &efel M= FHAA *J%Oﬂ/ﬂ 79 &2t WkgA
At FREE AR 2 A2AR. 5
[e)

it do o
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1) g¥M8 25 (shrinkage temperature) S8

ol e x4 RS 58571 Al 7hulA €

ol ek ale] Ao yUrdnk w7kl M9 S
WaToR ALEEYoH 7t ok 73] 1YL W
S5 2050 2 A A 39 7, posel
1518413 <k 4Tl A] 5841713 E 9] 4382 A
A% % QulE HA0) R thrEezE
FAE ARESIATE A 8 Sl A REE 25T olA
95C7HA] 2T /min®] $E2 SHFHA 4 04 o=At]
shE HEsHITh AlAFFEAE ZH| (Differential scanning

=
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calorimeter, Perkin Elmer Pyris-1 DSC, USA)& o]-&-3}

o Wol ¥ HAIHE ZA3AT.

2) 22k Foigao ofet BlEE £

Zkzkel X9E 10mg® =gt = 0.005M CaCly,
0.05 mg/mL NaN3(Sigma, USA)E 1% 0.1 M Tris-
HCI(Sigma, USA) ﬂ%%@%*(pH 4) 1.0mLE H7}sto]
37°CeA 1A1ZF &2t FATt o7]ol| b7t Tris-HCl <
8N pH 7.4)9 l—??l %E}ﬂ -3l & 2~ (Clostridium
histolyticum .2 - °é°17ﬂ bacterial collagenase:
100 U/mL)€< 0.5 mLE #7Fsta szl A7k 0.25
M EDTA 0.1 mL(Sigma, USA)% Arkete] ZalE A
A7 5 gz 5 AR skelnh Aol wela i

o PAEe TReE AAD T adRe W 52 A
zale] GAA W2 T WsE SAag B
e 5a Ae ol ia A2 Fol T uE(%)
A,

ok EAEA
c

AlEA]2 SPSS program(Version 11.5)& AR5}
A &

I SAAE HaY xEHEAE 2l ATy
)z 2] ¥ independent T-test® A 3}51aL, A
7o HlalE ANOVA AAWS o] &38tg o -9
FE(prhel 0.05 o13td o fejdo] = ez A
kAt

. T2

1) AESE

A% 200 gm Hele] 4F Sprague-Dawley 217 32
ulg] & ARESlS T, U 229 F%, Al T T
sty Agx s

2) FM=ZZIEQ| 0]4]

4709 Ao Yra 7 o9 sulElel ARE
HjESFATE t1 B o 5% ketamine hydrochloride(?r
=A%k, S E AT kg 40 mg¥ 5 Ul FAFSE
of mAAZ F ERe] €& %} 10% povidone-
iodine &N o7 AE3 & 5cm 719 F4MNE 715
At F7Z (panniculus carnosus)oll XS WHEIL
w20 (linea alba)oll A ¢F 0.5cm Eolx S+ O
ZwoR, #HFoE AP O 10x10mm 7] 2 1
mm T SureDerm®S 7}7} )48}l 5-0 black
silk®2 W] BAEE 250 Beete] 1A tHFig.
1). & BAE A& =% UHO] lincomyein(fr-4F<,

)2 0.1 mg/100 gm2] -5 84 sto] 5¢U Fet
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ol E5FAF shgler g, 2% 2 ddaEe
4 55 dES Y. A" & 85, 125, 16579 7+
Ttk A ES AFsEe] S BE 2 245
AAE B EeldE 2 AAHEAES vwsksit

7F el gk kg Ad

Zhal A - Fo] ARMALE(Ts) S 543 23, gz
91 BI7kal AIE 62.26+6.62T, 7hal F3E GA
7} 76.28 +6.77°C, DTBP7} 80.93 +7.13°C, BDDGE45
7} 78.23 +6.42°C, BDDGE90©] 80.53 +5.50°C oA #
o] &Aro] YEltH(Table I). thxwol & 2d+
oA FAAOR folsiA dWA2ETE oAl
o}, Zt7he] At vl A E FAA fejAel

At

AT 9= Fepl Falas Ae] 943 $oll GA

i3t & 2] 78ks] %] Vol. 35, No. 3, 2008

Table I. Shrinkage Temperature(C)

Group(n=7) Mean + SD
Control 62.26 = 6.62
GA 76.28 + 6.77*
DTBP 80.93 £7.13*
BDDGE45 78.23 + 6.42*
BDDGE90 80.53 £ 5.50*

*p<0.05 compared with control group

izt F]E 3.65£1.32% 1 Hol 2lo], 7hal X3
7F v7kal Aol nlsf folshAl EalH =T Ak
Ao 2 YERGTHp < 0.05). 120417t $-ol = GA7} 89.31
+1.94%, DTBP7} 90.02 +2.32%, BDDGE457} 82.79 +
2.84%, BDDGE90°] 89.05+2.25% ‘Fo} Ao} thzx
ol A= B F50%) e Eel A= dASHA 3
43kl tHTable IN). Leivh 2t A< o] vlulo A F7

Hel frelge g

7} 91.34+2.7%, DTBP7} 91.85+1.92%, BDDGE457} o Soby ¥z
88.21 +2.46%, BDDGE90°] 89.84 +2.10% Fo} AU ZANH A Sobtow AR S| HLEE oF 4=
Ao = AFM AAe] 2712 Holx] okt
o4 gell vl A 9] A3 f2o] Hela
Yol E4sle] 29 223 Mt Y5 FEE T
AL 23 ALk olel wal BE QYT Qe 29
A3 A% f3o] gla vl 277} Wete ek
GAdstaL lglom o] BAale] BefE A AR
Aekar ek 12529} 165701l |7kl 3)5= 850l H]s)
Bal7h F O ARG W S0l g Kok o] 10|
A % 3%al, BDDGE45E Al 9]gh E& 7kl 9= 529
zA3te] G243 vy el o A B Ae B4
A AL A e frAekal )len A 7
EHg xpolE wolA| gkokont, BDDGE45 7hal %13
Fig. 1. Acellular dermal matrices grafted in the rat abdomen. o] F5Fo] FelE dolny] FETH(Fig. 2).
Table II. Remaining Amount after Treatment of Collagenase(%)
Group(n=7) 9 hrs 24 hrs 120 hrs
Control 3.65£1.32 7.02+£2.35 0
GA 91.34 £2.75* 94.11 £ 4.21* 89.31 £1.94*
DTBP 91.85 £ 1.92* 98.01 £ 1.09* 90.0 +£2.32*
BDDGE45 88.21 £ 2.46* 95.98 + 3.28* 82.79 +£2.84*
BDDGE90 89.84 £2.10* 95.16 £ 4.16* 89.05 £ 2.25*

*p<0.05 compared with control group
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Fig. 2. Gross findings of grafted acelluar dermal matrixes. At 8 weeks, control group dermis were almost absorbed to the
surrounding tissues making decreased thickness. All experimental dermis were not absorbed and well capsulated remaining
their appearance. No specific change was shown during 12 and 16 weeks. Except BDDGE45, all cross-linked dermis-
remained their appearance without any absorption.

ot 2ATH A S Btk Z18]al GA, BDDGE45, BDDGE9Q 7}al %

zat JH= o)A 85 FHE AP S B F o= A3t o] #EEAT 16579 GA 7}
A on daltel MfRAEel Agy A A" A= o2& YREe A °Exﬂﬁ$4 e v sksl
e FETE Ak A 71 ) WA 3 o ot AL HFo] Tl Al3lste: o] wol
o] 3] 714 gjFio] A7t FeAA R A HE & #2559l t}h. DTBP 7kl o) = AQ} BDDGE90 7}alxl
e Helom o)A 125 = XbM Hol] 3] Fet glof] vj3l] AFREAEY Ffo] o]AE YRR ¢ 318
AR gix = o] Ao F25 FASHA Xk & o} A7p FePAARR g ¥ FFS Bo 4
& Helh FAEE #Hadts 2718 Btk =3 BDDGEY 7}

GA, DTBP, BDDGE45 % BDDGE90 7}ul 23]+ 12 WRF= oA E R AFRAES] &l ¥ 3l
F7HA B vl 248 AAS Btk BE A9 FH Ao ASHES] = Al A3E e w
T XY= 8o AAIE 2L dFAEL] AFS B n 7] 3k T
Ze 7 Ao oA E YRE] ARFREAE HES olof] W3] BDDGE45 7}zl = 1670l Al RAE
HE 5 gl 127000 ASAHE] Aol A3 7} oA E WH-= dAAsA Bol Haste] 71A W W
F7retelom AR EA Iz Hfo]l W o= & do] AstAl Ry = A 974 giiato] A7 Fet
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weeks and invasion of fibroblast was localized in the surface and experimental group showed calcification appearance.
A tH(Fig. 3).

experimental dermis groups showed invasion of inflammatory cells. Invasion of inflammatory cells were observed in 12
During 16 weeks, All group of dermis matrix was substituted to autologous collagen fiber during 16 weeks.

Fig. 3. Histologic findings of grafted acelluar dermal matrices(Hematoxylin and eosin stain, x40). In 8 weeks, all
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Fig. 4. A schematic representation of the basic structural
design of a collagen fiber.

stebd a7 Wol ARRHE ZhuAll
Glutaraldehyde(GA)+= Ze}71¢] o9l 153 ¥H-g-3}o]
] (intrahelical) <2 1} 7Hinterhelical) 7}l = )
G bFAR] Febls sk A AlESAES e
i, G717 AREE w2 Ak A3]strE EAI7E 5
ER R

3,3-dithiobispropionimidate(DTBP)+= Z2}zle] -
o7l 1 (free amine group)? WHg-ato] LA o, 1}
Zt, 18] 3 v AL f-Zintermicrofibrillar) 7FlE
Aat, GARTH 7hal D= vroy o] ghshd d(dis-
ulfide linkage) o= <Qlaf Zehal Zall ol gk A&
e A FYsth! AFukge] Ha AEEA ] glof
7H o] ARl ThaAl = A itk 1,4-butanediol
diglycidyl ether(BDDGE):= ¢Ze]4d 37 (pH > 8.0)°l]
A1+ BDDGE®] | Z-A] “1&(epoxide group)o] Zet7le]
opvl w3} whE-akH, A B4 (pH <6.0)o 1M = F
] Ft2 R ARt T jEgsho] v, w1
T AL ST 7}'7% &4 S} (Fig. 4). 2B ol n1 e o
b ow 2 o FHEAQ " (Restylane®,
Q-med., Sweden)©] 3] %F&4Hhyaluronic acid) 7}uLe]|
AREE = ZhaLA] o]t

B o= SureDerm®?] 31814 2t

S 9 AAAF Y] WtE vl Aow, o
=7} GA, DTBP, BDDGE45, BDDGE<®] A & o
T}l HZba ol s @A S8 5’%‘4 ol A
HAo] ol R o] oA F
FaAgte] st ¥ o] AU 27 E1 Ei’ﬁ
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aAaAT F 1207 7ke] Ak AJ-CA GAZF 89.31,
DTBP~} 90.02, BDDGE457} 82.79, BDDGE90¢] 89.05%
7F ol ol B F4E dixatel] vld] dAsE i
skttt tix&at 3= 9AIZE gl Ae] dii-Fo] &3

s, ou% 27 ePgAdol Aoket W& il
o o
=

gk %A 7%‘ oANA Zhul b=
BDDGE45%5 A 9|3}l o] 4]
AAA T H7FR o= 850l %ﬂ—l‘ﬁcfﬂ
BDDGE45 7}l 1= 1
=4, °]|A2 van Wache
= BDDGE®] 7}l g H|nl ]
© 2 BDDGE45% 7hul D1C7} vy 2k} of
gepzlake] FF2EAAE 1 Abo] o] of 2~H
WE e waol o3 HA shrEsl "vkar
Z10f] Wl BDDGE90> 7Fnl W7} 31 3
FojA A k= Aol EAFoEM HA
ol 7ME £& 7}wﬂﬁh ST o] ARE]
TAT}E A gt

ZA 82 ghell A m 7zl g 8ol on| Al
A7 Agste] 9714 f%v‘ﬂfOl A7F ZeplA
2 A= AA e F2E | 3
Fou ZtuAAE 16770 559 AEFEo] HH|
star ] Fehal P25 & fAE AT 17
L} BDDGE45+= <5°9] A 2AE Fio] 712 -2
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b= RFANA DG T 845%E A X
¥ o]2¥ SureDerm®] FA7} FAYE EFF
S7FA e geta sdal, 25 A7 deke
o] §71a7E 47 feEire oF 18% A= v
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W Apzgel 3g7] HHR QA HuE, ud
53 1A ol o] 48 QA5 Rajsix @u o
Ashe FE FAT F ArhA olelF AHS NGY

A 271579 SureDerm®] SHAA, A4 9 A
S ot 7] YA o7 7HA] ZtuAE AFES)
naF AA7l & Fepdle] A 2 BT
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H
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wRgTE AT B o At GE 4
NE 92 F e Ao A
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