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The Wound Healing Effects of Alginate-crosslinked
Collagen Dermal Substitute of Artificial Skin

Jae Hoon Chang, M.D., Dae Hwan Park, M.D.".
Jeong Im Shin, M.D2, Ki Young Ahn, M.D.',
Chul Hong Song, M.D.'

‘Department of Plastic and Reconstructive Surgery, “School of
Medicine & Tissue Engineering Center, Daegu Catholic
University, Daegu, Korea

Alginate, which is isolated from brown seaweed, is a
bioabsorbable long chain polysaccharides, B-D-mannu-
ronic acid and a-L-guluronic acid. The authors produced
alginates and alginate-colllagen as a disc form. Then, to
evaluate the efficacy of alginate and alginate-collagen
complex as a wound healing material, three full-thick-
ness skin defects of 2 cm in diameter were made at the
back of the New Zealand white rabbits. Three groups of
dressing materials - alginate, alginate-collagen complex
and vaseline gauze as control group - were applied on
the wound and the results were evaluated grossly and
histopathologically. The authors compared gross findings
of sizes of healed wound, wound epithelization and
wound contraction by tracing the remaining wound area
at 5th, 10th, 15th, 20th, 25th day after wound introduc-
tion, and wound biopsy was performed at 3rd, 7th, 14th,
21st day, respectively.

Alginate and alginate-collagen complex showed
statistically higher percentage of wound contraction and
wound healing compared to control group(p<0.05). Algi-
nate-collagen complex showed statistically higher per-
centage of wound contraction, epithelization and wound
healing compared to alginate alone. In conclusion, the

Received July 29, 2005

Revised November 17, 2005

Address Correspondence : Chul Hong Song, M.D., Department

of Plastic and Reconstructive Surgery, College of Medicine,

Daegu Catholic University, 3056-6 Daemyung 4-dong, Nam-gu,

Daegu 705-718, Korea. Tel: 053) 650-4583 / Fax 053) 650-4584 /

E-mail: andrews@cu.ac kr

* B R A 57 R Y sIAes el T RE
HAE

R e 200098 drtEEaiEga oy g7 A o
3t ArEIAS

13

result suggests that alginate has a good effect of wound
healing and that alginate-collagen complex is more
effective in wound healing than alginate alone.

Key Words: Alginate, Alginate-collagen complex, Wound
healing
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a %}"c}xlv«l Eﬂr%: Hlﬂ-"‘i"ﬁ 3t7

B3k

7t ANz

) deiss

AF 1.5-2kge] A 71E(New Zealand white rabbit)
A 200t E AHEETh AEFES 22 24+ 05T,
&5 55-65% % 122 F7]12 Hee] Aeor 24N
T AREZA sellA g EAen, o 1493 830 A&
A7 F Agd AT

29 Mzt & HH|

a. ¢4 2E A9 A)AHFig. 1)

GFHEY s ZATTAHANN AZF 20
< 1M HCl &% 0.5% w/v(weight per volume)®] 5
T2 7} 3 A7 308 = 3AHESE 121°C o4 B4
st ¢7a4d-e pH 7008 HA ¥ S48E
02% A7} F 12717 AFEY 3 H 0.2 ym (pore-size) 2
J19) WETBIS ol§3tel 2-38 dBeAT oS
el E7AHg 2u) e d§E-g HUhste] d4EY A
< FFah ’“Xﬂ ’“3“31] AolA HeJdE HsiA
e & 1Z A& YoM FA7 e o
AzdE f23 gz AR
T At ARSI AT

L ZeHA F5 2 d7s-EEA EA 2EAY AF
439 =}zl (Matrixen™-ASL, source: rat

Allginate

Allginate + Collagen

Fig. 1. (Above) Alginate sponge and (Below) alginate-collagen
complex sponge.
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tail tendon, type: pepsin treated type I atelo collagen,
content: 0.3% 100 ml collagen solution, pH 3.0(Bioland A},
a2 Agsgon dAdue Fehl 328 9=
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Fig. 2. Introduction of wound and processing of dressing.
(Above, left) Circular shape full thickness skin defect(=2 cm)
was made on the back of a white rabbit. (Above, right) Each
dressing material was applied(Fine mesh vaseline guaze: A,
covalent cross linked alginate disc: B and alginate-collagen
complex disc: C)(Below, left) Above each dressing material,
aseptic gauze was laid and sutured with Nylon 3-0 or Stapler.
(Below, right) Change in wound size according to dressing
materials at day 10 after operation. Most of the wounds were
healed between 25th and 30th day after operation.

Fig. 3. Calculation of wound size. (Above, left) S.=the initial
wound. (Above, right) S=the wound on the day measured. S,
=the area of granulation wound which is unepithelized on the
day measured. Evaluation of each parameter associated wound
healed can be found; Size of wound healed=S,-S;, Size of wound
contraction=S,-5; Size of wound epithelization=5;-S;.

15, 20, 5UAlE $&A19 A Yo ErE v}
HANAN uisht AYRA pe Aoz AR
o BAg 5,2 shn 59 sk AFE AP

15

e AFE 2% 9
iMTechnology, 3t=7)& ol-&3td et HtHFig. 3). s+ &
o] & 3 EthE FAR]F HE(size of wound healed),
24 "H‘L]i}“ﬂ&](size of wound epithelization) 73}"‘}5}:%

2] (i-SOLUTION,

%—?— S At webA 2z Eﬁﬂ’b]?ﬂlxﬂ‘d—f Z_}-’] H]J]_
2 SJaiA B2 AR (ANOVA test)3} 43l (Scheffe’s
test)& o] &3te] Hrfstoh

LiS)

ZXEN ZiE

% 204?4 Z el E7le 24849 3712 93t
o FAe TE B 3,7, 14, 214 R HA FALS AE=s
of FA] 10% T2LA 148t st Eojg ¥ 6
im FAZ A} § w54 o) @ 7 (Hematoxylin-Eosin) %
vhé=o] Eg] 38 (Masson’s trichrome) G4-S 3te] #23}
At 24 AMSEAEY At wE ZAAF Bde A
vl 7kA) g502 ol #Es g AdHs), Aol
AEe F4, ge 7o JxTo] A& a8 ARYA Y
A=E Bdsych

°¥~’

A% E(Fig. 4, Table )3} 344
o AojA ¥FATF Lsk-EEHA
Ax] FAg5EFo] 7zt 2206%(2.4556 + 01414 cm?),

(Fig. 5, Table II)
594 2] £¥ 5

(cn?) + Group AContral)
—=— Group B Aginate)

—a- Group X Aginate- collagen)

Wound size by wound cenfraction

o S 10 15 20 25
The day following operation {days)

Fig. 4. Size of wound contraction. Alginate disc group and
alginate-collagen complex group present statistically higher per-
centage of wound contraction compared to control group at 5th,
10th, 15th, 20th and 25th day after operation{p<0.05, n=16).
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Table I. The Change of Wound Size by Wound Contraction on Days Following Operation{cm?)

Days

Group

0 5 10 15 20 25
Group A 3.1506 2.7544 24075 1.9706 1.6469 1.3769
(Control) + 1.181E-02 + 0.1192* + 7.819E-02* + 8.177E-02* + 8.284E-02* + 9.776E-02*
Group B 3.1519 2.4556 2.0577 1.5431 1.4069 1.0775
(Alginate) + 1.905E-02 + 0.1414* + 0.1337* + 7.761E-02% + 0.1020* + 7.066E-02*
Group C
(Alginate-collagen 3.1563 2.3514 19713 1.4359 1.2425 0.9334
complex) + 1.586E-02 + 8.315E-02* + 0.1487* + 5.994E-02* + 6.050E-02* + 8.245E-02*

* p<0.05 by ANOVA & Scheffe test, n=16

35 1
2
(af) 3 C
B
825 | .
2
R
g
5 151 —e— Group A Contral)
g 1t —e— Group B{ Aiginate)
—i— Group  Alginate—collagen}
05 1
O 1 L L I}
0 5 10 15 20 25
The day following operafion (days)

—s— Group A Control)
—s— Group B( Aginate)

—a— Group C{ Aginate-collagen)

oo

29 2%
The da, folle iny opeistion (days)

[KJ (3

Fig. 5. Size of the healed wound. Alginate group and alginate-
collagen complex group show statistically higher percentage of
healed wound compared to control group({p<0.05, n=16).

Fig. 6. Size of wound epithelization. There is a statistically
significant difference between the 3 groups from 5th day after
operation(p<0.05, n=16).

Table IlI. Size of Wound Healed on Days Following Operation(cm’)

Days
Group
0 5 10 15 20 25
Group A 0 0.52276 1.22548 2.06094 2.62982 2.645
(Control) + .12837* + 8.1086E-02* + 0.16315* + 7.1454E-02* + 5.087E-02*
Group B 0 1.37843 2.05801 2.84692 2.80812 2.8232
(Alginate) + .14856* + 0.13553* + 8.8598E-02* + 7.9349E-02* + 1.957E-02¢
Group C
Aleinatecollagen 0 1.66946 2.23412 2.94728 2.9289 29185
(Algin & + 8.3438E-02* + 0.15067¢ + 5.2599E-02¢ + 2.2892E-02¢ + 3.646E-02
complex)
* p< 0.05 by ANOVA & Scheffe test, n=16
25.5%(2.3514 £ 8.315E-02 CmZ)OLT’_ AAAFEol 77 A G7A-EF2A B :‘LL‘IL} A} 712ko] z+zb 21.6%
43.7%(1.37843 + 0.14856 Cm2), 52.9%(1.66946 = 8.3438-02 (0.68213 * 9.6047E-03 cm ) 7.4%(0.86456 + 1.4024E-02

em) o2 x# v E AZTY & 5989 P
2EE 126%(27544 + 01192 cm?) D A4 X8 27.9%
(052276 + 012837 cm) BT} EAGHOE Hgkor &%
10, 15, 20, 25U AN & BF EAHOoZ §9)(p<0.05)

A =9tk B4 4988 (Fig. 6, Table & &35 59

cm’) 2 279 HhAI A= T 31.7%(0.12656 + 1.0494
E-02 em) Rt} EASH o 2 49(p<0.05)38tA ¥, &
T 1094 G732 EZ/A L3 @ikl 44
33.2%(1.04912 & 2.1725E-02 cm®), 30.6%(0.96381 + 1.0653E-

Rem)z gZzFA vhd Az=FY 153%(0.48238 +




Table IIl. Size of Wound Epithelization on Days Following Operation(cm’)

Days

Group

5 10 15 20 25
Group A 012656 0.48238 0.88094 112612 0.8713
(Control) + 1.0494E-02¢  + 1.0256E-02* + 12625* + 39620E-02¢  + 7.004E-02*
Group B 0.68213 0.96381 1.23812 1.06312 0.7488
(Alginate) + 9.6047E-03*  + 1.0653E-02*  + 5.8903E-02* =+ 6.1179E-02*  + 6.859E-02*
Group C
o 0 0.86456 1.04912 1.22688 1.0151 0.6956
EO If}‘) I:X‘)"CO agen + 14024E-02¢  + 21725B-02*  + 3.8073E-02*  + 6.4665E-02*  + 6.271E-02*

* p<0.05 by ANOVA & Scheffe test, n=16

Fig. 7. Histological findings of full-thickness excisional wounds in white rabbits at 7th day after operation(Hematoxyline and Eosin
stain, X< 200). (Left) Note that alginate group and (Center) Alginate-collagen complex group (Right) show less inflammatory cell
infiltration than control group.

Table IV. The Comparison of Histopathologic Finding after Wound Made(n=4)

Angiogenesis Inflammatory cell
Group
Control Alginate Alginate - collagen Control Alginate Alginate - collagen
POD 3 - - - T+ 4 +++
POD 7 + + + +++ ++ ++
POD 14 + ++ +++ + - -
POD 21 ++ +++ +++ - - -

- none, *: trace, +: slight, ++: mild, +++ moderate, ++++: severe
POD=postoperative day

10256E- 02 cm) it BAHCZ #el(p<005)3tA & M A Fo
skeh. HE e AAR
=

L ZAISi0) ZRSE A% Azt

BRAG 27 ZE PN RENRALE A3o] AT
HERTY GFALI 52 0% BREYEY, AFH =T
ZFo] tzo] vle) LUWEH AR4-ZeA B @%aq J
ZolA 2%l EXS

£3 o 149 o) %k
] o]_l_ol‘x] 2]-1\1- ]
9 thFig. 7, Table IV).
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