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Abstract (J. Kor. Oral Maxillofac. Surg. 2006;32:189-199)

DEVELOPMENT OF BIOCOMPATIBLE DRESSING MATERIAL MADE OF COLLAGEN AND
AMNIOTIC MEMBRANE AND WOUND HEALING EXPERIMENT IN RAT

Kang-Min Ahn*, Ji-Ho Lee?, Ui-Lyong Lee?, Jong-Ho Lee?, Jong-Won Lee?,
Sung-Po Kim?, Eun-Kyung Yang?®, Ki-Ho Kim?
'Dept. of Oral and Maxillofacial Surgery, College of Medicine, Ulsan University
’Dept. of Oral and Maxillofacial Surgery, College of Dentistry, Seoul National University
'Bioland Incorporation

Purpose of study: Partia thickness skin graft is the golden standard regimen for full-thickness skin defect caused by burn or trauma. However, in
case of extensive burns of more than 50% of total body surface area, the donor site is not sufficient to cover al defects. As a second choice, alograft,
xenograft and synthetic materials have been used to treat skin defect. Among them the amniotic membrane(AM) was used as a biological dressing for
centuries because of its potentia for wound healing. In this study, quantification of EGF in AM and effect of AM-collagen complex on full thickness
skin defects was examined.

Materials& Methods. The concentration of EGF in fresh, deep frozen and freeze-dried AM was evaduated by ELISA. EGF-R immunostaining was per-
formed in freeze-dried AM. SD rats weighing 250~300g was used for wound healing experiment. Three full thickness skin defects(28mm diameter) were
made on dorsd surface of SD rat. The control group was covered by Vaselin gauze and AM-collagen complex and Terudermis® was grafted in two other
defects. Hedling area, Cinamon' s score were evaluated before biopsy. Grafted sites were retrieved at 3 days, 1 week, 2 weeks and 4 weeks after operation.
H & E and Factor V111 immunohistochemical stain was performed to eval uate the microscopic adhesion and structural integrity and microvessel formation.

Results:

1. EGF concentration of fresh, deep frozen and freeze-dried AM showed similar level and EGF-R was stained in epithelia layer of freeze-dried AM.

2. At 4 weeks after grafting, the hedling area of AM-collagen and Terudermis group was 99.29+0.71% and 99.19+0.77 of origina size. However,
that of control group was 24.88+ 2.90.

3. The Cinamon’ s score of AM-Collagen and Terudermis® group at 4 weeks was 15.6+1.26 and 14.6+3.13 and that of control group was 3.7+
0.95. Significant difference was observed among control and experimental groups(p<0.05).

4. Histologic examination reveaed that AM protected leukocyte infiltration and epithelial migration was nearly completed at 4 weeks. Terudermis®
group showed mild neutrophil infiltration until 2 weeks and completion of epithelization at 4 weeks. Control group showed massive |leukocyte
infiltration until 4 weeks.

5. Microvessels were increased sharply at 1 week and control group at 1 and 4 week showed significant differences with Terudermis® group of same
interval (p<0.05) but no differences were found with AM group(p<0.05).

Conclusion: EGF and EGF-R were well preserved in freeze-dried AM. AM attached to collagen acted as excellent biologic dressing which had

similar effect with Terudermis®. AM showed anti-inflammatory action and healing was completed at 4 weeks after full-thickness skin defect.

Key words: Amniotic membrane, Biocompatible dressing, EGF, EGF-R, Wound heaing
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Harvesting of amniotic sac
And mother s blood sample in obstetrics department

Short storage of amniotic sac

In 0.9% NaCl with antibiotics at +4T

Mother s blood sample
For serological donor screening

Several washing with 0.9% NaCl at +4C ‘ 4‘

Obligatory tests

Mechanical separation of amnion
From chorion

HIV 142 antibodies p24 antigen
HBsAg

HCV antibodies

Epithelial side of the amnion
placed directly on the polyester net

Syphilis(TPHA or other tests)

“ Optional tests

‘ Cutting to required sizes

CMV antibodies

Double packing and sealing in
Polyester/polyethylene laminate

(IgM & 1gG)
Toxoplasma antibodies

‘ Storage at -70°C until sterilization

‘ (IgM & 1gG)

Radiation sterilization with 10 Mev

electron accelerator with a dose of 25kGy

Fig. 1. Preparation of amniotic membrane and donor screening”.
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7hEA g 9] WA S S5 on et 4] @

2= 002 a9k

(0 X 128w - ©) 4] 3w A i) /7 X 147 X 100

Fig. 2. Upper center : no graft (Control : C), Lower left :
AM with collagen(AM), Lower right : Terudermis®(T).
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Table 1. Criteria for assessment and scoring of material performance

Macrosoopic S0

0 1 2
Adherence Sparated from wound loosdly adherent tightly adherent
Color blackened mat gray or brown norma
Rligbility very rough minimelly herdened pligbleand smoath
Macrosoopic R

0 2 4
Structurd integrity destroyed patialy destroyed maintained
Leukocyteinfiltration intenseand/or in materiad smilar to control wound not observed
Adherence separated from wound loosdy adherent tightly adherent
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EGRRo )9 W 2431519140 S A9} 9 AFHEGRR/F S AMI} TZE Z7]0l & :
o) siZel B4 MSE e aLom EGRR A 54 BRAE Sl g0l fA5o] 7130 42 26 omu -

Ax Fol e Forol A BEHE o Ak o A

1.4-
1.2
1.0+
Donor Fresh Deep frozen FD & 0.8
ae (pgmg) 4w 16w (pgmg) € 06
% 302 220 230 231 = 044
0.2
29 253 227 216 254 00

37 389 340 320 37 -0.2 4— . y . : : ;

0 200 400 600 800 1000 1200
Concentration of EGF(pg/ml)

Fig. 3. ELISA result : guantification table and curve of EGF in fresh, deep frozen and freeze-dried amniotic membrane
(FD: freeze-dried).

Fig. 4. Immunochemical staining of EGF-receptor - Fig. 5. Scanning electron microscopic examination -
dark brown color is the positive area of EGF-R. Amniotic membrane was well attached to collagen
fiber (x500).
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159} 2ol A = t o] oF 25%9] X5 Held] B3}
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47T M= AMZ T2 324 2 f71 A2 94 Hof vlA
2919 4o gt 2 5 low 99% o) At 2Rt A H
Atk olofl whal vl 2t 457 A YA = oF 5% =2 A
TS B 1,259} 2o & A 9] Kol o AAX {7t
WA SR G5S HArh

Lﬁ‘ETE

Table 2. Healing Rate of Control and experimental group

(2) Cinamon’ sscoring system
Zho] T4 HiE vy E(Taled)e Zrom 2o A e
A o] A7 b s] dojuA] ek A &A1 AFSA L A

R

=
(s

o] 23 F9 0 Seb oA AATHE AT Y S AR
o] RGO FPo] F&L WA ET S 4% Ak A

71 &) HA ot FEA A L 259k vsd 37+

%% 13T,

AM EA N S T ) 93 Bk 43
o 27) Ao 5ol THE UL FS EAE BIOH o
= ogrrel YA el 3014 21 Fa9 A s
EACE Btk AR Yol N E AT A L E3HE
BGOP T3} v S S u) v A%E BATHAME

3Day 1Wesk 2Weks 4 Weeks
C 8721245 24.88+290 2821+284 24.883+290
T 187+245 55.85+538 57.97+£555 99.19+0.77
AM 146+138 5805+530 52.85+833 99.27+0.71

(C; control group, AM ; Amniatic membrane + collagen group, T ; Terudermis® group)

©

Fig. 6. Macroscopic observation of full-thickness skin defect (Upper center :

collagen, Lower right
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(d)

no graft, Lower left : AM with

- Terudermis®) No complete healing was observed in control group after 4 weeks.



Cinamon's score

AL

O‘K@ G‘\v:}

E=33 Day

E=31 Week
E=12 Week
M4 Week

Fig. 7. Total score of Cinamon's material performa-

nce test.

Table 3. Cinamon' s scoring system

Yo SIS 0/S3 YA SE S A HY I UM BYAR M

=25

ANA FFER 9 AN M 2 AHAE B LH o=
o] F-9E TS W 7 g A E Rl AT o]l
Hhel] Tl A S A @2 dE2Tdl e AT gt
xebo 2 Qo gllem fA g shdvh 22 Q1 A Al
M s 2A T HFo] T2 AMPANA M 2 A3 E
et WAt G5A 2] A& TEolA 7HE 4904 AM
FAME FF A HolA At AIVEE FHS
ste] v st A3 3Y oA AF 7kl FeA <l Aol g B
o] 7] %o H(p>005) 1ol A= th 2= 2 AM - Afo it
o] 22l Zpo] & H A Th(p<0.05). 259 45 ol A = =23}
AM, TS B % §0] A 0] 2}o] & K 9] © w(p<0.05), AMZ 3} T
T Aol -2 A Q1 ko] 7 §1 A THp>0.05).

oy

3Day 2Weks 4\Wesks
C 56+070 32+079 37+0%5
T 85+071 120+125 156+126

AM 87+048 112+103 146+313

©
Fig.8. H & E staining of AM group. (a) Day 3,

@)

(b) 1 week, (c) 2 weeks, (d) 4 weeks (x200)
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CESEEEN
HEE 4ol 4 AMZo) 4= ofebo] shupe] 7324
fex]

196

)

(b)
Fig.10. H & E staining of Control group. (a) 1 week, (b) 4 week. Massive infiltration of inflammatory cells
were found in Subepithelial connective tissue. (x200)

shom ol el F9F Ht b A0 HaH 3]
ThFig. 84). 72 2ol A1 Q2 ] A g0 32 1} Ala) A
o} o Ea gL Sl el 2 H3 Ho) gton] o
A B ) A o] A2 7] A2 319l hFig. 84). 25 ol &
B 2o & F 5w E 9o sehol A AA shgel 3
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Fig. 11. Factor VI immunochemical staining for
microvessel (arrow) (T group, 4 weeks, x400).
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o1 B2AAE 0I5 MH Ny SaY 24 HY I UM BUAR M

=

17.59
E=333 Days
— 15.04
(] E331 Week
% 1257 % D2 Weeks
§ 10.0- L ? EZ24 Weeks
L =ic %I
E 7.54 I H Z é ?
5 501 1
2, HEHE i
25 - HHE ﬁ %
oLBEE HHE A
" CTAM CTAM CTAM C TAM
Group

Fig. 12. Number of microvessels (C-control, T-
Terudermis, AM-Amniotic membrane attached to
collagen).
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