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ABSTRACT

The aim of this study was to compare the biodegradation including biocompatibility of differently made
membranes, PLLA (poly—(L)-lactic acid membrane), EGF (epidermal growth factor) loaded PLLA membrane
and Biogide (non—cross linked collagen membrane). 30 Wistar white rats (12 weeks of age, weighing about
350 g) were used in total surgical procedures. Totally, 90 membranes were allocated in representing 3 groups:
C: Control (Biogide® (type | and Ill porcine collagen membrane, Geistlich-Pharm, Wolhusen, Switzerland), P
PLLA (poly—(L)-lactic acid) and E: E-PLLA (EGF—(epidermal growth factor) loaded poly—(L)—-lactic acid). These
groups were experimentally divided in five periods: 1, 2, 4, 8 and 12 weeks. The membranes were randomly
allocated in subcutaneous pouches separately on the back of the 30 rats. After 1, 2, 4, 8 and 12 weeks, the
rats were sacrificed and specimen were prepared for histologic and histometric analysis. The following
parameters were evaluated : (1) residual membrane thickness, (2) the morphology of membranes, (3) tissue
integration and foreign body reaction. Histologically, the residual membranes were gradually degraded in
control group showing tissue integration with surrounding tissue but the almost all membranes of PLLA and
E-PLLA group were not degraded.
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The thickness of membranes decreased continuously in control group, however thickness of PLLA and

E-PLLA increased due to amorphous area from its fragmented polymer. Connective tissue integration was
achieved in control group however complete separation was observed in PLLA and E-PLLA group. No
vascularization was found in both experimental group. One inflammatory reaction was observed in 8 weeks of

PLLA group.

Within the limits of the present study, degradation of PLLA membranes was much slower than control
membranes. Space maintenance and cell occluding ability of PLLA is so superior that PLLA membrane can
be used in cases which require high space—maintaining capacity in GTR and GBR. However biocompatibility
of PLLA was not completely proved, therefore enhancement of biocompatibility is needed. In this study,

E-PLLA enhanced wound healing and tissue regeneration.

degradation ratio of PLLA in further study.

Long—term evaluation and studies to prove

Key words: Biocompatibility, Collagen membrane, Epidermal growth factor, Guided tissue regeneration,

Poly—(L)-lactic acid

I. Introduction
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A ZE dd=o] JHY, AREELD U209 poly lactic acid
(PLA)= 7t& Bo| ALEEHe= MEZH2l sttolch
Poly—(L)-lactic acid (PLLA)= (D)-form@} (L)-forme| &
7HX| HEHEAIR EXfshk= PLAG $t SREM MU &5

M, BT =H JIsN, 22 4T, Mz 20|14, ALS
Ho|M, okE YhE9| carrier2A2| 7|5 S cleket EHE

o/
o2 o5 Ha| ALSE D AUCH. JBiL E2 HHoR
0

olslf FAME0| Ydstn, 5 FM=2 Qs HS4M o]
£ Hkg (inflammatory foreign—body reaction) d7|=
CHMol RU0f ofg] JHX| B2t Sl AlEstei= o7t
s Aoy

Epidermal growth factor (EGF)& x®& FEsl= &
st ME QIXte| stz J3E ME (target cell) 2
receptoroll LSt xSt 0| ot F&F Al sl Mz R
A U2 HY e FEAF|= 7IH22 g Mz
2o gl 0|Z, CHHAl s 2 §40] MMg REEICHY
EGF= M %

(endothelial cell), &2t M= (mesenchymal cell) &

U dEeIAtZ M=

At M| (epithelial cell)oll 2t25t0{ ot dA 2 M=
FEs LoD MEL (R MY U Eo HES
o|x|1'" 55t FAHS 0] HBME U MM E M
S 2ot Al RISt MR e XFE FTIAII=
7|52 $cH? . EGFIE AtetatolM MAIMoz wad A
< O|AlRER|o| =& st 2 AX XFSS SAAZ
doz J=ICt,

2 A= Fel 5 aulst =ZoAMe PLLA 2
EGF7} & X = PLLA XtzhatZ o]Al5104 O AlXle| E4=2f
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Il. Materials and methods

1. A7 =

oo

1) 4" =

2 AFoM= M= 11FRIel 330-370 g2 E F
(Wistar albino rat) 3002 AFESIQICH Ae S22
A, 2|, od MR AMosm o|mjeyst lakolst
AT ME{ o] X|&lof 2t AlMSICt (SelHS: #2015—
0071).

[*}

2) AY M=

PLLA Atzhek2 XM 300 kD! PLLA 500 mg=
1,4—dioxane (15 mL)oll 75t 80°CollA mutst
NaCl2 &H7tst EsA= AlZl 5 NaClg MAHsk=
o=z Hz=sict ofmtel-Eutdl LIl XHE PLLA
Atctatol D-AIZL S| 0.6 Wt% HIEZ EGFE EX|sH0d
EGFE EAM st PLLAE M =3stct M == PLLA & EGF
A= PLLA RPSHE2 10 mm AZe| fgoz X =tst
P FAE 350450 pmE SHE=QYct EF =R
2 =X 7 S2H type |, Il 2 2SR T4 2k 400
ume| Biogide (Geitlich, Wolhusen, Switzerland)& AlS
SHACH

0e 4

Fig. 1. Surgical procedures. A) Anesthetized animal,
positioning in the subcutaneous pouches. Each of control,

o ot 2ol
1

S 2| 5
TEot0] MA|SIUCE 2 22 1, 2, 4, 8

, 1258222 L
04
(1) tH=% : Biogide (non-cross linked Z2il xjckat)
o4
2) AEE 1 PLLA RFEHt 04
(3) MEF 2 : EGF R E PLLA RH=Haf o] 4

2) =R 84 M|

A SES 4%2 isoflurane2 2 & oiF|A1Z] H 15
mga/kg zoletileZt 10 mg/kg Xylazine (Rumpun, Bayer
Korea Ltd., Seoul, Korea)2 =2 U F0i5to] M4l of
Fsich =5 22 €2 ®MAHS = povidone iodine2
2 455t F 52 HEFE scissors 083101 5 cm
Zol2 HIHsict Fst HEME J|E2= =9 3
o met FHUE MZ 2e|l=|=5F gMsiqict =& 10

mmz & XS FARZ vl sto] 3742 ufst

ct (Fig. 1). & = 107+ &MH| enroflaxacine 5 mg/kg

Membrane

B) Central incision of rat back, C)
PLLA and E-PLLA membrane was
randomly positioned in the subcutaneous pouches of rat back. Primary closure was achieved using
4-0 vicryl.
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Long axis

.. The greatest thickness

0.5mm

Fig. 2. Schematic diagram of histometric analysis.

a o —
=1, 2, 4, 8, 1257+ =& B2|e| §o| Algt 2 &
Z 2, o|AIXe] =& 07, o4t HIS S |2 ZE
stect

=
FE 1,2, 4,8 127 T HUHTE de S= 60122
cageol @1 CO, & 327k FIsto{ t=tAL SIQIct Xt
CHtS 0|43 59| m|FE HH st o|AH S xetet 1
st ZES 2k 2x2 cmA7|2 HAHSt] 10% B8 =2
gl 8oz NFAIZ|L ool ZojsiQict E=22

olg|x] 24 =Z=23% (Image-Pro Plus, Media
cybernetics, Silver Spring, Maryland, USA)S 0|-&35}04
CtSol abgof wat xtetate] =/ E S 8IQIct (Fig. 2).
® 25 T4 Xt M T FIHE B2l8 Aot

2 dgsto] FHE FYsIUC

|0

Fig. 3. Histologic analysis of each membrane during 12 weeks. (A) Control (B) PLLA (C) E-PLLA.
—1) post-op 1wk, —2 ) post—op 2wks, —3) post—op 4wks, —4) post-op 8wks, —5) post—op 12wks.
Control group was gradually degraded during 8 weeks and majority of the membrane was
intergrated with surrounding connective tissue at 12 weeks. PLLA membrane was separated with
adjacent connective tissue and internal membrane consists of fragmented polymers from crystals
of PLLA and voids during 12 weeks. No complete degradation was observed. E-PLLA membrane
was also separated with adjacent connective tissue however, empty spaces among the rearranged
PLLA fragments were larger than those of PLLA group (H&E staining; magnification X 40).
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@ Attt S Rz MYS JIE FAR Bl 2) 27| xR 7|2 (8, 1252
ZIR2 0.5 mm 2HH2z 422 £H3ld & 5 (1) th==
o FHE EH3IHCHY. 4 EE FYEH FQx=E1le| £317} ofF0{X| 1
® ZEo| 20| AAHL} Rftatof] Z&o| AE FLolM  8FHjol T2 X|ghxX|o| Rictat FHHol|M ZHEEICE
o ZXzZt2 M Ll5HCt. 125 ol X|ek=2 o Agtx2lo| FFs5tn Aot =7|
® FHe e ZE AHoM MMEAD, ZF ZollM 2| 2[go| FUX|n{, FH =Z|1} Z3}5|0] He| EE
o| Rpgtal Fe| BHZLS ToiRct = AS 2ol FHEZ M= S gMo| ZHEER
=
(4) 8HX 24 (2) PLLA Rtzhatz
Apctatel E2&7 2 AlZ|of whE T AISEES SPSS S gFujof XjptateozRE Ha|E FHEZoMs g2t
HEMAAE S| HISEY 24 24 (Repeated measures &40 ZHENE|QID 171 e] A0 F2[=ZoM 22| =
ANOVA)E o|23t0d X{2|5t1, Turkey @ g o|&3to] of EaaMo| Hel o|ROX|X| 22 A Rh=tat L Lo
25l Ch Pgiol 0.052cCtH 22 f SAXCZ Folst  EFo| gM=of s o] BHEEACH (Fig. 4). 12F
Hez "@olsiyict Wyl F9 =2|nte| &5 9 Rictate| Es ol
Ee|X| 21 MAMez FHle BTt
lll. Results (3) E-PLLA Atctatz
80 12F0f o|lz2& 7|7t St =2t SEHE 24
o 32tol o HOZE lamella *=5 gM35I%ct =g

C
& ztel vl ZZh R0l PLLA YA}S0| BEHEICE Xt
chab 8= AXM PLLA 2F S =
ole] 32t (void)2 Te=lE HhH, 2F =X
7t FESP 2hEEAeE Atetelg SEW ZEEAE
Atetet 5o J[EAolo] HE|= PLLATON B|5t0{ 7
JHREL FHolM el dit ¥ 2hEEX] ittt

()

riEtate £7) 1-2%
=x Do B9l Ha
Zetxmo| ATl ok
ol Zfeiate] 47t 7
7| AT 71z Sob T
Bats|x| gglct

1-43F0| =7| A7 7
oz SEMP2LE 25
22|E 2rato] BEEA
= HAM AbEEE PLLA
st 4Fmfjol| Bl 7=
ohEE| A Fig. 4. Histologic analysis of PLLA group in 8weeks.
(3) E-PLLA Apetatst Blood clots were contained in membarne
PLLA Xtctatnt SAlsiAl =2 ==21f S5t ZAHE fragments and hematoma formation was
Holo{, xfctat L& ol S|S0 FAMSH sl ™ observed in 1 specimen of 8 weeks PLLA
M =&hd| =ZHE 71e| 27H0] Ho{X|H Xjztate| =7} group. CT : connective tissue, ME : membrane,
E7tet 2kato] mHEHEICE, HE : hematoma (H&E staining ; magnification
: X 200).
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Fig. 5. Histologic analysis of each membrane at 12 weeks. A) Control, B) PLLA, C) E-PLLA. Control group
was almost degraded and integrated with surrounding connective tissue and blood vessel formation
was observed. Most of PLLA and E-PLLA membrane were not degraded at 12 weeks and sustained
its spaces in subcutaneous tissues, however distance between connective tissue and membrane matrix
(pointed with star) was closer in E-PLLA than PLLA. CT : connective tissue, VE : vessel, ME :
membrane, CR : crystals of PLLA (H&E staining; magnification x 200).

3. ZRA =S B i=2e A Z7/dl= FH7E B7tetd et Azt 4
ol what FHIE XS] ST, 2712 AlE oA
2t 2oM 1, 2, 4, 8, 127 34 Al7jof| w2 Rciete] = HE 7IZE SO Msoh SRR Glch
FHE 7|1EstCt (Table 1).
Table 1. Thickness of residual membrane. C) control, P) 1 2000 X Contrl
PLLA, E) E-PLLA, Based on observed means. ] A
C P E o
1 wk 0.9+0.14 0.58%+0.05 1.2£0.08 |
2 wk 0.93+0.06 0.76%+0.03 0.65+0.02"
4 wks 0.67£0.03 0.85+0.02 0.86+0.04
8 wks 0.49+0.03 0.89%+0.03" 0.89+0.03" d
12 wks ~ 0.19%£0.02 0.87+0.07° 0.94+0.07" |
baseline 4 4 8 1z Period (weeks)
(mm)
* Statistically significant difference from control group Fig. 6. Statistical significance among each groups.

Table 2. The mean difference was at the level 0.05 level (P=0.05). Significant difference(x) is observed between
control and E-PLLA group.

95% &l=[F27¢

(I) group (J) group  EHTAO[(I~J) EELR 7o =E - -
stst Abst
trol PLLA —.158158 .0666145 .096 —.344146 .27829
contro

E-PLLA -.279642" .0725206 .010" —.482120 -.077164
PLLA control .158158 .0666145 .096 —-.027829 .344146
E-PLLA -.121483 .0758439 .294 —.333240 .090273
E_PLLA control .2796428" .0725206 .010" .077164 .482120
PLLA .121483 .0758439 .294 —-.090273 .333240

10
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Il
==

ot Aol el Apetetel oA =t
7 EEtoll CHEr "ot o= E-PLLA
7ol&E 0.012 Felolgt Xto[7F &}

(P=0.05) (Table 2, Fig. 6).
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