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33 cellulose membrane 2HE F o B
o FYate] 129 F 208ug/m o FET}
dEE FF54 T, Holen$529) Yol
H 3 ¢l tridodecylmethylammonium
chlorideE ©]&3}e] e-PTFE x}¥ 9o 29
tetracycline & 2o] 7§41 = Athal &ttt
olo] B AFE ZAFEANES 8l A
SHE AAHT HEFFAHOE FF9
PTFE% 3} F=9] S A Tt tetracycline #]
S 3 A7l mE RA fE] el At
of Zpol7} QU&=A HlALstL, v FA

B o o

1. A7 M=

ZAFEAYEE Ad ST HEFALoE
F%£9 PTFEZ(Gore tex®, WL. Gore &
Associates Inc, USA Tefgen®, American
Custom Medical, USA)< o]43ly, SFA Y
9 2 collagen™ (Biomend®, Collatec Co.,
USA) %
copolymer(Resolut®, W.L. Gore & Associates
Inc, USA)2 ©]-&3ATHE 1).

polyglycolide & polylactide

2. A7 4H

(1) Rtm2re| X{z2|

g Bk A7 o] dmmyt FA ¥zt
=0 ARgstdnh o FHEAAQ] 5%
tridodecylmethylammonium chloride( Aldrich
Chem Co, USA) ogr&Ho] JAFAI7 & 3
712 AZA71F, 100mg/ml tetracycline £
(FretAtelYm| =, pH 8)oll 187 A4F 37°C
oA Axste] FH| AT,

(2) SAULY 2|72 et

Al 6719 =S XA 2 RS
02ml 9] QUFHE& (pH 74)& WY wEat
HqoeH, zt FEHE UV spectrophotometer
(UV-160A, Shimadzu Co., Japan)Z 276nmol
A FFEE AT 05 1, 5, 10, 25, 50,

o
F AU ARA ] EEFUS

o) ZHE FEH tetracycline =5 & A&E3%

o

(3) 2H|F2|F Ximate| SN

AP 2 wfjd 02m AEg oy
ANA AE FEAZ F 1Y, 15, 2F, 47
A A At ARGAIZEA] 20Tl A WE B
34 ok, 20m 9 Nutrient broth(Difco
laboratory, USA)9| Bacillus cereusE (KCTC
1012 strain) 37°CellA 18A17Hg9F S 7]14 )
¢ksted UV spectrophotometer 550nmol| A
o] THZ7F 0157F HEE FHEA, 1.7%
agar’} A 7}E Mueller-Hinton broth(Difco

N

I 1 The membranes used in this experiment

Group General Material Commercial Name Physical characteristics
I e-PTFE Gore-Tex flexible, nonabsorbable, porous
II PTFE Tefgen flexible, nonabsorbable, non-porous
11T collagen Biomend flexible, biodegradable
v polyglycolide & Resolut stiff, biodegradable

polylactide copolymer




laboratory, USA)E dEH3sle] 50CE A}
Broth agar 100ml & 2ml 2] Bacillus cereus Hl
FAE Aol ImF 7] Hypel] 10mA Fof
238 T ug YAAFIAL, 37CelA 1247
3714 wiokeldd wiF $ Vernier calipers
g ol&ste] Mg AU ABEE 4
Eis

o)
ettt Al Al Tg AlAs
o] 1z} ZAM(25% glutaraldehyde in 0.1M
phosphate buffer, pH 74)°] FAI7F g %
carcodylate bufferZ A & 33, osmium
tetroxideZ2 FA1ZF 2xF A T A& sl
30%, 50%, 60%, 70%, 90%, 100% o]t &
NoF Bett) Isoamyl acetate®} 100%

IS 111, 312 4L &9 XA
% isoamyl acetate YA 24X 7F S5}
)71 4 (critical point) 7HA] AZAZTE AZA]
71 2ol goldE 20-30nmZ T HAA FAMA
248 1) 7 (JSM-5400, JEOL,, Japan)o.& 3

1A

. 7o
1. Tetracycline2| UL Fa|LA

Tetracycline 5=+ 1, 28A o] 44 vt
A H A Jelgen, 344FH Resolut®
o T+ w43 #4383 Biomend®= 4
AR F-E HFFAd el HlE] b WA U
Bttt $%9 PTFEY 3 Resolut®E 5U4)
7hA], Biomend®E 4UA7FA] 4dug/nl 01732

E FAAL, HEFFAAES 9gA7EA],
TR 7R 1ug/ml o)} FEE

Opdcal densty

Teracplne Concenfratan

1 0 11

a2 1 Standard curve for tetracycline concentration
(The curve was drawn by regression analysis of the absorption peak of standard concentration at 276nm on UV

spectrophotometer)



E 2 Concentration of tetracycline released to phosphate buffered saline from tetracycline-treated membranes(ug/ ml)

group of membrane discs

Day N I 1I i v
1 4 894.4%361.75 546.93 124855 1326.01 £533.44 1024.77 £279.36
2 3 85.86+20.66 51.99%22.38 98.47£31.56 88.32+£17.66
3 3 24.40%£730 1711£7.74 21.37£6.30 1344085
4 3 9.15+214 8.46+2.60 6.97+2.89 9.66+0.22
5 3 4.89+0.87 500221 342172 6.04+0.90
6 3 394072 357165 203+0.95 245+087
7 3 244+082 241+1.30 139£0.72 164043
8 2 2.04%0.26 2.37+1.06 0.76+0.22 0.88+0.20
9 2 1.31£0.36 1.18£0.65 0.73+0.11 0.37+0.46
10 2 0.85%+0.38 0.94+0.38 0.40+0.16 0.39+0.87
11 2 0.46+0.21 0.33+0.23 0.0940.05 ND

12 2 043+0.21 0.87+0.87 0.10+0.13 ND

13 2 0.55+0.24 0.77+049 002+0.11 ND

14 2 0.54+0.23 0.56+0.33 0.02+0.08 ND

17 1 0.58 0.56 ND ND

20 1 0.45 0.56 ND ND

24 1 0.21 0.65 ND ND

28 1 ND ND ND ND

ND : not detected N : number of specimens Values are mean=®SD,
I : Tefgen®, II : Gore-Tex , III : Biomend ®, IV: Resolut®
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12l 2 Desorption kinetics of drug from TC treated membranes in phosphate buffered saline. The curve was drawn by the
data in table 2.



E 3 The accumulated amount of drug released in phosphate buffered saline from tetracycline treated membranes(ug)

group of membrane discs

Day I I 11 v
1 1073.28 652.28 2121.60 1640.00
2 1176.30 718.68 2279.15 1781.31
3 1205.58 739.21 2313.34 1802.82
4 1216.56 749.37 2324.50 1818.28
5 122243 755.37 232997 182794
6 122715 759.66 2333.22 1831.86
7 1230.08 762.55 233545 1834.50
8 1232.52 765.40 2336.67 183591
9 1234.10 766.82 2337.84 1836.51
10 123511 767.95 233848 1837.13
11 1235.66 768.34 2338.62 1837.13
12 1236.18 769.39 2338.77 1837.13
13 1236.84 770.31 2338.80 1837.13
14 123711 770.70 233893 183741
17 123781 771.56 233893 184741
20 1238.35 772.05 233893 1847 41
24 1238.60 77283 2338.93 1847 41
28 1238.60 772.83 233893 184741

Total amounts of TC absorbed into membrane discs(6 X 0.1256mm?=0.7536mm?)
2000 1800 2625 2499

I : Tefgen®, I

ol SYFer

: Gore-Tex®, 1II :

o
Fe B
e 5748
[e)
A 7F

HATHE 2, 19 2).

dH AT AT

Biomend®, IV: Resolut®

0.1256mm?, 0. 1256

X6=07356mm?) o] &% tetracycline®] =
2 Tefgen®2 2000ug, Gore-Tex®+ 1800ug,
Biomend®+= 2625ug, Resolut®E= 24990 2

FEATNN o BE ¥ M FEH
7, LS

okA| 9] A &8-E

o] H]3] Tefgen®2 61,9%, Gore-Tex®=
429%, Biomend®+t 89.1%, Resolut®t 73.9%

2 YESHH(EE 3).

FagdS fs 44
UEwel "ol 194+
o
B
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E 4 Inhibition diameter of TC treated membrane discs after drug desorption into phosphate buffered saline(cm)

group of membrane disc

day 1 I 11T v
1 357£0.21 3.73%£0.12 3.80£0.21 3671031
7 2.18+0.36 1.98+0.1 1.68+0.25 0554048
14 1.77+042 154%0.19 1.29+0.11 ND
28 1.34%0.19 1.07%+0.19 0.90%£0.33 ND
ND : not detected
Values are mean=+SD.
I : Tefgen®, II : Gore-Tex®, III : Biomend®, IV: Resolut®
3. FAIEAIEO|Y B R LR
AES AzEARA G ARE FEehs
o PIFESE Gol TREAASY A EAREAdEe] BE BAS BoT gt
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2 rlo o

£S5 Btk o]o] dhEle] Frandsens
metronidazole®] FoFo] AlgS 4A 3
tAl ZPES AL, Novaes 5%
A penicillin® doxycycline?] FoF
chlorhexidine®] =HAEZ X E E 13}
Haemophilus$} Capnocytophaga$} Z< 1%
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AA o] Tdo] ofHY AT FAHE
715E Mo FEFE dAste] dhe
ol Ao R ofAF A2
TFE°] o]FolHth. Markman 5%
400ug/ ml &) tetracycline©] Y H cellulose
membrane AHE 0]£3} in vivo @ in vitro
AFA A FH BT FYste] 1294 o
208 we/me FE7F frElEe #EIFAL,
Holen 5% ol W FAAE A3}
w2 1Fx ZHO|Y e-PTFE A3 R 9]
tetracycline & 2ho] 7| A = vkl AT

E AFoA e-PTFE T AFAo| %
A o] vopr] o] FAEo] Hoix|7]
uj Fo Holen S290] AFE-3F Wl O F OFo]2
FEHEAA S tridodecylmethylammonium
chloride(TIMAC)Z A s A 3, A4
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1. 2= tetracyclined] &S chu Ao
(0.7536mm?) Tefgen®-& 2000ug, Gore-Tex
®E= 1800ug, Biomend®= 2625ug, Resolut
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¥ 1 A) SEM view of Tefgen® membrane which was not treated by tridodecylmethyl-
ammonium chloride( X 2000)
B) SEM view of Tefgen® membrane which was treated by tridodecylmethyl-
ammonium chloride( X 2000)
Any structural change due to cationic surfactant was not observed.
J%Y 2 A) SEM view of Gore-Tex® membrane which was not treated by tridodecylmethyl-
ammonium chloride( X 100)
B) SEM view of Gore-Tex® membrane which was treated by tridodecylmethyl-
ammonium chloride( X 100)
Any structural change due to cationic surfactant was not observed.
¥ 3 A) SEM view of Biomend® membrane, 1 day after immersion in PBS. No Change of
membrane structure was observed.( X 2000),
B) SEM view of Biomend® membrane, 7 day after immersion in PBS.
Destruction of membrane structure was observed( X 2000),
C) SEM view of Biomend® membrane, 14 day after immersion in PBS,
Porosities and fibrillar fragmentation were observed( X 2000).
D) SEM view of Biomend® membrane, 28 day after immersion in PBS.
Destruction of membrane structure was progressed( X 2000).
J9Y 4 A) SEM view of Resolut® membrane, 1 day after immersion in PBS,
Tetracycline crystals attached to fibril were observed( X 100).
B) SEM view of Resolut® membrane, 7 day after immersion in PBS,
Tetracycline crystals attached to fibril were observed, but no evidence of destruction
in membrane structure was obseved( X 100).
C) SEM view of Resolut® membrane, 14 day after immersion in PBS.
The amount of tetracycline crystals decreased compared to the membranes of 1 day
and 7days after immersion( X 100).
D) SEM view of Resolut® membrane, 28 day after immersion in PBS.
Few Tetracycline crystals attached to fibril were observed. Fibrillar structure tended
to be loose( X 100).
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-Abstract-

Desorption Kinetics and Structural Changes of Tetracycline
Treated Barrier Membranes for Guided Tissue
Regeneration

Sung-Mi Lee, Hyun-Ju Chung
Department of Periodontology, College of Dentistry, Chonnam National University

Tetracycline is known to be effective in eliminating periodontopathogens and have collagenolytic
activity, This study was performed to observe the desorption kinetics and structural changes of
tetracycline-treated barrier membranes for guided tissue regeneration,

Four kinds of barrier membranes were tested : Tefgen®(American Custom Medical, USA)
and Gore-Tex®(W L. Gore & Associates Inc., USA) as nonresorbable membranes
Resolut (polyglycolide & polylactide copolymer, W.L. Gore & Associates Inc, USA) and Biomend
®(collagen, Collatec Co., USA) as resorbable membranes, The membranes were cut into discs(
diameter : 4mm) and were immersed in 5% tridodecylmethylammonium chloride(TIMAC)
ethanol and air-dried. The membrane discs were absorbed with 100ug/ml tetracycline solution(pH
8) for one minute and dried. For desorption kinetics, TC treated discs were immersed in
phosphate buffered saline solution(PBS, pH 7.4). PBS was exchanged daily and TC concentration
was measured by absorbance at 276nm on UV spectrophotometer.

To measure remaining antibacterial activity, discs of 1 day to 4 weeks after desorption were
placed on Mueller Hinton agar containing Bacillus cereus and incubated aerobically in 37°C for
twelve hours and the inhibition diameters were measured., To observe the structural change of
membranes after TIMAC treatment or immersion in PBS, the membrane discs were examined
under SEM.

The results were as follows :

1. Total amounts of TC absorbed into membrane discs(0.7536mm?) were 2000ug, 1800ug, 2625
ug and 2499ug for Tefgen®, Gore-Tex®, Biomend® and Resolut®,

2. The concentration of TC released from barrier membrane discs was maintained over 4ug/ml
until the fifth day in nonresorbable membranes and Resolut®, but until the fourth day in
Biomend®, Until the ninth day in nonresorbable membranes and until the seventh day in

resorbable membranes, the TC concentration was maintained over 1ug/ml.
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3. The four membrane discs in the first day showed similar size of inhibition zone, One to four
weeks later, the inhibition zone was much smaller in resorbable membrane discs than
nonresorbable membrane discs.

4. Any structural change due to treatment of TIMAC was not observed on the nonresorbable
membranes, Resolut® did not show any structural change except fibrillar loosening during
immersion period, but Biomend showed destruction of membrane structure from the first

week of immersion,
This study indicates that tetracycline treated barrier membranes lead to the sustained release of

tetracycline for over 7 days. This slow release pattern of tetracycline may contribute to the

favorable clinical outcome of guided tissue regeneration.

17



