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X33 cellulose membrane AHE FHeo] &7}
J FUdIH 12¢ F 208ue/mle] BEIF F
gL #FA3AU Y, Holen529) & ¥ol2 ¥
W8 A A tridodecylmethylammonium
chlorideE o] &3l e-PTFE 2oz 9
tetracycline &3Fo] A H AT AT

ol B dF1E ZAFEANES 98 A}
£8e AHRF HEFEFATGLE FF9
PTFE® 3 FZ9 F4A % tetracycline A
g3t T A7 WE FA F o] A
2tzbe]] Zpol7t YEA ML, = P2
W3 E 37 LolB IR Al

I ARXNE W 2y
1. A7 M8

ZASEANSE AdBE N ES o s
=29 PTFEZ(Gore tex®, WL. Gore &
Associates Inc, USA : Tefgen® American
Custom Medical, USA)-& °]-&32, 4%
© 2 collagen¥(Biomend®, Collatec Co,,
USA) 3
copolymer(Resolut®, WI. Gore & Associates
Inc, USA)E o] &3 HE 1).

polyglycolide & polylactide

2 A7 WY

(1) Al Ha|

g e Aol dmmrt HA ¥ 9t
Eo AbEstdoh B2 FHEAAY 5%
tridodecylmethylammonium chloride( Aldrich
Chem Co, USA) dg&&de| HAFAIZl & F
712 AZA7|1, 100mg/ml tetracycline &9
(f38Atol vl =, pH 8)o) 187+ A4F 37°C
A Az FH AT,

(2) SAULY 2Ux|F2 2ot

Algael 6719 s XA 2 1T
02mle] AAAZEA(pH 74)& Y 23}
Ko, 7t 22HL UV spectrophotometer
(UV-160A, Shimadzu Co, Japan)& 276nmol|
A F3=E EA5A 05 1, 5, 10, 25, 50,
100ug/ml tetracycline&8 o] SJEE =A%
3 AMAIARAYEY BEFAE TR eH
o|ZHH g H tetracycline FE=E AHE3k3

.

(3) 2X|F2|F Xtu|ate| ST

APg 4o Y 02me] QAGE LAY
oA ¢AE FEAZ F 1Y, 1F, 2F, 4F
R A AstA AMEAIZFA] 20CoA A WE B3
3t 9 th. 20m ¢ Nutrient broth(Difco
laboratory, USA)9| Bacillus cereusE(KCTC
1012 strain) 37°CollA] 18A]17HE<t 3714 o)
ok&te] UV spectrophotometer 550nmol| A <
o] Eg=r}t 0157 HEE EvEy, 17%
agar’} A 7F® Mueller-Hinton broth(Difco

¥ 1 The membranes used in this experiment

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

polylactide copolymer




laboratory, USA)E E#3std S0CZ 43} YRS 1 312 4L &do g7
Broth agar 100ml% 2ml 9] Bacillus cereus Bl % isoamyl acetate YA 24x]7 A 53l
FAE Mol 9mA AL Ho| 10mH Hof YA A (critical point) 7FA] AZAI A AZA
28 F g AR, 3TCAA 1247 2 2ol goldE 20-30nmE I HAIA FARY

3714 ekt Bk & Vernier calipers AU A (JSM-5400, JEOL., Japan)o.2 &
£ o] &3l M JA bl

o ARE =4 &t
&ttt
n. Ao
(4) FAIMAIS0|E 23
HE et gugAA A & gd 7% 1. Tetracycline2| ML Fa|etAt
°of W3ls AAstT FFAAutY A&
A Al AZbo] W E HEHEE Yolr Tetracyclne 35 1, 24xjo] 44 uto)
7198 &l AFAZA 1-45:F He A A Moo EA Jebgew, 3UAHE Resolut®
ated S ATh AH HEe B AAS o] FEE #43] ¥a2s9 Bomend®E 4
of 1A} A N(25% glutaraldehyde in 0.1M A -] ¥ EAd g Bl 5o 9A U
phosphate buffer, pH 74)9] FA|7F @92 % Elsttt 5£9 PTFEY 3 Resolut®:= 595
carcodylate buffer2 M &3, osmium 7}A], Biomend®& 4URA TR Aug/ml o] 4]
tetroxide 2 FAZF 23 1A & ARzl  FEE §ASAL MESELLS gUdmA,
30%, 50%, 60%, 70%, 90%, 100% o|erg & T ure TAMIIA] lg/mio) e R E
Aoz ettt Iscamyl acetate$t 100% $-2) 5o}
1.8 o .
1.6
14
1.2
2
8 0g
% ;
& o6 :
04
0.2
00 10 20 30 40
Tetracyviine concentration

3 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 I I vV

1 4 894.4+361.75 546,93 £248.55 1326.01 £533.44 1024.77 £279.86
2 3 85.86+20.66 51.99+22.38 98.47+£31.56 88.32+£17.66
3 3 2440730 1711+7.74 21.37+6.30 1344 £0.85
4 3 915+214 8.46+2.60 6.97+2.89 9.66+£0.22
5 3 4.89£0.87 500+221 342172 6.04£0.90
6 3 3941072 3.57x165 2034095 2451087
7 3 2441082 241130 139+0.72 1644043
3 2 204026 2.37£1.06 0.76+022 0.88+0.20
9 2 131036 1.18+0.65 073£011 037 £0.46
10 2 0.85£0.38 0.94£0.38 040£0.16 039%0.87
11 2 046021 0.33£0.23 0.09£0.05 ND

12 2 043+021 0871087 0104013 ND

13 2 055x0.24 077049 0024011 ND

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

17 1 (.58 0.56 ND ND

20 1 045 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 , Il : Biomend ®, IV: Resolut®

1400 A10
. W ; 0
1200 'é 8
S 7 4
©
- g 6 )
¥ 1000 o5
® s
- o 4
s £
5 800 T o
=4 o
g2
g =
(o]
o 600 0
£ 4 8 12 16 20 24 28
2 Day
Q
it
® 400 - —e—Tefgen
- i i
—O—-Gore—Tex |
—4—Biomend
200 ;
—¥*-Resolut l
0 _,L........... -
0 5 10 15 20 25 30

Day

Z1%] 2 Desorption kinetics of drug from TC treated membranes in phosphate buffered saline. The curve was drawn by the
data in table 2.



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

group of membrane discs

Day
[ I 11 v
1 107328 6h2.28 2121.60 1640.00
2 1176.30 718.68 227915 178131
3 120558 73921 2313341 1802.82
{ 1216.56 749,37 2324 50 1818.28
5} 122243 7537 232997 182791
6 122715 754966 233322 1831.86
7 1230,08 76255 233545 1834.50
3 123252 76540 2336.67 183591
9 1234.10 766,82 2337 84 183651
10 123511 76795 233848 1837.13
11 1235 .66 768.31 2338.62 1837.13
12 123618 769,39 233877 1837.13
13 1236.84 71031 233880 1837.13
14 123711 710,70 233893 183741
17 123781 771.56 2338.93 184741
20 1238.35 77205 233893 184711
24 1238.60) 7283 2338.493 1847 41
2% 123860 77283 233893 1847 41
Total amounts of TC absorbed into membrane discs(6 X (),1256mm” =0.7536mm®)

2000 18300 2625 2499

I Tefgen® 1I :
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BATHE 2. 29 2).
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#ZF2 Tefgen®L 2000ug, Gore-Tex®+ 1800ug,
Biomend®+« 2625ug, Resolut®y 2499ug 0. 2

Gore-Tex®, 1l Biomend®, [V: Resolut®

FAu A v e ko] A7 EE
, FAY] FASEHe FHE A
8] Tefgen®& 61.9%, Gore-Tex®=
29%, Biomend®= 89.1%, Resolut®= 739%
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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 I II 1l v
1 3571021 3731012 3801021 3.67£031
7 218+0.36 1.98+0.1 1.68+0.25 0.55+048
14 1.77+042 1.54+019 1.29+011 ND
28 1.34+0.19 1.07£0.19 090033 ND

ND : not detected
Values are mean+SD,
: Tefgen®, 11 : Gore-Tex®, 1II :

3 FAMA oY 2E

2%8 PTFEZS ol EHEHA ] A
g 5 mE FHFAR WIvt #FHA
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z2 warh
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eSS BAFH olo] wksle Frandsens
P& metronidazole®] Fofo] MFEL A F
AA A RAEE AHAHAL Novaes 5
T £33 penicillin®} doxycycline?] Fokw
chlorhexidine®] H*AEX X% E 33
Haemophilus®} Capnocytophaga$t 7+& 12+
_Q_/\—]il_zl:_o] _7,].%5]_9_ E_Lg}oﬂ

e A Ao Foko ‘3%3 2
&3 AFHodFe] e A&
=2 FAS] A7) g 2
Hog GES $YdHE =¥E ]
At T3 G Aol e gA 7
TS UYeERHA T Mg FHAAHAME 3
AAY] me] ofEle] dAlaRst FaH=
25 ZI71RE M R3S oA sl ge
9_%'5% Folazt AF oz o] ofA F 2
ks Eo| o]FojHt}t. Markman %°
400ug/ml/] tetracyclineo] &Y H cellulose
membrane A HE ©]&% in vivo ¥ in vitro
AEAX He B '7‘%"5}04 12U A of
208 w/me Fx7t FlEE FEIIL
Holen 5% ol X %}“*ﬂ A}-§-3}ed
& E A FHU e-PTFE ¥tz 9
tetracycline & 2ol /W= ATk shd )
2 AFoA e-PTFE 92 AgAol &

Felo] dropa] oFA|o] FaHgo] oz
Foll Holen 3%0] AF8-3F W o2 Qo] &
HE3A A2 tridodecylmethylammonium
chloride(TIMAC)Z2 A g8, A&4
tetracyline£-4 ¢] pHe oF 4718 G AIA
A Fdate] ek oA Ao FFS
FA B A FAEES MAAIN A F
Aok 2ol whste] F4Adube A4S B
2 OEHSAA A dagle]l #e

A EFE BHATh

Tetracycline2 4-8ug/mi Oﬂ A xF
EHPo| gl oY

o o

&)

== érﬂ

FESIAANZ o] &5 Ut Baker TV
FAA ] AFHdFe] N HardArEA
T o M tetracyclined  MICwo] A,
actinomycetemcomitans, P. gingivalis, F.
nucleatum-> 15ug/ml, B. intermediuss 6ug/
ml, E. corrodenst> %ug/ml g AT
minocycline2 o @& FToA FFo o3t
e BHidga O}oi‘:} T g FWe
A. actinomycetemcomitans @32 A 7
FA o th3t Aol A tetracycline®] A A
FETt 1-dpg/miet BISFETE ol 9]
gto] B AYAME 1-dug/mE 7|F0T A
ZF3h A3 ¥FF 423 Resolut®E 5Y A7}
7] Biomend®+E 4L A 7FA] dug/mi 0] AFo]
HAL, HEFFHLE 9URAR T
TAHM A lug/mio) o] FElES H=
AATh olAtel A= tetracyline A
AFEAYes Aogo] FAFELYA

g 7 UsS ANET Ak
ool & 2HE tetracyclined] &
Z30.7536mm?) Tefgen®-& 2000
ug, Gore-Tex®E 1800ug, Biomend®E 2625ug
Resolut®E 2499ug 0.2 H]E-Foor] B 44
2ol wlsl oFA FAEFS kx| o] o
¢ MM FEEA FAlY wH g g
2 F54H FFol vl Tefgen®L 61.9%
Gore-Tex®+= 42.9%, Biomend®E 89.1%,
Resolut®= 739%7F frelEo] dAe] 3 &
7ol F2E kA9 Foko Hig HA U
Z

i}

do

1

oZ:
14

2 N Ao B

EL
C o o

18 4
o i o
r9on e
=2
d

ofi
o @ ok
B2
i

Ehth 2 ol fEA = 2ol FAFATE o
3 A @%e Thsg QM]_g_Eg



AT ANSAF LA S AR EAT 2 E e
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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,
¥ 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,
2% 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).
29 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-

Desomption 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
wg 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 lug/mi,
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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 mhibition zone was much smaller in resorbable membrane discs than
nonresorbable membrane discs,

4. Any structural change due to treatment of TIMAC was not ohserved 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,
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