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T-EH e dgAet AFASS R olF
UAE2 4°a‘01 A 1109 O]*o“’—q okEo] Wiz
717k BolFglonm] AF el AMYE okA)
T2 7 SuEdtet dASAe AMAE B
Fo 1D Z Zol alAlolA] Halst sy
gl collagenel] tetracyclined 3H§-4]9] wr&=
J

AAAAEE AF=m Yoo,

& ATl A= A A el minocyclinee] ulE
ZA LA EA polycaprolactoned A&31g
poly (epsilon-caprolactone} & A R&4] =z|uq}
A Eeolamage stz HAHE, B4,
L PAAATeR FasA 2oy A
7 =3 minocyclined 1972y 4l
A tetracyclineo 24 Azl ozl A
U 2EEelMe 5 ATAE U 34
ojtf.

2 ol Fo] &2 tetracyclined sAEAq]
minocyclines %4 )¢l polycaprolactone
of &l 2 2REY] ofEo wEdds g
Adans 45tz z24o] 3 54 75
AAgozy o] <alrl NFH3 AEABA
2 wE sbsAE Baxigel 9l

. 7R o W

[. matrix2! XM=

minocycline (2| d|eko 2 HEl 7|&uke) L
chloroform Smlel E3ste] FEEFelaAd
I 3A1ZE ot mubEh, EAle) o E B

-a—a‘ria_o{] I & A (poly(epsilon-ca-
prolactone) (M. W. 60,000 Interrox Chem.
Ind. Ltd), =+ poly(epsilon-caprolactone)
2 309% 9] polyethylene glycol (M. W. 20, 000

#} 2,000, Wako Pure Chem. Ind. Ltd)) =+
7tel g& 91 chloroform 10ml& ¥& & 3
A ZE ol mubsle] oo g upEw, o] Lol
+ 2-341%F 7Aoo g okEo] EolglE fallof
A4 &Y droppingsted 24412k FoF kgt
b oohg o] EH Rl EEglS A
th 7] Abell 4] teflon plate $£+ Petri dish o]
THE FAEE] ok, o] Egggde 3 4

A 4xZRelwd gbde] Azse, 7asl
matrix& oAl AF el A 34 7keld Az
shodet. of 4"l matrixe %OJJ o] glen

FriE dhek 2004 10um7t = A et

2. 2ol wE MY

< [~}
b2 wE Agele A&KA AAAAE A}
Ltk o] AAY cell® stock solutiono]
Aol ol ATFEHE Folef fol e FF

sl Ve mokeln] celle] Y3 500
ul o)z, celldAAE water jacketalel] o]
<25 ITCE FAY F dv Tzl
stock solution® FHFE& AE3lder FF
o] 48 o E¥ I (peristaltic pump) & 3.
5ml/hour& 21417}, cell WHHE+= Fig. 13
o] AlzE AAlE dH(H 72 20mm, net
wt. 30mg) & & ubEo] celld FHolr A
A3, =l magnetic bard FZH gbol
79 YL e magnetic barg AHE3he]
AzE kAR WEH dES mubAFe
24 celllld-ol 7127} A EF2 wixrpr}
EE shodch AR AFHE" A5 F9
minocycline® absorption peak 273 nmell 4]
uv/visible spectrophotometer (Shimadzu UV
-240) & o] &3l A8l

out

-,

Lo

film

N/ o/

Fig. 1. Schematic view of diffusion chamber.
Stock solution flow in from side and
flow out to upside. (m: magnetic bar)
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BoodFol A ALE®l FFw Bacillus cereus
(H=Eapstr) ey FATEAEH RS
B 7] 92, Bacteroides  gingivalis
381 (Socransky & 3-8} 715498, Bacteroides
NCTC 9336,
actinomycetemcomitans Y4 (=)= F&FH e
x e Dr. ZambonZHE 7SR,
Wolinella recta ATCC 33238, Actinomyces
viscosus  ATCC 19246, Capnocytophaga
gingivalis  ATCC 33624,  Fusobacterium
nucleatum ATCC 25586, 1&j3 Eikenella
corrodens ATCC 33624°0]c}.

B. cereus= Nutrient broth(Difco labora
tories, Detroit, Mich. USA)& 37°C 10%
ELabel oF 7)ol A 24 4] 2F wl oF 3l Sl oF.

A . actinomycetemcomitans< NIH Thiog
lycollate Broth(Difco) & Ap-&3tgorm &7
Al oF 7ol A 2441 7k vl of sk et

Bactroides 5 % velAletE @714 AT
52 Yeast extract(Difco) 2.5g, Tryptone
(Difco) 2.5g, Tryptose(Difco) 2.5g, BHI
(Difco) 4.8g, salt solution 10ml, Resazur
ine 1 ml& &< 250mlell 4ol mHl %
hemin 2.5g, menadione 0.5ml, cysteine
HCl(Sigma)0.125g% 73tz pHE 7.2%
gkZo] mhE brothell HEAIZL F 37°C #7114
uf k7] (80% N, 10% H,, 10% CO,, Coy
Lab. Products. Ann arbor, MI. U.S.A.)
ol A 484) 7kl oF3hed

intermedins Actinobatillus

B. cereus”} wloFE broths UA
Nutrient agar (Difco)ell =2tg & gz
ok % wlZzo] 1yl matrixs 27
disk (net wt : 4+0.4mg) & shEo] Alfeo] =
el gk el ] 9o Eokth, F et matrix7h
A FAAE k4] 37C 10% CO, ek

C1
Aol A 24417) WloEt T ATA A 2919

A2¢ mmuslz ZAstgon A T 2

2
o]l A2 Student T-ZH AL ol&sbgirt.

(3) oHaluh =] ol A o] AqtAd ] Al E

B. gingivalis 381, B. intermedius NCTC
9336, A. actinomycetemcomitans Y4,
Wolinella vecta ATCC 33238, Actinomyces
viscosus  ATCC . 19246, Capnocytophaga
gingivalis  ATCC 33624,  Fusobacterium
nucleatumm ATCC 24486, 8|5 Eikenella
corrodens ATCC 238347} wioksl o] &
A ek FHslo] Fuld A (10mhel =
e & e okg wEel ¥ 7 4lvk(minoc

ycline$ 309% 33k polycaprolactone, =73

T 1/491A 9} disk) & Al AR el gof 24

-48A17F FoF &1 A vl eF el Al wl okstal

7t e ok wEAge] ¥yt matrix7t
oz Ax AT AAE AAseste
spectrophotometer (Bausch & Lomb) & A8
sled 600nm 4] optical density® ZHAH o
24 AuEsk

4) Az5449

Aol A FEldt HLAdfFotAZE wioksh
%, 24 multi-well dishell well®d 1x10* cell&
BFaA . thed wiRE wprelsan 39
+ wl#xE& A3 F Hanks balanced salt
solution®. 2 ol Folch, AolF AFolAx
+ minocycline¥ 30% %3l polyca-
prolactone¥®k-& w& wixe} RAFoR

minocycline®h-& =¥ medium=t% 92 vz

2 4647k wheFsl & (*H)-thymidine€ well

b 5uCi AH7FA A 2417 Foll ice-cold 5%
TCA (trichloroacetic acid) 3ml& 4°CollA 10
REol Ak, TCAER 3-43] AAHstx
o] AASE F AZE 0.5N NaOH Iml=2
37°ColA 30+ Bkt o] s 50ul
£ #3lod cocktail solution® 4ml 7}3F &
liquid scintillating counter® count per

minutes A 5451 e,
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polycaprolactone <= polyethylene glycol
30%7} 414l polycaprolactone 2 %] ul:
£ minocycline?] wWrE4Lw g2
Table 1,2 z&lxz Fig. 29} #c}. Fig. 3¢&
polycaprolactone® polyethylene glycol (MW
20,000) o 7o 322 49l Aol minocy
clineg 20%, 30%, 40% TUAAE wlo H
T 244179 9 E A HMolF 3 gleow,
Fig. 4= polycaprolactone®] minocycline&
20%, 30% TUAAIHE w2 He 24417 Fo
o w& <AE HodF3m 9. Fig. 5
polycaprolactoneol minocycline$ 20% 3+
Al ZAE W] 79 Fote] okE wE okalg

el gl

A s

PER CENT
100

50

0~——0 MC 20% (PCL)
©——a MC 30% (PCL)
o~—a MC 20% (PCL & PEG)
®T— MC 30% (PCL & PEG)
© -0 MC 40% (PCL & PEG)

[+ T N v v T —=
DAY
Fig. 2. Fraction release (%) of minocycline
(MC) from polymer. (PCL: polycapro-
lactone, PEG. polyethylene glycol)

Table 1. Release rate {(Ug/mi/hr) or minocycline from PCL or PCL and PEG (MC: minocycline, PCL: polyca-

prolactone, PEG: polyethylene glycol}

PCL {60,000} PCL + PEG {20,000} PCL +
PEG {2,000)
MC (20%) MC (30%) MC (20%) MC {30%) MC (40%) MC (20%)

1hr 270 430 450 550 600 729
2hr 308 656 653 662 1407 444
3hr 249 432 431 911 742 239
4 hr 208 398 197 632 578 158
5hr 182 337 224 360 438 114
6 hr 163 218 167 335 268 90
7 hr 146 256 141 220 155 72
8 hr 136 214 117 163 M 66
9 hr 124 211 101 118 92 57
10 hr 115 192 86 92 79 49
11 hr 106 179 76 75 70 46
12 hr 100 167 75 65 63 44
1-day 66 110 36 35 32 22
2-day 41 45 14 14 13 16
3-day 30 22 10 " 9 10
4-day 19 14

5-day [¢] 12

6-day 4 9

7-day 4 8
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Table 2. Fraction release (%) of minocycline from PCL or PCL and PEG (MC: minocycline, Pcl: polycaprolac-

tone, PEG polyethylene glycol)

PCL (80,000} PCL + PEG (20,000) PCL +
PEG (2,000)
MC (20%) MC (30%) MC (20%) MC (30%) MC (40%) “MC (20%)
1hr 9 8 6 16
2 hr 24 17 21 25
4hr 20 17 36 40 35 33
6 hr 28 45 40 35 38
8 hr 35 50 54 46 40
10 hr 56 57 48 42
12 hr 32 42 58 60 49 44
1-day 50 57 70 } 66 53 51
2-day 68 77 84 73 59 60
3-day 83 85 90 78 62 67
4-day 91 89
5-day 95 93
6-day 97
6-day 28
mng/mi
1500+ mg/ml
600 4 e Minocycline 30%
o Minocycline 20%
o——o0 MC40% 8001
10004 e—o MC 30%

O---0 MC 20%

400 4

300 4

200

100

Fig. 3.

10 | 20  br
o :') x'o x'o 2'0 2'5 hr
Release rate (ug/ml/hr) of minocycline
(MC. 20%, 30% and 40%) from poly- Fig. 4. Release rate (ug/ml/hr) or minocycline
caprolactone and polyethylene glycol at from polycaprolactone at first 24 hours.

first 24 hours.
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Mg/ml

300

200
100
.1}
9
30
hi:d
I 4 4
0 1 2 3 4 5 -] 7
DAY
Fig. 5. Release rate of minocycline from

polycaprolactone containing 20% mino-
cycline for 7 days.

3l

| A1 Aol 7] Al g

[T

s!

=
2
7

2.
Jou
r%
=%
2
o
ok
X

74 3}
dxiwd e 8l&4Alde]l ¥ minocycline$
20%, 30% @3 polycaprolactone ©]
cereus®] AAAE AAse HAxe
Table 33 Fig. 6, 7oA
minocycline® 29%, 30% %-f3t+ polyca
prolactone ¥l 63 79 Eq

Bacillus

ol i
& T2
Flak o] Fellx of A 3 /‘ﬂ‘fﬁ‘g AAg oA s}
aemn, xFForT AdES ¥x g
polycaprolactone& Aol =g Az o4 &

#Hol shutx gE-& RAFm it

(2) N Aol A ol 41 o] Al A o] A AL
A3

= Aol "4 AFYATE] A

Fig. 6. Growth inhibitory activity of PCL disk
containing 20% minocycline after 0, 1,

4, 6 and 7 day releasing test.

Growth inhibitory activity of PCL disk
minocycline in disk

Fig. 7.
containg 30%
diffusion method.

Azw okx)e SFEIE 23517 9 sle] o
Al 2] ol A 2] A 7o =
& spectrophotometer® Ab-&3tod EEE
zAsgien) 2 A3 Table 49 2. 7

Table 3. Diameter of zone of inhibition {mm) produced by caprolactone disk containing 20% and 30% mino-

cycline.

(MEAN * SE)
Disk
O-day 1-day 4-day 6-day 7-day No drug
released
PCL + 33.3 27.0 27.7 257 243 —
C (20%) +0.33 +0.58 +1.70 +1.20 +1.80 -
PCL + 32.7 29.0 31.3 28.0 —
MC (30%) +0.7 +1.0 +0.9 +2.0 — -

—284 ~



Table 4. Optical density of broth containing disk of drug that had been released for 0, 1,3, 5 and 7 days and
broth of blank disk and no disk after 48 hr culture in anaerobic chamber. (A. act Actinobacillus

actinomycetemcomitans, Y4 B. gin Bacteroides gingivalis 381, B. int: Bacteroides intermedius NCTC
9336, W. rec: Wolinella recta ATCC 33238, A. vis: Actinomyces viscosus ATCC 19246, F. nuc:
Fusobacterium nucleatumn ATCC 25586, E. cor: Eikenella corrodens ATCC 23834, C. gin: Capnocyto-

phaga gingivalis ATTCC 33624)

Disk 0-day 1-day 3-day B-day 7-day B‘lan k N.O

released disk disk

A. act 0.000 0.003 0.000 0.000 0.000 0.044 0036

B.gin 0.004 0.002 0.018 0.006 0.045 0.393 0.326

B. int 0.006 0.027 0.018 0.018 0.003 0.658 0.623

W.rec 0.004 0.0185 0.021 0.000 0.000 0.639 0.630

AL vis Q0.004 0.000 0.000 0.000 0.000 0.146 0.097

F. nuc 0.000 0.000 0.000 0.000 0.000 0.619 0.613

E. cor 0.000 0.000 0.000 0.000 0.000 0.053 0.045

C.gin 0.000 0.000 0.000 0.000 0.000 0.097 0.107
7 wpEAge] sl oAE AFE BE polycarolactonex}Al = Z=AFo)| w3 W2
FEA ARE AAFATE 2T 3o FolAdE BolA ¥3kert minocyclines ¥

g Aol edMe A Afeldrey A&

Table 584  6ollxl  Hoyxl=  wfe}  Zo]

Table 5 . PCL® PCL+MC9 [*H]¢ incor-
poration?] o]
(PCL : polycaprolactone, MC : minocycline)

count per minute of[*H]

B 2 ethylene oxide’}~% 4£F5& 3he

control 1675+113.24

PCL 1780+340.00

PCL+MC 487+ 75.13
Table 8 . ethylene oxide® minocycline$

£EG A EFx| [*H]incoration =}
o] (MC : minocycline, MC-EO : ethylene
oxide® 453l minocycline, %+ disk ¢
minocycline®] Zgko} o3l 9] &8 veb)

count per minute of
[®*H]incorporation

control 143010
MC 50% 480440
MC-EO  50% 520420
MC 70% 54000

MC-ED 70% 48000

Aes] At ey o] 212 minocy
clinexbd o] H4 A= &3¢k Zles Bl
o}, %3 minocycline® ethylene oxide 7}
2 & minocycline=}#] 2]

2 skl dwele
A

gola) A HohE fol4do] gle

0

A A

o

W E
rlo

7hs] 2ol

olae]  JdAAdTFEFTTHLYS l(NCCLS
1983)20  ¢of mlAE AR HadAF
(minimal inhibitory concentration)el] =3+
iAol w2 Z|FEel ofsty HAbel Fof AR
b Zkol] ol "Heolit A oA ehte
obgo] FTEHEo 2-4¥] AE HE Froldx
HaodAsrssE YAl TF55 AT
tael ghelb. @A Aol 3ek Al A
G4 AdelA, Baker 2 A-£dFHd
minocyclineoll sl 98%< +F7F =A%
7ol 988 ®odovw Actinobacillus

Y

r_‘l_\zm}L rir
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DEVELOPMENT OF MINOCYCLINE CONTAINING POLYCAPROLACTONE
FILM AS A LOCAL DRUG DELIVERY

Kim Dong Kyun®, Kim Soo Yun?, Jeong Seo Young?

Chung Chong Pyoung!, Son Seong Heui!

1. Department of Periodontology, College of Dentistry,
Seoul National University.

2. Division of Chem. Eng. Polymer Scie. Korea Institude of Science
and Technology.

Local drug delivery by using bidcompatible polymers has been developed in the treatment
of periodontitis for many years.

The purpose of this study was to examine the release kinetics of minocycline from monolithic
film prepared from polycaprolactone and polyethylene glycol and to examine the antimicrobial
activity in vitro. Polycaprolactone (Mwt 60,000), polyethylene glycol .and minocyline was dis-
solved by chloroform, which was vigorously stirred for 24 hours and it was dried in vacuum
chamber. The thickness of cast films containing 20%, 30% and 40% minocycline was 200 *
10 um. Release rate of minocycline from the film was measured by means of a UV spectropho-
tometer. In vitro releasing test, each film showed a large burst effect within first two and three
hours and a steady state release kinetic at the rate of 4-8 ug/cm/hour for 7 days. In antimicrobial
test, each sample (one fourth inch in diameter) sunk in the broth that had been innoculated with
periodontopathic bacteria showed growth inhibitory activity after 48 hr anaerobic incubation.
In cytotoxicity test, there was no significant cytotoxic effect in casting film to human gingival
fibroblast.

This study showed that, by embedding minocycline in polycaprolactone, it is feasible to
obtain substained release of the drug within the periodontal pocket for seven days and should
be useful tool for elimination of pathogenic microflora from periodontal pocket or reducing

inflammation in periodontal disease.
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