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2 of: Ao AE AEE ¢5] FAAElnlo|Al gentamicin sulfate (GS)& ##% poly(3-
hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) A|H& AZstHtt £ AFdqA= A8
%, hydroxyvalerate (HV) %%, 7] FEEF%F 2 A/ $5d & o4E H2AFY
HalE AT ARAFANER|AE ol 43l A B HHPH 9 vjEY A WE B A4S
e A FERE 19 F 25 AR o349 FEE RS 2 & AdT EBF, HVY ¥
7HA1 9] &ego] FIMEFE ofEo] 1Rzl flEY A O U Wl Ede BEEA L, oz T
Z7} FEo] W 3L njEH g Uttt HPLCE o) §-351 Ee] wE3L £33 dy, 28
Aol EH W2 A Yehidiz, dF vEZAE 309 F¢ A9 I e wEA
5% Bih ol AdeA 2Ele AR A, nER dEre] 24, HAY $4F F
& FPFPoz E BEe AAF £ US st

ABSTRACT: Gentamicin sulfate (GS)-loaded poly(S—hydroxybutyra{e—co-3-hydroxyva1erate)
(PHBV) devices were prepared for controlled-release of antibiotics. In this study, the effects
of thickness, hydroxyvalerate (HV) content, initial drug-loading ratio, and additive content on
the release profile have been investigated. The morphology of devices was examined with
scanning electron microscope (SEM) before and after in vitro release; their highly porous sur-
face and cross-sectional were observed. It could be suggested that device would be affected
by the packing of the HV and additive content, which would depend on their structure. A
high performance liquid chromatography (HPLC) was used to detect and quantify the release
of GS from the device. The drug release from all the devices showed biphasic release pat-
terns, and some matrices released the incorporated antibiotic throughout 30 days with a near
zero-order release rate. The release patterns were shown to be changed by altering the thick-
ness, copolymer ratio, and additive content.
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old, WExHe §ol4 F dAMFold AAAY
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B AFNME o] ATE g o2 I4 1
AM G2 FEE L2E F A AT FEWE
AEE Axdted BHE& FAR, $E Azt o2
A AL ddsp] A8 dWAE qRE
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oFEe) ¥R, FFHH 24, sel=EAzZzY
Agz e~ (HPC) &% Fo| GSo Wi ojud
BEE V=7 AR

4 #H

Aot 3 HZ. B AFoM ARR-F GS& FAAE
oA AFugtct. PHBVE n=¢] Monsanto
Chem.o| A Al34kE D300G, D400G 3 D600G ]
], hydroxyvalerate (HV) ke z}zt 5, 10 &
15mol% o3t} FEo] WEAZE =7 A8
A% H714] HPCs= vl=2] Aldrich Chem.o| A
TUE Aoz, A= 1000000 g/moleq! AEF&
AHEEAT 1 8 BE 3EekEd 7180 = high
performance liquid chromatography (HPLC) %
& A3

MK E &3 PHBY M3l M=, & TN
£ 2Nl & uERg] PHBVY 5849 GS&
TR AFE Az 95l &893 4PPEE
AHEEIETE HA, pellet o] RS oA E &
T Pz 957] 98l PHBVE dxdrz 52
H HHEH7 (SPEX 6700, Metuchen, USA)E
o]-g3td 108 Ft EH3dct. £4¥ PHBVS
GS& @dstA £#st7] s oAl FERA7E o]
£3l 587 HolF F 187t wek (Maxi Mix 1T,
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tons, Japan)& o]&#] 170 CoA 20 kg;/cm?®9}
dHoz FEL 587, EH2E 208 4T &
A3ttt GS+ &, AYlME a7t HA Y=
L AL e Ao FEA UE 4=
BEEL A FAAA AFHA AEE 2N
ot BAAE TR AL AF S AP A, 2
7] FERHH B WY 9% & ¥rE 39
Ax3ha, LEAe] FHE (D300G, D400G %
D600G) 2 742} 304 A =x3} (Table 1).

XRD #3n} SEM HH. G4BT nEAe] AAAY
& Yolrr] & X-ray diffraction (XRD, D/
MAXIN, Rigaku, Japan)& o]&3le FAl3lYc
BAA] 10~50°9] EMA% (2 )4 0.1 deg/min
o] &2 BMHr). Az AYY W iR
Bl AAFAIEA (SEM, scanning electron
microscope, S-2250N, Hitachi, Japan)& A}&-3}
of FAINKCE SEM ARl B7] 3l cFH o
Z2 B 2459 Ao &3] A2 4EE 234
71 & Zelzv}l A¥E (SC 500K, Emscope, UK) &
o] &3l ol2& £97] dA 1& 30% F< W
o2 FAFHYUE EF EY20 IHEE B 9

Table 1. Preparation Conditions of GS-loaded
PHBYV Devices

GS ratio polymer drug additive thickness

batch oy T @) @ () (mm)
F1 5 0.95 0.05 - 0.1
F2 10 0.90 0.10 - 0.1
F3 20 0.80 0.20 - 0.1
F4 5 0.95 0.05 - 0.2
F5 10 0.90 0.10 - 02
Fé6 20 0.80 0.20 - 0.2
M7 10 0.09 0.01 - 0.3
M8 10 0.27 0.03 - 09
M9 10 0.45 0,05 - 1.5
M10 10 0.90 0.10 - 30
Ml11 10 1.35 0.15 - 45
M12 5 0.95 0.05 - 3.0
M13 20 0.80 0.20 - 30

Mil4 10 0.85 0.10 HPC( 5) 3.0
MI15 10 0.80 0.10 HPC(10) 3.0
F1 to F6; different initial drug-loading and film thickness. M7
to M11; different matrix thickness. M10, M12, and M13; differ-
ent initial drug loading. M14 and M15; different additive ratio.
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phosphate buffered saline (PBS, pH; 7.4, Sigma
Chem., USA) €9 50 mLe]l g0} &S F23%
. AL G 87]= 37 CE fASHS g2
A EEFUL, 100 (LA 4T tFoz HES
NHAT F YT ¥ PBS £92 w3 Yok

w2d GSe BZE M) Hdd o
phthaldehyde (OPA)& Hrv}sle 1587 f=34
£ AR ¥, HPLC (HP 1100 Series, Hewlett
Packard, USA)& o] g3l #Asqt 244
AYgLe 9AAE-E (UG 120 5 mm, 4.6 %150 mm,
USA)YE A28, UV #3L 330 nmolAq AE
gt o]EA4S methanol, distilled water, gla-
cial acetic acid?} ZZ} 70:25:5vol% 2 FAF
3L, o719 5g9 sodium 1-heptanesulfonate&
A71elgdch. OPA fxwds HPLC #4& USP
o upz} AA|seit

GSe] HETA g4 BEsy] S8 F4A A
FHHE o) &3t £ A¥de Y &F (nutri-
ent broth; beef extract, peptone, Difco Labora-
tories, USA)olA 24417 F< vl dd 38 ¥4
IF (Staphylococcus aureus ATCC 29737)& o] &
AR AL WEHPANAM o7 B2 YL A
d 4FAE o]gdd 1008] HAME Fo 3mm
cloning disk (Sigma Chem., USA)d| Al g
3HA (nutrient agar, Difco Laboratories) vli=] €jo
=2 3 ¥4 7E 99 £53 99 Hol=
Bl 37 CoAlA 2447 <t & AFANZ F9
z} wjzjo] 3AHHL antibiotic zone reader (Fish-
er-Lilly 290, Fisher Scientific, USA)& o]2-3}y
FRHA P

Ao o F
IEA} %E EEES STUMHY BY. 2 4Y
oA Al&% siExQl PHBVE Figure 13 39A

o} o] QA FAHo|xL, HBS} HVel AYS 72
2 o]2o|4 itk E¥, PHBVS} obBe] T w
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Figurel. The chemical structure of poly-

(3-hydroxybutyrate- co-3-hydroxyvalerate) (PHBV).
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Figure 2. X-ray diffraction patterns of (a) D300G, (b)
D600G, (c) 10% GS/D600G mixture, and (d) 10% GS/

10% HPC/D600G mixture.
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(a) Gentamicin sulfate (GS)

Film

N

Before release (surface) After release (surface)

Before release (surface) After release (surface)

(e)
—

Matrix

Before release (cross-section) After release (cross-section)

Figure 3. SEM micrographs of (a) GS, (b) D600G powder, {(c) surface of GS/D600G film, (d) surface of GS/D600G
matrix, and (e) cross-section of GS/D600G matrix.

Fol FEE 5% TR AP 2d F oF 12%, o Ja2 20d &% AEFH oz UEAAUTt. ol Y]
5U Foll= oF 35%9 *EE 2V] BEa glo] A & FEE 20% IFRT AYL 2d Foll= ok 26%,
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Figure 4. Effect of matrix thickness on the GS re-
lease profiles (10% GS loading). [M] F2, (@] M7, [A]
M8, [¥v] M9, [e] MI0, and [ €] M11.
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Figure 6. Effect of drug loading ratio on the GS re-
lease profiles (0.1 mm thickness film). GS 5% (F1), GS
10% (F2), and GS 20% (F3).

Figure 5. Bacterial inhibition zone test with different
matrix thickness (8-day release; 10% GS loading). SH
(Standard high; 1 mg/mL), SL (Standard low; 0.1 mg/
mL), 0.1 mm (F2), 0.3mm (M7), 0.9 mm (M8), 15
mm (M9), and 3.0 mm (M10).
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Figure 7. Effect of drug loading ratio on the GS re-
lease profiles (3.0 mm thickness matrix). GS 5% (M12),
GS 10% (M10), and GS 20% (M13).
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Figure 8. Bacterial inhibition zone test with PHBV
matrices of different drug loading ratio (8-day release).
SH (Standard high; 1mg/mL), SL (Standard low;
0.1 mg/mL), 5% (M12), 10% (M10), and 20% (M13).
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Figure 9. Effect of HV content on the GS release
profiles (F2: 0.1 mm thickness).
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Figure 10. Effect of HV content on the GS release
profiles (M10: 3.0 mm thickness).
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Figure 11. Effect of additive ratio on the GS release
profiles. (] MI10, (@] M14, and [ o] M15.
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