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ABSTRACT -

The microspheres have been developed as a new drug delivery system. Although many particulate drug car-

riers, such as liposome, niosome and emulsion, have been introduced, injectable and biodegradable microspheres appears
to be a particularly ideal delivery system because the local anesthesia is not necessary for the insertion of large implants
and for the removal of the device after the drug release is finished. Biodegradable microspheres with nicotine and tri-
amcinolone acetonide are prepared and evaluated. As biodegradible polymers, PLA (M.W. 15,000, PLA-0015), PLGA
(M.W. 17,000, RG 502) and PLGA (M.W. 8,600, RG 502H) are used. This study attempted to prepare and evaluate the nic-
otine and triamcinolone acetonide-incorporated microspheres, which were prepared by two methods, solvent-evaporation
and spray-drying methods. The microspheres, as a disperse system for injections, were evaluated by particle size, size dis-
tribution, entrapment efficiency, and in vitro drug release patterns. The differences of preparation method, partition coef-
ficient, types of polymer, and preparation conditions of microspheres influence the particle size, entrapment efficiency, and

in vitro drug release patterns.
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7} solvent-evaporation'® HE AM&-3le] wlo)|mz2Auo]E
Alzste] AR FFeb ARFA e YAk 7|9}
2, WEFI sl d7akdct.

AEdY

AleF 3 2171

HIEe HFHEFeIM, EFPEE cHEUEE 4
ofekE oA F-FHttl. Polylactic acid(PLA-0015%, M.W.:
15,000, Waco, Japan), polylactic-co-glycolic acidRG 502°,
M.W.: 17,000, Boehringer Ingelheim Co., Germany)®} poly-
lactic-co-glycotic acidRG 502H®, M.W.: 8,600, Boehringer
Ingetheim Co., Germany)y= &=A|2FollA] F-52%T}. Poly
vinyl alcoholMw 30,000-70,000)2 sodium chloride, sodium
phosphate, dialysis sack(M.W.cut off 12,000)= Sigma
Chemical Co., US.A°X Fdstsict. 718t AjeF 2 &)
499 B 55 AREiith

A&t 7171E spray drier(SD-1000, EYELA, Japan),
scanning election microscopy(sm-50, Topon, Japan), HPLC
system(Waters 516 pump, Waters 486 tunable absorbance
detector, Waters, U.S.A.), biomixer(Ultra Turrax T25,
Original Ika Co., Japan), small high speed refrigerated
centrifuge(Mega 17R, Hanil Science Industrial), centrifuge
(UNION 32R, Hanil one-chip microprocessor centrifuge,
Hanil Science Industrial Co., Ltd.), mechanical stirrer(Korea
Scientific Instrument Inc., Korea), ultrasonicator(Vibra Cell,
Sonic&Materials Co., U.S.A.)°|t}.
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Symmetry® Cig 5 pm(3.9X150 mm column, WatersyS A}
3L, AL 20 p FYIALH, HFE KL 08
m/minZ 3 UV AE712 43390 UIZHL water/
methanol/acetonitrile(30 : 30 : 40)(Triethyl amine 500 mg/D)S
o]FFeE ARSI 260 nmell] AL, EFUrEE
LA EY = Water/acetonitrile(60 : 40y AH&-3td 240 nm
oA S7g3dth.

Ed[eAE=E OIMEL =S| 88 £X
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pH 7.4 phosphate buffer, % &< phosphate buffer
1:1 EFY 10 mol 718 37°C 2ANM 24M7F B¢
250 rpmO 2 JEAIZ ) o] §HS WYl o|2F 24
7r B9h Ao W% o 12,000 rpmeE 1087 ¥
A BEd ¥ AFA s5miE H3| 045um millipore
filter2 A3t o] g Fojxl HPLC 222
=431t

el Al 23

fAezE 49 He nlE) #3eE ¥ n-S8E
I ZEE¥ES AMSIEE, SR SR vE X
K1 0.01 M pH 74 134 9598 ARS3sIith 2t oF
B 5EE dE2d L3AZ] URER EAEE of
AEUD ¥2 A8 A1X10° M F7isld 3% 55
£ 1X10* MZ gFo] A3

Kakemi 5| Wol wlgl vl ¥ A @3l 434
AL 10 mA go] 37+0.5°CoM 1 Ak
o2 AAIA FYo| =BT the X7 EF XIS
o} S FHelo] ofEe] dEg HPLCE A3 - the
2ol W} ¢ Bul AT KowE ARSI

ofEo| pH 7.4 Qlited 2hEolio) Cist FYM

mlo) AR AW in vitro WE AFC] 37°C, pH 74 &
Sl 307 AYHug o] A S
3047 SR UZES ke S5 100 pg/miE
EFNEE oHEUEE 15 pg/miE 20 miE A=
37°C oA BAsEA YA 200 piE Fsked
HPLCE #4315t

BRIz o[88t no|3=AT0o] M=

FZEZHPLA, RG 502, RG 502H)E # 3} methylene
chloridedl] £3)AX]7|3 287} sonication 3+ & UIEY E
YA EE oHMEUES Zh7} 3l Heol o &3
7V % 287} sonication 3}IT}. Spray-driere inlet tem-
perature 60°C, blowers> 0.7 m*min, atomizing 200 kPa,
pump setting 700 m/he] ZZAM EFAA mlola=Z A
o1& Az3hth Axd molazsdels 24 £ 8t
o 4°CollA] BTt

IR E7 UE YAEIIE vlEsp] ek 7 of
E3} PLA, RG 502, RH 502HE 1g¥ #3 methylene
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100 mg& 2 (N-5, N-7, N-8, N-9), E2|¢AEEY %& 50,
100, 200mgo. 2 =8 7HHA AR THT2, T4, T5)
(Table I).

Table I-Particle Size of Microspheres Prepared by Spray-drying Method

Formula Nicotine Triamginolone PLA RG 502 RG 502H MC Particle size SPAN
(mg) acetonide (mg) (g €] (2 (ml) (um)

N-1 50 - 1 - 30 1.83 £ 0.71 1.44
N-2 50 - - 1 - 30 1.81 £ 0.02 1.41
N-3 50 - - 1 30 2.08 £ 0.81 1.63
N-4 50 - - 0.5 0.5 20 13.65 + 3.56 1.61
N-5 50 - - 0.5 0.5 30 2.03 = 1.38 1.69
N-6 50 - - 0.5 0.5 40 1.82 £ 0.24 1.23
N-7 30 - - 0.5 0.5 30 1.12 £ 0.19 142
N-8 70 - - 0.5 0.5 30 6.80 = 3.49 1.54
N-9 100 - - 0.5 0.5 30 25.15 £ 9.98 1.61
T-1 - 50 1 - 30 1.79 = 0.69 1.73
T-2 - 50 - 1 - 30 1.58 £ 0.57 147
T-3 - 50 - - 1 30 1.96 = 091 1.53
T-4 - 100 - 1 - 30 1.61 £+ 0.53 1.41
T-5 - 200 - 1 - 30 1.70 = 0.62 1.81

*N-1N-9 : Nicotine microsphere using spray-drying method

*T-1T-5 : Triamcinolone acetonide microsphere using spray-drying method

*Values are represented as mean = SD(n=3).

* _DQO%_DIO%

SPAN_—Dso%

Table I1-Particle Size of Microspheres Prepared by Solvent-evaporation Method

Nicotine Triamcinolone  PLA R 2 RG502H Particle size
Formia OV eondemp) @ o PVA®  mm (um) SPAN

NE-1 50 - 1 - - 0.5 8000 1.38 £ 0.77 1.23
NE-2 50 - - 1 - 0.5 8000 1.37 £ 0.79 1.38
NE-3 50 - - - 1 0.5 8000 141 £ 0.85 1.17
NE-4 50 - - 0.5 0.5 03 8000 1.48 = 0.59 1.31
NE-5 50 - - 0.5 0.5 0.5 8000 1.72 £ 0.65 1.20
NE-6 50 - - 0.5 0.5 0.7 8000 1.55 £+ 0.66 1.20
NE-7 50 - - 0.3 0.7 0.5 8000 1.47 £ 0.68 1.31
NE-8 50 - - 0.7 0.3 0.5 8000 1.40 £ 0.60 124
NE-9 50 - - 0.5 0.5 0.5 9500 1.19 = 041 1.34
NE-10 50 - - 0.5 0.5 0.5 12000 1.11 £ 040 1.06
NE-11 50 - - 0.5 0.5 05 13500 1.01 £ 0.36 1.05
TE-1 - 50 1 - - 0.5 8000 232 £ 0.87 1.10
TE-2 - 50 - 1 - 0.5 8000 1.74 £ 0.90 1.21
TE-3 - 50 - - 1 0.5 8000 1.94 £ 0.81 1.35

*NE-1N-13 : Nicotine microsphere using solvent-evaporation method
*TE-ITE-5 : Triamcinolone acetonide microsphere using solvent evaporation method

*Values are represented as mean & SD(n=3).
— D90% - D 10%

*SPAN:

DSO%
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S0iSYHE 0|28t olo|32AmT0] M=

FEZHPLA, RG 502, RG 502H)$} 98-S A sty
methylene chloride®] =°]3L polyvinyl alcoholMw 30,000~
70,000)4] 8 70 mill FEAIHTE BiomixerZ 5%%F
ZAE3] TS F 40°CY] FEA 1AIZFESE 700 rpme
2 ZIFAFHT methylene. chloride® $48] ZdA)7] &2
12,000 pmo. 2 3¥ YA EZ st &3} polyvinyl
alcoholg A|F g}, H2 wlo|aZAboe F/HST 5 miE
ol gsled & & 20°ColM BHFE, -80°CoA BT BEH &
freeze-drier® 5474231}

AFA] FRFO WE YA AE FERIE] Y5
PLA, RG 502, RG 502HE AH8-3t] ¥ SATHNE-L,
NE-2, NE-3, TE-1, TE-2, TE-3). PVA &9 s t}
E 4A=7E vl=sl] 98k 03, 0.5, 0.7%2 PVA 4
LHS Az IEAZE RG 5028 ARS8l A¥siy
THNE4, NE-5, NE-6). 2LEAF] Hl&o| W& =} 271&
Hw3l7] Y3l RG 5029 RG 502HE 1:0, 0:1, 05:
05, 03:07, 0.7:03% &2 E3tsle AFIITHNE-2,
NE-3, NE-5, NE-7, NE-8). Zu&Ed] w& gzt as
Yolr ] Yake] 8,000, 9,500, 12,000, 13,500 rpmoilA]
biomixerZ. 5%7F 23| &3lst] HAHSIHTHNE-5, NE9,
NE-10, NE-11)(Table II).

olo|a=AL0o| SRlE &4

B o s Axd YIRS FF3 vloja g0
£ 20 mg FH3 oHEVCI=E 10 mpll Folx, EZY
AEE oMHEUEE Fishs ulolaz2uole oELY
oJE¥ 5 mi¢} e 5 mig) EHo) 9 I 557
vortexing 31} HPLCO FY3l wlo]=z=2u]ojo] Ed
oFES] 4S A3t BYPEE I

Olo|3=Am0| #4o| Eolat Xt 37 &3

EZEE MHEYUEE $-8h= microsphere®] %
ol wE AR 3 1] sl SEM ARlE A
3L, particle size analyzer2 YA} I71E 33 &3l
His T3l

olE wWE Ay

Azg vpola2Aue] AA F UIE AAE 50 mg,
EMZE A= 10 mge F3t] dialysis sackel] ¥
pH 74 QA S3d S 2 miE € & LS o=
2t} 50 ml vialoll dialysis sackg Wi UZERR| A=
UM $FAS 18 ml, EBYAEE AAlCls 38 mis

J. Kor. Pharm. Sci., Vol. 31, No. 4(2001)

29 - 20 - oFE8) - WES - 84
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EMAEE oHEVES SHolMe] &ales 1518
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+1.62 pg/miel™ FR5eh @Fde] 50:50 SgfollAe]
LI =E 15611 1.62 pg/miZ H)53ATH

FrEdiAT

254 FEQ EGAEE oHEYES JeA oFEQ]
UzElo] AR IEAP BYEe S Skl 9
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£313 pH 74 A3E WG Yo Ed IR E
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Figure 1-Stability of triamcinolone acetonide at 37°C in pH 7.4
phosphate buffer. :
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T-1(PLA)

T-2 (RG 502)

T-3 (RG 502H)

Figure 2-Scanning electron micrograph of microspheres containing triamcinolone acetonide by spray-drying method (<4,000).
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Figure 3—Scanning electron micrograph of microspheres containing triamcinolone acetonide by solvent-evaporation method (<4,000).
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PVA £949 ¥E & 05%NE-5Y# 7} 03, 0.7%(NE-4,
NE-6)¢] 7Rt} A} A7|7F 7k AN Y= 2719]
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2 Aojr A¥s A F aEAte) vlgL g Al E
oe 9L FA &9tk 8,000 mpmelME YA =717t
1.72 pm(NE-5)°] .1} 13,500 mpm7kA] S7HA1E 7%
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Table III-Entrapment Efficiency of Triamcinolone Acetonide
Microspheres Prepared by Solvent-evaporation Method

Formulation Polymer Entrapment efficiency
(%)
NE-1 PLA 47 £ 15
NE-2 RG 502 35 =09
NE-3 RG 502H 53+18
TE-1 PLA 67.1 £ 72
TE-2 RG 502 97.0 £ 3.2
TE-3 RG 502H 917 £55

*NE-1NE-3 : Nicotine microsphere
*TE-1TE-3 : Triamcinolone acetonide microsphere
*Values are represented as mean £ SD(n=3).
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£9] 354904 534%% AFIHUI, IEAY] FHE EY
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£ oMEYES] B8 PLAE AR ASE BULo)
67.1%(TE-H3 2} PLGAE AMESH S BF 90%°)%
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In vitro 2f8 WEE
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22yl JF4olng iyt MEY WEE Wl 447}
A7l AE ofEo] 90% AL HEE91a, PLAE A=3
UE mlo]lagAvol= RG 502H AARTR= W&ser}
LRI, 18X = YU=He] A9 o} ¥&EEh RG
5022 AZF UZE wlolggAv]olE 4X|70) 35% AE
7} &= glon OI-E burst effect= AYzHEc}
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S 1S W 2] WEol B 2dAdl X FEE B
t}HFigure 5).

AT QA FEE 125 pgmidoyd F453] BEejso] W
& gdoM9] E FEE WL 2BEE o] gz
UE P E8E 4B v=E B gkerz A

H S5 3] EvFssidnt. ARty F700 u)

fi
4

& A7k A4 RG 502HS}H PLA AAE 27) 557t &
I 743] AR RG 502 A= 43 BES JE
WAL 208 olFoflE 71 B=71 BuT)
120 -
100 -
=
= 80 -
@
8
@ 60 -
g
8 40
2
20
0 ! T T T 1
0 5 10 15 20 25
Time (hours)

Figure 4-Dissolution profile of nicotine microspheres prepared by
spray-drying method. Key: 4, N-1(microsphere prepared with
PLA); A, N-2(microsphere prepared with RG 502); l, N-
3(microsphere prepared with RG 502H).
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Figure 5-Dissolution profile of triamcinolone acetonide micro-
spheres prepared by spray-drying method. Key: 4, T-1(micro-
sphere prepared with PLA); I, T-2(microsphere prepared with RG
502); A, T-3(microsphere prepared with RG 502H).
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Figure 6-Dissolution profile of triamcinolone acetonide micro-
spheres prepared by solvent-evaporation method. Key: 4, TE-1(mi-
crosphere prepared with PLA); I:, TE-2(microsphere prepared with
RG 502); A, TE-3(microsphere prepared with RG 502H).
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