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Preparation and Evaluation of Bupivacaine Microspheres
by a Solvent Evaporation Method

Son-Hyok Kwak, Sung-Joo Hwang” and Byung-Chul Lee*

College of Pharmacy, Chungnam National University, Taejon, 305-764, Korea
*Department of Chemical Engineering, Hannam University, Tuejon, 306-791, Korea

Abstract — Various bupivacaine-loaded microspheres were prepared from poly (d,lHactide) (PLA) or poly
(d,l-lactic-co-glycolide) (PLGA) by a solvent evaporation method for the sustained release of drug. PLA and
PLGA microspheres were prepared by w/o/w and w/o/o multiple emulsion solvent evaporation, respec-
tively. The effects of process conditions such as emulsification speed, emulsifier type, emulsifier con-
centration and internal/external phase ratio on the characteristics of microspheres were investigated. The
prepared microspheres were characterized for their drug loading, size distribution, surface morphology and
release kinetics. Drug loading efficiency was higher in the microspheres prepared by w/o/o multiple emul-
sion than that by w/o/w multiple emulsion mehtod, because the solubility of bupivacaine HCl was
decreased in oil phase compared with water phase. The prepared microspheres had an average diameter
between 1 and 2 um in all conditions of two methods. In morphology studies the PLA microspheres
showed an irregular shape and smooth surface, but PLGA microspheres had a spherical shape and smooth
surface. The release pattern of the drug from microspheres was evaluated on the basis of the burst effect
and the extent of the release after 24h. The in vitro release of bupivacaine HCI from microspheres showed
a large initial burst release and 60~80% release within one day in all conditions of two methods. The
extents of the burst release against PLA and PLGA microspheres were 30~50% and 50~80% within
20min, respectively. This burst release seems to be due to the smaller size of microspheres and the sol-
ubility of drug in water.

Keywords [] Microspheres, solvent evaporation method, poly (d,l-lactide), poly (dl-lactic-co-glycolide),
bupivacaine.
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vFA) F amide F-Foll &3hH 57101 e}
F1lo] vlsl] B} 7Eslal, BE spinal?} epidural
7373 o871} peripheral AE2E? Fojdrt
olgldt FArRAY FAF Fol= kRS AWML
2 Q3 ZgAE A7, AEEelM Y =)
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M= #7171

AHEE AJ2RE poly(d,Hactide) (Resomer® R104
Mw 2,000, Boehringer Ingelheim, Germany), poly
(d,I-lactic-co-glycolide) (Resomer® RG502 50 : 50
iv. approx 0.2, Mw 14,500, Boehringer Ingelheim,
Germany), polyvinyl alcohol(Aldrich Chemical Com-
pany, Inc., USA), ZZA}9(poloxamer) 188(Lutrol®
F68, BASE Germany), Span 80(Sigma Chemical
Co., USA), mineral oil(ight white oil, Sigma Che-
mical Co., USA), sodium azide(Sigma Chemical Co.,
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USA), Tween 80(Sigma Chemical Co., USA) %o]
al, B9 oFE=E = bupivacaine - HCI(O) QA 2k,
Koreay& AF&3F5ith. Methylene chloride(Junsei
Chemical Co., Ltd, Japan), acetonitrile(HPLC grade,
Tedia Company, Inc, USA), methanolHPLC grade,
Tedia Company, Inc., USA)# 7]e} £vll= HPLCE
= AREEISITE. In vitro WE AFoNM {uiE oA
022 um membrane filters(Millex®, Millipore Co.,
USAE ARg-3l3iTt.

Ago] AMgE F2 71712¥E biomixerModel
X1030D, CAT Co. Eberstaadt, Germany), sonicator
(Probe type 400 watt ultrasonic processors, VCX400,
Sonics & Materials Inc,, USA), particle size analyser
(Microtrac X100, Honeywell, PA, USA), SEM
(ISI-SX-40, "2 A1=2:(F), Japan), DSC(SHIMADZU
Co., Japan), HPLC(LC-10AD, SHIMADZU Co.,
Japan), shaking water bath(KMC-1205SW1, VISION
Co., Ltd., Korea), ultrasonic cleaner(1210R-DTH,
Branson Ultrasonics Co., USA) Z°] 9t}

Microsphere 2| M=
SuiSb S 0|83t S A B
A2 Y531, microsphere?] EAJo] 93-S & A

IOQL

2 JlHE 2158
3k3iTh

A. wo'w Multiple emulsion & — Poly(d-lactide)
(PLA R104) 500 mg< methylene chloride 4 mi
o 83A711 oFE FIupil Gk 40 mgd 5
2= 1 miol €3AZ] F sonicator(amplitude=20%) 2.
sonicationst} HA W/o FAE Azt o] £
= olyvmyl alcohol((2+= Poloxamer 188) 4~2-<oj|
?i =2 7}'01'_1_ blomlxer(Model X1030D, CAT

)E ARgEte] 5 St REAETE O F & F
g 93l éﬁmﬂ’ﬂ e SR TAA 1
H71E ARMEsle] wRkAZ T @RS 16,000 rpme]]
A B Eor QAREIE gol Sl ARNENAE A
Ask] 8 275 100 miE 332 o] AFE
% 54 A=z

%3} <5 - FalA| A polyvinyl alcoholMw 13,000
~23,000) 5% wivg ARESL Wi e wlE
1:20vAM 02 18X A0 #3F $5F 9,500,
13,500, 20,500 rpm & W3IA|7|HA] microsphereZ A
Z3i5ith.

Polyvinyl alconol(PVA) &F - 73} 55 13,500
rpmO 2 Sk U3t 94’5‘4 HIE 1:20(v/V)CF 3L
AR 27004 FAEA ARE PVAMwW 13,000

WA microsphere® AR

Table I-Process conditions of bupivacaine-loaded microspheres prepared with PLA R104 in w/o/w multiple

emulsion system

Variables
Sample No.  Emulsification speed Emulsifi Emulsifier Volume ratio of internal/
(rpm) muisther conc. (%) external phase
Al-l 9,500 PVA (Mw 13,000~23,000) 5% w/v 1:20
Al-2 13,500 PVA Mw 13,000~23,000) 5% WiV 1:20
Al-3 20,500 PVA (Mw 13,000~23,000) 5% wiv 1:20
A2-1 13,500 PVA Mw 13,000~23,000) 1% wiv 1:20
A2-2 13,500 PVA Mw 13,000~23,000) 3% wiv 1:20
A2-3 13,500 PVA (Mw 13,000~23,000) 5% wfv 1:20
A3-1 13,500 PVA (Mw 13,000~23,000) 1% wiv 1:20
A3-2 13,500 PVA Mw 31,000~50,000) 1% wiv 1;20
A3-3 13,500 PVA Mw 85,000~146,000) 1% wiv 1:20
A4-1 13,500 PVA Mw 13,000~23,000) 5% wiv 1:20
A4-2 13,500 PVA (Mw 13,000~23,000) 5% w/v 1:15
A4-3 13,500 PVA Mw 13,000~23,000) 5% w/v 1:10
A5-1 13,500 Poloxamer 188 1% w/iv 1:20
A5-2 13,500 Poloxamer 188 3% wiv 1:20
A5-3 13,500 Poloxamer 188 5% wiv 1:20

Vol. 44. No. 6. 2000
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ol e} AEZAES Table Iofl QoFagiTt.

B. wioo Multiple emulsion B — Poly(d,actic-
co-glycolide) (PLGA RG502) 500 mge acetonitrile 4
goll &aiA7]a o2 FujulrRl GAFY 40 mge T
1 mel &M $, ZEe S0 ofF g9
& ¥ $&% 718AA  biomixer(Model X1030D,
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Z315itt. o] §As AHUBAIAEA Span 80 T
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Table II - Process conditions of bupivacaine-loaded
micro- spheres prepared with PLGA RG502
in w/o/o multiple emulsion system

Variables
Sample : Volume ratio
Op Emulsificat .. Emulsifier of internal/
- ion speed Emulsifier % al
(rpm) conc. (%)  extern:
phase
B1-1 9,500 Span 80 2% w/w 1:10
B1-2 13,500 Span 80 2% w/w 1:10
B1-3 20,500 Span 80 2% w/w 1:10
B2-1 13500 Span 80 05% ww 1:10
B2-2 13500 Span 80 1% w/w 1:10
B2-3 13,500 Span 80 2% w/w 1:10
B2-4 13500 Span 80 5% w/w 1:10
B3-1 13,500 Span 80 2% w/w 1:10
B3-2 13,500 Span 80 2% w/w 1:15
B3-3 13,500 Span 80 2% w/w 1:20

EET JIAA IS ARSSle] IRzt dE
2 16,000 pmollA] 5% FF AAER S Hol Sl
oil#} AREYAIE AA3] A3 n-hexane 100 miE
337 o) AFFE 3 A2 2AUBlA 2403HE1t
Az315ict

28} £E — 53424 Span 80 2% wwsS AME
3k Ut 4] ¥l 1:10 (ww)lE A
Zh94 §3F £5& 9,500, 13,500, 20,500 pmOZ
W 3}A)7)H A microspheres A Z3I Tt

Span 80 F% ~ 3} £5F 13,500 rpme 2 3t
I UE 9 vl 1:10 (ww)leE IR
Z20A FeAZEA AMEE Span 80 FEE 05,
1, 2, 5% w/wz H3AZ]8A microsphered A%
skl

L3t 913ke] Bl - 531 £5F 13,500 pmOE
1 Span 802 FEE 2% wws AN 27
W 2le] g 1:20, 1:15, 1:109F WA
7184 microsphereE AZ3}3c). oSl AlzxAE
< Table Il 2283137t}

Microsphere M= &

Microsphere #|Zel AM-E k53 Z2]nje) 7A
of i3t AAE] BA %ol 23 microsphere
3|4 88 microsphere AZ ¥ 2zt FAE IF

st AsIsict

X 37| 24

2k 20 mg®) microspheres SHF BN F
2827} ultrasonic cleaner(1210R-DTH, Branson Ultra-
sonics Co)ollA Z23F Helet v, A%5FQ unkst
oA particle size analyser(Microtrac X100, Honey-
wel)Z o83t U} A71E AT 4 A3
+ number mean diameterMNMD)Z4 JJeR)g o™
33] 54A)¢] Ftolth

o B

Eaupzile] g8 microsphere 20 mgs 3}
methylene chloride®} 0.IN H,SO,& 77t 1m/%
7hE & 40257 3T ©1E 3,000 rpmoiA]
1087 s 3 557 Fste) WF 2524
A BETRIE A3l o]l 34 & HPLCE
H3gich
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FAIE MXB0|ZE (SEM)
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A 5°C/min®] £E2 EFsI9 o FFEARA o-
alumina® AR3FICHatm. N, 20 mi/min).

ofg WE AH

Microsphere 50~100 mgg vl 2= 2zt Z8
23100mhHo} €3 01% sodium azide$} 0.01%
Tween 80 €53 pH 7.4 A &5 20miE
7¥3te] shaking water bath(KMC-12055W1, VISION
Co.,, Ltd)*lA 37°C, 80 strokes/min(®]% Z°]:3
cm)8] £E% incubationstith. 4AA=} 0.5 ml
£ #3% 0.22pm Millipore syringe filter unit®
o7}st ¥ HPLCE oFE5TE H435ka, Sadol= Aj
¢ Sz Aok

A3 % oF

Microsphere M= =8 % of= &2}

Table I, V= 2} Az 242 Az &7
T &S VRt AvEo® Al BE 27
oA A & v o, wiolo HERAeR
#|Z%¥ microsphere’} wio/w FAARTT £ FES
LRSI 2 Al 27l B wio/w -SAlAlelA
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Table III - Production yield and loading efficiency of
bupivacaine-loaded microspheres prepared
with PLA R104 in w/o/w multiple emulsion

system (n=3)

Sample Yield Drug content Loading
No. (%) (ug/mg) efficiency (%)
Al-l 76.73 £ 059 22.74 £ 0.92 30.71 = 1.24
Al1-2 78.02 £ 043 21.36 = 1.77 28.84 = 2.39
Al1-3 73.64 £ 400 21.17 £ 148 2859 = 1.99
A2-1 7716 =319 1479 T 046 19.98 £ 0.62
A22 7932134 21411015 2891 %020
A2-3  80.19 = 147 2125+ 123 28.69 * 1.66
A3-1 7716 £ 319 14.79 £ 046 19.98 £ 0.62
A3-2 7926 £ 134 12.76 + 027 1723 £ 037
A3-3  80.06 149 998 *0.18 1347 £ 0.24
Ad-1 78.02 = 0.43 21.36 £ 1.77 28.84 = 2.39
A4-2 7858 © 1.07 2371 £0.58 3202 £0.79
A4-3 81.17 £ 047 25.40 £ 0.52 34.30 = 0.70
A5-1 5864 t039 2511004 339006
A5-2 5250+ 092 237 +033 320=*04
A5-3  5531%X399 227 +041 3.07£055

Table IV - Production yield and loading efficiency of
bupivacaine-loaded microspheres prepared

with

emulsion system (n=3)

PLGA RG502 in w/o/o multiple

Sample No Yield Drug content Loading
PeNo @) (ug/mg) efficiency (%)
Bl-1  79.88 =326 34.40 = 837 4645 * 11.30
B12 8253 =620 4235614 57.86 £ 829
B1-3 7852 £165 4156 ¥ 825 56.13 = 11.15
B2-1 8951 £251 60.68 £4.27 8194 £5.77
B2-2 9056 =225 5380 F 7.06 72.65 £ 9.53
B2-3 8426 =812 4347 T 218 58.70 = 2.94
B2-4 8093 £ 481 084 *0.06 113 L 0.08
B3-1 8253 %620 42.85 * 614 57.86 = 829
B3-2 8691 =260 2359 * 568 31.86 L 7.67
B3-3 8191 £1.02 0.89*0.08 120=L011

07 AMg Al ool it Bl AT AF FAdt
Az Alggch A4 worw fFAARA 73 S5

GAE ALEH

E5A 1889

FEE WIS

w= ok B9l EE] A9 Wy} Adsith ZEu

SalAE PVAS ALE A

=R i =1
[P =1

1914 3%2 ZF7t
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THAE o oPfo] TATFE AP0l I B
ago] S

wiofo FAANN 3 £EE 9,500 rpmellA]
13,500 ;pm O 2 F7}F Al & B4 &80] TR
20,500 rpmoldE Zashs 292 Jehiich ®=
¢ F3AZ ARRE Span 809 FEE W3} A Span
809 F57t /1SS OE BY a8S paglon,
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Table V —Particle size of bupivacaine-loaded microspheres

prepared with PLA R104 in w/o/w multiple
emulsion system (n=3)

2ol 582 58.7%°W 1.13%% 543 74313k
Wik e vE e Al woiw FAA vkt
272 o] F71EE okF 3]l afo] 7asigle
B 1 7k Zo] o A ekt

XL 37| 2y

Table V, VIE= 2 Az ZANXQ] HAYAA71E
Jehlglon, Fig. 12 AIZ¥ microsphere] YA+
7] BE A% JERRITE A BEE AR 2ol
1~2 pm Ale]e] FHIA=71E 7Y Al 20 |
slel e Ao YA 27] Hske Yok 2EY

Sample No Particle size A wiow FAAN F3 £%F 13500 rpmeiA]
ple 7o (um, NMD*)
ALl 200 = 007 Table VI-Particle size of bupivacaine-loaded micro-
Al-2 1.82 +0.02 spheres prepared with PLGA RG502 in w/o/
Al-3 1.38 + 0.01 o multiple emulsion system (n=3)
A2-1 2.00 = 0.03 Samole No Particle size
A2-2 1.95 £ 0.01 pie NO- (um, NMD*)
A2-3 1.63 + 0.06 Bl-1 1.66 + 0.07
A3-1 2.00 £ 0.03 B1-2 1.79 = 0.04
A3-2 1.91 = 0.02 B1-3 1.68 = 0.11
A3-3 1.85 * 0.06 B2-1 1.60 = 0.15
A4-1 1.82 = 0.02 B2-2 1.55 £ 0.04
A4-2 1.78 = 0.08 B2-3 1.60 = 0.02
A4-3 1.69 * 0.08 B24 1.69 £ 0.06
A5-1 1.80 £ 0.11 B3-1 1.79 £ 0.04
A5-2 1.90 = 0.03 B3-2 1.59 * 0.08
A5-3 1.95 = 0.04 B3-3 1.66 £ 0.01
*number mean diameter *number mean diameter

“TPASS %CHAN

1000 20,0

9.0 1.0

80.0 160

7.0 l 140

.0 I 12.0

500 100
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100 20
.00 0.0

oolo 0.1 ¥ 10 1000 1
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Fig. 1 — Particle size distribution of bupivacaine-loaded microspheres prepared with PLA R104 in w/o/w multiple emulsion

system (Sample No. A4-2).
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Scanning Electron Micrograph(SEM)

w/o/w TFERAE 22 PLA R104Z AME38lo] Az
g F9ERRl $HY microsphere®] FAVE HA}jan
7 ARLS Fig, 29} #t) Fg 2-a= 8424 PVA
£ ARRE ZomA B vy ¢l o)
obd oRh = 2ok HERASIT Fig. 2bt
$AE PVAYA EZAbe] 1888 AMgdte] de

Fig. 2 — Scanning electron micrograph of bupivacaine-
loaded microspheres prepared with PLA R104 in
w/o/w multiple emulsion system (a. Sample No.
Al-2; b. Sample No. A5-2).
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microsphereZA] o] &Sk Fo] ¥4 A=
2oks Jehlglth. Fig 3& wiok THEgAMoR
PLGA RG 502 ARg3le] Alxs Faplpll &
microsphere®] A HdAHNH ARIOZA &4
FE YERARIT

Differential Scanning Calorimetry(DSC)

Fig. 4= F9u7lel @4r, PLA R104, PLGA
RG502, 2FE¢] ¥ microsphere®] DSC FH-4
A3E vERd Aot} Fuuzlel Gk 95.72°C
o EEAF Tl wE FE I3 250.51°ColA
F3fo WE T2 F3F Holxm ok T8y F 7t
A o7 Azg Fuulziel ¥-% microsphere
M Rkl ok Al JeRd F4 vz}
R A Hs Zo® Mol oFEo] EeW wlERA
T el FAECE FAkEo] 9l Ao® AR

15kv  §5.8kx 2. 88y @94

Fig. 3 —Scanning electron micrograph of bupivacaine-
loaded microspheres prepared with PLGA
RG502 in w/o/o multiple emulsion system
(Saample No. B1-2).

SHINADSG CORFORATION

200.00 360.00

Fig. 4 — Thermal behaviour of Bupicacaine (a); PLA R104
(b); PLGA RG 502 (c); bupivacaine-loaded PLA
R104 microspheres (Sample No. A2-1) (d);
bupivacaine-loaded PLGA RG502 microspheres
(Sample No. B1-3) (e).
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Fig. 5 - Dissolution behaviour of bupivacaine-loaded mic-
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multiple emulsion system (Sample No. A4-2).
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Fig. 6 — Dissolution behaviour of bupicacaine-loaded mic-
rospheres prepared with PLGA RG502 in w/o/o
multiple emulsion system (Sample No. B1-3).
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