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Preparation and Evaluation of Bupivacaine Microspheres
by a Solvent Evaporation Method (II)
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Abstract — Various bupivacaine-loaded microspheres were prepared using poly(d,-lactide) (PLA) and
poly(d,)-lactic-co-glycolide) (PLGA) by a solvent evaporation method for the sustained release of drug. The
effects of process conditions such as drug loading, polymer type and solvent type 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 and yield of PLGA micro-
spheres were higher than those of PLA microspheres. The prepared microspheres had an average particle
size below 5 um. The particle size range of microspheres was 1.65~2.24 pm. As a result of SEM, the par-
ticle size of PLA microspheres was smaller than that of PLGA microspheres. In morphology studies, micro-
spheres showed a spherical shape and smooth surface in all process conditions. In thermal analysis,
bupivacaine-loaded microspheres showed no peaks originating from bupivacaine. This suggested that bupi-
vacaine base was molecular-dispersed in the polymer matrix of microspheres. The release pattern of the
drug from microspheres was evaluated for 96 hours. The initial burst release of bupivacaine base decreased
with increasing the molecular weight of PLGA, and the drug from microspheres released slowly. In con-
clusion, bupivacaine-loaded microspheres were successtully prepared from poly(d,l-lactide) and poly (d,l-
lactic-co-glycolide) polymers with different molecular weights allowing control of the release rate.
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AR Ak poly(d,l-lactide) (Resomer® R104 Mw
2,000, Boehringer Ingelheim, Germany), poly(d,}-lactic-
co-glycolide) (Resomer® RG502 50 : 50 i.v. approx 0.2,
Mw 14,500, Boehringer Ingelheim, Germany), poly
(d,Hactic-co-glycolide) (Resomer® RG504 50 : 50 i.v.
approx 0.5, Mw 55,000, Boehringer Ingelheim, Germany),
poly(d,-actic-co-glycolide) (Resomer® 506 50 : 50 i.v.
approx 0.8, Mw 110,000, Boehringer Ingelheim,
Germany), polyvinyl alcohol (Aldrich Chemical
Company, Inc., USA), sodium azide (Sigma Chemical
Co., USA), Tween 80 (Sigma Chemical Co., USA) 5]
T, 24l ok8 2 = hypivacaine (°] A A 2H(F), Korea)
S A58t} Methylene chloride (Junsei Chemical
Co., Ltd., Japan), acetonitrile (HPLC grade, Tedia
Company, Inc., USA), methanol (HPLC grade, Tedia
Company, Inc., USA)®} 7]l Suji= HPLCE&S AR
8ISt} In vitro HE A §uE oTA] 0.22 um
membrane filters (Millex®, Millipore Co., USAYE A&
3ct.
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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{SI-SX-
40, HA A 24(F), Japan), DSC(SHIMADZU Co.,
Japan), HPLC (LC-10AD, SHIMADZU Co., Japan),
shaking water bath(KMC-12055W1, VISION Co.,
Ltd.,, Korea), ultrasonic cleaner(1210R-DTH, Branson
Ultrasonics Co., USA) 5°] Sith
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U= AREIAE AAE| A8 FFF 100 miE 3
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b2 71 — EW2AM poly(d,-lactide) (PLA
R104) 500 mgs AM-3a, 23 Egn9] SrlgA
HAREz | =5 ARS8l ke GERS 24

Table I - Production yield and loading efficiency of bupivacaine base-loaded microspheres (n=3)

Variables
Sample No. -
Drug loading (mg) Solvent type Polymer type

111 40 Mc? PLA R104

1-2 100 MC PLA R104

1-3 250 MC PLA R104

2-1 40 MC : Acetone = 9 : 1 PLA R104

2-2 40 MC : Acetone = 8 : 2 PLA R104

2-3 40 MC : Acetone = 7 : 3 PLA R104

31 40 MC:MeOH =9:1 PLA R104

32 40 MC : MeOH = 8 : 2 PLA R104

33 40 MC: MeOH =7:3 PLA R104

41 40 MC:EA” =9:1 PLA R104

42 40 MC:.:EA=8:2 PLA R104

4-3 40 MC:EA=7:3 PLA R104

5-1 40 MC PLGA 502 : 504 = 75 : 25
5-2 40 MC PLGA 502 : 504 = 50 : 50
5-3 40 MC PLGA 502 : 504 = 25 : 75
6-1 40 MC PLGA RG502

6-2 40 MC PLGA RG504

6-3 40 MC PLGA RG506

OMC : Methylene chloride

DEA : Ethyl acetate
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Table II - Production yield and loading efficiency of bupivacaine base-loaded microspheres (n=3)

Sample No. Yield (%) Drug content (ug/mg) Loading efficiency (%)
1-1 81.0 + 06 31.48 = 1.27 4251 + 171
1-2 73.6 £ 0.8 90.10 * 247 54.07 = 148
1-3 653 £ 0.7 207.89 + 14.46 62.36 = 4.34
2-1 775 £ 03 30.13 £ 0.59 40.69 £ 0.79
2-2 80.4 £ 0.8 29.07 £ 0.33 39.26 £ 045
2-3 80.9 £ 0.0 28.69 £ 0.37 38.75 £ 0.50
31 80.8 £ 0.7 29.42 * 1.93 39.72 £ 2.60
3-2 805 £ 0.6 29.57 = 0.58 39.94 + 0.79
33 801+ 1.7 29.43 £ 1.30 39.74 £ 1.75
4-1 81.0 £ 0.7 27.89 £ 1.15 37.67 = 1.56
4-2 80.7 + 06 26.68 £ 0.87 36.03 = 1.17
4-3 80.5 £ 0.2 26.02 £ 0.33 35.14 £ 0.4
5-1 884 + 3.0 31.75 £ 1.32 42.88 £ 1.78
5-2 89.8 £ 1.0 31.42 £ 0.54 4243 * 0.73
5-3 90.0 £ 05 32.00 £ 156 4322 * 211
6-1 889+ 13 3112 £ 1.39 42,02 £ 1.87
6-2 89.1 £ 0.7 34.20 £ 122 46.18 £ 1.65
6-3 882 T 1.1 36.31 * 0.88 49.04 £ 1.19
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Table ITI — Particle size of bupivacaine base-loaded microspheres

(n=3)
e sir
Sample No. (ianlz 1cNeM%7;§)
1-1 224 £ 0.02
1-2 2.06 + 0.02
13 178 £ 001
2-1 2.17 = 0.08
2-2 2.20 £ 0.04
2-3 2.18 £ 0.05
3-1 2.19 £ 0.05
3-2 2.11 £ 0.07
3-3 2.06 £ 0.02
4-1 220 £ 0.02
4-2 2.16 £ 0.01
4-3 2.15 * 0.01
5-1 189 =003
5-2 1.83 £ 0.01
5-3 1.78 £ 0.01
6-1 1.97 £ 0.05
6-2 1.73 £ 001
6-3 1.65 + 0.02

INMD : number mean diameter
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Fig. 1 ~Scanning electron micrograph of bupivacaine
base-loaded microspheres prepared with PLA
R104 in a solvent evaporation method (Sample
No. 1-1).

Fig. 2 ~Scanning electron micrograph of bupivacaine
base-loaded microspheres prepared with PLGA
RG502 and RG504 in a solvent evaporation
method (Sample No. 5-2).
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Fig. 3 —Scanning electron micrograph of bupivacaine
base-loaded microspheres prepared with PLA
R104 in a solvent evaporation method after
dissolution test (Sample No. 1-1 (a); Sample No.
1-2 (b); Sample No. 1-3 (c)).
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Fig. 4 — Scanning electron micrograph of bupivacaine
base-loaded microspheres prepared with PLGA
in a solvent evaporation method after dissolution
test (Sample No. 6-1).
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Fig. 5 - Thermal behaviour of bupivacaine base (a); PLA
R104 (b); PLGA RG502 (¢); PLGA RG504 (d);
PLGA RG506 (e); bupivacaine base-loaded PLA
R104 microsphere (Sample No. 1-1) (f); bupivacaine
base-loaded PLGA RG502 microsphere (Sample
No. 6-1) (g); bupivacaine base-loaded PLGA
RG504 microsphere (Sample No. 6-2) (h); bupi-
vacaine base-loaded PLGA RG506 microsphere
(Sample No. 6-3) (D).

o Pt FEOE FARA S B4 e B4
o) gl Ao o:mm.

ofF W&

Fig. 6, 7, 8 € 9= Fouppl &7 &F vlola
2A7o)e] BE P& JERISIT PLA R104E AL
g3lo] Az mo]azAdele] FE A9 BE AR
ZA0)X 308 ool 49~58%7F WEEE 7]
burst effects ERISITE, 15 oFEo] AA3] WEH
v s HolH 96*]7P77PX1“ 7e ke
80% oldo] HEHTH & A7AES ol ATl
Al Alzg Bajuiel QAN - mlo)aEA|o)g)

g
= 80
2
o 60
o
[}
o 40
a5 20
0 i0 20 30 40 50 60 70 80 90 100
Time {(hr}

Fig. 6 — Dissolution behaviour of bupivacaine base-loaded
microspheres prepared with PLA R104 in a
solvent evaporation method.
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[1; Sample No. 1-3
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Fig. 8 — Dissolution behaviour of bupivacaine base-loaded
microspheres prepared with PLGA in a solvent
evaporation method
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[O; Sample No. 5-3
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Fig. 9 — Dissolution behaviour of bupivacaine base-loaded
microspheres prepared with PLGA in a solvent
evaporation method.
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