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Preparation and Characterization of Poly(D,L-lactic acid) Microspheres

Containing Alprazolam

Chul Soon Yong', Mi-Ra Kwon, Sae-Hae Park and Doo-Man Oh*

'College of Pharmacy. Yeungnam University. Gyongsan 712-749, Korea
*College of Pharmacy, Taegue Hyosung Catholic University.

Hayang. Gyungbuk, 713-702 Korea
(Recevied October 27, 1995)

Poly(D,L-lactic acid)(PLA) microspheres containing alprazolam(APZ) were prepared by a sol-
vent-emulsion evaporation method and their release patterns were investigated in vitro. Various
batches of microspheres with different size and drug content were obtained by changing the ratio
of APZ to PLA, PLA concentration in the dispersed phase and stirring rate. Rod-like APZ cry-
stals on microsphere surface, which were released rapidly and could act as a loading dose, were
observed with increasing drug content. The release rate was increased with increase in drug con-
tents and decrease in the molecular weight of PLA.

The release rate of APZ for long-acting injectable delivery system in vitro, which would aid in
predicting in vivo release profile, could be controlled by properly optimizing various factors af-
fecting characteristics of microspheres.

Keywords— Alprazolam, Poly(D,L-lactic acid), Microspheres, Injectable delivery system
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PLAST LA-0010, LA-0015, LA-00208 Wako
Pure Chemical Industries, Ltd.(Osaka, Japan)®
FH 731 AR8-3HAT

Methylene chloride® Yakuri Pure Chem-
icals Co. Ltd.(Osaka, Japan) A&ES AMHL3lgxn
Tween 80% potassium chlorides Hayashi
Pure Chemical Industries Ltd.(Osaka, Japan)
9] A|¥EE. sodium chloride® Duksan Phar-
maceutical Co., Ltd(Korea)?] #&EL KHPO,
KH,POs= Merck(Darmstadt, F.R. Germany)A}
o] AE-S, Na;HPO= Kanto Chemical Co., Ltd.
(Tokyo, Japan)®] AlES AH&31%I T} Nitta Gela-
tin Inc.(Osaka, Japan)Z3E Azl (type G-
0433P)& A|Zuto}l A8-3190 21 | acetonitrile J.
T. Baker Inc.(NJ, USA)AF] HPLC grade® AH&
31H T}, Filter membrane2 Alltech(IL, USA)olA
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man Sciences Inc.(MI, USA)Y cellulose
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‘ PLA solution in methylene chloride 1ml{5-10% w/v)

! Add APZ and sonicate

1 Solution of PLA and APZ in methylene chloride 1ml

i
Emulsify in phosphate buffer solution
containing 1-3% gelatin(pH7.4, 0.IM) 30um!

| Stir and evaporate methylene chloride for Zhr

‘:’ilter through sintered glass dis:I

| Wash with distilled water 2-3 times

Dry in vacuo at room temperature for 24hr ]

i

APZ/PLA microspheres

Scheme 1— Procedure for the preparation of APZ/PLA
microspheres
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crometer disc(Nikon, MBM12100) 5°|t}.

PLA microsphere?| H| X

Microsphere®] AZe F543 FAE ARSI
solvent-evaporation method®l| 28l th&3} 2ol A
3t

Methylene chlorideol <1 5%(w/v)e] PLA &
4 1mlel A% APZ(PLAY sl 10~40%)
Z 713l sonicationdl] #ET & = FHES]
o AR ol &8l YA SE 2 wrlkslHA
1~3%(w/v) A& /% phosphate buffer &
{0.01M, pH7.4) 30mLe] B3] Hlo]# o] Ho &)
= FAF7](18 guage)E ©]83tq AA3] A7stddct.
7] 22l methylene chlorideZ $£A3] ZEAl7)
7] ¢l8l AdollA 2217t Bt e &2 AL
sl ol¥A Az AFYL sintered glass
diskE 3} 932 A microsphere® Fls) W #
A2 A3 Aetel-S A AR 8 AR SRS
2 3~43] AT F AT AZ7)NA 24R17F A=A
7] microsphere ¥ 2% 4 tHScheme 1).

80| A2 0|28t microsphere2| Il

A)Z3 microsphere®] Fele} el A8 2%
3] s Fedn slolld BASIGH. dolE #
&% microsphere®] A Z71E ocular mi-
crometers ©]-8-3l 3311 B WS FIA
Microsphered] EW BAS #A37] s ion

J. Kor. Pharm. Sci, Vol. 26, No. 1(1996)



16 $de - Anlg - A - 2%

Table I— HPLC Condiition

Column: p-Bondapak Cs, 3.9mm I1D.x 300mm, 10
Um particle size

Mobile phase: Methanol : Phosphate buffer(0.01M, pH

74) = 70 : 30

Flow rate; 1ml/min

Detection: 254 nm

Injection volume: 20 ul

Sensitivity: 0.1 aufs

coater(Model 1B-3, Eiko Engineering Co.,
Japan)& °©]-&3lq WMFo R HEAIZ F FAL HAL
AnF L ALSSl] #ASIGTE

Microsphere Lif kS §t2t0| 2A

dg#Fe]l (5mg) microsphere® 1mle] a-
cetonitrileell =oia o]& 500 843 & 245 nmell
A UV F3=E S4sle] 42 APZY] sE2RE
microsphere e} <& FF-E At o] o 1
mge} APZSF 4mg®] PLAE 42 ©& EFES A}
|3l FHEE Pk

In vitroOli M 2] ot HIE ME

e WE AREC HE AP dore] o] ¢t
F9E A A8l 0.5meel APZE 0.01%9
Tween-80% 3#3t phosphate buffered saline
(pH 7.4) 100 m!lol 713t e}. olaid & /-3
Za}l~AE shaking water bath (37°C, 100cpm)Z
AMg3te] wakshaA 302 3t 93 HHe® AlgE
AN# 3l membrane filter (pore size 0.2 um)E
75t ¥ Table 9] 274 HPLCZ 13i4ioh
TE ormwrzAde Uedt ol Aaan:. zt
batch®] microsphere 20 mg2- 3l Tween-80<
0.01% 73 phosphate buffered saline (pH7.4)
100mi7} 97) Zekxa=d] ¥ shaking water
bath& A8l 37°CollA] 100cpm o wHkslsiTh.
Tween-802 2 HlZE AP A)A microsphere?]
s Fo] FEA MEYA Yz o9 £
£ FAF1I71 a Agskdnr. 433 248 (Bhrs,
12hrs, 1day, 3days. bdays, 7days, 10days,
14days, 19days, 24days)S2 2mie] AR E 3}
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o} 4L o] FJTE 245 nmolA &3 s}, oluf
sink condition F21517] ) A2 g Larol] s
He A¥de B33igen, 33dE F3xaRH
microspherediA] WEH dEe) g AR3)T oF
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Figure 1— Scanning electron micrographs of PLA microspheres containing APZ before(A) and after drug release(B)

Table Il — Characteristics of Microspheres Prepared

Drug/ ) Drug
Preparation polymer Diameter content
ratio at (8.0 (%)
A 10:90 9.3+2.08 2.67
B 20:80 10.4+212 8.02
C 25175 10.5+1.92 15.85
D 30:70 10.0+1.86 25.68

Prepared by solvent emulsion evaporation method em-
ploying methylene chloride as a polymer solvent and 3%
gelatinous PBS(pH 7.4) as a nonsolvent at 500 rpm

100

5=

o

z

u

Q

w

u

w

b4

e

E R 5071
o]

a

o

o

o

=

N

a.

<

0 + + + —
0 0.2 0.4 0.6 0.8

INITIAL APZ /POLYMER RATIO

Figure 2— Effect of initial quantity of APZ in methy-
lene chloride on drug incorporation efficiency
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Table III— £ffect of Stirring Rate on the Size of the
Microspheres .

Stirring rate Mean diameter

Preparation (rpm) (Um=+S8.D.)
E 500 10.4+2.12
F 300 14.5+5.62
o 200 30.3+12.95

Prepared by solvent evaporation method with disp-
ersed phase ' continuous phase = 1:30, 3% gelatinous
PBS as continuous phase, 5% PLA concentration in
dispersed phase.

2 microsphere® 4% 4 Ut} Table IIISIA
B 4 gl So] Aol A B8 F%E &t f3}
A9 AL 3% AHgstn BREEE 500rpmol A
200rpm o2 23S BT U==7171 10 pmell
A 30 pmZ F713 microsphere® AU} ol | &
W vt Aot we $EEE Bl gadiie
o, o]2 2 microsphere?] YAEE7} oFEo] Bg
¥ microsphere®] =584 9 vlA]7] uliLol}
3 A2 ECh Microsphere’} 5w %7 Z4ad
2 microsphere W2 BYER] Edla 4o 37
e ko] ko] £71819 1 microsphere?] WlE
2 Ao FA3lA] Kahe A d= Fo18sih
EatMo Fe Tt X3 |0l 0jX|l= F&
Az F B3 7Bke 849 s=8 ¥g
Ao gd dx=A7)7F A2 T2 microsphere® 4
At (Table IV). 7IBlF= APZe] B8 1.25%(W/
V)E 24383 PLAY F58 4%014 10%7HA) ¥t
Al719 350rpmolA 1% ek & 73 B4l E A}
83l microsphere® AZ3E W A =

T
L

Avle}

A - o

7} Z7Vetel Wit YA Z2717F 11.074:2.33 pmellA
2317491 pm= F7IBIAT. EF ARk FA
9] g F7WFIE A Fmrt SrksAl =H
bl BYEEo] HAH o2 ST

PLA EX}2F0| 2IXt37|0fl OjXl= F&

Azl AHgshe 2t FEAL A Aol Al
Z¥ microsphere?] o4& 3 B3] £ 9 2 F
o fol4d e YT VXA F3it

s A ooAe] ofEe| QY M

100cpm o2 wmykehy 37°CE fAlHe 0.01%
Tween 802 373 phosphate buffered salinecilA]
APZE 30 € ¢ HPLC AellN dde] 5d "aS
zZte ¥ 3ZE (retention time, 4.7min.) YERIZTH
o] A¥= oE W S A= B APZH B
Z A3 dox B3R gm NS FAshe Aol
gel= it

In vitrollA{ PLA microspheres2 HFE{2| APZ
uE g

%719 burst release ¥ VI A&HH T A4
3] FES W& AgE YEMITE 2719 burst
release™= microsphere ¥HolW EHdN 7l £
o] £x3la1 JojA] WEo] Bol3t R o7 o
w243 A9 microsphere?] el WElE HoF=
SEM ARlo2XRE FE3l, 45 U&e 3
WEYAS B3 oFEe] ik FHA E- 2] B
F)d] oJgf dod Ao Az A, o] FFA| vjE
Yol B3 FANMEE AAE dovs HF
(surface erosion) BTz WIEH 2 AAE B3 A7l=
bulk erosionel|<]gt Zgola} AtgAEY

Table IV— Effect of APZ and PLA Concentration on the Properties of Microspheres.

PLA APZ
'concentratlon c-oncentratlon Drug Entrapment efficiency® Mean diameter
in methylene in methylne content ©%) (em+S.D))
chloride chloride - (%) 7 U
(W/V%) (W/V%)
4 1.25 8.34 34.85 11.07+2.33
5 1.25 8.90 44.48 13.94+3.51
6 1.25 7.95 46.19 17.27+9.08
8 1.25 6.65 49,22 21.96+8.80
10 1.25 5.82 52.38 23.17+9.10
actual entrapment (WW%) % 100

*entrapment efficiency =

theoretical entrapment (W/W%)

Prepared by solvent evaporation method with dispersed phase: continuous phase = 1:30, 1% gelatinous PBS (pH7.4)

as continuous phase, at 350rpm.

J. Kor. Pharm. Sci., Vol. 26, No. 1(1996)
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Figure 3—1In vitro release profile of APZ from mi-
crospheres into 37°C, pH7.4 phosphate buffered saline
containing 0.01% Tween 80 as a function of drug load-
ing. Polymer Mw. 20,000. 10 um particle size.
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Figure 4—In vitro release profile of APZ from mi-
crospheres into 37°C, pH7.4 phosphate buffered saline
containing 0.01% Tween 80 as a function of molecular
weight of polymer. 6.7% drug content. 14 um particle
size.

Key: (=) 10,000: (o) 15,000: (#) 20,000.

StSEIEH0| A BUWE O|X|= A&

BAFEo] 20,0009] PLA-0020% AMg-3le] ok&3lek
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(271 2477 B EE oFEe ) 9 1 Fo BE
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Figure 5—In vitro release profile of APZ from mi-

crospheres into 37°C pH7.4 phosphate buffered saline

containing 0.01% Tween 80 as a function of mean par-

ticle size. Polymer Mw. 10,000. 4.1% drug content.

Key: (@) 10 um: (©) 20 pm.
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Figure 6 —Effect of drug content and PLA Mw. on
burst release effect in the release medium.
Key : (0) 10,000; (o) 20,000.
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