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Polylactic acid (PLA) microspheres containing theophylline as a slightly soluble representative
drug were prepared using the o/w emulsion in-water drying method. A high trapping efficiency
was observed when polymer solution of high concentration was used and the drug/polymer
weight ratio was increased. However, the particle size of the microspheres became extremely
large when the high concentration polymer solution was used.

Microspheres with a particle size of 88.6 xum were obtained when “sub-emulsification” was
performed with the external aqueous phase with an equal specific gravity to the polymer solu-
tion. On the other hand, the trapping efficiency of the microspheres was dependent on both the
drug encapsulated in the microspheres and the particle size of microspheres.

The release patterns of the drug from the microspheres showed an initial-burst release in all
batches. The release rates of the drug from the microspheres prepared with the drug and polymer
alone were very small. Therefore, an improvement in the drug release property of the micro-
spheres was examined.

The release rates of the drug from the microspheres increased significantly depending on the
amount of ethyl myristate that was incorporated as a release promoter.
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Fig. 1. Schematic Illustration of Preparation of Microspheres with Emul-
sion in-water Drying Method
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(Fig. 2)
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rESTERIZTA 74 v1525mg & M A,
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Fig. 2. Preparation of Microspheres with Emulsion in-water Drying Method
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1 D 8DRKELSMAMA, KLy vy 2 3%
% — (MS 1 Minishaker, #EZH2%!, IKA Works,
& 721& Multi Flash Mixer, R FRA, = FHAH
ML) CTFfbL 7 (1k98%). 2oxwr
“a Y%, T00pm TR L TW30.1% PVA A
Wm%ﬂ¢tﬁﬁbt(ﬂkﬂw.%2ﬁﬁ%,
B L7274 2027 27428, fEsLACH
TP L 72tk WE T T2 AR L 2

RVAFUBIFLIZTLERMULZ T4+
T4V VYERAYA 07 27IE, £3Y 2+
YBELF VTR T22,537. 5mg & PLAT5mg %
FERL, S 2 7L 500 pl 202 B4 FraE &
L7z, 20um DEFCEBLZFA 7 4 1) v 25mg
EMA, 70— TRGEE MR T I OKinh ¢
2R L 72, 1 K4 B3 Multi Flash Mixer %
Ho, SEET -2 ZoMidmRmeticer
7.
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7z. 3000 rppm, 4 CTIOZRIE O EEL | A%
BWHARL, 747 40 VBE L5008t (5
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ZWEL, ITOM A& L 7.

1) Drug content (ZEMIAE, %) : v 4 »
UZ27x7 1mgHIZhi® 38 MoB4c, HlE
& BEH,

2) Calculated drug content (FPZBYZANE A
B, %) HUHFIIHCER LD, BRI 4
IUAT 27 ImgNIZEH XN YO EA %
)

3) Trapping efficiency ((fARhE, %) : iy
DEHARIET Drug content/calculated drug content
ELfEEEHEE LTE,

5. Invitro TUHRER

IATABIZYA 2027 2 78 5mg 4 FE2
L7k, KU VILR—180%0.1%&4 L 7~
BIHEIOml ZMA 72, ZD54 7 LB A37CH
TR B CHRIE U 7o, RRBRA 12 B 4 SR
U, B LOBHEEE T L 22, SIL 2= i %
OPNARER (BEEMERT UV-240) # FW Tl
BeR27Inm TOWNE % HIE U, SYHh g+
A

BRRUER
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RBETDE

MY, KR4/ X< § 2 HITPLA DAL
THHHEMAFLVORE]L Sml & UCHEIL 7~
0, BARIRIZNE % LML A CHA X
ot TITHEAFLVORE 1ml, 0.5
m EBWDLAL A, BHAZRIZ KM@ EL
2. L2 L, RFERIEKIBISHML 7 (Table
1), ZhIRESTRISORMIZ L0, kS
ED, EYORRPBD L0 L EB5 xR
5. BE, BIAFLYOBEIZAEL T
V. BOTHERMTHBZL05, +5HD By
NTNBEEZLNEH, b b AORSANE L
BRECEIREABEL Z22 55,

TIT, BATHRBREIZESE LB AL
AT MBS, Tab5 LR A
W, TORPVABRIZAHRE S (2X5080
L0 TEBEOAE AT o7 YWD 1 k58
DRI (IKA Works, MS1 Minishaker % fii
H) IZB0T, BRI 1 R BRI 232080 L |
TR —EO@ AR L 72, HASRIZBIL €
&, HTOET2D 57208, 208 TIRWI0%TH
72 (Table 2).
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Table 1. Effect of PLA Concentration on Pharmaceutical Parameters of PLA-
microspheres Containing Theophylline (Drug : polymer=1: S)

F1 F2 F3
ﬁ
Dichloromethane (ml) 1.5 1.0 0.5
Yield - (%) 71.3 74.3 59.9
Calculated drug content (%) 16.7 16.7 16.7
Drug content* (%) 1.4+ 0.08 4.4+ 0,02 13.5+1.0
Trapping efficiency* (%) 8305 26.8+0.1 81.2+59
Particle size* (gm) 130.8x33.6 236.6 + 81.4 No measurement

* Each value represents the mean  SD.

Table 2. Effect of lst Dispersion Time on Pharmaceutical Parameters of PLA-
microspheres Containing Theophylline (Drug : polymer=1:35)

F3 F4 F5§ Fé F7
1st dispersion time  (sec) 0 10 20 30 40
Yield (%) 59.9 86.2 72.6 793 757
Calculated drug content (%) 16.7 16.7 16.7 16.7 16.7
Drug content* (%) 13.5+1.0 132203 11.57:05 11.29+100 9.4+ 0.7
Trapping efficiency* (%) 81.2+59 790+ 19 69429 67.8+5.8 56.4+4.2

Particle size* (um) No measurement 232.4+74.4 1393 = 448 1126+41.0 129.7 + 36.0

+ Each value represents the mean = SD.

Table 3. Effect of Ist Dispersion and Drug Powder through 20- x#m Mesh on Pharmaceutical
Parameters of PLA-microspheres Containing Theophylline (Drug : polymer=1:35,
PLA concentration=20%)

F8 F9 F 10 F11
f
- Raw drug powder Drug powder through
20-um mesh
1st dispersion time (sec) 5 10 5 10
Yield (%) 76.3 69.6 73.1 79.2
Calculated drug content (%) 16.7 16.7 16.7 16.7
Drug content* (%) 62x13 6303 72+04 7.0+ 05
Trapping efficiency* (%) 36.9 = 26.2 37616 434121 41.7+0.3
Particle size* (pm) 80.5 = 26.2 79.0 £ 32.9 82.6 + 26.3 64.1 +23.2

* Each value represents the mean + SD.

$r KTFEA0,m U TEFA2BIC1KR 740 YEARE0 um ORI TH L7 & O &
SAEOREEEE FIFAHNTRLT vy 7 AIF L2 ZAICED RTINS m £ TERTL
+ — % %58 L 7= (Multi Flash Mixer, —HAERffT. A E AT G AEIZ{ET L7 (Table 3). &
¥), 4, HADELHMMEESHNTT A 7. F9 & Fl1Z 8 L 72354, FLIOFnE A
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Fig.3. Relationship between Particle Size and
Drug Content of PLA-microspheres Con-
taining Theophylline Prepared with Drug
Powder through 20 #m Mesh
*Each point represents the mean + SD.

L72hy, HARER,
DoNkhro7-,

INEDRRN? S, ARBEI BT, w42
U272 7ORTFEEETXE 5 L EMEE LI
P BERAHE e k57 (Fig. 3).

1-2 HAMDREHFRICRIETTA T4 1)
> & PLA DR EEDE

TAT7 4 ) Y& PLADHIRILIZOWTRE L
2. PLAD®RAY—EL L, 5474 & PLA
OHBIEEL D5, 1:4, 1: 3852002
&, TAT74 Y VEHER, HAREL g iNd 2
f#F% N L7 (Table 4). F&le: TAT 4
ZISRARRE TR IR ITIIT — 12 4 8L
TR LEIOND, EMBEIRKT B L, 4
LTS T 7 4 VERRBIDM AL & 1 7
LuD, EYONKMANOREAEGIT T3 L&
Abhb.
TITRVWEMERL100 m M TOK 712 %
85, HEBREOHAMELE DV 47027«
TEMPRT L2012, 7474 v L PLA DM
BIbE1 D320, 12RO B BEHR R o)
Multi Flash Mixer Z FIWVCHBIL 72, A=
66%L HFIE TS 2800, ya g s
15.8%, *ﬁ%fiﬁw\!‘wo#m DIA 2O T 2T %
AT BEZLENTE (Table 5),

RFEe ik & (i

Table 4. Effect of Amount of Drug on Pharmaceutical Parameters of PLA-
microspheres Containing Theophylline (PLA concentration=20%)

F12 F13 F 14
R_._—_ —
Amount of drug (mg) 15.0 18.8 25.0
Drug : Polymer (mg:mg) 1:5 1:4 1:3
Yield (%) 72.6 79.0 76.9
Calculated drug content (%) 16.7 20.0 25.0
Drug content* (%) 9.3+0.2 129+ 0.5 19725
Trapping efficiency* (%) 559+14 64.5+ 2.6 78.8 + 10.0
Particle size* (pm) 131.0x 254 150.8 = 42.0 154.2 + 40.7

* Each value represents the mean + SD.
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Table 5. Effect of Ist Dispersion Condition on Pharmaceutical Parameters of PLA-
microspheres Containing Theophylline (Drug : polymer=1:3)

F 14 F 15
1st dispersion condition Mild Vortex mixing  Vigorous Vortex mixing
1st dispersion time (min) 20 5
Yield (%) 76.9 80.4
Calculated drug content (%) 25.0 25.0
Drug content* (%) 19.7 £ 25 158+ 0.9
Trapping efficiency* (%) 78.8 £ 10.0 63.43.7
. Particle size* (pm) 154.2 £ 40.7 88.6 + 23.6
* Each value represents the mean + SD.
2. ¥4 UORT T H5OENMEM 27 277 b U ARNOKRDEGEE D L
SEFHEL VA I OAT 2T HPODTA T A HeBA TOMRC LS eI T3, 5§
VY ORH T e 7 7 4 L% Fig. 4187, [ W 72 PLA 347 T- 8 125,400 & JL# R K &
242027 2THEDTFAT 4 ) VO W, ZO-H8HMTPLABIZLALE LT
i, BRI A R ORI T e 7 7 nwaEWwWEELSGRY, v A a7 T KNI
frERLE. SHEMTOYA/ORT 2T N5 DFAT 4V YDHEBT Y ARERRL, KX
DFAT 4 Y ORBIETORESBR N7 ML EZEAOND.

FThD, EMHARNKEVEE, R TE 3. NI FUBIFILIATIIVOMEERERE
BhEWEEREL HAERERLZ, —BIZY L CORMIC & 2EMBAGR, & 5T
4 raR7 T hbOEYREE#E, v 70 HADEE
MO AIENZ EBHE N B 727280,
Wi T AT L THD I AFVBLFILIAT

. 20 F15 . 5
i e AOERINE & % B PEE & A 7z
T 157 AR TR, BlitEo%RE B9 L TER
F B F LT AT AORMIED , BHEA RS
2 F 14 i
£ 10 - BT L ABELTOSY, Mg FLTAT
£ ~— RORFEAREE | BB TR R
: TE 5. SH, ThbOERE, S BVHIEES
E 0 T~ F13 i S W RERUOEHRT 2T L, IV AT
o 1 2 3 45678 VT F LI AT LOFME AT, FaliskT 2
Time . d FUMEAEICH L CREE BRI L ELI NS
B, BEERANSHOBIZIE, AREAMEIIONTO
Fig.4. Release Profiles of Theophylline from REtABELELIOND.
PLA-microspheres in Normal Saline Con- %%ﬁ)\ili‘mbﬂwwﬂﬁi@i%mﬁﬁq VET L

taining 0.1% Polysorbate 80

*Each point represents the mean = SEM 7= (Table 6). Table 1 D#ER” S, &I IR
(n=3). OREREVNEE T4 2T R T 2 T ANDEHOE
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Table 6. Effect of Amount of Ethyl Myristate on Pharmaceutical Parameters of
PLA-microspheres Containing Theophylline

F 15 F 16 F17
Level of ethyl myristate (% of polymer) 0 30 50
Yield (%) 80.4 70.9 68.0
Calculated drug content (%) 16.7 20.0 25.0
Drug content* (%) 158+ 0.9 16.2+ 0.4 144+ 0.2
Trapping efficiency* (%) 63.4+ 37 64.7 £ 1.7 575+3.7
Particle size* (pm) . 88.6£236 99.4 £ 28.0 80.3 + 22.6
* Each value represents the mean + SD. —
ABRIER LS BBMEAER L. ZDOZLhb, MBEA BT EBORMMEETR L 22, 312918
SURF VBRI FLI AT ADRNMNC & 3 EH A N2 PEMEL, ZOBOKHIZHE D EDLS
ROWTIR, BITHEROKEMET L% & BAEDTHH7z, IVAFUBIFLIZFL
fEHlEh 3, L PLA L ARSI A FL YV IZABT 2. 20
IHOLTRELAEYA 202727 h 505+ 12OV A U7 2 THOKEIZPLA & 3 1) X
74V YOBRMTTT 74 L% Fig. 51257, FUYBIFLIZFANERE Y M) 5 2 20z
RV AFUVBIFLIZFLORMEA L FE TATAVUDBGHMLERETH B EE 2 5 h
BOBMMEERL, 72 IV 2F @Il 5. 72, SVRAFVBIFLIZFALEE D
T2 TIVERIIEE T & MR & RS, 18IS A AR T 2 7 12 & B BRI IR, FSRfig T 2
%&m&éﬁﬂimﬁ®m&fu774ﬂ%ﬁb TS KD TR & 7= ML 2 S hs VA MR U B
o, B, SV 2FUVBIFLIZF LOR 5L, MEMERT 2 7L 25k - 5 OMITLIZ A
' PRETH I L THRURNAIBET B L2 1 50
60 - F L7 TW3%, ZhonZ bk, TAET 43
i v ) AF VI FILI AT INRETH B 71z -
- ELEREOBMIC &0 B IBEN RSB 3 &
% o F16 LERINB, LLERS, SYRFUEBBIFL
§ TATMC & B IHIRERIR A, F 29I Hie
5 ERAREEL0E, BRIBEDO< L) v 2 2D
E ‘\\Fw B~ 4 2027 2 7REHEISRS NS 78
& LEEINS,
Time, d E %
Fig.5. Release Profiles of Theophylline from PLA- S, HKEMENTHEE T4 749 v Dv 4
microspheres Containing Ethyl Myristate in 2027 x 7L A e R TRk 7=, GBE
;I(;)rmal Saline Containing 0.1% Polysorbate DES TGS 7 & IR AES T
*Each point represents the mean + SEM (n &, RLRHEFICLD . BARIHEAHI63% , K

=3). TR0 m BTFOw 4 2027 5 7 5354
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