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Preparation and Evaluation of Solid Lipid Microspheres
Containing Cyclosporine A
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Abstract— Solid lipid microspheres (SLMs) were prepared using various lipids and solidifying agents,
in order to enhance the gastrointestinal absorption of Cyclosporine A (Cs A) which is a practically
water-insoluble drug with low systemnic bioavailability. Egg lecithin and HCO-60 (polyoxyethylated 60
mol, hydrogenated castor oil) were used as lipids. Stearic acid and stearyl alcohol were used as sol-
idifying agents. Emulsion concentrates containing Cs A were prepared by mixing the melted lipid and
solidifying agent with water, employing bile salts as a cosurfactant. SLMs were obtained by dispersing
the warm emulsion concentrate in cold distilled water under mechanical stirring, followed by freeze
drying. Physical characteristics of each SLM were investigated by particle size analysis, optical mi-
croscopy and scanning electron microscopy. Mean particle size of SL.Ms was in the range of 30 to 40
pum. The SL.Ms were in good appearance with spherical shape before freeze drying, but were deformed
partially after freeze drying. Drug loading efficiencies of SLMs were observed as high as 80 to 90% in av-
erage. The systemic bioavailability of Cs A from different SLM formula was investigated in rats fol-
lowing oral administration. Cs A in whole blood was extracted and assayed by HPLC. SLMs revealed
the higher bioavailabilifes than the standard formula based on the marketed product. SLMs might
have several advantages over standard formula for enhanced gastrointestinal absorption, controlled
release properties, high loading capacity of the water-insoluble drug, and feasibility of solid dosage
forms with better stability in storage.

Keywords [ ] Solid lipid microsphere, Cyclosporine A. Polyoxyethylated hydrogenated castor oil (HCO-
60). Lecithin. Stearic acid. Stearyl alcohol, Bioavailability.
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Table I — Formulas of solid lipid microspheres (SLMs) and their Cs A loading efficiencies

SLMs Lipid

Solidifying agent Loading efficiency*(%)

HCO-Steol 002 HCO-60 05g
HCO-Steol 003 HCO-60 05g
HCO-Steol 004 HCO-60 05g
Le-Steic 002 Egg lecithin 0.5 ¢
Le-Steic 003 Fgg lecithin 0.5¢g
Le-Steic 004 Egg lecithin 0.5¢g
Le-Steic 003 Egg lecithin 0.5¢

Stearyl alcohol 1.0g 91.3+1.2
Stearyl alcohol 15g 89.4+3.0
Stearyl alcohol 2.0g 90.3+1.1
Stearic acid 10g 87.7%£2.7
Stearic acid 10g 83.7+x3.9
Stearic acid 1.0g 84.5+6.8
Stearyl alcohol 15g 89.0+2.3

* Data are expressed as mean+S.D. (n=5).

Table I — Particle size parameters of selected solid lipid microspheres

Parameter” (unit) Le-Steic 002 Le-Steic 003

Le-Steic 004 Le-Steol 003 HCO-Steol 003

de(um) 19.54 22.27 96.10 19.37 33.74
dys(um) 10.98 10.05 17.02 11.10 6.82
wm(l.lm) 26.76 29.38 148.39 25.34 43.95

span” 2.70 2.62 3.89 2.36 2.99

[ 1.284 1.412 2.121 1.273 2.003

“ All abbreviations are explained in text.

Y Calculated as (den - di)/d,.

chea gt

F AU SLME] AR F71, £ 60~65°CollA Cs A
o] "bztk7]= oF 11AIZF AR E A2 A)7H) 10~204%
o= A kol 3% nluto] Faju= Ao ArE
o} SLM2] A=A Lo o]gk oFEo| 3z A &
AR G AoE PeE ALt

okE BQIE - JdAF SLME #s HPLC=
Mate] Alakst oFEe] EY&-E Table 19 L}Ehﬂﬁi
o HAHOR 80~90%9] =2 BUES Hela Q)
o ol & Wl o&) AZ2F microcapsule©]
1} microsphere® %¢]&HTt w4 =& Zrojct ¥

22) o o) EA
Ugrg o ofFel BYURS FBE shshe P,

2 $Yee SLMe A2 olggel Hel o
DA AL 59 H A A £3
sh97] WEQ) Aoz ALEE, oFE 4A)9 ¥
B4 Sl RS slow Yad, 2 SLuel ¥
lo] FRU 24HI0h 39 &

= BM - Ad) ugsixe] 24 4 vlEg @
sted Al zgk 2} SLMe] Y5 ¥4 Avbe Table [ 2
t} olE HetiElE volume-surface mean diam-
eter(d,,) @ weight-moment diameter(d..,)*= Ed-
mundson® HYARIE7E YERE ARk (Q)eR
B p=1. =2 57 3% s sy 2

b

dr+

dmean = Zn ( 2)
anf

o z‘nd3

= Sod 3)
S
dwm - W (4)

o714 diz JERA7E A A YAke] A

Hegel Eoj 2= xbe) AFE e}
Wtk p= A /H A2}e} 2719} AAE= size paramet-
erold. f= frequency index®@A] f=20]H {1x}e]
A, f=30¥ YR} F3] F= "‘1}—% et

7 SLME ] QA th IS TS o
%

logdes = logdg—1.151log?c, (5)

A9 g destel AxG 4 v Qi
WG RSl R HCO-6020) dAge) 4$-7F

J. Pharm. Soc. Korea



AolZRaxAe BT 1y AAvIYTel Azt Wt 491

Fig. 2 - Optical photomicroscopy of HCO-Steol SLMs(A-1,2) and Le-Steic SLMs(B-1.2): A-1 & B-1: before freeze dry-

ing: A-2 & B-2: after freeze drying.
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e d;v. d. HCO-Steol 002: V. Le-Steic 002.

Table Il — The pharmacokinetic parameters of Cs A based on model independent method after oral ad-
minstration to rats as dose of 15 mg/kg in different formula

Parameter (unit) Standard Le-Steic 002 HCO-Steol 002
AUC g0 (Mg.min/ml) 130.8 158.4 214.4
Crax(pg/ml) 0.360 0.367 0.407
Tuax (min) 180 120 180

MRT (min) 476.8 798.0 831.8
RBA" (%) 100 122 165

' Relative bioavailability. calculated by AUC../AUCxmama X 100(%)
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