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Abstract

Nifedipine-loaded albumin microspheres were prepared by a chemical cross-linking method to develop a sustained-
release form. The qualities of the nifedipine-loaded albumin microsphere products were affected by several variables.
In this study, the effects on the percentage of nifedipine incorporated into albumin microspheres of four different
variables (i.e. drug/albumin ratio, amount of glutaraldehyde, amount of sodium dodecyl sulfate and stirring speed) at

two levels were studied according to a factorial design of experiments.
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Recently, albumin microspheres have received
wide attention (Vural et al., 1990; Karunaker and
Singh, 1994) because of their specificity (Kramer,
1974), biodegradability (Lee et al, 1981) and
other desirable characteristics such as non-toxicity
and biocompatibility (Ratcliffe et al., 1984) with
an ideal drug carrier. Most studies involving the
preparation of nifedipine sustained release sys-
tems were by employing other microencapsulation
materials, such as chitosan (Chandy and Sharma,
1992), hydroxypropyl-f-cyclodextrin and hydrox-
ypropyl-cellulose (Wang et al., 1993), but none of
the previous studies has employed bovine serum
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albumin (BSA) in the preparation of the sustained
release form of nifedipine. Therefore, the aim of
the present work was to investigate the effects of
four important variables (drug/albumin ratio,
amount of glutaraldehyde, amount of surfactant,
stirring speed) on the percentage of nifedipine
incorporated into the albumin microspheres. A 24
full factorial design was employed and the data
compared statistically using analysis of variance
(ANOVA) (Abdullah and Al-Khamis, 1993).
Nifedipine-loaded microspheres were prepared
by a modification of the methods described by
Longo et al. (1982) and Goosen et al. (1983).
Micronized nifedipine powders were suspended in
3.0 ml 0.1 M sodium phosphate buffer, pH 7.4,
containing the desired amount of sodium dodecyl
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sulfate. BSA (500 mg) was then dissolved in the
suspension. After rapid mixing, the suspension
was added dropwise to a mixture of 75 ml of a
stirred (either 600 or 1200 rev./min) olive oil
and petroleum ether solution (3:2 by vol.) (stir-
rer, 3000H, Heidon, Tokyo, Japan). After addi-
tion of the aqueous glutaraldehyde (5%, w/w)
which was used for cross-linking, the dispersion
was continuously stirred at 25°C for 1 h. The
required amount of 2-aminoethanol then was
added to cap any free aldehyde groups. After a
1 h reaction time, the residual solvent was de-
canted and the albumin microspheres were
washed with petroleum ether (three times) fol-
lowed by ethanol (three times). The washed mi-
crospheres were dried by freeze-drying. All
experiments were carried out under subdued
light conditions to prevent photodegradation of
nifedipine.

The factorial design experiments were per-
formed in random order and the response was
measured as a percentage of the drug in the
albumin microspheres. The design matrix and
data obtained from a duplicate of the 2% experi-
ments are given in Table 1. The effects of the
individual variables (variables 4, B, C and D)
and their interactions between the four variables
in the factorial design of experiments can be
calculated using a so-called table of contrast co-
efficients (Montgomery, 1991). From these con-
trasts, we may estimate the 15 factorial effects
as well as the normal probability plot of these
effects as shown in Fig. 1. The important effects
which influence the percentage of nifedipine in
albumin microspheres seem to be the main
effects of 4, B, C and the AC, AD, BC, BD,
CD and ABC interactions which are far from
the line. The statistical differences were assessed
using the ANOVA test to prove these results
(Daniel, 1987) (see Table 2).

By the manner described by Montgomery
(1991), the response value of the effects could
be calculated. The wvalues showed that two
effects (4 and B) are positive, and one effect
(C) is negative. However, main effects alone
do not have much meaning when they are in-
volved in significant interactions. Those interac-
tions are the key to getting the optimal

conditions. The results obtained from the inter-
actions are shown in Fig. 2 and can be de-
scribed as follows.

(1) From the AC interaction, the data showed
that the drug/albumin ratio (variable 4) has lit-
tle effect when the amount of surfactant (vari-
able C) at the high level is in contrast to the
low level. Increasing variable 4 at a low level of
variable C tended to increase the drug loading
percentage, but the influence was minor com-
pared with that at a high level of variable C.
Moreover, the variable C effect is very small for
the variable 4 at the low level but will be very
large when it is at a high level.

(2) By the manner described previously, it is
concluded from Fig. 2 (b-e) that a lower
amount of both glutaraldehyde (variable B) and
surfactant (variable C) indicates a better re-
sponse. Decreasing the amount of glutaralde-
hyde at a low level of surfactant leads to an
increase in the drug loading percentage; besides,
the variable D that exhibited no significant effect
individually shows the best result at the high
level accompanied by the high level of the drug/
albumin ratio (variable A4), the low level of
glutaraldehyde (variable B) and surfactant (vari-
able C).

The correlation between the effective experi-
mental variables (4, B, C, AC, BC, AD, BD,
CD and ABC) and the dependent variable (the
percentage of nifedipine in albumin micro-
spheres) could be calculated by multiple linear
regression (Montgomery, 1991). The method of
least squares (Montgomery, 1991) is used to es-
timate the regression coefficients and the polyno-
mial equation obtained is as follows:

y = 32011 + 0.2138x, — 0.1335x, — 0.2640x;,

— 0.2305x,x; + 0.1663x,x, + 0.2578x,x,
— 0.2250x,x, — 0.3925x4x, + 0.1693x,x5x;
(1)

Where the coded variables x;, x, and x, rep-
resent variables 4, B and C, respectively.

The results comparing the experimentally ob-
tained and model-predicted values of response



249

W.H. Chuo et al. | International Journal of Pharmaceutics 134 (1996) 247-251

‘UOTIBUIqUIOD (OB 10} (M/M) speaq urwunge ay) ut auidipajiu jo afejucorad oy,

97000 F TSLLT 9 009 St [ 09 - - + + 91
L8TO0 + 8S66°C I 00¢1 09 0’1 09 + + + + S
90T10 F €ILLE 9! 00C1 94 90 e + - - - 14!
66P0°0 + 65€5°¢ 4! 009 194 90 9o - - - + £l
9700 + €56T°€ 0l 0021 194 01 g + - + - 4t
61000 + LILVT ¢l 009 84 0l ot - - + - 11
LY000 + €09v'T L 009 09 90 9 - + - + 01
60000 F 1097°€ 4 009 09 0’1 M9 - + + + 6
61L70 F+ 910L°¢ 8 009 09 01 e - + + - 8
98€0'0 + 0€SLE € 00C1 94 0l 09 + - + + L
PO10'0 + TOPST 91 009 94 9'0 0 - - - - 9
90000 + 68T Il 00¢1 09 90" f + + - - S
68810 F €£¥iSS 6 001 54 90 9 + - - + v
12000 + 8S£6'C 4! 009 09 90 e - + - - €
#5000 T 198TT S 00C1 09 0’1 g + + + - 4
66100 F £196C 14 00¢1 09 90 9 + + - + I
(uru/ A1) (Bw) (qur) apAysprereinj3 (3w) swdrpoyiu
poads SuLIng  1UeOBJINS JO JUNOWY JO Junowry jownowy g O § 14
sa[qeLIeA
(%) uauod Sniq  I9pI0 sajqerea juspuadapu] juspuadapu] Jopio wopuey

Iaquinu uSisap [eLI0}9e) ,7 Sy} JO S}NSai ay) pue xieur udisap y

I s[qel



250 W.H. Chuo et al. ; International Journal of Pharmaceutics 134 (1996) 247251

99 e —— : 1
1 | o
| . iBC |

| | ; =]
oo [ 3
i H H i
90 { |- e e S e P02
| o e £
: i i ! | ‘ e |AD | i ,L
TO | e e B e e SR K 1o B
S ; ‘e ; >
= . =
% 50 peee R | - 50 =
% ! . .fo I =
i d : Ea}
30 p vt e B il i 170 E
i { ® BD! i : | a
it 1 ‘ E
10 foom v @ p e e b f g B
t z
s CD B

1 : L i_Jag

-1.0-0.8-0.6-0.4-0.2 0.0 0.2 04 0.6 0.8 1.0

Fig. 1. Plot of effects on normal probability paper of nifedip-
ine-loaded albumin microspheres produced by the chemical
cross-linking method.

are calculated and the predicted values demon-
strate a good agreement with the experimental
data (r = 0.993), lending support to our results
that the 4, B, C. AC, BC, AD, BD, CD and ABC
arc the only significant effects in this study.

Table 2
Summary of the analysis of variance for the 2 factorial design

In conclusion, the preparation of nifedipine-
loaded albumin microspheres using a chemi-
cal cross-linking method is feasible. Moreover,
we may prepare albumin microspheres with
maximum loading percentage of nifedipine by
adjusting the effective experimental variables
obtained from experimental design. In this study,
we may conclude that a higher extent of drug/
albumin ratio and stirring speed accompanied
by a lower amount of glutaraldehyde and sur-
factant is the optimal condition for the pre-
paration of nifedipine-loaded albumin micro-
spheres.
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Effect Sum of squares df Mean square F,

A 1.4566 1 1.4566 13.379 ¢
B 0.5727 | 0.5727 5.2602 @
C 2.2340 1 2.2340 20.519 #
D 0.3740 ! 0.3740 3.4353
AB 0.2294 1 0.2294 2.1070
AC 1.7057 1 1.7057 15.666 *
AD 0.8852 1 0.8852 8.1313 ¢
BC 2.1265 | 2.1265 19.532 ¢
BD 1.6212 | 1.6212 14.890 *
D 4.9379 I 4.9379 45354 ¢
ABC 0.9166 | 0.9166 8.4193 ¢
ABD 0.0003 1 0.0003 0.0029
ACD 0.0659 I 0.0659 0.6054
BCD 0.0573 1 0.0573 0.5264
ABCD 0.2009 1 0.2009 1.8457
Error 1.7419 16 (.1088

Total 19.126 31

“Significant at the 1% level (P < 0.01).
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Fig. 2. Plots of AC, BC, AD, BD and CD interactions. (a) AC
interaction plot. (b) BC interaction plot. (c) 4D interaction
plot. (d) BD interaction plot. (¢) CD interaction plot. A4:
drug/albumin ratio; B: amount of glutaraldehyde; C: amount
of surfactant; D: stirring speed.
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