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Abstract

The objectives of the present study were (1) to model the effects of process and formulation variables on in vitro release profile of
amodel drug dyphylline from multi-particulate beads coated with starch acetate (SA); (2) to validate the mod&arsirigck
of fit values; (3) to optimize the formulation by response surface methodology (RSM); (4) to characterize the optimized product
by thermal, X-ray and infrared spectroscopic analyses. Dyphylline loaded inert beads were coated using organic solution of SA
with high degree of substitution. A three-factor, three-level Box—Behnken design was used for the optimization procedure with
coating weight gainX,), plasticizer concentratiorXg) and curing temperature{) as the independent variables. The regression
equation generated fo (cumulative percent drug released after 12 h) ¥Wgs89.83— 11.98K; + 2.82X; — 4.31X2 + 1.90%1 X,.
Optimization was done by maximizing drug release in 12 h and placing constraints at dissolution time points of 0.5, 1, 4 and
8 h. The drug release data of the optimized product were close to that predicted by the model. The models could explain 99% of
variability in responses. Thermal, X-ray and infrared analyses suggested absence of any significant interaction of the drug with
the excipients used in the formulation. SEM photographs showed the integrity of the coating layer.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Starch acetate (SA) is a relatively new polymer used

- as an excipient in controlled release pharmaceutical
* Corresponding author. Presentaddress: FDA/CDER/DPQR, Life dosage formsKorhonen et al., 2000, 2002; Pohja et
Sciences Building 64, Silver Spring, MD 20993-002, USA. al. 2004_ It was shown to have gOOd film forming
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E-mail addressKhanM@cder fda.gov (M.A. Khan). properties (arvainen et al., 2002nd recently drug re-

1 present address: Faculty of Pharmacy, Al-Azhar University, Nasr |€ase patterns from SA films were report@ddgvinen
City, Cairo, Egypt. et al., 2003. However, SA has not been used as a con-
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trolled release film former on tablets, pellets or other cipients. SEM analysis was performed to observe the

solid dosage forms. It was evident that SA has dif- integrity of the film-coated layer.

ferent solubility properties than native stardfrifger

and Rutenberg, 19¢7and the degree of substitution

(dS) with acetyl moiety in starch has greatinfluence on 2. Materials and methods

solubility as well as on other mechanical and physico-

chemical propertied{orhonen et al., 2000, 2002The 2.1. Materials

degree of acetylation was also shown to affect the rate

of drug release substantially and the relationwas recip-  The following materials were obtained as gifts:

rocal (Korhonen et al., 2000Therefore, SA with high  Pure-Derf® B700 from Grain Processing Corporation

dS-value was used in the present study. (Muscatine, IA), dyphylline from BASF Corporation
Oral controlled drug delivery systems offer better (Mount Olive, NJ), 18/20 Nu-Par&IKY White from

patient compliance, less fluctuation in plasma drug Chr. Hansen Inc. (Mahwah, NJ), Opadn¥ IBeige

level and reduced cost for the overall treatment com- from Colorcon (West Point, PA), Triacetin, USP from

pared to conventional drug delivery systenisrdi, Eastman Chemical Company (Kingsport, TN). Pyri-

1986, Khan etal., 1995Multi-particulate dosage form  dine, acetone, ethanol and chloroform were purchased

is an efficient drug delivery system for controlled drug from Fisher Scientific (Fair Lawn, NJ) and talc and

delivery since it provides many advantages over other acetic anhydride from Spectrum Chemical Mfg. Corp.

immediate or modified release dosage forms. Some of (Gardena, CA).

these advantages are more predictable gastric empty-

ing (Davis, 1986, minimizing local concentration of

drug Eskilson, 198} less likelihood of dose dumping

(Sam, 198% and lower incidence of inter- and intra-

subject variability Butler et al., 1998; Kyroudis et al., important factors affecting dyphyliine release from a
1989. multi-particulate drug delivery system coated with SA.

Irll the _prr]esentrl]nvelsngaué)_rln dYPhy"":jeBa Xarr:tf(;l_rre Those were coating weight gain, plasticizer concen-
analog with peripheral vasodilatation and bronchodila- y.a1ion and curing temperature. Several other factors,

toractions Hanson, 1995'\’&.3 takenasthe mOde'drug; such as SA concentration, inlet temperature, atomiz-
The reasons for that were its good aqueous solubility j, hressure and curing time were found to have less
(0.33g/ml) Hanson, 199band simplicity of analyti- influence on drug dissolution from the beads. There-

cal method USP, 2000. It has also some other advan-  ¢,0 these factors were kept constant throughout the
tages asamodeldrugin controlled release preparationsy, s -hes of the present study. A three-factor, three-level
Those include its moderately low half-life (1.8—-2.1 h), Box—Behnken design was used for the optimization

predict.able _an.d dpse related .plasma levels and almostproCeSS using a statistical software, Statgraghiiss,
exclusive elimination by the kidney®DR, 1997. version 4.1 (Manugistics Inc., MD). The non-linear

Response surface methodology has been successy 4 qratic model generated by the design is of the form:
fully utilized in several studies to optimize process and

formulation variables and to obtain product with de- y = pg + b1 X1 + b2 X2 + b3X3 + b12X1X>
sired properties3ingh etal., 1995; Karnachi and Khan, 5 5
1996; Nazzal et al., 2002RSM provides rapid method +023X2X3 + b13X1X3 + b11X] + b22X)
and reliable design. _ _ _ _ + b33X3

The present study was carried out mainly to investi-
gate the prospect of SA as a controlled-release coatingwhereY represents the response associated with each
agent. For this purpose, SA coated dyphylline multi- factor level combinatiorg an intercept ant;—bsz are
particulate beads were prepared and optimized usingthe regression coefficients of the factoXs—Xs (Box
Box—Behnken design and the optimized formulation and Behnken, 19§0A description of the dependent
was characterized by thermal, X-ray and IR analyses and independent variables are giveifable 1 A total
to find out drug compatibility with the formulation ex-  of 15 runs Table 2 with triplicate center points were

2.2. Experimental design

In preliminary studies, we identified the three most
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Table 1 homogenizer. The precipitate was washed with suffi-

Variables in Box-Behnken design cient acetone, dried in air and sieved through mesh #60

Factor Level used or lower. The acetylation of 50 g pregelatinized starch
1 0 1 was done with 200 g of acetic anhydride in a medium

¢ = coating weight gain (%) = 10 13 of 400 g of pyridine. The reaction was carried out in a

X, = plasticizer concentration (%) 40 55 70 flask under a reflux condenser at T@for 4 h. The

X3 = curing temperature’C) 40 45 50 product was precipitated with enough alcohol, filtered

and washed several times with alcohol, dried in air and

Response Constraints  nassed through a sieve #60 or lower.

Y1=cumulative % drug released in 0.5h 2-10 The dS-value was calculated using the equations re-

Y2 =cumulative % drug released in 1 h 10-15 ported earlier Qgawa et al., 1999; Bello-Perez et al.,

ffcum“'at!"e % drug released in 4h 35-50 2002. The molecular weight of SA was determined

4 =cumulative % drug released in 8 h 70-80 . R
Ys = cumulative % drug released in 12h 90-100 by gel permeation chromatography using PL-GPC 220

with two PLgel Mixed-B columns (Polymer Labs Inc.,
Ambherst, MA), calibrated with polystyrene molecular
generated. The models were evaluated in terms of sta-mass standard. The mobile phase, a mixture of dimethyl

tistically significant coefficient, standardized main ef- acetamide and sodium nitrate was used at"at a
fects (SME) andR?-values. flow rate of 1.0 ml/min. Elutes were detected with an

RI detector.

2.3. Synthesis of SA
2.4. Preparation of drug loaded beads
Pure-Derft B700, a native corn starch containing

about 25% amyloseYpung, 1984 was acetylated us- Loading of dyphylline on Nu-Par&IKY White in-
ing the paste disintegration technique as described else-ert beads of mesh size 18/20 was performed using a
where Wolff et al., 1951; Ogawa et al., 199% ob- drug loading suspension with the composition of dy-

tain SA with high dS. Pregelatinization was performed phylline, the drug (20%, w/w), Opadry3| a binding

by boiling starch in water at a temperature just be- agent (6%, w/w) and talc, an anticaking agent (2%,
low 100°C for 20 min. The jelly-like mass was pre- w/w) in deionized water. The components were mixed
cipitated with anhydrous alcohol using a high shear together with continuous stirring at medium speed of

Table 2
Observed responses from randomized runs in Box—Behnken design
Run Factor Response
X1 X2 X3 Y1 Y2 Y3 Ya Ys
1 0 -1 1 418 1005 3799 7252 8819
2 1 0 -1 3.02 688 2700 5630 7511
3 0 0 0 550 1324 4533 7854 8838
4 -1 0 1 2712 3760 7922 9501 9856
5 1 1 0 344 7.89 3088 6187 7900
6 1 0 1 279 510 2735 5179 7466
7 0 1 -1 899 1721 5522 8521 9588
8 0 1 1 685 1580 5002 8300 9450
9 -1 -1 0 2312 3333 7211 9229 9809
10 -1 1 0 2990 4217 87380 9830 9950
11 0 0 0 480 1288 4408 7787 9007
12 1 -1 0 219 423 2432 4774 7001
13 -1 0 -1 2837 3794 8300 9599 9850
14 0 0 0 522 1341 4578 7874 9103
15 0 -1 -1 5.09 1130 4120 7577 9000
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Table 3

Process parameters used in drug loading and polymer coating

Processing condition Drug loading Seal coating Controlled release coating
Bead bed size (9) 200 200 200
Inlet temperature°C) 43 45 37
Outlet temperature’C) 42 43 36
Air volume (M3/h) 120 120 120
Atomizing pressure (bar) .6 0.8 1
Blow out pressure (bar) .Q 25 15
Coating solution flow rate (ml/min) 2 2 2
Spray nozzle diameter (mm) 8D 0.8 0.8

a Pro 25@ homogenizer (Pro Scientific Inc., Monroe, ~curately 100 mg of coated beads taken from each batch
CT). Drug loading was done using a Wurster type spray in @ mortar containing 100 ml of water, transferring
(bottom spray) in a Strea®1fluid bed coater (Niro Inc., into an Erlenmeyer flask and sonicating for 30 min. The
Columbia, MD). After obtaining an appreciable extent Other steps of analysis were filtration, appropriate di-
of drug loading, the beads were seal coated. Seal coat-lution and spectroscopic measurement of drug content
ing suspension was identical to the drug loading sus- using a GBC 918 UV-vis Spectrophotometer (Dande-
pension except that the drug is absent in the former. Sealnong, Victoria, Australia) at 273 nm.

coating was applied until a 2% of weight gain to the

drug loaded beads was obtained. The process parame2.7. In vitro dissolution testing

ters used in drug loading and seal coating are presented

in Table 3 Following the seal coating, beads were dried Coated beads, containing 300mg of dyphylline
in the coating chamber at 4& for 20 min and subse-  (624.9-659.7 g total weight depending on batches),
quently transferred into an oven at3Z and keptthere  were subjected to dissolution study to calculate in
for 6 h. Drug loss by attrition of the beads with the coat- vitro drug release profile. An automated USP appa-
ing chamber or by leaching of the drug through the fresh ratus 1l, VK 7000 (Vankel Technology Group, Cary,
solvent during controlled release coating process can NC), with the paddle speed of 50 rpm and 900 ml of

be prevented by seal coating. deionized water as the dissolution medium af@7
was employed. Samples were withdrawn at different
2.5. Controlled release coating time points (0.5, 1, 2, 4, 6, 8, 10 and 12h), suit-

ably diluted with water and assayed spectrophotomet-

SA, synthesized before was dissolved in chloroform rically at 273 nm. Cumulative percent release of the
to obtain a 2% solution. Depending on the levels used drug was calculated from the concentration of the di-
in a particular batch, either 40 or 55 or 70% (w/w) of luted sample. Each run was duplicated and the mean
plasticizer (triacetin) based on SA concentration was values were used in the design. Among the samples,
added to the solution and stirred for 2 h. Coating was the ones at 0.5, 1, 4, 8 and 12h were used in the
performed in a Strea®ifluid bed coater. The process design.
parameters are listed rable 3 Following coating, the
beads were dried in the coating chamber atG7or 2.8. Thermal analysis
20 min and later on cured in an oven at either 40 or 45 or

50°C for 16 h. Beads from the optimized formulation Thermal behavior of the optimized formulation was

were of the mesh size 14/16. studied by differential scanning calorimetry (DSC) us-
ing DSC 7 (Perkin-Elmer, Norwalk, CT). The instru-
2.6. Content analysis ment was calibrated using indium standards. Accu-

rately weighed samples (5-10 mg) were hermetically
The initial steps of content analysis are the extrac- sealed in flat bottom aluminum pans and heated from
tion of the drug, which was performed by crushing ac- 100 to 200°C at a rate of 10C per min under an
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atmosphere of nitrogen. Melting endotherms of the 3. Results and discussion
drug and the excipients used in the formulation were

also determined in the same way. Thermograms were 3.1. Synthesis of SA
normalized and rescaled as needed before overlap-

ping. SA with high dS is not available commercially.
Therefore, it was synthesized in our lab. Since, viscos-
2.9. X-ray diffraction study ity is @ major concern during coating process in a fluid

bed coater, corn starch was preferred to other starch

X-ray powder diffraction study was performed by sources as SA from corn starch has been shown to be
a Philips Norelco Diffractometer (Eindhoven, The lessviscousthanthatfrom potato ortapiocastarchin or-
Netherlands) equipped with a graphite monochro- ganic solutionsiullen and Pacsu, 1942The method
mator. Nickel filtered Cu-K radiation operated at reported byOgawa et al. (1999yas found to yield the
40kV and 20 mA was used as the radiation source. desired product, and therefore, this method was fol-
Samples were scanned betweeh &nd 27 (9) lowed with suitable modifications. The dS-value was
at a speed of ¥min. Before analysis, the opti- found to be 2.9 (acetyl content 43.94%). The weight
mized beads and Nu-Par®iinert beads were crushed average molecular weight of SA was determined to be
separately to obtain fine powder suitable for the 780,357.
test.

) . 3.2. Experimental designs and the fitted models
2.10. Fourier transform infrared spectroscopy

(FTIR) A three-factor three-level Box-Behnken design as

the RSM requires 15 experiments. The independent

Powdered optimized beads and the ingredients used, 4 japles of the 15 experimental runs and their re-

in drug loading were subjected to FTIR with a Nexus sponses are given ifiable 2 Nine batches showed

470 FTIR (Thermo Nicolet Corporation, Madison, 4 |east 90% drug release at 12¥s) and the range
WI). Background spectrum was collected before run- ¢ Ys of all batches was 74.66-99.50%. The ranges

ning each sample. The samples were analyzed betweenys ihe other response¥;—Y, (drug release in 0.5, 1,

wavenumbers 4000 and 600 thn 4 and 8 h, respectively) were 2.19-29.90, 4.23-42.17,
_ . 24.32-87.80 and 47.74-98.30, respectively. Uncoated
2.11. Scanning electron microscopy beads completely released the drug before 1 h. The fit-

ted models can be viewed as regression equations as in

The surface topography of the uncoated and coated Taple 4 generated by the software. Only statistically
(optimized) beads and cross section of optimized beadssijgnificant p<0.05) coefficients are included in the
were examined under a JEM-100 CX Analytical Elec- equations. Positive sign before a factor in polynomial
tron Microscope (Jeol Inc., Japan) interfaced with equations represents that the response increases with
KEVEX Image Analyzer. The samples were loaded on the factor. On the other hand, a negative sign means
copper sample holder and sputter coated with carbon the response and factors have reciprocal relation. It is
followed by gold. clear that coating weight gaidX{) and curing tempera-

Table 4

Regression equations of the fitted models

Y1 =517—1213X; + 1.83X5 — 0.57X3 + 9.27X2 + 0.88X3 — 1.38X1 X>

Y, = 1318 - 1587X; + 3.02X, — 0.60X3 + 8.51X% — 1.30X1 X, — 0.36X1X3
Y3 = 45.06 — 26.57X; + 6.04X, — 1.48X3 + 8.37X§ —2.28X1X>

Y4 = 7838 — 20.49X; + 5.01X, — 1.37X3 — 3.84X% + 2.03X1X, — 0.88X1X3
Y5 = 89.83— 11.98X + 2.82X5 — 4‘31X% + 1.90X1 X

2 Only the terms with statistical significance are included.
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Table 5

Standardized main effects of the factors on the resp8nses
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Standardized main effect (SME)

Y1 Yo Y3 Ya Ys

X1 63.10 19134 6054 13759 3326
X2 9.52 3641 1376 3364 7.83
X3 2.96 723 337 920 -
X1 x X1 3276 6971 1296 1752 813
X2 x X2 - - - - -
X3 x X3 311 - - - -
X1 x X2 5.08 1108 367 964 373
X1 x X3 - 307 - 418 -
Xo x X3 - - - - -
R2 99.90 9999 9988 9998 9961
p-Value of lack of fit 02410 06801 02863 06121 08306

a Only the terms with statistical significance are included.

ture (X3) have negative effects on the responggsys,
whereas, the plasticizer concentrati®a)(has positive
effects. Increasing coating weight gain increased the
physical barrier between the drug in the beads and the  SME, presented ifiable Swere calculated by divid-
dissolution medium, and that produced the slow rate of ing the main effects with the standard error of the main
drug release. During the coating process, the inlet tem- effects. Only statistically significanp& 0.05) values
perature of the coating chamber evaporates the bulk of are given. The larger SME & suggests the paramount
the solvent and thus polymer accumulates on the sub-importance of coating weight gain on drug reled®e.
strates (beads). However, film formation is completed value signifies the percentage of variability in responses
only after curing of the products. Curing helps gradual that are explained by the models. In the present study,
coalescence of the polymers on the substrate, which the highR?-values (>99%) represented reliability of the
leads to smooth and homogeneous fiBodmeier et design. Besides, tipevalue for lack of fit for all models
al., 1997. Higher temperature helps the curing process in Table 5are greater than 0.05, suggesting absence of
of the film and slowed drug release rate. Plasticizers in-
crease free volume in polymeric film, which positively 1 FF ' ' ' e
affects drug releas&gstry etal., 1998; Sinko and Ami-
don, 1989. Besides, the moderate solubility of triacetin
in water (CSC, 1994 should also have facilitated the i 97
release of a water-soluble drug, such as dyphylline.
Coefficients with higher order terms or more than 3
one factor term in the regression equation represent
guadratic relationships or interaction terms, respec-
tively. This means the relation between responses and 85
factors are not always linear. A factor can produce dif- 31
ferent degree of effects on a response when used at : 7
different levels. Similar situation may arise when more
than one factors are changed at the same time. The
equations show interaction effect of factatsand X,
on Y throughYs. X; also showed quadratic effect on
all the responses. This could be due to Ks)(much
higher effects compared to the other two factors on the rig. 1. contour plot showing the effects of coating weight g (
responses.

3.3. Standardized main effects, reliability of the
models

X2

w

-1 A . . 1]

-1 X1 1

and concentration of plasticizeX4) on response’s.
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Fig. 4. Response surface plot of coating weight gXi) @nd con-
centration of plasticizerXy) on responses.

-1t " L i |
-1 X1 1

Fig. 2. Contour plot showing the effects of coating weight gir) (
and curing temperatureXg) on responss.

any lack of fit of the models and that also strengthened
the reliability of the models.

3.4. Contour and response plots Fig. 5. Response surface plot of coating weight g&ir) &nd curing

temperatureXs) on responsé’s.
Two-dimensional contour plots and three-
dimensional response surface plots, as presentedshow effects of two factors on the response at a
in Figs. 1-6 are very useful to see interaction effects time. In all the presented figures, the third factor
of the factors on the responses. These types of plotswas kept at level zero. The almost straight lines in
the Figs. 1 and 2predicted nearly linear relation-
L F " ' ] ship of factor X; with factors X, and X3. As for
example, more than 97% of drug release after 12h
was achievable if the coating weight gain had been
kept below approximately 7.5%, irrespective of the
curing temperature used in the design. Fackrand

= X2 1

Fig. 3. Contour plot showing the effects of concentration of plasti- Fig. 6. Response surface plot of concentration of plastickgrand
cizer (X2) and curing temperatureg) on response’s. curing temperatureXz) and on responseés.
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Table 6 Table 8
Equations used in the dissolution model study Optimized formulation: expected and observed dissolution values
Model Equation Factor Optimized level of factor
Zero-order mp—m=kt Coating weight gain (%) 10
First-order Inm = kt Plasticizer concentration (%) 55
Second-order —{% =kt Curing temperature’C) 45
Hixson—Crowell mg S mB =kt
Baker—Lonsdale %(1 — (L= (mo—m))¥?) — Mo — kt Response Expected Observed
Higuchi's mo —m = kit/? Cumulative % drug released in 0.5h .13 520
Two-third mo/ —m?P =kt Cumulative % drug released in 1 h .18 1342
Bamba Infro — m) = kt Cumulative % drug released in 4 h 05 4582

Q. o ) Cumulative % drug released in 8 h .38 7802

mp is the initial drug amount (100%, when represented as percent- Cumulative % drug released in 12 h 89 9058

age);mthe amount of drug remaining at a specific time (calculated
as percentage ofp); k the rate constant;is the time.

X3 have non-linear relationship. However, response
surface plots show the scenario more cledrig. 4
shows that about 99% drug would be available when
the coating weight gain is kept at the lowest level,
regardless of the plasticizer concentration. However,
at the highest coating level (13%) drug release
increased linearly with plasticizer concentration. This
indicates slight non-linear relation between factors
X1 and Xo. FactorsX; and X3 have almost linear
relationship as evident fromfig. 5. Fig. 6 shows quite
interesting interrelationship between factofs and

X3. Drug release was higher at both low and high
levels of curing temperature at any level of plasticizer
concentration and it is the lowest at the moderate
values of curing temperature. However, the overall
drug release increased with increased plasticizer
concentration provided the curing temperature was
kept constant.

3.5. Mechanism of drug release

Several dissolution models were applied to investi-
gate the release mechanism of the 15 different formu-
lations. The models included zero-, first- and second-
order, Hixson Crowell, Baker Lonsdale, Higuchi’s,
two-third and Bamba model. The equations used to
determine the appropriate models are presented in
Table 6

Table 7shows the mean and standard deviation of
R2-values of all 15 runs of the design plugged into some
common release patterns. Overall, these showed best fit
in first-order model. In first-order system, drug release
is dependent on the remaining concentration of drug
in the bead. However, Hixson—Crowell model also fit-
ted well to the experimental batches. The mathematical
expression of Hixson—Crowell model is:

mé/s—ml/3 =kt

Table 7
Dissolution models fitted witR2-values of release profiles
Model R2-value
15 runs 4 runs with 70-80% 2 runs with 80-90% 9 runs with>90% drug

drug release at 12h

drug release at 12h release at 12h

Zero-order
First-order
Second-order
Hixson—Crowell
Baker—Lonsdale
Higuchi's
Two-third
Bamba

0.9252-0.0851
0.991% 0.0049
0.88980.0416
0.9834:0.0240
0.959080.0265
0.9588+0.0170
0.9579+0.0557
0.8025:0.0420

0.995% 0.0046
0.986% 0.0054
0.91140.0197
0.9953% 0.0022
0.9254-0.0208
0.94420.0083
0.99810.0013
0.853% 0.0082

0.9658 0.8851% 0.0891
0.9922 0.9938 0.0035
0.9332 0.86950.0396
0.9936 0.9758 0.0289
0.9679 0.972080.0163
0.9671 0.96320.0184
0.9839 0.93480.0616
0.8080 0.778¥ 0.0327
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wheremis the amount of drug left undissolveldikson ~ The mathematical modeling of such time independent
and Crowell, 193). Itis noteworthy that as we shifted reservoir SystemQD(eppaS, 1995/\/0u|d be:
from batches with slower release to faster release, first-
order model fitted better but Hixson—Crowell model d_m = w
tended to deviate. dr e = i
Zero-order release provides constant drug releasewhere d/dt is the release rate\C the difference in
over time irrespective of the formulation and environ- concentration between two sides of the membréne,
mental components. Therefore, it should be the ideal the diffusion coefficient of drug through the membrane,
model for drug release. Our 15 runs could explain Kthe partition coefficient of the drug between the mem-
92.52% variability of the results by zero-order model. brane and the reservoir, the internal radius and; is
It is clear from the last three columns ©&ble 7that the external radius of the bead.
batches with slow release tended to show zero-order re-
lease, which deviates as drug release increased. Since3.6. Optimization
coating weight gain had the greatest influence on drug
release it can be concluded that in general, batches with  Most of the experimental batches, especially those
higher coating should show zero-order release. with higher drug release showed the best fit with first-
Zero-order model was fitted to the release pro- order kinetics. Responsé was maximized and other
file of non-osmotic, membrane controlled, spherical responses were minimized within the constraint lim-
multi-particulate dosage forms by several investigators its to exclude outliers, if any. The variables and the
(Frohoff-Hulsmann et al., 1999; Wang et al., 1397 responses are shown fable 1 The optimized for-
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mulation generated by the design is givenTable 8 mulation. Also, the evidence of the appearance of no
and turned out to be identical with one of the batches new peak proves absence of drug interaction with the
of the design. Even though, for confirmation a fresh excipients. The reduction of the intensity of the peaks
batch was prepared with the optimized formulation is only due to the reduction of drug concentration in
and studied for drug release in triplicate. The expected the optimized formulation.

and observed results of the responses are presented in

Table 8 Those are in close agreement. The dissolution 3.9 FTIR

profiles of the observed and the expected data were

compared using two fit factorfs andf, (Moore and FTIR spectra of dyphylline, formulation excipients
Flanner, 199% These fit factors provide a single num- and the optimized formulation are presentefig 10

ber describing two curves that consist of several points
to reduce the complexity of curve comparison. The fit
factorsf; andf, are zero and 100, respectively, if the two
curves are identical and change up to 100 and zero, re- JREEEETET
spectively, as those become completely dissimilar. The
calculated values df andf, were 0.61 and 97.44, re-
spectively, suggesting the closeness of observed and
predicted values. The complete dissolution profile of
the optimized formulation is shown iRig. 7. The re-
lease pattern of the optimized formulation was best
fitted to both first-order and Hixson—Crowell kinetics
with R?-value of 0.9962.

3.7. Thermal analysis Coated bead

Thermal analysis of a formulation could show any,
few or all of the following changes: eutectic interac-
tions, solid solution formation, polymorphic transitions
and physical interaction between the ingredients. Thus,
the interpretation of thermograms is complex in nature.
Fig. 8shows the DSC thermograms of dyphylline, for-
mulation components and the optimized formulation.
Broadening of the drug peak is related more to the im-
purities than physical interaction of the drug with the
components. This is confirmed by X-ray, IR and con-
tent analysis of the formulation that showed no signif- FEEErratEty
icant drug interaction. et

3.8. X-ray analysis

X-ray powder diffractometry can be used to study
the solid-state reactions of two or more samples
(Suryanarayanan, 1999 he X-ray diffraction patterns
presented ifrig. 9 showed that the sharp peaks of dy-
phylline were maintained in the formulation suggesting
no change in drug crystalinity. Moreover, all the peaks

of dyphylline, especially those at 13.67&nd 14.450 Fig.11. SEM pictures of uncoated and coated beads and cross section
are retained in the X-ray diffraction pattern of the for- of coated bead.
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