CHAPTER 111

RESULTS AND DISCUSSION

I Evaluation of pellets

1. Morphology of Pellets ’ ,/

The surface morphelog;
microscope (SEM) at diff: 1agni ‘ 0 , x50).

ed by using scanning electron

Figures 11-13 f propranolol hydrochloride
matrix pellets produce rge’ of ‘gl crides (Glyceryl monostearate,

Lubritab®, and Compritol®

The surface of pr ochloride natrix pellets shown clearly moon-
like in formulation which ¢ as the formulation, which contained

Lubritab,® and Compritol® A

== 9

d as rough surfaces similar to an

orange-peel.

Figures 14-16 msented the photomicrographs of diclofenac sodium matrix
pellets produce m i’ pritol® ATO 888 at
40% loading dq ﬁﬂ ﬁm ﬂzl f]:h ulation of diclofenac
sodium matrix pellets that containing”Lubritab® an@Compritol® AT® 888. Except the
formulaﬁ hi nﬁggﬁyrmqegﬁ m&% moon like
surfaces

On their surfaces, a random aggregation of filament micro-crystal creates a
high internal porosity. The cross-section of all formulation is shown the small holes
inside the pellets that bonding not condensed. They are usually hollow spheres. From

this result it may be affected to the release of drug from the matrix pellets.
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Figure 11 Scanning electron photomicrographs of 40% propranolol hydrochloride

matrix pellets from the initial formulation using 40% GMS A: pellets
mesh cut 14/18 (A;, Ay; at x50, x350 magnification, respectively, As:
cross-section at x50 magnification); B: pellets mesh cut 18/20 (B, B> at x
50, x350 magnification, respectively Ba: cross-section at x50

magnification).
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Figure 12 Scanning electron photomicrographs of 40% propranolol hydrochloride
matrix pellets from the initial formulation using 40% Lubritab® A: pellets
mesh cut 14/18 (A;, Ay; at x50, x350 magnification, respectively, As:
cross-section at x50 magnification); B: pellets mesh cut 18/20 (B, By, at x
50, x350 magnification, respectively; Bs: cross-section at x50

magnification).
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Figure 13 Scanning electron photomicrographs of 40% propranolol hydrochloride
matrix pellets from the initial formulation using 40% Compritol®’ATO 888
A: pellets mesh cut 14/18 (A5, Az at x50, %350 magnification,
respectively, Ajz: cross-section at x50 magnification); B: pellets mesh cut
18/20 (B,, B, at x50, x350 magnification, respectively Bjs: cross-section

at x50 magnification).
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Figure 14 Scanning electron photomicrographs of 40% diclofenac sodium matrix
pellets from the initial formulation using 40% GMS A: pellets mesh cut
14/18 (A, Ay; at x50, x350 magnification, respectively, As: cross-section
at x50 magnification); B: pellets mesh cut 18/20 (B;, B, at x50. x350

magnification, respectively Bs: cross-section at x50 magnification).
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Figure 15 Scanning electron photomicrographs of 40% diclofenac sodium matrix
pellets from the initial formulation using 40% Lubritab® A: pellets mesh
cut 14/18 (A, Ay; at x50, x350 magnification, respectively, Aj: cross-
section at x50 magnification); B: pellets mesh cut 18/20 (B;, B,, at x50, x

350 magnification, respectively Bs: cross-section at x50 magnification).
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Figure 16 Scanning electron photomicrographs of 40% diclofenac sodium matrix
pellets from the initial formulation using 40% Compritol®’ATO 888 A:
pellets mesh cut 14/18 (A, Ay; at x50, x350 magnification, respectively,
As: cross-section at x50 magnification); B: pellets mesh cut 18/20 (B, B,
at x50, x350 magnification, respectively Bj: cross-section at x50

magnification).
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2: Size Distribution

The size distribution of the matrix pellets is determined using sieve analysis
method (Blandque et al., 1995) and the results are shown in Table 11-12. All
formulations showed that the highest amount of pellets is retained on sieve size

No.18.

In fact, the particle size distribution should be as narrow as possible (Harris

and Ghebre, 1989). Because w es size distribution from the same
d release rate. In addition, this

could eliminate surface ar of'the Qsolutlon studies.

On the other / ] \u glycerides and drug in pellet

"3 \\ 3
formulation showed no cifeet ,s? 5178, h \~ s demonstrated the feasibility

of using pelletization i \ oduce pellets of relatively
rﬁ’ \

y"'.l""
"; =

formulation should give the

—

e

narrow particle size fro ce

= x

3. Bulk Density d Percent Compressibility

The bulk density, “density; ar §icompyessibility index of pellets

are presented in Tablé y'—‘ e vatues of d tions are in the range of
0.58-0.71. Except propﬁnolo pell@, which have Lubritab® as
matrix forming agent showgghe lowest den&ty than the other formulations.

AUINBNINEINT

If bulk vdll.llme is higher than a tapped volume, a bulk density will be less than

= A T e
Carr’s compressxbl equal t densi Q!Je ity would be

equal. The difference between the minimum and maximum bulk density of the pellets

is generally very small indicating free flowing behavior (Chopra et al.. 2001).

In addition, the values of bulk density of all formulation are close to tapped

density. So all formulations in the form of pellets should give low compressibility.
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Table 11 Sieve analysis of propranolol hydrochloride matrix pellets formulation from

different component.

Formulations Percent retained on each sieves sizes*

14 18 20 25 30 pan
PL 40% GMS 40% 20.19 73.23 5.20 1.35 0.02 0.01
PL 40% GMS 50% 15.73 TE51 9.16 3.28 0.30 0.02
PL 20% GMS 60% 7.53 86.25 412 1.72 0.35 0.03
PL 30% GMS 60% 5.66 87.14 4.92 1.88 0.27 0.13
PL 40% Lubritab 40% : 0.00 43.76 21.20 22.45 6.74 5.85
PL 40% Lubritab 50% 271.92 16.61 24.74 10.53 20.01
PL 20% Lubritab 60% 20.27 26.90 10.47 12.45
PL 30% Lubritab 60% 13.36 28.28 15.03 9.11

- 13.56 5.14 022 0.45
2571 8.90 9.70
26.01 6.44 2.62

13.15 1.42 1.29

PL 40% Compritol 40%
PL 40% Compritol 50%
PL 20% Compritol 60%
PL 30% Compritol 60%

*underlined the highest perg

Table 12 Sieve analysi pellets formulation from

different compo

Formulations

i \JA8, Percalk: fellincd on cach sicves sizes*
i “\“k.
—t— ‘!'w 20 25 30 pan

DS 40% GMS 40% 2.01 029 | 007 | 000
DS 40% GMS 50% 204 | 035 | 013
DS 20% GMS 60% | 4 134 | 004 | 009
DS 30% GMS 60% 249 | 053 | 144
DS 40% Lubritab 40% 1851 | 10.16 | 1074
DS 40% Lubritab 50% 123¢ | 624 | 358
DS 20% Lubritab 60% ¢ a . : 055 | 007 | 033
DS 30% Lubritab 404 u EI] ’J Qﬂ H(ﬂ T wi ’lﬂ ﬁ 659 | 441 | e#
DS 40% Compritol 49% ono' 9 Esls= 589" [P1160 | 242 | 095

°

DS 40% Compritol 50% £10.03 6324, | 14.92 862 1.55 1.67
7
2165

e WIANNIUIWEINETIRE | L

DS 30% anpritol 6

DS 40% GMS 40% PEG1% 90.51 4.35 1.68 0.33 0.73
DS 40% GMS 40% PEG1%Tween 1% 4.48 79.14 10.34 433 1.06 0.65
DS 40% GMS 40% PEG0.5% Tween 0.5% 23.49 70.40 4.07 1.87 0.10 0.07
DS 40% GMS 40% PEG0.2% Tween 0.2% 27.55 68.21 3.46 0.72 0.05 0.01

*underlined the highest percent yield of sieve analysis.
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Table 13 Bulk density, tapped density, and percent Carr’s compressibility of the

matrix pellets prepared from each formulation.

Formulation Bulk density Tapped density % Carr's
PL40% GMS40% 0.6637 0.6732 1.8486
PL40% GMS50% 0.6757 0.6849 1.3433
PL20%GMS60% 0.6122 0.6173 0.8262
PL30% GMS60% 0.6148 0.6224 1.2211
PL40% Lubritab40% 0.5859 0.5906 0.7958
PL40% Lubritab50% 0.5555 0.7201
PL20% Lubritab60% 0.5435 1.4351
PL30% Lubritab60% 0.5245 1.3918
PL40% Compritol40% 0.6410 2.0905
PL40% Compritol50% 0.6148 2.0169
PL20% Compritol60% 0.6224 0
PL30% Compritol60% 0.5837 1.1650
DS40% GMS40% 0.7109 0.4783
DS40% GMS50% 0.6881 0
DS20% GMS60% 0.6522 0.4293
DS30% GMS60% 0.6608 17252
DS40% Lubritab40% 0.6666 2.5803
DS40% Lubritab50% 1.7402
DS20% Lubritab60% 1.2199
DS30% Lubritab60% = ot 0. 2.5408
DS40% Compritol40% 0. 0.9073
DS40% Compritol50% m 0.6944 2.2609
DS20% Compritol60% 0073 0.6148 1.2199
DS30% Compri ’J ln E] iﬂ E]‘ "] ﬂoﬁ% 1.7093
DS40% GMS40% ﬂlyﬂ 0.7353 1.4552
DS40% GMS40% PEG1% Tweenl% 0.6912=, 0.707%r 2.3039
DS40% ﬁ, ﬂei w M f]fJ m EI (f‘]lﬂ El 3.2465
DS40% (ﬂAS40% PEG0.2% Tween0.2% 0.6881 0.6977 1.3760
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Carr’s compressibility is distributed in a narrow range 0-3%. The value of all
formulation could not be clearly concluded. The data showed no cleary difference

value.

As a result of the low value of bulk, tapped density and percent Carr’s

compressibility index. All pellets seem to have good flow characteristics.

4. Angle of Repose and Flowability

The angle of repose i the ity of mass. Lower angle of repose

is obtained from the mas ter flo ab@and Beyssac, 1995).
In this study, an/ \ \\ f pellets prepared from various
Yy, ang P \\ tp prep
formulations could not be ecause the pellet Can not form a conical heap
when flow from the gl adius of the cone could not
eem to have good flow

be measured. From t

characteristic.
S Friability

Percent friab g.‘—— ' ponents is shown in Table
14 m
¢ a o/
The vaﬁ %W% H%-ﬂ W/ﬂqﬂﬁe observed that there

was no noticeablé difference of fl'lablllty between each kind of glycendes or in the

Q‘W"Iﬁ‘*‘l’ﬂ"m«l’ﬁ"ﬁ MINYIAY

In this experiment, the kind of glycerides, series of glycerides content, and
series of loading dose showed no clear difference on the percent friability of pellets.
The friability of these matrix pellets was extremely low, indicating that the
extrusion/spheronization technique is an acceptable technique for producing matrix

pellets.
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Table 14 Percent friability of matrix pellets prepared with different glycerides content

and loading dose.

Formulations % Friability

PL40% GMS40% 0.0171
PL40% GMS50% 0.0346
PL20%GMS60% 0.0093
PL30% GMS60% 0.0203
PL40% Lubritab40% 0.0167
PL40% Lubritab50% 0.0072
0.0355

PL30% Lubritab60%. o . 0.0058
0.0345

,‘ ‘ _0.0341

PL20% Compji \ : 0.0206
PL30% | 0.0196
DS40% G - 0.0070
DS40% GM S 00650
DS20% G “ ©0.0400
DS30% GM 0.0350
DS40% Lubritand0%, = ‘ﬂ_ '; 0.0720
DS40% Lubritab50% — 0.0140

““ N
DS20% Lubritab60%= = 0.0399
DS30% &,‘5-;.‘;;;‘;-_;‘:.::_'_._—'— 1:-_-, 0.0220
DS40% €0 0.0412

DS40% Cormpritol50% i 01730
DS20% COnwr &60% 0.0400
DS40% GMS40% PEG 1% Tween1% 0.04800/

9 DS40% GMS40% PEG 0.2% Tween 0.2%

q WW‘%WN%% Y] EIQO@ d
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Pellets that showed friability less than 1% were mechanically acceptable for
the next process. The friability is an indicator of pellets strength or hardness that is the
lesser the friability, the greater the hardness. The glyceride matrix pellets prepared
from the above mentioned process showed low and narrow range percent friability in
all formulation. This could be due to the glycerides in the formulation would induce
the hardness of the pellets by forming the matrix in the pellets. These matrix pellets
should be stronger than the pellets with hydrophilic polymer as additives.

2

6. Drug Content

The percent druwf thfmawrom various formulations are
shown in Table 15. / AP =~ :
There was no cl ‘ ot betwee t theoretical and percent

experimental drug co n had percent drug content

7. Spheri@;.o Pe
In this ﬂﬂé@ﬁﬂ‘ﬂ%ﬁﬁm ﬁxameter that based on

two-dimensional image of the particles by using Image analyzer. Hellen et al. (1993)

¢
L LT Y YRR e
pellets clearly accordin 1 servation. The rou Ss er increased as

pellets shape became more spherical and the value was close to 1.0. The pellips
parameter increased as the shape of pellets became more spherical like circularity and

roundness parameter.

Table 16 showed the value of sphericity of represent pellets (n=30), the aspect
ratio is closed to 1. Indicating, the shape of pellets is nearest to spheres in all

formulations and also referred to good flow property of pellets.



66

The average size of pellets was also investigated, the illustrated that pellets
had an averages size in the range of 1.0-1.4 mm and 0.9-1.0 mm for pellets mesh cut
#14/18 and # 18/20, respectively. This average size is correlated to the range of the
U.S. Standard ASTME 11-61 (Ghibre-Sellassie, 1989).

Table 15 The percentage of drug content in matrix pellets.

Formulation 1 2 3 Average
PL40% GMS40% 97.51 97.45
PL40% GMS50% 98.07 98.07
PL20%GMS60% 96.88 94.79
PL30% GMS60% 93.72 93.15
PL40% Lubritab40% 98.07 98.07
PL40% Lubritab50% 98.07 98.01
PL20% Lubritab60% 98.00 96.76
PL30% Lubritab60% 94.96 95.86
PL40% Compritol40% 92.14 92.76
PL40% Compritol50% 91.03 9251
PL20% Compritol60% 100.22 97.87
PL30% Compritol60% 96.93 97.59
DS40% GMS40% 100.59 100.39
DS40% GMS50% 102.79 101.99
DS20% GMS60% 102.44 103.84
DS30% GMS60% 100.95 101.48
DS40% Lubritab40% . - 96.81 97.00
DS40% Lubritab50% : o 96.41 96.81 96.61 96.61
DS20% Lubritab6 ‘ 1 n 1 103.78 103.45
DS30% Lubritab6a u EI q Vl E VLiW ) ‘Iﬁ ‘i 98.43 98.83
DS40% Compritol40% g 9720 L 9661 0 97.00 96.94
DS40% eaaml na q ﬂ i m 3‘] yld'] 7 ; Qﬂr&l "] a ﬂ] 96.67
DS20% Compritol60% 4.61 C 09 94.57
DS30% Compritol60% 102.15 101.22 99.89 101.09
DS40% GMS40% PEG1% 93.02 91.42 96.81 93.75
DS40% GMS40% PEG1% Tween1% 93.22 91.62 96.81 93.88
DS40% GMS40% PEG0.5% Tween0.5% 93.22 91.62 96.81 93.88
DS40% GMS40% PEG0.2% Tween0.2% 93.02 94.81 96.81 94.88
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Table 16 Sphericity values of matrix pellets prepared with different drug and

glycerides content.

Formulations Aspect Ratio Average Size (mm)
PL 40% GMS 40% #14/18 0.9834 (0.0557) 1.1922 (0.1057)
PL 40% GMS 40% #18/20 0.9726 (0.0600) 1.0056 (0.0489)
DS 40% GMS 40% #14/18 0.9815 (0.1043) 1.2328 (0.1172)
DS 40% GMS 40% #18/20 1.0000 (0 0772) 1.0180 (0.0580)

PL 40% Lubritab 40% #14/18
PL 40% Lubritab 40% #18/20
DS 40% Lubritab 40% #1

1.1288 (0.0661)
0.9843 (0.1300)
1.0670 (0.1077)

DS 40% Lubritab 40% 0.9553 (0.0749)
PL 40% Compritol 40% # 1.1474 (0.0968)
PL 40% Compritol 40% #18 0.9884 (0.0608)
DS 40% Compritol 40%4#14 77,0000 . 1.1318(0.0836)
DS 40% Compritol 40%4#18 09823 (04120) 1.0002 (0.1411)

8. Infrared Spe r?,l&%'
=

The IR spectl%ofﬁr&gl' eride se afidsAvicel® PH 101 are shown in

0dC band of O-H stretching at
s@tra of three glycerides are

shown the same charactesistics because of haying the same structures bone. The C-O

stretching peaﬂv%rgr’a w EJ ngcﬁw E},’]aﬁfjc CH, bending was

represented at 1490 cm™. The C=0 g;retchmg were represented at 1736 cm™. The IR

e AR | SO AT TR e

little différent in the position o the peaks

the wavenumbers ranggof 330

The principal peaks of propranolol hydrochlorides were observed at the
wavenumbers of 773, 790, 1108, 1243, 1269, and 1151 cm’! (Table 1D, Appendix D).
The peaks at 770, and 797 cm’' were resulted from aromatic ring =CH out of plane
blending. The IR peaks at 1106 cm™ were resulted from C-OH stretching in secondary
alcohol. The IR peaks at 1241 and 1267 cm’ were resulted from aromatic R-O-R
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Flgure 18 IR spectra of 40% propranolol hydrochloride 40% CompntolQATO 888
(A) 40% propranolol hydrochloride 40% Lubritab®(B); 40% propranolol
hydrochloride 40% GMS (C); and propranolol hydrochloride (D).
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Figure 19 IR spectra of 4094’ f@ﬂ “"b\ o pritol®ATO 888 (A): 40%

\., ofenac sodium 40% GMS

1579 cm™ were resulted from

diclofenac soditm

(©); and diclofemac

asymmetric stretching in et

C=C cyclic stretching.

The principal 'ﬁ': ' bserved at wavenumbers of
749, 771, 1287, 1308,500, and 6em™. The peak@t 756 and 775 cm™ were
resulted from C-H out of plane bending. The JR absorption bands at 1286 and 1308

e e B T B e o e

resulted from C=C' stretching.
K Wﬂﬂ\"lﬂ‘im UNI3NLNAY

h¢ IR spectra of matrix pellets containing 40% of two drug and 40% of
glycerides are depicted in Figures 18 and 19 (for propranolol hydrochloride and
diclofenac sodium, respectively). The IR spectra of matrix pellets showed the
combination of drug peaks with glycerides, whereas the principal peaks of both drug
and glycerides were also still revealed. Some positions of the peaks were slightly
shifted from the original material. The characteristic peak of lactose and Avicel® PH

101 was disappeared because there was a small quantity in the formulations. It could
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be concluded that interaction between drug and glycerides was unlikely to occur and

types of glycerides had no effect on the IR spectra.
L Powder X-ray Diffraction

The powder X-ray diffraction patterns of pure substances (Lubritab®, GMS,
Compritol®ATO 888, lactose, and Avicel® PH 101, respectively) are shown in Figure

20. And the matrix pellets, which ~produced from various formulations, are

\ "’,7//(/’

The X-ray diffraction : own crystalline characteristics

at 12.470°, 19.950°, and.

illustrated in Figure 21 and 22.

shown halo of amorphous
characteristics. The X- f T !
19.470°, 22.870°, 23.430%a :-‘ . 7 ', 23.990° 26 for GMS and Lubritab®,
respectively. Only tw0 chéra spcf s+ap ‘ rat 21.030°, and 22.950° 20 for

Compritol®ATO 888. - . qg‘_«‘fj‘ f b 4
NI /

..uﬁa ol

propranolol  hydrochloride alone shows

e characteristics peaks at

The X-ray diffraction /pe pr
characteristics peaks at 9.67 [ J_ 02,.19.470°, 21.150°, and 25.030° 26
(Table 2D, Appendix ‘ ). There was some difference befween the X-ray diffraction

Y|
pattern of propranolo ﬂ prandlol hydrochloride matrix

showed the combination of

pellets prepared from ee kind of glycerides. They

propranolol hﬁﬂﬁﬁ% Elm%dwe g;i peaks. Therefore,
propranolol hy Ian e characteristic peaks
of each formulatlon were shifts fromethe original crystalline patterm,s

YRIANNIUANRIINEINEY

Tﬂe X-ray diffraction patterns of diclofenac sodium alone are shown to have
characteristics peaks at 6.630°, 8.550°, 15.230°, 17.150°, 19.910°, 23.510°, and
27.910° 20 (Table 2D, Appendix D). They are combination peaks of 40% diclofenac
sodium and all 40% glycerides. The eminent peak was still shown but the percent

crystallinity were less than those original crystals.
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Figure 20 X-ray diffracto@ragis of Comipri A); Lubritab® (B); Glyceryl
monostearate (C); 1% ;, ) | \ ose (E).

It might be the small chang
due to the pack proces§ing

characteristic peaks position occurred

H‘ uartz slide are roughed,
0 the intensity c@:rystalhne but not affect to

pack a smooth surface 4
the exposed of X-ray be
the pattern of diffractogramises,

AUIINYNITNYING

Lactose ami Avicel® PH 101 disappeared @m the dlffrac ograms of matrix

i UL 5 B ) AR

formulation.

The X-ray diffractograms of propranolol hydrochloride and diclofenac sodium

matrix pellets are stilled exhibits the crystalline form.
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Figure 21 X-ray diffractg Compritol®ATO 888

(A); 40% diClofénaé sodium 40% Lubti h* (B); 40% diclofenac sodium
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Figure 22 X-ray diffractograms of 40% propranolol hydrochloride 40% Compritol®
ATO 888 (A); 40% propranolol hydrochloride 40% Lubritab® (B); 40%
propranolol hydrochloride 40% GMS (C), propranolol hydrochloride (D).
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10. Differential Scanning Calorimetry (DSC)

The DSC thermograms of pure propranolol hydrochloride, diclofenac sodium,
Avicel PH 101, lactose, GMS, Lubritab®, Compritol® ATO 888, and matrix pellets
prepared from different formulations are shown in Figures 23-26. The endothermic
peak of all components and matrix pellets products are indicated in Table 3D and

Appendix D.

The thermograms of almost p | ‘# ent presented only the endotherm

1 two en eaks at 149.4°C and 217.4°C
_J

and pure diclofenac sodw e@hemic then followed by

endothermic peaks at 288.72@" i oint of pro ranolol hydrochloride was

164.3°C. Melting point of f | ComPhitol® ATO 888 was shown to

From Figure 2 nce between the DSC

thermograms pattern of pr e and those product pellets but

_‘I‘f"" .ﬂ =%

the difference in DSC pe temgdratura : ible. The melting points of
propranolol hydrochlorlde in GM-S“ M}Co ATO 888 were slightly shifted to

to higher temperature. The DS : : Viedl® PH 101 disappeared

from the thermograms. H aetion, since the position of

— FTTT?} AHEHI NS

ure 26 shows the DSC thefmograms ofidiclofenac sodium alone and the
o) WAL PO TR IR $IHE U o
thermograr%s of product still have the characteristic peaks of diclofenac sodium and
glycerides similar to those of propranolol hydrochloride pellets. But the characteristic
peak of active ingredient in all formulation was slightly shifted to the lower
temperature. The lower in melting point indicated the presence of amorphous or
polymorphic form of diclofenac sodium products. Surprisingly, unless diclofenac
sodium and glycerides peak are depicted new two peaks occurring between the peak

of glycerides (in range 55-70°C).



74

These results could be confirmed by TGA method for checking the
temperature peaks and percent weight loss of the substances. Figure 27 showed the
TGA thermograms of diclofenac sodium 40% and Compritol® ATO 888 40%. The
weight loss occurred at temperature 65.9°, 102.3 °C. It might be expected that the
weight lost at 65.9° C is the peak in front of peak of glycerides and at temperature
102.3 °C it may be the peak behind glycerides peak.

at lower temperature of melting point of

r ) igher temperature (102.3°C). At
259.6°C should be the wei of diglofenac-s6dilim indicated the temperature is

nearest the melting point™@ BG g .\ o of diclofenac sodium and
glycerides are approximate °C the \K e that'we seen at 350°C would be
degradation of them. ‘

For the scale up procgss,'s “be aware the residue of chloroform in the
preparations. That is a good#ids ' ﬁ the' rer residue of chloroform before

B/

[

°
50 100 150 200 250 300
Temperature (°C) :

Figure 23 DSC thermograms of lactose (A); and Avicel®PH 101 (B).
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Figure 24 DSC thermogia [Compiito]*ATO \ (A); Lubritab® (B); and
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Figure 25 DSC thermograms of propranolol hydrochloride (A); and matrix pellets
prepared from 40% of GMS (B); Lubritab® (C); and Compritol®ATO 888
(D) with 40% propranolol hydrochloride.
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Figure 27 The TGA thermogram of pellets that containing 40% diclofenac sodium
and 40% Compritol®ATO 888.
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II Dissolution Study

The preparations were produced by filling 400 mg of pellets equivalent to each
drug of 160 mg into hard gelatin capsules. They were evaluated by testing in both acid
(0.1 N HCI, pH 1.2) and basic media (phosphate buffer pH 6.8). The dissolution data
of each formulation are presented in Tables 1B-16B (Appendix B).

8

11

The preparations of were composing drug, lactose
and microcrystalline cellu ontrolled formulation

The drug release da propre olo dr hloride blank pellets in both acidic

and basic stage is listed in T4 B-and Appendi d the drug release profiles are

oride pellets exhibited rapid

The release p ., h!
00% o pro@nolol hydrochloride was

release of active drug
released completely in 0.2§ heur.

AUIINYNITNYING

1.1.2 Dmofenac Sodium C?psules
W

Iﬂarherrllgc S\dfe]yez:% g:] ;19@(:)-] 9 wz]sl%lw:] tl;aat t%e] solubility of
diclofenac sodium highly depend on the pH of the media used. At low pH values, the
solubility of the drug was very poor (< 1 mg/ml at pH 1.1). With increasing pH, the
solubility of the drug improved dramatically. Hence, it is not suprising that these
dissolution studies reveal this result (Figure 29). The drug dissolution rates increased
greatly with pH over 1.2. Therefore, the pH of the dissolution media is a critical factor

in determining the dissolution rate of diclofenac sodium.
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Figure 29 The release profiles of blank diclofenac sodium pellets in media pH 1.2

and pH 6.8.
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The drug release data of blank diclofenac sodium in both acidic and basic

media are listed in Table 1B and Appendix B.

The release profile of diclofenac sodium was affected by the dissolution
medium. In 0.1 N HCI, the percentage of diclofenac sodium release in 6 hours was
3%. Whereas in phosphate buffer pH 6.8 system, it was completely dissolved within 3
hours. This result indicated that diclofenac sodium was more soluble in phosphate

buffer pH 6.8 than in 0.1 N HCI (Sheu et a) 1992; Liu et al., 1995).

Due to low solubiliti 2@ in 0.1 N HCI, the absorbance of

solution is also veryp ¢ wuanntatlve of UV-visible

spectrophotometer should besinveStigated. From ~ tudied, the lowest quantitative

that UV-visible spectrop 1gt0meter is feg K The % CV is in the range of

The dissolution data™a Q.Tug_f ease es of the matrix pellets were

divided into three groups dgpﬁg 0

. type of glycerides used in the
T 'f‘ it p
\,:3 i

formulations.

1.2.1 Inﬂuengof Glyéer rations ﬂ

A ﬂ%@%ﬂ%ﬂeﬁ@"ﬂ BInN3
&W@ﬂ‘ﬁﬁﬁm N’W%‘E‘}ﬂ aoﬂw% and 50%

GMS matrix pellets in 0.1 N HCI and phosphate buffer pH 6.8 are shown in Figures
30 and 31. The dissolution data are presented in Table 2B and Appendix B.

The percent of propranolol hydrochloride release from GMS matrix pellets
reached 100% in 2 hours. The formulas that composed of 50% GMS showed slightly
slower release than those of 40% GMS. Increasing the fraction of GMS resulted in a

corresponding decrease of the dissolution rate. The concentration of glycerides in the
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formulation was the determining factor in control release rate of drug. They are

exhibited the similar release profiles from different concentration of GMS.

In 0.1 N HCI, the release of propranolol hydrochloride was faster than in
phosphate buffer pH 6.8. It could be explained that the different solubilities of drug in
two media. The mean equilibrium solubilities of propranolol hydrochloride at 37 +
0.5°C are reported by Rekhi et al., (1989). Propranolol hydrochloride, a basic drug
with pK, of 9.45, should be more sol

T)/in acidic solutions (in which the ionized
as‘; ‘ 0.1 N HCI when compared to

form of drug is dominant) than tions (in which it is predominantly

unionized). Therefore, mor

phosphate buffer pH 6.8.7—’

The dissolution p e

40% and 50% GMS matrix

pellets in both dissolutio é sh _‘ ‘ ‘g 2. The dissolution data are

The percentage of dic . sodium,r ase from GMS matrix pellets in 0.1

enac sodium capsules. While the

release of diclofenac sodium_!_',__'__##@_p fer pH 6.8 was slower than blank
capsules. They were%lmsoéd about 8 The release of diclofenac

, MS+in the formulation was
increased (Saraiya and a)tton, 1990). And could be expmned that Avicel®PH 101 in
duced.“Dite to the porousiparticles of Avicel®PH 101 (Wade and

el

the formulations ‘ | ‘
Weller, 1994), ﬁje uraea)%ﬂp%iowag Qrﬁsed porous of sphere

and also decreased drug release. ¢ o Q)

Frdm this study, the release of diclofenac sodium containing GMS as matrix
forming agent had capacity to retard drug release for 12 hours. The first order plots
were found to be best fit to release data as shown in Figure 33. The coefficients of

determination () of these parameters are tabulated in Tables 2E and Appendix E.

The size of pellets appeared to be an important factor to determine the release

of drug. For this study, varying the particle size of pellets would dramatically affect
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Figure 31 The release profiles of propranolol hydrochloride matrix pellets prepared

from series of GMS in medium pH 6.8.
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Figure 33 The first order plot of diclofenac sodium matrix pellets prepared from
series of GMS in medium pH 6.8.
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Figure 34 Scanning electron photomicrographs of 40% propranolol hydrochloride
matrix pellets from the formulation using GMS (A, A,. pellets size 14/18
mesh cut at x50, x350 magnification, Aj; cross-section at x50
magnification; Bj, B,; pellets size 18/20 mesh cut at x50, x350
magnification, B3; cross-section at x50 magnification) after dissolution in

0.1 N HCL
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Figure 35 Scanning electron photomicrographs of 40% propranolol hydrochloride
matrix pellets from the formulation using GMS (A, Ay; pellets size 14/18
mesh cut at x50, x350 magnification, Aj; cross-section at x50
magnification; B;, By; pellets size 18/20 mesh cut at x50, x350
magnification, Bs. cross-section at x50 magnification) after dissolution in

phosphate buffer pH 6.8.
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Figure 36 Scanning electron photomicrographs of 40% diclofenac sodium matrix
pellets from the formulation using GMS (A, Az; pellets size 14/18 mesh
cut at x50, x350 magnification, As; cross-section at x50 magnification;
B,, By; pellets size 18/20 mesh cut at x50, x350 magnification, Bj;; cross-

section at x50 magnification) after dissolution in 0.1 N HCI.
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Figure 37 Scanning electron photomicrographs of 40% diclofenac sodium matrix
pellet from the formulation using GMS (A, Aj; pellets size 14/18 mesh
cut at x50, x350 magnification; Aj; cross-section at x50 magnification;
B, B;; pellets size 18/20 mesh cut at x50, x350 magnification, Bs; cross-

section at x50 magnification after dissolution in phosphate buffer pH 6.8.
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the release of drug from pellets. Figures 30-32 showed difference in the release
profiles of propranolol hydrochloride and diclofenac sodium, respectively. The
dissolution profiles from two sizes of pellets showed that the release of diclofenac
sodium decreased with increasing pellets size (#14/18 mesh cut). An increase in drug
release was observed with fraction #18/20 mesh cut. So, diclofenac sodium release
from matrix pellets was apparently depend on the size of pellets (Wang et al., 1997)

similar to propranolol hydrochloride matrix pellets.

After the release study in bo ;‘\,\ M/y olol hydrochloride matrix pellets
still remained their integrity ""--:‘..' ires 3 é.’l‘he surfaces of pellets were

rougher than those before €8 Vit @eeper pores. By the cross-

section, there were some s annel-like structure at the
sodium matrix pellets showed
d in Figures 36 and 37,
.1 N HCI, the release of
phosphate buffer pH 6.8,

ge cracks and small pores

center of the pellets. Whil
cracks and pores on the
Although small cracks
diclofenac sodium was sti
the surfaces of diclofenac s

and also affected the release o

B.  Lubritab% (Hydrogenated Cottos

L
&
et e e "

The release datqm)f prop'r‘ rochloride ‘mlatrix pellets from the

formulations containing 40% and 50% Lubritab®are listed in Table 3B and Appendix

B. The release prﬂeufﬁdeg pm%gllm g Ma zfn]l josphate buffer pH

6.8 are illustrated ir?‘lT igures 38 and 39, respectively. o a/

YRIANNITUHNTIINEIA

The felease of these formulations were completed in two hours both in 0.1 N
HCl and phosphate buffer pH 6.8. It noted that the release of propranolol
hydrochloride in phosphate buffer pH 6.8 was slightly slower than the release in 0.1 N
HCl similar to the release study of drug that containing GMS as matrix forming agent.
But the release profiles of the formulation that comprised 50% Lubritab® were almost
superimpose with 40% Lubritab® in both media and there were not apparently

different among release patterns between 0.1 N HCI and phosphate buffer pH 6.8.
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Figure 39 The release profiles of propranolol hydrochloride matrix pellets prepared

from series of Lubritab® in medium pH 6.8.
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Figure 41 The first order plots of diclofenac sodium matrix pellets prepared from

series of Lubritab® in medium pH 6.8.
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After dissolution test, pellets remained intact but pore formations on the surfaces in

both 0.1 N HCI and phosphate buffer pH 6.8 were similar to the previous study.

The release data of diclofenac sodium matrix pellets from the formulation
consisted of 40% and 50% Lubritab® are listed in Table 6B and Appendix B and the
release profiles of these preparations in 0.1 N HCI and phosphate buffer pH 6.8 are
displayed in Figure 40.

The release of diclofe decreased when the concentration
of Lubritab® was increase o decreased the release rate of

in release pattern from the

'-
formulations produced fr nasying amount . s. These studies revealed that
Lubritab® had capacity 46 cof ‘ release for up to 12 hours

' : \ d1um penetration into the
pellets. The pellets after tegfe AN - 1 ] femained \ 1ntegr1ty while in phosphate
buffer pH 6.8 the pel gTOg 51_;;:1,_# roke. , 0 the smaller pieces. It could be
f Lubritab™ for remaining intact pellets

during dissolution test. This phefib: plies'that if the pellets are not broken, the

release of diclofenac sodium ceu@f { -” 1 in those obtained in this study.

G ,. m in phosphate buffer pH

)

6.8 were also depicted@ in Figure 41. It could be seén that a relatively linear

T} ﬁ?m%‘ww Cit i i
A RARINFRAUMBAINYA

Compritol® ATO 888, the lipophilic substances, has been shown to be able to
retard the drug dissolution of a dosage form. Thus, the ability of Compritol® ATO 888
to retard the rate of drug release from the pellets may be attributed to its lipophilicity
property. Incorporation of Compritol® ATO 888 caused an increase in the lipophilic

of the pellet matrix, leading to a decrease in the effective interfacial wetability.
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Consequently, there is a slower rate of water penetration and dissolution of the drug

within the pellets and hence a slower rate of drug releases.

The drug release pattern of 40% propranolol hydrochloride from 40% and
50% Compritol® ATO 888 matrix pellets in 0.1 N HCI and phosphate buffer pH 6.8
are shown in Figures 42 and 44. The dissolution data of each formulation are
presented in Table 4B and Appendix B. In 0.1 N HCI the release of propranolol

hydrochloride from matrix pellets was

to be faster than in phosphate buffer pH

o5 W

Z.

The percentage o ased from Compritol® ATO
888 matrix pellets in b hours. This formulation was
slower in drug release matrix pellets. A formula
with 50% Compritol® n the formulation with 40%
Compritol® ATO 888. ern was observed from the

buffer pH 6.8 are gr hmauyéf 1 spectively. The coefficient of
determination (r%) ﬁ tim 6 Yo—ditig ~rémained of propranolol
hydrochloride matrix pelle early different as presented in
Tables 1E and 2E, Ag)endix E. Thus, the treatmentﬂlas based upon use of the

to fit Anomalo

ARARANIALMATNLIE Y s

hydrochloride matrix pellets showed that there were some small pores on the surfaces

‘4 Y
differential fomﬁﬂcﬁaﬂfﬂ ﬂqﬁcﬂiﬂ.ﬁTﬂhﬁwsult was determined
T 4

of pellets. The pores of pellets in medium pH 1.2 were slightly higher than those

tested in medium pH 6.8 as seen in Figures 34 and 35.

The release of diclofenac sodium matrix pellets in 0.1 N HCI was less than 2%
similar to the blank capsule and another glycerides. But the release rate in phosphate

buffer pH 6.8 was slower than that of blank capsule. The release profiles was
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Figure 43 The first order plot of propranolol hydrochloride matrix pellets prepared
from series of Compritol®’ATO 888 in medium pH 1.2.
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Figure 45 The first order plots of propranolol hydrochloride matrix pellets prepared

from series of Compritol®ATO 888 in medium pH 6.8.
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Figure 47 The first order plots of diclofenac sodium matrix pellets prepared from

series of Compritol®ATO 888 in medium pH 6.8.
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completed in 12 hours. It was shown that no different in the release pattern between

40% and 50% of Compritol® ATO 888 containing pellets.

The drug release profile of 40% diclofenac sodium from 40% and 50%
Comprito]® ATO 888 matrix pellets in 0.1 N HCI and phosphate buffer pH 6.8 are
shown in Figure 46. The release data are presented in Table 7B and Appendix B.

matrix pellets could

expk | k sport similar to those of
propranolol hydrochlori ‘ 1NN

The microscopic ; %58 1ac sodi rix pellets after dissolution
test in 0.1 N HCI and pho (bl 8 are shown some cracks and small pores
on the surfaces of pe ts | v in pellets containing GMS. They
exhibited different from » y hy - ide matrix pellets as presented in

previous study.

In this study.the dissa
and 18/20 meshes) of

iwo fractions (both 14/18
*’R ’. specific surface area of
propranolol hydrochloride and diclofenac sodium containing Compritol®ATO 888 as
matrix formin ti ‘ﬁ' ( /m# 20 mesh..The data referred that
surface area iﬂ“uﬂ;ll ,ﬁ[ﬁms t gi nﬁellets mesh in both
propranolol hydrochloride and dicloifnac sodium. & /s
A WIANNIEUNNTINE TN E

Table 17ql'he specific surface area of pellets in different mesh cut.

Formulations Mesh cut | Specific surface area
(m’/g)
PL 40% Compritol® 40% 14/18 0.81
18/20 0.84
DS 40% Compritol® 40% 14/18 1.03
18/20 1.32
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The results indicated that pellets mesh cut 18/20 had a higher specific surface
area than pellets mesh cut 14/18. The result indicated that smaller particles possessed
higher dissolution rates than larger particles due to the forming possessing a greater
available surface area and less diffusion path length (Adeyeye and James, 1994). It
was thus proposed that the available surface area of drug generated might control the
release of drug from matrix pellets. There are corresponding to the fact that the
spheres in different particle size will have different surface area and also result in

From these results, we can propose that

).
| /})e release of drug from the matrix
=

different dissolution rates (Tapia et al.,

the specific surface area had a

pellet.

,\w,—a
|

The concentration of.gls
controlled release rate of dffio
corresponding increase of ghe dis ’f rate. Ma ellets containing 40% drug
load were prepared with"40%"and 30% GMS N , Compritol® ATO 888 as
matrix forming agents. g/ matrix-forming agent, the
est when Compritol® ATO
study of Shaikh et al., (1991), the

hilicity of glycerides and correlated

release rate of drug was t Wi
888 was chosen as matrix fo 1@ -om th
drug release seemed to be rela@&hé/ O]

inversely with the melting p: e-higher melting point of

glycerides, the slower & pected to be regulated by

selectlng appropriate gl erides. However, 1t may be difficult to predict the release

Lo 1123 e} (PR

Brabander et al. (2000) reported that the amount of drug release was correlated

vis oA MO I AR KBAR VI A e i

were releast!: similar results were obtained by Zhou et al. (1996).

But in this study, Lubritab® could not provided slower release than GMS. It is
due to Lubritab® had less binding property to remained intact pellet structure after
dissolution test. Only Lubritab® is broken into a small piece while the other glycerides
still remained integrity. Thus Lubritab® could not provide prolonged release for

matrix pellets.
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The drug release was primilary a function of the composition of the glycerides
matrix pellets. It is expected that the drug release increase with decreasing glyceride
concentration, this observation became more pronounced with decreasing levels of

lactose.

1.2.2 Influence of Drug Solubility

the release of drug from various glyceride
increased. The release of diclofenac

\ ; ,
r thﬁ&olol hydrochloride and could

As shown in previous chapter

matrices increased when the

in alkaline solution (i g is dominant). But in the

present study, there w: the dissolution behavior in
two-dissolution system. 2 hydrochloride matrix pellets
gave the release rate in 0.1 N'HC an in phosphate buffer pH 6.8.
According to the study by R the release property of propranolol
hydrochloride coated. be : as found to be faster in

0.1 N HCI compared*iaf phy

Furthermore, the $olability of diclofenac sodium depends on pH, solubility is

cor st ow sP Do) FHB IO SN R F Vet inreses in e

solubility occur &altam etal, 1991; J-{erzfeldtan ummel, 1983

Y WIANNIEU mﬁ’]? V]\Eﬂﬂ t

In"0.1 N HCI diclofenac sodium release was less than 3% in 12 hours, it might
be expected that diclofenac sodium converted to diclofenac which had lower
solubility than diclofenac sodium. Whereas in alkaline medium (phosphate buffer pH

6.8), the sodium salt was remained as follow:
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H' |
NH =

NH
Cl Cl OH Cl Cl

Diclofenac sodium Diclofenac

Sheu et al (1992) reporte ~ s of sodium or potassium chloride

to the dissolution medium f drug and the dissolution rate
— e —
decreased. The result w: effect. However, in our study,

.“Ql!_!—. ‘
sodium chloride in the di I fiud

y affected to the solubility
of diclofenac sodium, very' small quantity of sodium chloride in the

dissolution system.

In phosphate bu di enag sodium was released immediately from
all formulation even whe ation contained 6€ glycerides. More than 50%
of diclofenac sodium releaséd i the first 21 olirs when glyceryl monostearate and
: ’ this system, pellets did not have the

capacity to control » 12 hours —AS expected, it was due to
P # : 5 ©Xp

¢

‘ X )
diclofenac sodium was.ma i‘-'r' oupled with the drug that

located on surface of pellets. Whereas the formulation“that contained Compritol®

ATO 888 as matri ‘iﬁ ‘ ;ﬁ’ 20%dn the first 2 hours. This

phenomenon ;ﬂﬂﬂt t?jﬂmf : ;ﬂﬁﬁ“ tlﬁgh melting point of

Compritol® 888 according to th€ art of glycéfides concentratieh.
AR IRTIVER Y

Porter (1989) reported that the solubility of drug and effect of pH on drug
solubility would affect the rate at which the drugs release. Blandque et al. (1995)
suggested that the release of drug from pellets is also delayed by decreasing the
solubility of the drug. The solubility of lactose was detected to cause the greatest
effect on the value of the mean dissolution time, followed by the solubility of the
drug. Maejima et al (1997) also depicted that the release rates of drug seemed to

increase with an increase in the solubility of drug.
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1.2.3 Influence of Loading Dose on Drug Release
The influence of loading dose was performed on pellets that comprised 60%

glycerides and then varying percent of loading drug dose between 20-30% of

propranolol hydrochloride or diclofenac sodium.

A. Glyceryl Monostearate (GMS)

release profiles of the form _in €
shown in Figures 48 and 0

The formulation Jusi ‘,"‘. E ding dose of propranolol

hydrochloride compri had slight effect on the

dissolution of drug in bg ease profiles of propranolol

hydrochloride in 0.1 N i hﬁ asten | I ) phosphate buffer pH 6.8. It was

accordance with the study of TW

s ("“l § e

containing 60% GMS Q listed 1n able : ppendix& and graphically in Figure
50. In 0.1 N HCI, the release of diclofenacgsodium was less than 3% similar to the

orevious study PSR VM VET WA T S abic to contro the

release of drug fa'! 12 hours. The patierns of dlclo nac sodium re e from 20% and

iy | W’%ﬁ@@ﬂ%@%‘%&%ﬂ ngn a d

The first order plots of 60% GMS matrix pellets with 30% diclofenac sodium
in phosphate buffer pH 6.8 are shown in Figure 51. The coefficient of determination
(%) of pellet size range 14/18 and 18/20 mesh is 0.9872 and 0.9883, respectively. And
value of release exponent (n) are in the range 0.43<n<0.85, indicating that release
mechanism are very close to Anomalous transport. The value of kinetic constant,
release exponential and coefficient of determination (r%) of these pellets are presented

in Table SE, Appendix E.
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Figure 51 The first order plots of 60% GMS matrix pellets with 20% and 30%

diclofenac sodium loading in medium pH 6.8.
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B. Lubritab® (Hydrogenated Cottonseed Oil)

The drug release patterns of propranolol hydrochloride matrix pellets at 20%
and 30% drug loading in 0.1 N HCI and phosphate buffer pH 6.8 are displayed in
Figures 52 and 53, the release data are shown in Table 9B (Appendix B). The release

rate of drug in acidic medium was faster than in phosphate buffer pH 6.8.

the formulation were decreased, the

When the proportion of drugs; i

percentage of drug release fro slightly faster than 30% loading.
ifferen ﬁium. It could be explained that

diclofenac sodium in pH®6. strangly ‘medi depend ent, drug release in 0.1 N
HCI was less than 3% in 1 v
load seemed to be slower rele thati 1at-of: g load. These are probably due

to lower concentratlon of lactoggw form ! p of 30% drug loading.

psed to 1, when the first
order and Higuchi plo@ constructed. { was not marly different among two
mechanisms. Therefore, tHey=were treated Sﬁw different between two mechanisms.

The coefficient ﬁdwfao% Eem M&Q ﬁ]}ﬁ) and amount (Q) of

release are hlgheglthan the coefficient of determination () betwegn, the release rate
o AR ST VIV T BT o B oo
SE and Aﬂ)endlx E. The release profiles of this series might be the first order release
model as shown in Figure 55. And the mechanism of this formulation are range in
0.43-0.85, thus the release mechanism could be Anomalous transport. The kinetic

constant (n) are tabulated in Table 6E and Appendix E.
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Figure 53 The release profiles of 60% Lubritab® matrix pellets with 20% and 30%
propranolol hydrochloride loading in medium pH 6.8.
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Figure 55 The first order plots of 60% Lubritab® matrix pellets with 20% and 30%

diclofenac sodium loading in medium pH 6.8.
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C.  Compritol®ATO 888 (Glyceryl Behenate)

The release of 20% and 30% propranolol hydrochloride load from matrix
pellets with 60% Compritol®ATO 888 in 0.1 N HCI and phosphate buffer pH 6.8 are
exhibited in Figures 56 and 58, respectively. The release data are presented in Table
10B and Appendix B. It revealed that no difference in drug release pattern between

the 20% and 30% drug load when Compritol®ATO 888 was kept constant at 60% in

atigj (Wﬁn order and Higuchi plots are
- T

mined by-using the value of coefficient of

both media.

The coefficient of
vicinity, thus the releas
determination (r*) bet and amount (Q) or reciprocal
amount (1/Q) of drug f determination (r%) value are
obtained from the plots elease model of propranolol
hydrochloride is closed t ! lel. Release mechanism still is

Anomalous transport that

Figure 60 displaye th@q; A-prd

of les of diclofenac sodium 20% and
30% load with 60% Comp.ritol-giwgﬁ?‘“ 10:1' NHCI and phosphate buffer pH 6.8.

For diclofena(;@)’ ium pe let mpritol®ATO 888 was in
1

phosphate buffer pH 6.8, the release profiles was closely related to first order model

S Q/ .
because the bestili ‘ 1 del (Figure 61). The
high coefﬁciel@ﬁﬂnﬁiﬂ%ﬁﬁn&rjnﬁ kinetics models as
depicteﬁnﬁn}gf&aﬁ ﬁp dﬁj’. = o
W' AUUNIINYAY

Less than 3% of diclofenac sodium release from matrix pellets in 0.1 N HCL.
The release of diclofenac sodium in phosphate buffer pH 6.8 could be controlled for
12 hours. The release rate of 30% of diclofenac sodium was slower than 20%
diclofenac sodium. These are agree with the evaluated of Mehta et al. (2000), reported
that poorly soluble drug dissolution was found to decrease with increasing drug
loading due to the total polymer content in the formulation is low. The number of pore

reduced, thus the total pore surface area was reduced, too.
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Figure 57 The first order plots of 60% Compritol?ATO 888 matrix pellets with 20%
and 30% propranolol hydrochloride loading in medium pH 1.2.
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Figure 59 The first order plots of 60% Compritol’ATO 888 matrix pellets with 20%
and 30% propranolol hydrochloride loading in medium pH 6.8.
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Figure 61 The first order plots of 60% Compritol ®’ATO 888 matrix pellets with 20%

and 30% diclofenac sodium loading in medium pH 6.8.
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In the formulations containing 20% and 30% of propranolol hydrochloride and
Compritol®’ATO 888 kept constant at 60% revealed decreased of release rate when

drug load increased accordant with the previous study.

The high solubility of the lactose provides the possibility of highly porous
spheres during the dissolution process, which allows the drug substances to be release

pellets would increase when the higher
o) gt . Lactose dissolved and released
d the porosity was increased.

1.2.4 Effect of ti ,, iclofenac Sodium from
Matrix Pell |

quickly. The release of drug from matri

amount of lactose was embedded\' ;

from the matrix, as the resu Yol |

Due to the solubili i €S 11§ suppressed when it surround with
acidic environment. Wherg nole :_; ¢ ide is freely soluble in both
: lene glycol 1450 (PEG 1450)
/es (Kenneth et al., 1992) in the

The pellets matrix of 40% odium and Aﬂ% GMS which containing
0.2% PEG 1450 and 0.2% Tween 80 are depicted in Figure 62.

AUYINYNINGINT

The releas‘%I profiles of diclofenac sodlu from matrix pe lets containing
e B TR 1A FH A s
in Table 14B and 15B, (Appendix B). From the result, it was found that the additives
did not increase the release of diclofenac sodium in 0.1 N HCIl. Whereas, the release
of diclofenac sodium in phosphate buffer pH 6.8 is completed in the first hours. The
release of diclofenac sodium containing additives in all concentration in phosphate
buffer pH 6.8 release 100% in the first hour while pellets without additives release
82.12% of drug after 12 hours (see Figure 32).
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The various amount of PEG 1450 and Tween 80 at all concentration above
had a greatest effect on the release of diclofenac sodium matrix pellets in phosphate
buffer pH 6.8. They produced the faster release of diclofenac sodium in all
concentration. The pellets was fragmented to a small piece during tested phosphate
buffer pH 6.8 around 15 minutes (see Figure 64). It due to pellets was cracked.
Whereas in 0.1 N HCI, pellets still remained intact with visible swelling (see Figure

65). But the release of diclofenac sodium from matrix pellets were not increased, it

¢ was much depended on the pH of
%e the release of diclofenac sodium

L

could be due to the solubility of di

dissolution medium. The additi
release in 0.1 N HCL.

Time on the Release of

The drug releas¢ d elléts usig Lubritab® treated at 55°, 60° and 65°
C at various time inte ' | ppendix B. Increasing the
temperature and duration e drug release as shown in

Figures 64-67.

re, the beads were sticky,

-‘ talcum and Cab-O-Sil®

leading to agglomerat .": of

was added as anti-stic Interestlngly, the rate of

i‘tf:fifj‘j;ilﬂﬁﬂﬁfﬂ%ﬁ =
AW AARI N BAINGD Nt i

compared to the release of uncured beads. Ghali et al., 1989 reported that thermal
treatment of water soluble drug have apparently resulted in a redistribution of
glycerides throughout the beads and possible change in nature of the pores within the
beads.
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Figure 62 Scanning electron photomicrographs of 40% diclofenac sodium and 40%
GMS matrix pellets that containing 0.2 % PEG 1450 and 0.2% Tween 80
(A, Ay; pellets size of 14/18 mesh at x50, x350 magnification, Aj; cross-
section at x50 magnification; B, By; pellets size of 18/20mesh at x50, x

350 magnification, Bs; cross-section x50 magnification).
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Figure 64Scanning electron photomicrographs of 40% diclofenac sodium and 40%
GMS matrix pellets containing 0.2 % PEG 1450 and 0.2% Tween 80 (A;;
pellets size of 14/18 mesh at x350 magnification; B,; pellets size of 18/20

mesh at x350 magnification) after dissolution in phosphate buffer pH 6.8.
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Figure 65 Scanning electron photomicrographs of 40% diclofenac sodium and 40%
GMS matrix containing 0.2 % PEG 1450 and 0.2% Tween 80 (A, Ax;
pellets size of 14/18 mesh at x50, x350 magnification, As; cross-section at
x50 magnification; B;, B,. pellets size of 18/20 mesh at x50, x350
magnification, Bs; cross-section at x50 magnification) after dissolution in

0.1 N HClL
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Blending the beads with talcum or Cab-O-Sil® prior to curing avoid the fusion
of the beads into an agglomeration, the beads remained free flowing during curing and
therefore, the surface of pellets was not mechanically damaged. The topography of
pellets with anti-sticking agent was slightly different between the pellets that not
blend with anti-sticking agent as shown in Figure 70. The surface of pellets was
enveloped with anti-sticking agent. There were slightly rougher than the pellets that
did not blend with anti-sticking agent.

After dissolution test, ’#’ 1l pores on the surface and cross-

r of pellets as shown in Figures

oles
| — '9 —

ed at different temperature

1x B. It seem to be that the

73-75.

The drug release
and duration of curing ar
drug release profiles ‘ °C for different durations
e was not affected by both
t al.,, 1989), even though the

cking agent (Figures 76-77).

were not changed. It is i
curing temperature and t

formulation that using high t

pritol®ATO 888 treated at

7 minu 3“Appendix B. The release

65°, 70° and 75°C for" !
rate of drug from pellﬂ was found to ther formulation even though
the formulation_that usirfg4mti-sticking agénf before curing at high temperature as
shown in F igun@j] ’u&.m’c}m &Lti]&e%tm ﬂxaﬁs‘jwas affected by both
curing temperature and the duration’of curing. Increasing in both,temperature and

omio B AR RS RN AN B A pranci

hydrochlo‘l'ide from Compritol®ATO 888 matrix pellets (see dissolution data in Table
16B, Appendix B).

As it was seen from the previous study, Lubritab® had less binding property to
remained intact pellet structure after dissolution test. But in this study, pellets
comprising Lubritab® as matrix forming agent revealed the slowest release. It

expected that after curing process, Lubritab® should be melted and repacked to form
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Figure 67 The release rate profiles of propranolol hydrochloride matrix pellets

containing Lubritab® in pH 6.8 when curing at 55°C at various time

intervals.
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Figure 68 The release profiles of propianelol hydro \- matrix pellets containing
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Figure 69 The release rate profiles of propranolol hydrochloride matrix pellets

% Drug Release
o
o

containing Lubritab® in pH 6.8 when curing at 60° C at various time

intervals.
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Figure 71 The release rate profiles of propranolol hydrochloride matrix pellets

containing Lubritab® in pH 6.8 at 65°C at various time intervals when

using talcum and Cab-0-Sil® as anti-sticking agent.
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Figure 72 Scanning:.;electron photomicrographs QE_ curing 40% propranolol
hydrochloride, with Lubritab® at different temperature and time (A,
Ay pellets cute jat 65°C 60 minutes at x50, %350 magnification Aj.
cross-section at x50 magnification; B, B,; pellets cure at 65°C + 1%
Cab:0-811%5/minutes at x50, x350 magnification Bj; ¢ross-section at x
50 magnification; C, Cy; pellets cure at 65°C + 1% talcum 20 minutes

at x50, x350 magnification Cs; cross-section at x50 magnification.
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Figure 73 Scanning electron photomicrographs of 40% propranolol hydrochloride
matrix pellets from the formulation using Lubritab® at 65°C 60 minutes
(A, Ay; pellets at x50, x350 magnification, As; pellets cross-section at x
50 magnification after dissolution in 0.1 N HCI; B, B,; pellets at x50, x
350 magnification, Bs; pellets cross-section at x50 magnification after

dissolution in phosphate buffer pH 6.8).
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Figure 74 Scanning electron photomicrographs of 40% propranolol hydrochloride
matrix pellets from the formulation using Lubritab® at 65°C +1% Cab-O-
Sil® 5 minutes (A1, Ay; pellets at x50, x350 magnification, Aj; pellets
cross-section at x50 magnification after dissolution in 0.1 N HCI; B, By;
pellets at x50, x350 magnification, Bj; pellets cross-section at x50

magnification after dissolution in phosphate buffer pH 6.8).
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Figure 75 Scanning electron photomicrographs of 40% propranolol hydrochloride
matrix pellets from the formulation using Lubritab® at 65°C +1% talcum
20 minutes (Aj, Ay; pellets at x50, x§50 magnification, As; pellets cross-
section at x50 magnification after dissolution in 0.1 N HCI; By, B,; pellets
at x50, x350 magnification, Bj; pellets cross-section at x50 magnification

after dissolution in phosphate buffer pH 6.8).
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Figure 77 The release rate profiles of propranolol hydrochloride matrix pellets

containing GMS in pH 6.8 at 58°C at various time intervals when using

talcum and Cab-O-Sil® as anti-sticking agent.
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pellet that had more binding property to result in slower release than before curing.
Whereas the fastest release occurred in pellets consisted of Compritol® ATO 888 as
matrix forming agent. This unexpected increase was caused by the mechanical
damage done to the pellets during curing as shown in Figure 80 (Wesseling et al.,

1999).

1.3  Glycerides Matrix Tablets

The study of this part w. e compression of pellets into tablets

matrix would be prolonged t -change system.

—

A. Propranolc droell

The dissolution da of commercial product Inderal®

LA 80 mg and our prepa: ) 80 mg of drug in pH-change system

are presented in Table 1

Among three glyceri : 3 ol hydrochloride pellets containing
40% Lubritab® and 40% Cor‘n‘ : 8:could be compressed into matrices.

Pellets containing 40% I 0 fform the matrices. The

e‘, \TO 888 matrices were

release patterns of 40%
A 80. The rﬂse in 12 hours is not more

resemble to the releasemttem of Indera
than 75% in all formulatiohses

‘Uﬂ’)ﬂﬂ'ﬂiﬂﬂ’]ﬂ‘i

From the previous study, therbest pellets formulation coyld give prolonged
propean @) PRI TGO 3 RA QVIEF DR Bt comprisng
60% Com%ritol®ATO 888 and 30% propranolol hydrochloride. Thus, the release of
this formulation was also tested in pH-change system. The study revealed that this
formulation could not prolonged release of propranolol hydrochloride for 12 hours.

The release of drug was completed in 5 hours.
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Figure 79 The release rate profiles of propranolol hydrochloride matrix pellets

containing Compritol®ATO 888 in pH 6.8 at 75°C when using talcum and

Cab-0-Sil® as anti-sticking agent.
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Figure 80 Scanning_:_;electron photomicrographs of | curing 40% propranolol

hydrochloridé pellets with Compritol®ATO 888 at different curing (A,
Aj3; pellet €dring at 75°C for 7 minutes at x50, %350, respectively, As;
cross-section at x50 magnification; By, B,; pellets curing at 75°C + 1%
Cab: Q811 for 7 minutes atx50, x350, respeetively B, closs-section at
x50 magnification; C;, C,; pellets curing at 75°C + 1% talcum for 7
minutes at x50, x350, respectively, Cj; cross-section at x50

magnification.
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B. Diclofenac Sodium Matrix Tablets

The release behavior of 40% diclofenac sodium pellets containing 40% of
GMS, Lubritab®, and Compritol®ATO 888 when compressed into tablets are
presented in Figure 82. The release patterns of GMS and Compritol®’ATO 888
compared to Voltaren®SR 100 while the tablets containing Lubritab® exhibited the

faster release when compared to the other formulations. Because of Lubritab® matrix

tablet was disintegrated into the smaller,

In comparison of d @rides that compressed at 1000

psi revealed that drug release was fastest from-tablet 'ntaining Lubritab® followed

'7es during release testing.

Q A/

hen the pellets were compress
onsti an effective sustained release
action. In the case of ha 2 5 capsules. ¢ ng matrix pellets, available
dissolution area was 1t : \ eater number of individual
particles exposed to the a shorter diffusional path
length, which facilitate relea

The release test of the diclofen: dium pellets containing 60% Compritol®
ATO 888 is also shown'in Figure 8 3 for ¢ ...... arison wi th-those pellet formulations
when compressed into- latrices. It the release of diclofenac

s i
sodium from Comprito J TO 888 contammg pellets wa J 6.63%.

Tables ﬂuﬂgﬂtn&niﬁﬂﬂ&ﬂﬁmd il pelles

capsule, in both propranolol hydrochleride and diclefenac sodium matrix.

RINNIUNIIINGTA Y
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The releas¢ profile propranolol hydrochloride
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Figure 82

The release profiles in pH-change system of diclofenac sodium matrix

tablets prepared from pellets containing GMS, Lubritab® and Compritol®

ATO 888 in comparing with Voltaren® SR 100.
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