CHAPTER III

RESULTS & DISCUSSION

1. Preliminary study of film

About 100 uncoated
fluidized bed coater.
uniformity of coati “Jn the

|

Uy suitable amount for coating in the

es. ded for coating resulting in non-
5 —

the amount of the CA coating

solution containin, ”\
Color uniformity o o § \\\
\ \

coating solution for cafs _ \ 335 ml. of CA coating solution

sprayed on the core capsules.

ine the suitable amount of

were proper amoutl hatee oﬁ
| Results which obtaiged ' ibed in the experiment is shown in

Table 11. | *\

Table 11: The film proper uf' fcellu in various solvent mixtures and

tcmpetatures (cel 1«_‘;;,% g . obtained by pouring cellulose acetate

solutionontheplate) ol

Solvent fhe character of cellulose

) acetate film
Methylene chloride ¢ & The cellulose acetate did not
ﬁ, E]‘ ﬂ] e and formed lump in
v o methylepe, chloride '
S TANTT 00 VT3 Vi ppmme s
9 dissolve ,but it was dispersed
in ethanol.
Methylene chloride : 95:5 70 Clear
Ethanol
Methylene chloride : 95:5 55 Clear
Ethanol
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Solvent mixture Ratio | Temperature | The character of cellulose
(°O) acetate film
Methylene chloride : 90:10 70 Clear
Ethanol
Methylene chloride : 90:10 55 Clear
Ethanol
Methylene chloride : Clear
Methanol
Methylene chloride : Not clear
Methanol
Methylene chloride X Not clear
Isopropyl alcohol / A‘\\\
Methylene chloride 4 f 0T 30 Not clear
Isopropy! alcohol /l ﬁg K\\
XDy

From this restlt, th)‘hé” : e \ ethanol mixture in the ratio of 95:5
and 90:10 gave clear il ' ange of 55°C to 70 °C. Methylene
chloride and methanol in#ie £dfi6 of 90/40%ormed clear film only at the temperature
of 60°C and shove film at the temperature'of:30°C. Methylene chloride and

Ny Y
isopropy! alcohol'in ., gar film at both temperature 30°

C and 60°C.

ﬁmm to,be mixed with methylene
chloride m ﬁﬁrﬁ; temperature of both
55°C and 70°C could provide cl€ar film. Howeyer, in this studyy one condition for
o T b e A 5 Wi Qe a5 e
seledted to form cellulose acetate film.

From the trial experiment with the coating conditions on fluidized bed coater,
atomizing pressure of 1.4-1.6 bar, inlet air temperature of 55°C, feed rate of 5-10

rpm, resulted in smooth surface film covering on capsules, no agglomeration of

coated capsules and no blockage of spray nozzle were observed.
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2. Properties of core capsule.
2.1 Weight variation

The average weight of the content of capsules ranged from 243.00 to 297.00
mg. for formulation C21-C28 and 314.50 to 365.50 mg. for formulation C11 and
Cl1a. The weight variations of all ion conformed to BP 2002 specification.

The weight variations were

J —

Table 12 : Wei of yari srmulations. (n=20)
Formulati 1)\ ean+S.D.)
Cl1 y f =2\ .0083
Cl1 ‘- ) .0086
C21 N 0064
Cc22 ol A% | .0062
c3 * Al 10098
C24 UL IR 272420.0078
C25 LY 39+0.0065
i 072
- C2TH 0078
Cc28+ 0.2749%0.0071

Remark /o g 7 3 et s siny [1a was HPMC
AU T T
AR RIAIRR AN INY A Y

The percentage of drug content of all formulations conformed to USPXXVI
specification. The values of percentage drug content ranged from 90.00 to
110.00%. The drug content was within acceptable limit . It indicated uniformity

of content.
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Table 13: Drug content of various formulations. (n=20).

Formulation % Drug content (mean+S.D.)
Clla 103.6754+1.2559
Cll 99.9385+1.1007
C21 93.1433+2.8340
C22 103.5096+0.7383
Cc23 ) " 103.8825+0.5814

C24 Q\\H/ R716+1.7007
C25 — 101'5540+4.2417
C26 ” ""m- 0.8133

‘/"// e
C28 I/ /Pﬁ'\\ ?\\ 2219

Remark : Clla =Thg! ““‘?‘ lar to C11. Clla was HPMC
g capsule no. tin) apsule no.l.
T / ‘
3. Properties of coated capsu A (A

Haitns o

=B
3.1 Film thickness = c v

Y X |
SEM photomgo i en coated with the 1% w/v
cellulose acetate solu on with 41.18 %w/w of PEGA( 0 in polymer at 286, 572 and

858 millili m of X150 was used to
investigatet:mn;‘jftﬂﬂei m— layed in Figure 6-11,
the fi f the capsules.

) WEK IR Rk I L [T e

from two capsules.
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Figure 6: Scanning electron photomicrographs of the cross section of cellulose

acetate film (indicated by arrow sign) to measure thickness of film (286 ml.

of 1%w/v cellulose acetate solution, at various position of 1¥ capsules): the
end of cap(A), the end of body (B) , both side of cap(C and D) , both side of

body (E and F)
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Figure 7: Scanning electron photomicrographs of the cross section of cellulose

..uu G

acetate film (indicated by arrow sign) to measure thickness of film (286 ml.
of 1%w/v cellulose acetate solution , at various position of 2™ capsules) :
the end of cap (A) , the end of body (B) , both side of cap (Cand D),

both side of body (E and F).
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Figure 8: Scanning electron photomicrographs of the cross section of cellulose
acetate film (indicated by arrow sign) to measure thickness of film (572 ml.
of 1 %w/v cellulose acetate solution , at various position of 1* capsules) :

the end of cap (A) , the end of body (B) ., both side of cap(C and D),
both side of body (E and F). '
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Figure 9 : Scanning electron photomicrographs of the cross section of cellulose
acetate film (indicated by arrow sign) to measure thickness of film (572 ml.

of 1%w/v cellulose acetate solution, at various position of 2™ capsules) :

the end of cap (A) , the end of body (B) , both side of cap(C and D), both
side of body (E and F).



54

15kV X158 190pm 1103093

f?'J*”*

O

118813

Figure 10: Scanning electron photomicrographs of the cross section of cellulose
acetate film (indicated by arrow sign) to measure thickness of film (858
ml. of 1 %w/v cellulose acetate, at various position of 1% capsules) : the

end of cap (A) , the end of body (B) , both side of cap(C and D), both side
of body (E and F).
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Figure 11: Scanning electron photomicrographs of the cross section of cellulose
acetate film (indicated by arrow sign) to measure thickness of film (858

ml. of 1%w/v cellulose acetate solution, at various position of 2™ capsules)

: the end of cap (A) , the end of bo dy (B) , both side of cap(C and D),
both side of body (E and F).
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Table14: Thickness of cellulose acetate film when spraying with various amounts

of cellulose acetate solution on the core capsules.

Amount of 1 %w/v cellulose Average thickness of cellulose

acetate-solution (ml) acetate film (um) (meantSD)*
286 31.5550+ 3.4129
572 81.7217+15.6266
858 110.0008+11.9773

* Average of two ca

3.2 Weight of co

Table 15 shg
(n=20) before and a

was semxpermeabl 1

ard deviation of the capsules

MC was subcoating layer and CA

ﬂumwmwmm
ammnimummmaﬂ
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Table 15: Average capsule weights (mean+SD) of various batchs (n = 20) before and

after coating.
Coated capsule | Average weight Average weight of | Average weight of | Average
code. of core capsules | core capsules after | core capsules after | weight of
before coating(g) | coating HPMC(g) | coating CA(g) CA(g)
(mean + SD) (mean £SD) (mean £ SD)
C26 + CA1(*) 0.3276+0.0066 !, , 0.3473+0.0077 0.3628+0.0102 0.0155
2222 :;::() = ‘NU/"?{;, 00083 | 03625200095 | 0017
*) 0.3290%0:0086 0345140 0075 0.3598+0.0088 0.0147
C27 + CA1(*) 0.3597+0.0080 0.0153
C28 + CAL(*) 0.3646+0.0046 0.0130
C23 + CA2(%) 0.3598+0.0135 0.0125
C23 +CA3(*) 0.3529+0.0115 0.0105
C23 + CA3(**) 0.3825+0.0113 0.0385
C23+ CA3(™) 04104200094 | 0.0612
C26 + CA3(***) 0.4106+0.0082 0.0623
C24 + CA3(***) 0.4046+0.0068 0.0595
C25 + CA3(***) 0.3963+0.0077 0.0508
C26 + CA4(*) 0.3735+0.0063 0.0235
C21 + CA4(") 0.3706+0.0150 0.0236
C22 + CA4(%) 0.3700:0.0091 0.0206
C23 + CA4(* I 0.3497+0.0112 0.0155
mﬁ‘% - l:d:o.3949ﬂ:0.0090 0.0465
C23 + CA4(“3!) 0.4182+0.0109 0.0739
+ Odilijose 2 Mate Ilution 572 ml.

xxx Qellulose aéetate solutioh 858 mi.

Remark: C26+CAI1(*) denotes the propranolol HCl capsule formulation C26(as
shown in Table 4 of chapter II) coated with the cellulose acetate solution
formula CAl(as shown in Table 7 of chapter II) 286 ml.(asterisk exhibits

amount of volume of cellulose acetate solution.)
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Table 16:Coefficient of weight variation of capsules of various batchs, before and

after coating each layer.
Coefficient of weight variafion
Batch Before coating After HPMC coating | After CA coating.
C26 + CAI(*) 2.01 2.21 2.81
C23 + CAI(™) 1.23 2.41 2.62
C25+ CAI1(%) 2.61 2.17 2.45
C27+ CA1(*) 2.50 222
C28 + CA1(%) 1.05 1.26
C23 + CA2(%) 1 375
C23 + CA3(%) | 326
C23 + CA3(**) N 2.95
C23 + CA3(**¥) 2.29
C26 + CA3(**¥) B 1 2.00
C24 + CA3(**) e 1.68
C25 + CA3(**%) 1.8 Ehe 94 1.94
C26 + CA4(%) o 2.11 1.69
C21 + CA4(%) Z 22 4.05
C22 + CA4(Y) : : 2.46
C23 + CA4(Y) m . 3.20
C23 + CA4(** 2.54 2. 2.28
C23 + CA4§ : = 21770 2.61
=110

-*  Cellulose ace

lelﬁﬁMWﬁ N8

YoW/v

4




Figure 12 : Average weights of capsules before and after coating with HPMC and CA, using 286 ml. of CA solution,

are presented as mean + SD (n=20)
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As shown in Figure 12-14 and Table 15, most average weights of coated
capsule after HPMC and CA coating of each formulation in the same amount of CA
solution were slightly different. The weight difference of capsule after HPMC and
CA coating were weight of CA film. It was found that this value of each formula in
the same thickness of cellulose acetate were not different. The CA film weight of
capsule coated with 858 ml. and 572 ml. of coating solution was 3 and 2 folds greater
than those coated with 286 ml of coati

Standard deviation. of capsules after CA coating was
increased slightly. It is standard deviation was the result
of both HPMC and CA

As shown i ight variation of coated capsule

nd ‘CA solution. CV value of coated
capsule weight after CA' cghitihg was fow in a o 1.24.1.

changed slightly whg

3.3 The weight of cellv
Table 17 shows'aciia : '.:;;,v t of L/ ‘after dissolution test 12 hours and
landard deviation was calculated and

complete washing(n=6) fAviérage weig
shown in Table 17. y J‘_

T = 9

] §
AULINENINYINT
AMIAIATUAMINYAE
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Table 17 : Average weight and standard deviation of dry shell after dissolution test

and complete washing(n = 6)

buffer pH 6.8)

Formulation Dry shell weight (g) Coefficient of
(mean+ SD) (n= weight variation
C23+CA1(*)+0mm. 0.0077+0.0002 2.60
C23+CA1(*)+0.4mm. 0.0078+0.0003 3.85
C23+CA1(*)+0.8mm. ) 0.0075+0.0003 4.00
C23+CA1(*)+1mm. _\I‘w 0.0077+0.0003 3.90
C25+CA1(*)+0mm. — : 0.0117+0.0002 1.71
C25+CA1(*)+0.8m 9:01.18+0.0002 1.70
C28+CA1(*)+0mm! //// \\\\\. 7+0.0006 5.13
C28+CA1(*)+0.8 ///ﬁn\\\\ 4+0.0005 4.39
C26+CA1(*)+0 ll/ﬁ-‘\\\ 121+0.0002 1.65
C26+CA1(*)+0.8 llﬂ"k\\o‘ 19+0.0005 4.20
C27+CA1(*)-H)rnm ' 0.0115+0.0003 2.61
C27+CA1(*)+0.8mi %“o 0119+0.0005 4.20
C23+CA2(*)+0mm. : 0.0112+0.0005 4.46
C23+CA2(*)*H04mmes = = 0.0112+0.0004 3.57
C23+CA3(") P = : i.ooo3 2.65
C23+CA3(*)+0. ﬁm , .0m4=to.ooo3 2.63
C21+CA4(*)+0mm 0.0131+0.0003 2.29
C21+C ‘9 SEVOR QD) = 4 : 0006 4.29
,‘ 8£0.0019 13.77
§ %EI 4.48
1013520, i 3.70
C21+CA4(*)+0mm (isotonic phosphate 0.0120+0.0004 3.33
buffer pH 1.2)
C21+CA4(*)+0mm.(isotonic phosphate 0.0128+0.0011 8.60




Formulation Dry CA shell weight (g) Coefficient of
(mean + SD) (n = 6) weight variation

C21+CA4(*)+0mm.(pH change) 0.0133+0.0006 4.51
C22+CA4(*)+0mm. 0.0113+0.0006 5.31
C23+CA4(*)+0mm. 0.0086+0.0005 5.81
C23+CA4(*)+0.4mm. 0.0087+0.0003 3.45
C26+CA4(*)+0mm. ) 0.0125+0.0006 4.80
C23+CA3(**)+0mm. \I‘w 0.0281+0.0011 3.91
C23+CA3(**)+0.4m = a - 0.0283+0.0006 2.12
C23+CA4(**)+0m . | 0:028320.0014 4.95
C23+CA3(***)+ 8 //// \ +.0.0358+0.0005 1.40
C23+CA3(*** ///ﬁﬂ\\ 6+0.0006 1.69
C23+CA3(***)+0.8 f’llﬁ-’\\\\ 6+0.0005 1.40
C23+CA3(***)+1 ll ﬁ"h\\ 0357+0.0007 1.96
C23+CA3(***)+1mmi(1 Srifice at the 00359+0.0005 1.39
side of capsule) g’ g
C23+CA3(***)+Imm.(2 ¢ F&"—W he |° 0.034420.0029 8.43
end of capsule) "5@ Ve
C24+CA3(*** ';r_w_—““" 04 0.0011 3.06
C25+CA3(***)+imm. 0.0343+0.0035 10.20
C25+CA3(***)+Imm.(basket100rpm.) 0.0372+0.0028 7.53
czs+CAﬁ ) L&W £9036020:0010 2.78
C26+CA3¢* i ~0.0358£0.0005 1.40

CA7 N~ o £0.000 0.96

*

1 % w/v 858 ml.

Remark : C26+CA1(*) denotes the propranolol HCI capsule formulation C26 (as
shown in Table 4 of chapter II) coated with the 286 ml. of cellulose acetate
solution formula CA1(as shown in Table 7 of chapter II, asterisk exhibits

volume of cellulose acetate solution.)
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As shown in Table 17, CA film weight of capsule that was coated with 572
and 858ml. of CA 1 %w/v was 2 and 3 folds greater than those coated with 286 ml.
of coating solution. The weights of CA film from capsule coated with 286, 572 and
858 ml. of CA 1%w/v were in a range of 0.0075-0.0140 g., 0.0281-0.0283 g. and
0.0343-0.0417 g., respectively. Most formulas when coated with the same amount of
coating solution had almost similar weight of coated film. The standard deviation of
CA film weight was in a range of to £0.0035. Most batches, coefficient of
variation of actual CA weight W few batches which had CV value
more than 6.

The actual ‘ e aTE N A PR | y using optical microscope.
Orifice size was the ) \\ \ dicular to each other which
each line bisects the ble 13 1 ;,_.. ents ‘\- ce size when made by using
the driller with size o 1 Figure 15 shows the orifice

3223 )
morphology that obtained f [ phott pgraph.

Table 18 : Each ce fro ._’ ) "' ‘l al t 1 20)
The size of*dfil (mm.) (mean + S.D)
0.4.J 0 &8#-0 0198
06 €an (Y 0.621 1+|/q-’0.0086

Table 18 indicates the actual orifice size that was measured by optical
microscope was almost similar with the size of driller. Disadvantage of using driller
was the untrimmed rim around the orifice.
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3.5 Cellulose acetate film morphology

SEM photomicrographs of the surface and cross section of the cellulose
acetate film from 286 ml. of CA solution with various PEG 400 concentrations
(23.08%, 33.33 %, 41.18 %, 50 % w/w in polymer), before and after dissolution test
for 12 hours , are shown in Figures 16-31. (Figures 16-19, 24-27 shows surface of the
cellulose acetate film and Fi

. V 8-31 shows cross-section of the cellulose
acetate film) \
Before dissolution test. " lasticizer in the cellulose acetate

film, a smoother # i . & '.., igures 16-19). Whereas, after
dissolution, the b -\ - orous as plasticizer increased
(Figures 24-27). S "f HQL % 1 .when contacted with water will

have more pores d -w 00 from the membrane. So the

4 " ,r 00 cor 1on.

membrane was roug

FITREpYF 4
As shown if / 0423, the eross -,- topography of cellulose acetate
film of coated capsul€ before ¢ . sctiglwater exhibited fiber-like characteristic and
became thicker fiber 2 unt of PEG 400. SEM photomicrographs of

cellulose acetate film_afies“dissofution test, (Figures 28-31) shows cavity-like
jor t0 ' ie membrane. The shape of
3400 was increased to 50.00%.

41.18 %), it was not continuous

o BN WANAT. i

the CA ﬁlm of coated capsule béfore dissolution test did not kave any cavity or pore
in b ol Wrirbag) G4 LA of cobid fphund et disotution test
had clvxty or pore due to dissolved PEG400 by water. The SEM photomicrographs of
surface and cross section proved that PEG400 was pore forming agent(Verma,
Kaushal, and Garg ,2003; Ozdemir and Sahin, 1997).

cavity was continaou

However; at low coficentrations of PEG400(23 08 %
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lastxcxzzd with 33.33'% w/w of PEG 400 in polymer before dissolution

9 RARIRAEBUN1INENA



e 19 BRI TH SIS IS 2 B ofetions e

filtn plasticized with 50.00 % w/w OQEG 400 in po@ner before

A RARIRTURWTINEIAE
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Figure 20: SCM ofi ph tomi(:rgm the cross section of cellulose
acetaf8 T jdizek With 23,08 %W/w of PEG 400 in polymer
befi 6 1est fop 12 hours(X15,000).

23\

(X A
o

;h"’.l

-

Al 142 T9
Y
Figure 21: Scanning electroff photomicrogeaph of the cros§.gection of cellulose
R el g
g

") Bt ikmapibslidized Wit 33.35 YoMt of #8490 in polymer

before dissolution test for 12 hours(X15,000).



71

> 7 -
n ph omim 1S of the cross section of cellulose
Gizéd with 41.18% w/w of PEG 400 in polymer
r 12, hours (X15,000).

Figure 22: Scanning €
acetate

before di

ns:ﬁu“ T

AU NN wmﬂ”

Figure 2;"] Scanning electron photomicrographs of the crosg, section of cellulose

A WA R VPR o rormes

before dissolution test for 12 hours(X15,000).
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Figure 24: Scanning eleetf6f proto microgr urface of cellulose acetate
film plastieiZedeWiif 23108 Yow/w 0 in polymer after

dissolutig

4
Figure 25: Scanning electro‘%phot&nicrogxﬂdthe surface of'eéllulose acetate film

& Vheshraldl 3

9

by PR d00fth oty e issolution test

for 12 hour(X750).



73

Figure 26: Scannin% ; X grap ) of the surface of cellulose acetate film

!

9 3 . :
plasticized g %&f@ﬁ ‘ 400 in polymer after dissolution test
for12h G 40\% <

U e SNt K
, o, /
F 1gur,§q2ﬁ ;lﬁn}lclni Mmgfm Ejfa’l acﬂdose acetate
film plasticized with 50.00%w/w of PEG 400 in polymer after dissolution

test for 12 hours.
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Figure 28: Scanning t i gxw;oss section of cellulose
acetate fi i%¢d/with 23.08 %w/wiof PEG 400 in polymer after

X15,000).

AUPTNENINGINS
R A R T

dissolution test for 12 hours (X15,000).
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Figure 30: Scannin h -- “m cross section of cellulose
acetate th'41 18 Y%w/Wof PEG 400 in polymer after
dissolui6n test. ‘h ars(X15,000).,

Figure 31 .%u‘ﬂk;; n’a umﬂ fl [rlgection of cellulose

acetate film_plasticiz€d with 50.00%%w/w of PEG 400 in polymer after

9 Raddia il iia g
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3.6 Dissolution study

The amount of propranolol HCI released from coated capsules in various
dissolution media, i.e., deionized water, isotonic buffer solution pH 1.2, isotonic
buffer solution pH 6.8 and potassium chloride solution were studied. The percentage
of accumulated amount of drug release was plotted against time. In this study, drug

release was observed for 12 hours: It#should be noted that at absorbance value was

pethylcellulose capsule no.1

The drug &

; les containing drug and NaCl
(1:1) coated with 3 3 s 1\ plasticized with DEP (coating solution
formula DP1) and pua€ izes, i.e., 0.25, 0.4, 0.6, 0.8 and 1
mm and various nufnbgf of orifice {1-6), are showr in Figures 33 and 34. Deionized

water was used as dis§olufion médifins Bositi A offorifice was shown in Figure 32.

X
J

AULINENINYINT
RININIUNRINYAY
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1 orifice 6 2 orifices S 3 orifices
@: 6 orifices

Figure 32 ; lustsation of the orifice position of capsules

Figure 33 showg tht thiedru releas \0 HPMC capsule no.l was not
increased with increasinglorifice size j#hie numbers of orifices size of 0.6 mm. were
then increased in the later t . <4k n Figure 34, drug release was very slow
even through six orifices-was-made psule. The time of gelatin and HPMC
capsule shells tofsecompletely dissotved T 000 o) delomzed water were tested
using USP Disso ‘ Of ’E 0 rpm). It was observed that the
dissolution time of'gelatin and HPMC capsules were28.33 and 48.67 minutes(n = 3),
respective Sﬂﬂﬁ i an HPMC capsule No.1.
and the d@ ﬁﬂﬁ Mﬁ as igher than coated HPMC
capsule (plasticized with DEP“and punctured to have orifiee’ size of 0.8 mm. as
S NP 1 ok WL V) Sk e s o

capsule when coated capsule punctured to have orifice size of 0.4.(Figure 35).
Gelatin capsule was therefore selected for further study under topic 3.6.2.
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100
——0.25 mm.

80
- —a— 0.4 mm.
% 60 —a— 0.6 mm.
o0 —x—0.8 mm.
E 40 —o— 1 mm
4

eseslo

Figure33 : The releast :  various 0 :\.:; &f propranolol HCI coated
: | ug:NaCl(1:1) were coated

\\¥ \ ith 23.08 %w/w of DEP in

QW']Nﬂ‘iﬂJNW’I’WIEJ']aEJ

34 The release profiles of various number of orifice size of 0.6 mm from
propranolol HCI capsules (HPMC capsule No.1) containing drug:NaCl
(1:1) were coated with 335 ml. of CA solution plasticized with
23.08% w/w of DEP in polymer.
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Figure 35: Comparati \\\\ sranolol HCI coated HPMC

capsules ag ‘:: : , from capsules containing
drug:NaCl( ‘ﬁo dtediw \\ A solution plasticized with
23.08 % of DEP ir'p 8 '

mm.

ed to have orifice size of 0.4

d
—
3
J/‘

Figure 36: Comparative release profiles between propranolol HCI coated HPMC
capsules and gelatin capsules(capsule no.1) from capsules containing
drug:NaCl(1:1) were coated with 335 ml of CA solution plasticized with
23.08 %w/w of DEP in polymer when punctured to have orifice size of 0.8

mm.
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3.6.2 Drug release from coated gelatin capsule no.1.(preliminary)

Effects of plasticizer type, PEG400 and DEP, on the drug release from coated
gelatin capsule No.1 were studied. Deionized water was used as dissolution medium.
The drug release profiles from gelatin capsule no.1 coated with 335 ml. of CA
solution plasticized with 23.08 %w/w of PEG 400 in polymer and DEP when

punctured with orifice size of 0.4 arg shown in Figures 37 and 38.

z ith DEP, owing to water-soluble
T ——

property of PEG400. As.showiiin Figure 37 "at-duzation of 2 to 12 hours, the drug
release of capsule coz it PEGA00- . zedfilm was higher than those with
DEP-plasticized filmsgigufc A8 Allostrated that.at duration of 2 to 7 hours, drug
release rate of capsule gdatg ca ."'{; X "\ ith PEG400 was higher than
those plasticized wi . ‘ ’ »‘ g ‘a o 2 hours, they were similar.
Since PEG400 was % sdluble plasticizer, so, CA formed porous film after

contacted with water an€ embrane to dissolve the gelatin
shell which was higher with DEP-CA film, as DEP was water-
insoluble plasticizer. Whe;n;@@r d. partially, increase of water influx

through membrang-fo' dissolve drug and osmotic a; sent: ) Therefore , the drug was

released through bot 'W—

plasticizer, the drug-was released only through the o ! ice because the film did not

form porous film due td water-insoluble pfoperty of DEP.
As shown u ﬂ%%ﬂ%ﬁﬂﬂw@ Q@ with DEP-plasticized

film with oriﬁ%!: size of 0.4 mm. released less drug than those with orifice size of 0.8

. SRS} o0 o8 el b b bl e capsle shel

was dissolved difficultly resulting in obstructing water influx through CA film. Thus,

,; oated capsule with DEP as

the drug and osmotic agent was less dissolved due to less water influx through orifice
and membrane resulting in less drug release. Moreover, the drug did not release
through pore of cellulose acetate film due to water-insoluble property of DEP.

Since drug release of coated capsule with PEG400-CA film was higher than
those with DEP-CA film. Thus, PEG400 was used as plasticizer for further study.
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with 335 ml. of CA solution
er and with 23.08 %w/w

Figure 37: Comparative rgi€a
no.1) contaifiing
plasticized x

of DEP in po ifice size of 0.4 mm.
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Figure 38: Comparative release profiles of propranolol HCI coated capsule(gelatin
capsule No.1) containing drug:NaCl(1:1) were coated with 335 ml. of CA
solution plasticized with 23.08 %w/w of PEG 400 in polymer and with
23.08 %w/w of DEP in polymer when punctured to have orifice size of

0.8 mm.
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3.6.3 Drug release study of coated gelatin capsule no. 2

As mention under topic 3.4.12, since gelatin capsule no.l was not suitable to
load 80 mg. of propranolol HCI , so the smaller size of gelatin capsule no.2 was used
as shell instead of capsule no.1. The other reason to change the capsule size was that
the drug release from coated gelatin capsule size no. 2 was higher than coated gelatin
capsule size 1 at orifice size of 0:8 . (Figure 39 and 40). Following factors ie, the

size and number of orifice, amount of thickness of membrane, position of
orifice, amount of osmoti sent g of rotating apparatus, various
tonicity of dissolutio plution medium, and interaction
between osmotic ag was studied to observe theirs
influence on drug } as dissolution medium except
study in influence o olution medium.

Typical calibrati
type ie, deionized Watgf, bt ffex ;solut D | n 2, b ffer solution pH 6.8, isotonic
buffer solution pH 1.2] is
solution (0.1588 M) , C :
solution , 2 M potassium- shiotide 2

(Appendix A) “=
V.

1 in various dissolution media

6.8, isotonic potassium chloride
' solution , 1 M potassium chloride
e shown in Table 1A and 3A-10A

sa

!D 9
ﬂumwﬂmwmm

’QW'WMﬂ‘iElJ UAIINYAY
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Figure 39 : Comp Ale \\\‘\ anolol HCI coated gelatin capsule
335 ml.(ng \ \
w/w of PE

ammhmumﬁmmu

Time (hr.)

Figure 40 : Comparative release profile of propranolol HCI coated gelatin capsule
no.1 and no.2 from capsule containing drug:NaCl(1:1) were coated with
335 ml.(no.1) and 286 ml.(no.2) of CA solution plasticized with 23.08 %
w/w of PEG400 in polymer when punctured to have orifice size of 0.8

mm.



a) The effect of orifice size on drug release.

The effect of orifice sizes on drug release was investigated. The release
profiles of various orifice size, i.e., 0, 0.4, 0.8 and 1mm. of capsules containing drug
and NaCl(1:1)(formula C23) coated with 286 ml. of CA solution plasticized with
23.08 %w/w PEG400 (coating solution CAl) are shown in Figure 41. The drug

AULINENINYINT
ARIAATAUNNIINGA Y
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Figure 41: The asgfproties  of- \\ ze of propranolol HCI coated

coated with 286 ml. of CA

726 %\ %w/w of PEG400 in polymer.

;‘1 % Drug ‘rel.e.ase

ammﬁfﬁu iim“mhé’a

Fxgure 42: The release profiles of various orifice size of propranolol HCI coated
capsules containing drug:NaCl(1:1) were e coated with 858 ml. of CA
coating solution plasticized with 41.18 %w/w of PEG400 in polymer.
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(1:1) were coated with 858 ml. of CA solution plasticized with
41.18 %w/w of PEG 400 in polymer when punctured to have various

orifice size.
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. Previous paper reported the effect of orifice size on drug release (Ozdemir

and Sahm, 1997; Mahammadr-Samam, 2000; Lui et al.,2000; Lu et al. 2003) ,
Lui et al.,2000; Lu et al.,2003 reported that there was an appropriated range of
orifice sizes for ele_mentery osmotic pump; these must be smaller than the maximum
limit to minimize the contribution to the delivery rate made by diffusion through the
orifice. Also, they must be larger than a minimum limit, to minimize hydrostatrc

pressure ‘inside the system. no difference of drug release rate in an

appropriate range of orifice:

difference of drug reles ezious|orifice asing orifice size resulted in an
_ increase in release zat€" -
. ated capsules with orifice size
: e as those between the orifice
of 0.8 and  mm. A o dRD “ o eleas \- coated capsules without orifice
07, 10.7203, 5.6372 and 5.2645.
der of average RDT of drug release
of coated capsule was ifice size of 0.4 > 0.8 > 1 mm. RDT
indicated that the drdg_ rel 3t ith increasing the orifice size. The one
way ANOVA -:1' showed statistically non-significa it difference (P > 0.05) of RDT
oof drug release {rd v ate 0 and 1 mm.,the same as those
and 0.4 mm. When the oriﬁcemze increased, the gelatin shell
might be d m r influx through orifice. Consequently,
water 1nﬂ Wﬂ%m&a i}: obstructed by gelatin
lump, thus e drug release incrgeased. The rgsult shows that grifice size effected on

SSFANNNITUNNINETR Y

As shown in Figure 42, using 858 ml. of coating solution, the statrstlcally

and with orifice si

hours, respectively. A

of without orifice

significant difference(P < 0.05) of RDT of drug release among various orifice size of
coated capsdles (no orifice, 0.4, and 0.8 mm.) was found. The result was in contrast
with those the coated capsule with orifice size of 0.8 and 1 mm. (P > 0.05). The
average RDT of drug release of coated capsule without orifice and with orifice size of
04,0.8 end 1 mm. was 11.5815 , 11.0752 , 10.5554 and 10.3262, respectively. The



order of average RDT of drug release of coated capsule was without orifice>orifice
size of 0.4>0.8>1mm.(Figure 44). The RDT showed that the drug release increased
with increasing orifice size. The result showed that orifice size effected on drug
release. The cause was mentioned in the previous paragraph. The orifice sizes of 0.8
and 1 mm. was found to give the minimum lag time and could be explained as same

as the previous reason.

level on drug release
4

‘ ——
The effect.@fthe Plasiicizér ou druig

the drug release

= was investigated. The data and
| : arious levels of PEG 400 as
plasticizer from capsiile £oaf: rug :1) (formula C23) coated with 286

in Figure 45 and 46 regbefiély. [ ‘
As shown iy € %‘@“ 46,\the, drug release rate increased with

increasing PEG400 €onge ' f _-.'asti"c_ zer from concentration of 33.33 to
50.00% w/w in polymef. e elease rate was not apparently different
#1:23.08 to 33.33% w/w of polymer (P >

cabilits of water increased as more

when increasing PEG40
0.05). When aniguilh
leaching out o { void space in the membrane,
consequently, the-gelatin shell could be dissolved*#apidly , and more drug release
from the ¢ m lasticizer for controlling
membraneﬁfu u t%l ﬁoaﬁdgm ﬁtﬁlﬁaﬁt of surface topographys
of cellulose acetate film, after dissolution testFigure 24-27), more pores of cellulose
Y TRVRENT AV VET Tatak RN Vit
that 3lasticized with 50.00%w/w of PEG 400 in polymer had minimum lag time. It
was explained that the highest amount of PEG400 gave more porous film, so much
water could diffuse through cellulose acetate film causing the minimum lag time of
drug release.

Deepak and Kilambi (2003) reported that the drug release rate increased
linearly as PEG400 increased. Whereas, Figure 47 shows that RDT decreased non-
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linearly as amount of PEG400 increased. The drug release rate was dependent on
dissolvable behavior of gelatin shell. So, osmotic system in tablet form behaved
differently from those making using gelatin capsule whose drug release was
dependent on the dissolution of gelatin shell.

As shown in Figure 49-52 and 47-48, the statistically significant difference
of RDT of drug release(P<0.05) between coated capsule without orifice and with

orifice size of 0.4 mm. of cap , 23 (drug:NaCl = 1:1) coated with 286 ml
of CA solution with certain.concentration of BEG400 as plasticizer (23.08%, 33.33%,
41.18% and 50.00%) was-feunc P 18 ed that the orifice influenced on

drug release rate. AtJowseotioentratibn of PEG40G4in polymer (23.08% and 33.33 %

wiw), the orifice JfflugdCed  slig on the “drug release, whereas at high
concentration of [ : nd  50.00%w/w), the orifice
substantially effected in helddig release as PEG4 0.at high concentration providing

more porous film and j#s

~

% §
AULINENINYINT
AN ITUNNINGAY
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——PEG 23.08 %
80 {—=—PEG33.33 %
——PEG41.18%
——PEG 50.00 %

% Drug release

Cl coated capsules containing

Figure 45 Th;: relea( N
i : peofiles of 1
drug:NaCl € Coais \\‘\\’\ f CA solution plasticized with
3 \.\k\\ |

various level@ fice.
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. ‘os%

| "‘i’mﬁfsrm
i lasticized with

various level of PEG400 when punctured to have orifice size of 0.4 mm
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in polymer)
Figure 47: The influg _ 0 (w/w of 'polymer) in the
cellulosc€eta il ihe RDT (relative dissolution time) of
propranolef @l ¢ sl eontaining drug:NaCl(1:1) coated with 286 ml.
of CA solu ‘ \ vels of PEG400 and without

orifice.
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anure 48 : The influence of concentration of PEG400 (w/w of polymer) in the
cellulose acetate film on the RDT (relative dissolution time) of
propranolol HCI capsule containing drug:NaCl(1:1) coated with 286 ml.
of CA solution plasticized with various levels of PEG400 when punctured

to have orifice size of 0.4 mm.
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(1:1) were coated with 286 ml. of CA solution plasticized with 33.33%w/w
of PEG400 in polymer without orifice and orifice size of 0.4 mm.
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C) Effect of membrane thickness on drug release.

The effect of thickness of cellulose acetate film on drug release was
investigated. The drug release profiles of various CA thickness levels of capsule
containing drug:NaCl(1:1)(formula C23) coated with CA solution plasticized with
41.18 %w/w of PEG400(formula CA3) without orifice and punctured with orifice

size of 0.4 mm. were shown in and 54. Those of capsules containing
drug:NaCl(1:1) (formula C2 plution plasticized with 50.00 %w/v
PEG400 in polymer(coatin ithout orifice are shown in Figure
55. '
and C with various
thicknesses off
Amount of | Thickness of QA , I ofiform ‘ \ RD of formula | RDT of formula
1%wy | film(dm. e c
CA (ml) F J | 2ans
286 31.56 ¢ b 8.4735 5.6340
572 81.72 LTk, ¢ N 10.6225 11.0197
858 ' 3 11.3087
A = Capsule contairi -';: d: “\' nula C23) was coated with
CA solution pla ‘ ized with 41.18% w/w of PEG #00 in polymer (coating

solution
B = Capsule m Erﬁcs) mﬂ amiﬂ) was coated with

CA solutlon plasticized with 4¥.18%w/w ofREG 400 in polynter (coating
sl oty GA3) ebeh i e priccdsidegf Gmm.

C= Capsule containing drug and NaCl (1:1) (capsule formula C23) was coated with
CA solution plasticized with 50.00%w/w of PEG 400 in polymer (coating
solution formula CA4) without orifice.

* Thickness of cellulose acetate film obtained from topic 3.1.
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Figure 53:The release piofilcs jules containing drug:NaCl
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9 (1:1) were coated with various amount of CA solution plasticized with

41.18 %w/w of PEG400 in polymer when punctured to have orifice size of

0.4 mm.
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As shown in Figures 53-55, the thickness of cellulose acetate film influenced
on drug release rate. The drug release rate decreased as the thickness was increased.
The drug release decreased dramatically when the thickness was increased from
31.56 to 81.72 pum., whereas it decreased slightly as increasing thickness from 81.72
to 110.00 pm. According to ANOVA test, it was not different significantly between
the film thickness of 81.72 and 110.00 pm.

membrane increased. Sin = rease ickiiessof cellulose acetate membrane caused
‘
h.CA film (Deepak and Kilambi,

2003) resulting in dger€asg®Lditiy e that membrane thickness had
a profound effect omsdrugfrele, € 1 \«\\ ined according to the report of
Theeuwes(1983) 3 i nce, to water diffusion caused
decreasing drug releas rela \ RDT and membrane thickness
was not linear. Thisf¢la ip i '! : &l of Theeuwes et al.,1983; Appel
and Zentner,1991 to, Rajewski, and Stella,1998;

Okimoto et al.,1999; Lit et/ 200 ' )¢ and Kilambi,2003. They reported that
the relationship betwe % taie’ and membrane thickness was linear. Gelatin
shell might .c'-»-"‘" and reports of previous
mentioned papers®_The d pendent on dissolving gelatin as

previously described:

e ﬁﬁﬁﬁ%ﬁ ﬁmmﬂ;‘t;;::i:‘z:;

release at less film thickness. The drug releasg-tate increased when amount PEG400
R ST IR ke R v ANV
indicated significant difference of RDT between 41.18% and 50.00% w/w of
PEG400 in polymers.

The coated capsule with high thickness film showed maximum lag time, in
contrast with the coated capsule with low film thickness.
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Flgure 57: The relationship of thickness of CA film and RDT of capsules containing
drug:NaCl(1:1) were coated with various amount of CA solution

plasticized with 50.00%w/w of PEG400 in polymer without orifice.
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F iguq'e 59: The release profiles of propranolol HCI coated capsules with 41.18% and

50.00% w/w of PEG400 as plasticizer from capsules containing drug and
NaCl (1:1) were coated with 572 ml of CA solution without orifice. ‘




100

100
55 —— 50.00% w/w of PEG400
9 —u—41.18% wiw of PEG400
]
2 60 -
£
1]
£ 40
=
2
20 -

-8 10 12

Figure 60: The release®roilesc TR “xﬁ}” ed capsules with 41.18% and
50.00% vy o LPLE 400 as plasticizer fromijeapsules containing drug and
NaCl (1:1)4€apshlé Brmula € 23) wete coated with 858 ml. of CA

solution with

] )
AULINENINYINT
IR TN TN

o



101

D) Effect of osmotic agent on drug release

The effect of osmotic agent on drug release was observed. The release profiles
of capsule containing various amount of NaCl coated with 858 ml. of CA solution
plasticized with 41.18 %w/w of PEG400 in polymer(coating formula CA3)and
punctured with orifice size of 1 mm. are shown in Figure 61. Those of capsules
containing various amount of Na ﬂ\ ’ ated with 286 ml. of CA solution plasticized

with 50.00 %w/w of PEG40( PO @oating formula CA4) without orifice are
shown in Figure 62. — ’

ﬂUEJ'WIEWIﬁWEﬂﬂ‘i
’QW]Mﬂ‘iﬂJﬂJWTAV]H'\ﬂU
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Flgure 62: The release profiles of propranolol HCI coated capsules containing various
amount of NaCl were coated with 286 ml. of CA solution plasticized with

50.00%w/w PEG400 in polymer without orifice.
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Figure 63 : The relati VaCi andRDT of drug release from
capsules goate { §58- 1. of CA o on plasticized with 41.18%w/w

of PEG409 | - when punctur 0 have orifice size of 1 mm.
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64 The relationship of amount of NaCl and RDT of drug release from
capsules coated with 286 ml. of CA solution plasticized with 50.00%w/w
of PEG400 in polymer without orifice.
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The previous published paper reported that the release of drug was enhanced
as the concentration of osmotic agent was increased(Ozdemir and Sahin, 1997 ;
Thombre et al., 1999; Liu et al., 2000 ) As shown in Figure 61, the slight difference
of drug release rate was observed while amount of sodium chloride was changed.
After 4 hours, the drug release rate that obtained from capsule formula without
sodium chloride was higher than those containing sodium chloride. This finding

might be aggregation of gelatin fipmyinteraction with sodium chloride. (Hwang et
2 » ion obstructed water influx through the
pore of cellulose acetatedi )

ight drug dissolve inside the system
and lower released drugewas ol ; gonsideration of RDT values, capsule

formula C26(drug:Na@ \‘v \RDT value(9.273)(Figure 63) and

the highest drug rgl€ascsTs greal \ \ ormula C23(drug:NaCl = 1:1)
provides the highest RDF val¢ : 3) and the lowest drug release
rate. RDT of dissclutigf pfofiles tl(ny % om capsule formula C24 (drug:NaCl
= 1:1.69) were nonfsiggifi ' >0 ' from those of capsule formula
C26 (drug:NaCl = 1:0). § ila ly. 6o difference ¢ capsule formula C24 (drug:NaCl
= 1:1.69) from capsule forx 7 :

| aCl = 1:2.38). As shown in Figure 63,
RDT of capsule formula Q}

(26 were 10.3262, 9.6988, 9.2835, and
9.2743 respectiyeh clease rate of capsule formula
were ranked in oader o C2 >( lag'times of four formulas were

almost similar whjm were in a rang -
As shown in ﬁi: 62, the resultsof effect of osmotic agent on drug release

oﬂ w‘}w Qﬂﬂ §ce of drug release in each

formula wasq'l)bserved. Drug relgase rate mcrgsed while amoe?t of sodium chloride

P B B 0 ) s s

of whter into capsule resulted in higher drug release rate. However, formula without
sodium chloride had the highest release rate during 4-8 hr. This behavior was

was sirml

mentioned in previous paragraph. The drug release rate of coated capsule without
sodium chloride(capsule formula C26) was almost similar to capsule formula C23
(drug:NaCl = 1:1) duration 8-12 hr. As shown in Figure 64, The RDT of drug release
of capsule formula of C21, C22, C23, C26 were 6.9743, 6.2180, 5.6340, 5.5769.
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Based on RDT values, the drug release rate of capsule formula were ranked in order
of C26>C23>C22>C21. ANOVA showed no significant difference between capsule
formula C23(drug:NaCl = 1:1) and C26(drug:NaCl = 1:0), the same as between
capsule formula C23(drug:NaCl = 1:1) and C22(drug:NaCl = 1:0.7). The lag times of
four formulas that were almost similar approximately in a range of 0.25-0.75 hours.

Influence of yasious fonicity of dissolutiomymedium on the drug release was
studied. KCI solutig '
the study. Osmoti

ed as dissolution medium for
{stnic\sol \ 300 mosm. that KCI solution
88 M Was \isotonielsolution. So KCI solution that

possesses more solute  , ‘ : ': as \\\: solution. (0.5 M, 1 M, 2 M.).
The drug release profilesfin de wa » d concentration of various KCl
solution ie, 0.1588 M4#0.5fM, 1 Vi 4d@AM ar
Figure 65 shows't ¢

with concentration

in Figure 65.

e rate decreased with increasing KCl
concentration in the release KCl concentration was increased, the
osmotic press e-di rence across the mermUEN =grgased resulting in decreasing
the drug release"réte. Tt : e ' of KCl was increased,
higher KCl diff l' through CA film resulting in 'gher aggregation of dissolved
gelatin shell, higher Sbslmctinglvater nflux throgih fjore of cellulose acetate film,

te!

and lowef i) ke Pisik ikt

aggregation%f dissolved gelatinghell to obstruct water influxyThus, the drug release

L[ T

NaCllinside the capsule(only 35%w/w of drug) as cause of those aggregation. When

issolution medium, less

concentration of KCl solution was increased up to 2 M, very small amount of drug
release was observed and no significant difference between 2 M and 1 M of KCl
solution (P>0.05). The result was similar to the observation of several reported
papers, i.e., Ozturk and Palsson,1990; Okimoto et al ,1998; Deepak and Kilambi,
2003 ; Zhang and Wu, 2003.
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As shown in Figure 66, RDT increased as the concentration of KCl was
increased. RDT of the drug release in the deionized water had the least value that
exhibited the highest drug release. On the contrary, RDT of drug release in 2 M of
KCl solution was the highest value that exhibited the highest drug release.

The lag time increased while the concentration of KCl was increased, the lag
time was as long as 3 hours in 2 M of KCl solution.

;
AULINENINYINT
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\. ated capsules in various KCl
”/Eé \ 2:NaCl(1:0.35) were coated

50.00 %w/w of PEG400 in

Figure 65 : The releasg

concentrati

c'nce llthlll KCl(lI\'I ) 2
" PRI yrrey T ¥
capsules containing drug:NaCl(1:0.35) were coated with 286 ml. of CA
solution plasticized with 50.00 %w/w of PEG400 in polymers without

orifice in various KCl concentration.
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F) Effect of pH on drug release.

Influence of pH of dissolution medium on drug release was studied.
Dissolution media, i.e., buffer solution pH 1.2 and buffer solution pH 6.8 that
followed USP XXVI were adjusted to isotonic with KCI or deionized water. The
solution was adjusted to isotonic that was measured by Osmomat®. This instrument
expresses unit as osmolarity(os: drug release profiles of coated capsule
containing drug:NaCI(1:0.35) ar th 286 ml of 1%w/v CA solution
plasticized with 50.00 - er without orifice in isotonic buffer
solution pH 1.2 and

ose in pH change and deionized

water shown in Fi

same as paper of difference of release profile in

simulated gastric flui d was found.

Figure 67 sho c& of dftig release rate in duration of 0 to 6 hours
because gelatin shell mi; - ';; ved in apletely in this interval time. Whereas,
it was different.d . : {Eddration of 6-12 hours, the drug
release rate was Higher i :\'- 6.8 because solubility of

propranolol HCl was higher in buffer pH1.2 than<in buffer pH6.8. Solubility of

propranolo .ﬁ:ﬁl akr(2001). They reported
that pmpﬁij eﬁ‘ﬂiﬁmﬁ ﬁ f a weakly basic drug;
therefore, it shows a pH-dependént solubilityin the pH rangg of the gastrointestinal
ke e T
360 g/ml in water. At 12 hours, amount of drug released in buffer pH 1.2 and buffer
pH 6.8 was 71.7819 % and 57.5220 %, respectively. ANOVA showed significant
difference(P<0.05) between RDT of drug release in buffer pH 1.2 and in buffer pH
6.8. The lag time of propranolol HCI release was longer in buffer pH1.2 than in

buffer pH6.8. The result in dicated that pH of dissolution medium affected on drug
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release. Since this system had pore in cellulose acetate film for water influx and
diffusion of substance into the system due to smaller size of substance than pore of
the film. Thus, dissolvable of drug was dependent on pH of dissolution medium.

As shown in Figure 68, pH change of phosphate buffer followed USPXXVI.
(The first hour, pH 1.2 phosphate buffer was used as dissolution medium, after that
pH 1.2 phosphate buffer was replaced by pH6.8 phosphate buffer for the last eleven
hours). At the first hour, the drug was not released because the gelatin shell might be
i . g began release after the first hour
that was the time of cha agedissolution om phosphate buffer pH 1.2 to pH
6.3. The drug release gt r id B4, water than in phosphate buffer

because osmotic press

sembrane of coated capsule was
larger in deionized y nd solubility of propranolol HCI
was higher in deioni ‘ ffers. Using phosphate buffer as
dissolution medi AGHC drug release w 53 .27% in 12 hours providing RDT
of drug release as 87976. Wheréds, : er, amount of drug release was
85.64% in 12 hours pviding R as 6.9743 (Figure 69). The result
exhibited that phosphate g release when compare to deionized

water.

ﬂumwamwmm
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Figure 67: The rel Drop .\..?s [C] coated capsules in pH 1.2 and 6.8

phosphat€ buffer that wete adjusted as isotonic solution from capsules

containigg dgg Nal (:035) were \~\ ed with 286 ml. of CA solution
plasticizedéV 004 of F G400 in polymer(coating formula
CA4) witho \
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Figure68: The release profiles of propranolol HCl coated capsule in pH change
(no adjustment to be isotonic solution) and in deionized water, from
capsule containing drug:NaCl(1:0.35) were coated with 286 ml. of CA

solution plasticized with 50.00 % w/w of PEG 400 in polymer (formula
CA4) without orifice.(0-1 hr.in pH 1.2, 1-12 hr.in pH 6.8).
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Figure 69: The rel hipbetween RD’ dissolution medium of capsule
weré,coated with 286 ml. of CA solution

§ t\*o in polymer.
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G) The effect of interaction between osmotic agent and gelatin on

drug release.

Since gelatin had charge and may interact with ionic charge of osmotic
agent such as NaCl. Thus, effect of ionic species of osmotic agent on aggregation of
dissolved gelatin shell was studied. In this experiment, osmotic agent ie, NaCl, KCl,

orifice size of 0.8
As sho lease rate of propranolol HCl
ighest drug release. The drug

higher than those containing

coated capsule
release rate of coat
lactose because os SuCrose solution was higher than
saturated lactose soluti oated capsule containing NaCl and
and 73, RDT value of coated

those containing KCI and NaCl.

KCl were almost simila
capsule containing sucrose 2

Drug release rate of coated: ; €f ucrose and lactose was more than

R i —F

those containink kCland N ANOVASE significant difference of RDT

o
fv— \'
between coated capsule = V

difference of RD tween coated capsule containing sucrose and lactose.

AVE2IPN 113V 1N (1301 RN
pressure a containing lactose and
sucrose. It should provide druifelease coatedhcaisule contaihing NaCl and KCl in

hlgﬂf mm ‘&J")Pa V&lreaS, this result is

not 1n accordance with previous mention. The drug release rate of coated capsule

ereas, it shows significant

containing NaCl and KCl was lower than coated capsule containing lactose and
sucrose. It might be explained based on the report by Hwang et al.(1998). They
reported that at low ionic strength solvent, the chance for charged particles of gelatin
to collide and form hydrogen bonded aggregates is reduced by the repulsive

Coulombic forces between charges on the macromolecules of gelatin. As solvent
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ionic strength is increased, however, the Coulombic interactions are screened out
more and more completely by the charges on the solvent ions, allowing the
marcromolecules to aggregate more readily. Thus, this explanation supported that the
high ionic strength of saturated solution of NaCl and KCl caused aggregation of
dissolved gelatin shell resulting in obstructing water influx through CA film.
Consequently, the drug release rate was low. On the contrary, lactose and sucrose had
low ionic strength resulting i ogregation of dissolved gelatin shell and

obstructing water influx. rate was high
Figure 74-77 shows that i e ifice on drug release from coated
capsule containing KCLgiiNa 3 igherdegree than those containing lactose or

decreased due to water influx
th \.\ elease was less inhibited by lump of

had more osmotic pressure than

sucrose. Aggregatiog
through orifice to dig

gelatin, Moreover, saifira

saturated lactose 2 Lcfosé sollition ausing more influence of orifice on drug
release. 4 | \

The lag times .:7; ) ifice was in a range of 1-2.5 hours.
Whereas, the lag time of Coaéd €apsul ce size of 0.8 mm. was decreased to

about of 0.25-0.5 hours. =75 {;} 778

sac

y §
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Figure 70: The release pré \« soated capsules from capsules
containing afio _ \ ic agent were coated with 286 ml.

of CA soluti w of PEG400 in polymer

without Or1fige.

AMAASNIN Mmfa‘:immmm

containing amount of various pure osmotic agent were coated with 286
ml. of CA solution plasticized with 23.08 %w/w of PEG400 in polymers
when punctured to have orifice size of 0.8 mm.
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NaCl

ious pure osmotic agent and
: erecoated with 286 ml. of CA
solution pif d'with 23.08 of PEG400 in polymers without

orifice.
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q Wl N ‘?ﬂéﬂlﬁ‘mﬁﬂ’fﬂ d

Figure 73: The relationship of capsules containing various pure osmotic agent and

RDT of drug release from capsules were coated with 286 ml. of CA
solution plasticized with 23.08 %w/w of PEG400 in polymers when
punctured to have orifice size of 0.8 mm.
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Figure 74: The re
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% drug release

2 o4
Fssd] v’ﬂﬂ am@ufumfaw'ra &4 of 08 mm. of
propranolol HCI coated capsules from capsules containing pure sucrose

(formula C27) were coated with 286 ml. of CA solution plasticized with
23.08 %w/w of PEG400 in polymers.
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Figure 76 :The relez & prof ce size of 0.8 mm. of
propranol@ aged capsules f apsules containing pure NaCl
(formula G25) yege goa . ith 28¢ 50 plasticized with 23.08
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Figure 917: The release profiles of without orifice and orifice size of 0.8 mm. of
propranolol HCI coated capsules from capsules containing pure KCI

(formula C28) were coated with 286 ml. of CA solution plasticized with
23.08 % w/w of PEG400 in polymers.



118

H) Effect of agitational intensity on drug release.

Effect of rotating apparatus type and speed on drug release was studied. The
drug release profiles of capsule containing drug:NaCl (1:2.38)(formula C25) was
coated with 858 ml. of CA solution plasticized with 41.18 %w/w of PEG 400 in
polymer(coating solution CA3) and orifice size of 1 mm. were shown in Figure 78,

respectively. Figure 79 shows the relationships between RDT with various rotating
apparatus types and speeds. . v} :
As shown in Figure 78.an 5 indicated that the increasing order

The difference of hydiedVadt sach roOtating apparatus might cause the
difference of drug relcase. ' vement of paddle was more intensive than of
basket resulting in mo lug jof thr ugh bo pore of the membrane and

d providing higher release

. 1= W\
rates. However, ANOWA g€sg'sho d-in igni fieant difference (P > 0.05) of RDT
between basket 50 and | .50 rpmAThe result indicated that 50-100
rpm of basket and 50 rpaiof padd J d notyaffect on drug release. The result was

2] srsai.e., Theeuwes et al., 1983; Okimoto,
Rajewski and Ste!& 1999 00 : 003; Verma, Kaushal, and
Garg, 2003; Zhang 0d W 2004. Thus, the mobility of the
gastrointestinal tracthght'o 1y sligl affect the dngrélease of the coated capsule.
Lag time of drug release using various rotating apparatus type and speed which were

nacmge oG HARTHE 1N T

Figure®9 shows that vanatoxon of RDT was higher when i mcreasmg the speed

of bﬂj&'ﬂrﬁﬁ ﬂus m Wﬂu as increasing
speed @f rotating appar: mparison between basket paddle at 50 rpm,

variation of RDT of drug release when using paddle was more than using basket at 50

rpm. It might be explained by the different fluid movement in rotating apparatus type
caused different variation of RDT.
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Figure 78: The rel ofilcs : ed capsules, using various
rotating apParatisdypé 2 si_}gf d from capsules containing drug:NaCl
(1:2.38) wefe : L of GA solution plasticized with 41.18%

w/w of PE tured to have orifice size of 1

4

AUEANYNINYINT

QAT Ta e

of apparatus

Figure 79 : The relationship between the relative dissolution time (RDT value) of
propranolol HCI coated capsules and rotating apparatus type and speed
from capsules containing drug:NaCl(1:2.38) were coated with 858 ml. of
CA solution plasticized with 41.18 %w/w of PEG 400 in polymers when

punctured to have orifice size of 1 mm.
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I) Effect of the orifice position on coated capsule on drug
release.

Influence of orifice positions on coated capsules on dug release were studied.
The drug release profiles from capsules containing drug:NaCl(1:1)(capsule formula
C23) coated with 858 ml. of CA solution plasticized with 41.18 %w/w of PEG400 in

] /-
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Figure 80 : The rel NYO * oated capsules containing
drug.Na ' /-/ 0¢ . of CA solution plasticized with
41.18 %W/ o 30400 in e punctured to have orifice size

0 aff a) A ofifice \\\\ orifices at the
£1 Ir \\\\ le, b) 2 orifices at the both

end of thgi€ap o side of the capsule.
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Flgurg 81: The relationship of orifice position and RDT of drug release from
capsules were coated with 858 ml. of CA solution plasticized with
41.18 %w/w of PEG400 in polymer orifice when punctured to have
orifice size of 1 mm.: a) 1 orifice at the end of the capsule, b) 2 orifices at
the both end of the capsule , c) 1 orifice at the side of the capsule.
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As shown in Figure 80 and 81, the drug releases that have the least RDT
value(8.3006) was from coated capsules with two orifices at the both end of capsules
and was faster than coated capsule with one orifice at the side position of capsule and
with one orifice at the end of capsule(RDT=9.7105 and 10.3262, respectively).
ANOVA shows statistically significant difference of RDT of drug release in three
formula. RDT showed drug release rate of coated capsule with one orifice at the side

position of capsule greater than, orifice at the end of capsule. It might be

explained by gravity effec of drug release was in the direction of

gravity, the saturated d rapidly due to contribution of
gravity force. Whil eoated capsules with one orifice at
the side position vedi.downward, consequently, the
direction of drug r ty. Thus, the drug from coated
capsule with one ori psule released was faster than those
with one orifice at the #nddoficdp ‘ é!'e? oI ose direc {. of drug release was not similar
to the direction of gray .«'Q)J%F} \ riation .\ RDT of coated capsule with one
orifice at the side positiog of gﬁjsj; 5D=0.4730) was greater than those with one
orifice on the end of capsulé4SD=0-: e {0 previous cause. This might be due
to some coated capsule with-grifice ide position in the dissolution vessel
during dissoluti -,m es have position ¢ rientation provides the drug release
from the orifice inthe sar “Therefore, the more difference
Ited higher SD value of R t"l' On the contrary, the more
uniformity ﬁ of ¢ ne _orifice at the end of capsule
provided lﬁ ‘ﬁ ’3131&1 m‘ﬁrﬁ %onﬁce at the both end of
capsule whose the highest valuegof SD of RDTI and drug release rate indicated that |

t'aprfe of ok BFegel b U9 g Y doh G petcas. Lag times

of thfee formulas that were almost similar approximately in the range of 0.25-0.5

of drug release res

hours.
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j) Photographs of propranolol HCI capsules at various dissolution
time.

Figure 82 shows the coated capsule between dissolution test at various time,
0, 4, 8 and 12 hours. At the time of 4 hour, a partial gelatin and ingredients inside the
capsule were dissolved. The total volume of the capsule appears to remain essentially
olume of the core occupied by the drug
g solution through the delivery port

and porosity in the film=Ad the e of "8k ‘medium amount of white drug-
- , >

unchanged so that the decrease in jths

the total volume of the capsule

\ \s\. arance of white drug-ingredient
a shell of the cellulose acetate

\ icates that the cellulose acetate
\\ R \

al volume of the capsule was

increased slightly due to £ fe yréssute and swelling of gelatin.
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D

Figure 82: Photographs of prof at various dissolution time,

A)Ohr., B)4
drug:NaCL(1:1) was coated with 286 m! o olution plasticized

from capsule containing

punctured to have orifice
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