CHAPTER m

RESULTS AND DISCUSSION

Phase solubility analysis

The solubilities of indomethacin and piroxicam in various
concentrations of aqueous solution of P-cyclodextrin were presented in
Table 14 and Fig. 3.  They were observed that concentrations of
indomethacin and piroxicam increased with the increasing concentrations
of P-cyclodextrin. Phase solubility diagrams of both indomethacin and
piroxicam were classified as type A. An apparent solubility constant (Kg¢),
assuming the formation of 1.1 complex in solution of indomethacin and
piroxicam are 264 M 1 and 184 NTZ1lrespectively. The moderate solubility
constants indicate a fairly adjustment of guest molecule inside the cavity of
P-cyclodextrin. The increase in solubility of indomethacin and piroxicam
in the present of P-cyclodextrin were shown in Table 15. The solubilities
of indomethacin and piroxicam in approximately 14 X 10"3 M P-
cyclodextrin solution increased about 58 and 3.9 times, respectively,
comparing to the solubility of each pure component. The increase in
solubility with the addition of p-cyclodextrin is generally considered to he
mainly due to the formation of inclusion complex (Hamada, et al. 1975).
The solubilities of indomethacin and piroxicam in water (So) is 2.453 X 10'

M («08mg%)and 2339 X10"5M ( 0.7mg%), respectively.
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P-cyclodextrin cone. (10'3M)

Fig 3 Phase solubility curves of indomethacin-P-cyclodextrin
and piroxicam-P-cyclodextrin inclusion complexes in

agueous solution at 35+1 ¢



Table 14 Solubility determinations of indomethacin and piroxicam in
various concentrations of aqueous solution P-cyclodextrin

(at 35 £1 ¢, controlled temperature water bath)

cone, of P-cd cone, ofindomethacin cone, of piroxicam
(x10'3M) (xio-5M) (xio-5M)

0 2.453 (= 0.8 mg%) 2339 (= 0.7mg%)
1.418 3.975 3.217
2.837 5.169 4.122
4.256 6.445 5.738
7.092 8.786 6.128
8.511 9.561 7.034
9.930 10.365 7.507
11.348 11.385 §8.134
12.766 12577 8.803
14.185* 14.200 9.193

*solubility limit of P-cyclodextrin

Table 15 Apparent solubility constant ( Kc) and type of phase

solubility curve in aqueous solution of P-cyclodextrin at

3521 ¢
drug Kc(M-i) type Increase of solubility* (M)
indomethacin 264 A 5.8 time 2.453x10°5
piroxicam 180 A 3.9 time 2.339x10-5

*Increase of solubility was calculated when using maximum

concentration of P-cyclodextrin about 14185 X103 M (1.8 % [ )



Characterization of Wet Kneaded Mixtures

1. Scanning Electron Microscope

Shape, size and surface of the wet kneaded mixtures were
observed and photomicrographed by electron microscope. The ground
drugs, the physical mixtures and the freeze-dried inclusion complexes were
investigated and compared. Scanning electron microscope showed that p-
cyclodextrin was in irregular crystals (Fig 4B). Indomethacin ground drugs
are irregular plate and prism with different size (Fig 4A). In the wet
kneaded mixtures of indomethacin and P-cyclodextrin, small particles of
indomethacin adhered on the surface of P-cyclodextrin (Fig 4C, D). In the
physical mixtures, crystals sizes of indomethacin were relatively larger
than those in the wet kneaded mixtures (Fig 4E). Small and flake like
particles were observed in the photomicrographs of the freeze-dried
indomethacin-pcyclodextrin inclusion complex (Fig 4G, H). In piroxicam-
p-cyclodextrin systems, piroxicam from Hong Kong, had crystals size
larger than those from Italy (Fig 5B). Piroxicam manufactured in Italy, had
uniformly small crystals and micronized size. (Fig 5A) Piroxicam in the
wet kneaded mixtures, using the source from Italy were adhered on the
surface of p-cyclodextrin (Fig 5C, D). The photomicrographs of the
physical mixtures of piroxicam-p-cyclodextrin showed the dispersion of
piroxicam on the surface of p-cyclodextrin (Fig 5E, F). In freeze-dried
piroxicam-P-cyclodextrin inclusion complex, small plate-like particles
were observed (Fig 5G, H)t

Photomicrographs showed that wet kneading process affected

the agglomeration and aggregation of indomethacin and piroxicam powder.



Fig 4 Photomicrograph of Indomethacin-P-Cyclodextrin Systems
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Fig 4 (cont.) Photomicrograph of domethacin-p-Cyclodextrin Systems
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wetkneaded mixture 1:2 molar ratio kneaded in water bath
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Fig 5 Photomicrograph of Piroxicam-P-Cyclodextrin Systems
(piroxicam from Italy)
A piroxicam from Italy
B piroxicam from Hong Kong
C wet kneaded mixture 1.1 molar ratio
D wetkneaded mixture 1:2 molar ratio



Fig 5(cont.) Photomicrograph of Piroxicam-(3-Cyclodextrin Systems
(piroxicam from Italy)
E physical mixture 1:1 molar ratio
F physical mixture 1:2 molar ratio
o freeze-dried inclusion complex L:1 molar ratio
o) freeze-dried inclusion complex 1:2 molar ratio
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2 Infrared Spectrophotometer.

Infrared spectra of indomethacin-p-cyclodextrin systems were
shown in Fig 6. Indomethacin showed two distinct absorptions at 1690 and
1710 ¢cm-1 which were assigned to stretching vibration of carbonyl groups
COO and NCO, respectively. These bands could be observed in the wet
kneaded mixtures as well as in the physical mixtures. The infrared spectra
of the wet kneaded mixtures showed no chemical change comparing to the
physical mixtures.  The spectra of indomethacin-p-cyclodextrin wet
kneaded mixtures were simply the summation of the spectra of two
components, There were no evidence of complexation between
indomethacin and P-cyclodextrin. The absorption bands characteristics of
indomethacin were unaffected in the wet kneading process. In the freeze
dried indomethacin-P-cyclodextrin inclusion complex, absorption spectra
at 1690 ¢m'l was disappeared due to either the formation of inclusion
complex or the effect of the more intensity spectra of P-cyclodextrin. The
spectrum change caused by functional group of indomethacin is interacted
with p-cyclodextrin. Infrared spectra of piroxicam-p-cyclodextrin system
were shown in Fig 7. Spectra of piroxicam from two sources, Italy and
Hong Kong were different. Piroxicam from Italy showed absorption
spectra of NH-, OH* stretching at 3390 ¢m-1 while piroxicam from Hong
Kong showed absorptions at 3390, 3335 ¢cm-1 which indicated the existing
of two polymorphic forms (Fig 8). The spectra of the wet kneaded
mixtures and the physical mixtures of piroxicam and p-cyclodextrin
showed no chemical modification. The principal peak of piroxicam at
1573 ¢m-1 was disappeared in the freeze-dried piroxicam-P-cyclodextrin

inclusion complex.



Fig 6
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Infrared spectra of Indomethacin-P-Cyclodextrin Systems
p-cyclodextrin

indomethacin

ind-P-cd wet kneaded mixture

ind-P-cd physical mixture L:1 molar ratio
ind-P-cd inclusion complex L:1molar ratio
ind-P-cd inclusion complex 1:2molar ratio
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Infrared spectra of Piroxicam-P-Cyclodextrin Systems
(piroxicam from Italy)
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Fig 8
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Infrared spectra of Piroxicam
A piroxicam (from Italy)

B piroxicam (from Hong Kong))
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The infrared spectra of both indomethacin-P-cyclodextrin
systems, and piroxicam p-cyclodextrin systems showed that there were no
significant chemical modification of drugs and P-cyclodextrin occured

during wet kneading process.
3 Differential Scanning Calorimetry

Thermograms of indomethacin-P-cyclodextrin systems were
shown in Fig 9. Endothermic peak of P-cyclodextrin at about 100°C was
due to the evaporation of water in P-cyclodextrin molecule. Indomethacin
displayed one endothermic peak at 160°C which indicated polymorphic
form L In the physical mixtures and the wet kneaded mixtures,
thermograms showed two characteristic endothermic peaks at 100 °c and
160 °c corresponding to P-cyclodextrin and indomethacin respectively. A
small endothermic peak occurred at 213 °c in the wet kneaded mixtures
indicated some interactions between indomethacin and P-cyclodextrin,
This interaction might create a new complex which could be the inclusion
complex. The melting peak of indomethacin in the freeze-dried inclusion
complex 1.1 molar ratio was shifted to higher temperature at about 208°c
and was totally disappeared in the inclusion complex 1.2 molar ratio.
Thermograms of piroxicam-P-cyclodextrin systems were shown in Fig 10
and 11, Thermogram of piroxicam from Italy, showed one endothermic
peak at 202 °c. Thermogram of piroxicam from Hong Kong showed two
endothermic peaks, the major peak at 202°c and a small endothermic peak
at 195 °c which indicated the exist of two polymorphic forms.
Thermograms of the wet kneaded mixtures, using the source from Italy,

showed endothermic peaks at 100°c, 202°c and a small peak at 206°c.
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Fig9 DSC curves of Indomethacin-P Cyclodextrin Systems

A indomethacin

B p-cyclodextrin

c ind-p-cd wet kneaded mixture 1.1 molar ratio

D ind-P-cd wet kneaded mixture 1:1 molar ratio
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Fig 1. DSC curves of Piroxicam
A piroxicam (from Iltaly)

B piroxicam (from Hong Kong)



The evidences were the same as indomethacin-P-cyclodextrin
systems. The melting peak of piroxicam in the freeze-dried inclusion
complex 1 molar ratio was shifted to higher temperature at 221°c and
endothermic peak of piroxicam disappeared in the inclusion complex 1:2
molar ratio. The disappearance of melting peak or the shift of melting
peak to higher temperature indicated that some interaction had occurred
between piroxicam and p-cyclodextrin. This type of interaction might lead
to the formation of inclusion complex. The inclusion complexes of both
indomethacin-P-cyclodextrin and piroxicam-P-cyclodextrin could be
formed using freeze-dried process, but could be hardly formed in the wet
kneaded process. Most molecules of indomethacin and piroxicam still

existed in the free state and dispersed between p-cyclodextnn molecules.
4. X-ray Diffractometer

X-ray diffraction patterns of both indomethacin-P-cyclodextrin
systems and piroxicam-P-cyclodextrin systems were observed. (Fig 12 and
13) Diffractograms of the wet kneaded mixtures of both indomethacin and
piroxicam with P-cylcodextrin were simply the superposition of each
component pattern. The results from X-ray diffraction showed that there
were no phase transition between crystalline state and amorphous state. It
appeared that no drug degradation or no new drug compound occured
during wet kneading process. The wet kneaded mixtures still existed in

the crystalline state.
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Fig 13 X-Ray Diffractograms of Piroxicam-P-Cyclodextrin Systems
A piroxicam
B piroxicam-P-cyclodextrin wet kneaded mixture 1:1 molar ratio
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5. W ettability

W ettability is able to improve the dissolution behavior of drugs.
The method used in this experiment is an upward migration of water
through the sample packed in a small glass column. The degree of

wettability is as follows :

wet kneaded mixture > physical mixture > ground drug

(indomethacin, piroxicam).

Tablets and Capsules Evaluations

The evaluations on the properties and contents of indomethacin

capsules and piroxicam tablets were shown in Table 16 and 17

Table 16 Physical Evaluations of Indomethacin Capsules
RX weight variation (mg) content Disintegration
mean + SD % la (minute)
ik 2406 +4.38 109.65 35
12 24945.35 10942 41
13 265.9+4.75 104.46 43
14 234.2+2.38 1262 50
15 2145 +3.90 11341 41
16 2242 +2.68 104.03 37
17 25721215 108.00 25
18 2741 + 877 9751 43
19 2296+3.48 107.09 33
110 237.5+2.92 107.56 30

m 268.3 +3.53 107.65 45



Table 16 (cont)

Rx

113

114

116

117

1-19

120

12

1-23

124

15

1-26
1-27 (powwder)
1-27 (solution)

1-28

129

1-30

weight variation (mg)

mean + SD

263.3 +3.63

220.913.00

27741 392

305.41 5.69

280.81 6.87

278.81 6.15

283.915.77

285.21 691

262.915.01

2821 +5.16

294.214.62

26031575

2791135

262.614.06

265.71 7.67

284.714.47

291.515.01

303.61 6.01

2031716

309.416.83

content

% la

107.52

10613

10248

101.89

103.69

9253

103.64

10458

10518

95.98

95.66

94.86

10251

97.04

97.92

97.73

Physical Evaluations of Indomethacin Capsules

Disintegration
(minute)
37
33
28
31
33
40
39
37
45
45
33
29
44
51
50
43
47
53
44

47

68
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Table 17 Physical Evaluations of Piroxicam Tablets (piroxicam from

Italy)

Rx Wweight variation (mg) content Hardness Friability Disintegration

mean + SD % la (Kp) (% loss) (minute)
P1 298.0+6.86 97.31 382 0.62 40
P2 2%6.3+493 92.89 451 044 40
P3 3223+ 119 10364 323 0.58 40
P-4 2081 +£3.54 96.55 473 108 40
P5 3196+6.10 104.02 405 0.66 4.2
P-6 307.76.11 9.59 330 0.82 33
p-7 313.0% 6.30 9841 371 0.%4 24
P8 337.346.53 114.26 510 067 35
P9 3052+ 7.10 10695 4.92 110 52
P-10 3234+4.51 108.59 2.73 162 51
P11 3240213 112.36 272 113 42
P-12 3120+ 661 108.89 373 0.72 43
P13 288.3 +6.33 9061 4.87 053 40
P-14 318.7+6.32 1104 511 112 51
P-15 304.9+3.32 110.67 375 085 43
P-16 304548.15 10595 364 0.73 6.0
P-17 3038.3£7.75 104.70 520 0% 53
P-18 3091 £2.28 10546 415 0.82 75
P-19 3073+ 801 10504 373 110 40
P-20 306.5+7.21 11090 351 071 35
P21 299.3+4.83 105.26 372 0.88 53

p-22 3030+ 703 104.62 621 0.9 52



Table 17(cont.)

Rx

P23

P-24

P-25

P-26

P27

P-28

(piroxicam from Italy)

weight variation(mg)

mean + SD

3005 +4.92

290.0+6.79

296.5 +4.69

3035+3.71

3011 +5.79

content

% la

102.28

102.60

10894

11067

10150

1025

Hardness  Friability
(Kp) (% loss)
4.65 21
6.03 058
320 0.87
340 093
440 102
353 085

prepared from piroxicam from Hong Kong

Rx

p-1

P13

P27

P-28

weight variation (mg)

mean * SD

300.3+5.12

2089+2.55

2017 +6.21

2079+ 133

3081 +5.13

content

%.la

985

9%.17

B.75

9B.75

96.50

Hardness Friability
(Kp) (% loss)
447 0.75
325 09%5
360 058
290 112
371 0.87

Dissolution of Indomethacin Capsules

70

Physical Evaluations of Piroxicam Tablets

Disintegration
(minute)
54
32
41
42
45

50

The physical evaluations of piroxicam tablets which were

Disintegration
(minute)
51
43
45
39

39

Dissolution profiles of indomethacin capsules were preparing

from wet kneaded mixtures were shown in Fig 14-21. Dissolution data of

these capsules could be found in appendices 1-2.

Dissolution profile of

commercial indomethacin capsules (Lndocid) was studied as innovator.
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The times required for 85 % of indomethacin to be dissolved were shown

Table 18.

Table 18 Time for 85% labeled amount of indomethacin

dissolved

R x T 85% dissolved
(minutes)
11-13 10- 175
14-16 9- 188
17-19 9.5- 15
110-113 9.5 - 23.2*
| 14-116 95 - 186
117-119 91 - 132
120.122 12.0- 17.7
123 >20*
1 2441 26 13.9-20
127-10 >20
indocid 12.7

*USP X XII requires for dissolution of indomethacin must not

less than 80 % (Q) dissolved in 20 minutes.

Dissolution of all formulas prepared from wet kneaded mixtures
met the USP X XII requirement except formulas 1-10 and 1-23. The wet
kneading process could affect the crystallinity of indomethacin and P-
cyclodextrin. Moreover p-cyclodextrin powder bed could easily disperse
and wet by dissolution medium. Indometahcin molecules were dispersed
in the networks of P-cyclodextrin molecules. The enhancement in

dissolution could be attributed to the reduction in particle size and the
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increase in wettability. In the formulas 1-10 and 1-23, the wet kneading
procedure had been done at higher temperature and small volume of water
were used as solvent. They took about 20 minutes and 15 minutes for 1-10
and 1-23 respectively for the wet kneading process. The mixtures changed
from slurry suspension to harden paste in a short time which might due to
the volatility of water. Indomethacin might cause aggregation and was not
completely dispersed on P-cyclodextrin surface. These effects caused

lower dissolution.

The ranks of dissolution of indomethacin capsules were as

follows :

wet kneaded mixtures > sodium lauryl sulfate > physical

mixtures > ground indomethacin capsules.

The dissolution of all formulations of indomethacin capsules, not
preparing from the wet kneaded mixtures, failed the USP XXII
requirement (Fig 22-23). The indomethacin capsules using sodium lauryl
sulfate solution had higher dissolution than those using sodium lauryl
sulfate in the powder form. (Fig 22) The results implied that sodium lauryl
sulfate in solution form was more powerful dispersing agent than the
powder form. Ground indomethacin capsules exhibited slowest
dissolution due to the aggregation of fine particles of ground indomethacin.
In addition lactose used in the ground indomethacin capsules might
decrease the dissolution of indomethacin. Lactose needs so much liquid to
be dissolved thus there is not enough liquid left to dissolve drug particles.
The capsules prepared from physical mixtures gave rise to better
dissolution than the use of ground drug with lactose due to less

aggregation of indomethacin powder.
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From comparative plot of dissolution profile in Fig 23, it was
shown that both physical mixtures in 11 and 1.2 molar ratio of
indomethacin : P-cyclodextrin had better dissolution profiles than that of
ground indomethacin capsules.

It is evident that the dissolution of indomethacin capsules
prepared from the wet kneaded mixtures of indomethacin-p-cyclodextrin
was significantly better than that of the ground indomethacin powder as
shown in the dissolution profiles in Fig 24-25. Indomethacin capsules
prepared from the wet kneaded mixtures dissolved more than 85 % labeled
amount within 20 minutes while only 14 % of indomethacin ground drug
and 50-60 % indomethacin capsules prepared from the physical mixtures
were dissolved within the same period of time. The capsules prepared
from the wet kneaded mixtures, Rx 1-1, Rx 1-14 had approximately 7 and 6
times respectively higher dissolution than the ground indomethacin
powder. The ground indomethacin capsules (Rx 1-30) had approximately 3
times higher dissolution than ground indomethacin. The additions of both
p-cyclodextrin and lactose improved dissolution behavior but P-
cyclodextrin was more effective because molecules of indomethacin could

be released simultaneously from the mixtures

Effect of Aging on Dissolution of Indomethacin Capsules

The formulations of interesting indomethacin capsules, 1-1,1-4,1-
7, 1-13, 1-14, 1-22 1-23, 1-27, 1-29 and 1-30, were studied for aging effect.
The dissolution profiles were shown in Fig 26-30. After aging, at both
room temperature and 45 °c/ 75 % relative humidity, the dissolution of
indomethacin capsules decreased due to the effect of gelatin shell. On
storage in loosely closed bottles at both room temperature and 45 °c/ 75 %

relative humidity, gelatin shell absorbed moisture from both environment



74

and powder bed. When gelatin shell was in contact with the dissolution
medium, it distorted and did not appear to break down readily. The gelatin
capsules remained as a pasty mass and occluded powder bed which caused
slow release of indomethacin. The dissolutions of storage indomethacin

capsules were lower than the initial values.

Test for Stability of Indomethacin Capsules

After aging for 3 months at room temperature and at 45 °c/ 75 %
relative humidity. The stability of indomethacin capsules was tested using
high performance liquid chromatography. The chromatograms were
shown in Fig 31. The retention times of both standard indomethacin and
indomethacin in the wet kneaded mixture were the same at 3.1 minutes,
and that of piroxicam internal standard was 1.8 minutes. The retention
times of the degradation products of indomethacin were 12 and 17
minutes. The (3cyclodextrin did not interfere with uv absorption of
indomethacin at 240 nm. After aging at both room temperature and at 45 °
c/ 75% relative humidity, the chromatograms showed no traces of

degradation products.

Dissolution of Piroxicam Tablets

Dissolution profiles of piroxicam tablets were shown in Fig 32-
40. Dissolution profile of commercial piroxicam tablets (Feldene) was
studied comparatively. Times required for 80 % of piroxicam dissolved
from various formulations were shown in Table 19. The dissolution data

these tablets could be found in appendices 3 and 4



=D

-

% OEUG DISSOLV

% DRUG DISSOLVED

75

1o

100

« -

[}

-A SR hiiene Sl :
Ll —
o - SR el .
=" 3 R
,//'A—-;':‘-“" Vs ol
Py
/%.‘

€0 / e—e Rx|-2
" / / 6—-o Rx -3

Va 0—0 Rx |-1

0. A---- & Indocid

40 / /"
AlY] // ,’I
0 - //
0 e T T Y T T T

] 5 1 15 20 25 Jo 35 40

TIME (MIN
Fig 14 Dissolution profiles of indomethacin capsules prepared

110 -

in the condition ofind : P-cd 1.1 molar ratio, 50 % /

water with different kneading times 30, 60 and 90
minutes.

100

€0 -

80 -

70 -

A___'__AMAMA
A/A;/ (o] o
/0 o —° @
/O/n ’/
<
// / 0—o0 Rx |—4
,'l o e—eo Rx|-5
4 / a—a Rx I-B
: / a:--- A |Indocid
1‘0 1'5 z'o z'5 ;‘o .!'5 40
TIME.(MJM)

Dissolution profiles of indomethacin capsules prepared
in the condition ofind : P-cd 1.1 molar ratio, 100%w/w
water with different kneading times 30, 60 and 90
minutes



% drug dissolved

o

76

10

B

iyl

61 -

30 -

40

3o

Fig 16

110 -

P Aeeoenn- A
= 6___,_ - W--————'-u==-:—__—_"
'(\" A R__A——-.————--——. ®
' e—e Rx -8
6——a Rx|1-9
a---- a Indocid
| T T T T
37 20 25 30 3 «

TIME (MIN}

Dissolution profiles of indomethacin capsules prepared
in the condition of ind : p-cd 1:1 molar ratio, 150 %

| water with different kneading times 30, 60 and 90
minutes

°0

< 233 satact lt—\l """"" %x)"'-.---"-?
N = 5>, A
Ry
@i

o0—o0 Rx I-10
e----® RxI-11

Fig 17

a-=--a Rx|-12

A---a RxI-13

-- 0 Indocid
RN T R I

TIME (MIN}

Dissolution profiles of indomethacin capsules prepared
in the condition of ind : p-cd 1:1 molar ratio, 50, 100

and 150 % / water, kneaded at water bath 60 °c
with different kneading times



% DRUG DISSOLVED

DRUG DISSOLVED

7

>4

77

[A1Y)

100 I Ai-ceconnne A
0 o0~ 3=18
e
70 - // O—0 Rx I-14
& / // o—e RxI-15
. ,//'7 a—a Rx |-16
. o/ .
iy %A/ A---- a |ndocid
A
0 /4," /
e i
0 / v
s
10 //’,
%4
0 ‘ T T a sy 7 N T T T
0 5 10 15 20 25 30 35 40

TIME (MIN

Fig 18  Dissolution profiles of indomethacin capsules prepared
in the condition of ind : (3-cd 1:2molar ratio, 50 % /
water with different kneading times 30, 60 and 90

minutes
1o —_
w1 QeSS —— e - | o) DR A
“ ﬁa'-ﬁ:i i 2
80 /’
-
70 /
€0 - // ,"' o—o0 Rx |-17
O g e—e@e Rx|-18
/I a—a Rx |1-19
/ / A---- A |ndocid
10 s "2 2 %0 M ot
TIME (MIN)

Fig 19 Dissolution profiles of indomethacin capsules prepared
in the condition ofind : (3-cd 1:2 molar ratio, 100%w/w
water, with different kneading times 30, 60 and 90
minutes



% DRUG DiSSOLVE

2 DRUG DISSOLVED

o/
pra)

10

78

100

DY ST, Aioeccones A
6_',':,‘;-——0—""‘""‘0'"‘—-‘
<0 7
N == . )
O

0O—0 Rx 1=20
®e—e® Rx|-21
6—ao Rx1-22
A---- A |Indocid

T A
15 20

TIME (MIN)

T
25

Fig 20  Dissolution profiles of indomethacin capsules prepared
in the condition ofind : p-cd 1.2 molar ratio, 100 %
| water with different kneading times 30, 60 and

90 minutes.
10
100 - _a- XL
0 Sy -
ow ———a
- /.____.-——-—é
== a8,
Sl 0—o0 Rx |-23

e—eo Rx[|-24
a—-a Rx |-25
A-—a Rx 1-26
8] O Indocid

T

20
TIME (MIN)

T
15

T
25

40

Fig 21 Dissolution profiles of indomethacin capsules prepared
in the condition of ind : p-cd 1.2 molar ratio, 50, 100.
150 % [/ water, kneaded at water bath 60 ¢ with

different kneading times



«1
Cl

| r«

NO
BN

79

w
6
10 0
A O _wi—
@ 0"
°— Rx 1--27 (SL5 powder)
e — ¢ RXx E27(SLS solution)
foo-y Q.....0 Indocid
/

Fig 22 Dissolution profiles of indomethacin capsules prepared
from the ground indomethacin mix with 1% /
sodium lauryl sulfate

110
10 O oo mremo- g o
%0 - 0
80 - ,
a
70 - 3 T e [
o (ORN-U =Ty
23 ; ,0_/6" ’ 9—o0 Rx |-28
“- o 5/" ®---® Rx =29
- - a--a Rx 1-30
: & / 4 —a indomef{hacin powder
70 ;/ /A/‘/A 0:--- 0 indocid
10 I A
S T
0.)/3-/’: T T T T
0 ] 10 15 Illum““ly 25 3 3'5 40
Fig 23  Dissolution profiles of indomethacin capsules prepared

from the physical mixtures of ind : P-cd 1.1, 1:2 molar
ratio and mix with lactose



-

N DRUG DISSOLVE

D

.._
e

=
D2UL

]

=G

-

bl

i S e
“ - lO/JJT
LY .2
70 / ,'. B e e 0——0 Rx I-1
/ //,,»-"’ ’ ._,_/. e — o R« |--28
€ //,,' ik L . 68 Rxl=3(
‘_/ 7‘./ ’/,_—— %
= . / P ) R A-— A Rx -2
4 /()"' //, A/‘:// (SOI)
3 /:/ ‘///97' u-—u pure [ndomethacin
) //'/\///, n---N i“dn! id
. ///;/o'/ N, o et
5 é{éy __/»-IJ’/ ]
0 W 5;‘/ Y T T T T ~T
0 5 0 15 II“\I“Iy 25 Yo ALY 40
Fig 24 Dissolution profiles of indomethacin capsules.
Comparative plot between wet kneaded mixture 1.1
molar ratio, physical mixture 1.1 molar ratio, mix with
lactose and using 1% [/ sodium lauryl sulfate (in
solution form)
1o
100 _."". _______ e d- - u
€0 ’:_.__-_'—-—O 0_—————-0
A———@ ©0—0 RxI-14
/:j-o ®—e RxI-24

LALONGEOT 6—a Rx1-34

A— A Rx |-27
o~ o (sol)
U—0 pure [ndomelhacin
®---- ® indo¢id

T Al
13 20 25 3o 35 40

- TIME (MIN)

Fig 25  Dissolution profiles of indomethacin capsules.
Comparative plot between wet kneaded mixture 1:2
molar ratio, physical mixture 1:2 molar ratio, mix with
lactose and using 1% [/ sodium lauryl sulfate (in
solution form)



5 OPLUG QIS SOLVED

kUG DISSOLVED

L1CY)
. = Gy S |
<« - ,,’" /-;:_ "’,.t’;///
B0 '/I‘ o z
/) B
70 / ",
€0 / v e N 0
/ & o
%0 “/ ”, / &) o
a0 / ‘.' / 4 -
/ & / - e
0 / A / .
NP .
/’/7;J :i-’.-:-
0 m= “.‘"'::::5 T T T T T
0 5 |1d 15 20 25 30 35 40
TIME (MIN}
° RXI-1 «— ¢ RX1-1 ageing 45*c 75 % RH. a - a Rx 1-1 ageing at RT.
A RX 1-4 -- Rx 1-4 age ng 45*c 75 % RH. = m Rx 1-4 ageing at RT.
Fig 26 Dissolution profiles of indomethacin capsules,aging for
3 months (ind :P-cd 11 molar ratio, 50, 100 % /
water wet kneading 30 minutes.)
110
100
= i S P =
g TR
-n
».'
--a
u’ -
et =0
2 23 %0 3 w0
TIME (MIN)

Rx 1-7
RX1-13

Fig 27

e— ¢ Rx1-7 ageing 45 ¢ 75 % RH
(Rx 1-13 ageing 45 ¢ 75 % RH

A— A Rx 1-7 ageing at RT,

Rx |- 13 ageing at RT

Dissolution profiles of indomethacin capsules,aging for

3months (ind :p-cd L Imolarratio 150 %
wet kneading 30 minutes., kneading at
temperature and water bath 60 c

[ water
ambient



82

n -

ICO

0 A oncass 45:—:~:ez:g

L Y . R s

8 f o ’8 —" S
> f " o~ ’..'/
— 70 p / ) N
8 @ ',' U( // //./
2 - / Ly —
D :’ D ', / /
( B ; / B
Q ’ L e
2 W » o wd /
@ " S >
5 ol Bl
< o ": "A/ I':/ //

0| t:/ o

ol
N l//// . ,///
0 = : | Y y T T T
0 5 10 5 20 P Rl 3 40 »
TIME (MIN)

O Rx1-14 «— + Rx1-14 ageng 45¢c 75 % RH, (0— A Rx |I—14 ageing at RT.
- Rx 1-22 0O— O Rx 1-22 ageing 45 ¢ 75 %RH, ®m— m Rx 1-22 ageing at RT.

Fig 28 Dissolution profiles of indomethacin capsules,aging for
3months (ind : P-cd 1:2 molar ratio 50 % / water
wet kneading 30 minutes, 150 % / water, wet
kneading 90 minutes

110 -

100 -

%0 -
O
2 ‘

70 - O—"T7""
2 o— A
(L) 60 ’()/ .."..p’ 8

231 L INIVEDRCIEY-
0 i LI igit VY Ko a
N ;”/-::: S /
S A P R L
(A v oo - o
o) ‘-,[_]' O
G RIH) / o /z/
318 ‘
I’ >
20 - g /./
,3. ///A
44 2
10 ‘4’/0 I, .//
l ; '/
0 L T 1 T T T T
0 ] 10 15 20 25 3 35 40

TIME (MIN)
0---0 RX|-23 e—e Rx|-23 ageing 45 c 75 % RH. a—a Rx 1-23 ageing at RT.
A---- A Rx 1-27(pwd) U----0 Rx |-27 ageing 45 ¢ 75 % RH. ®----® Rx |-27 ageing at RT.
Fig 29  Dissolution profiles of indomethacin capsules,aging for
3months (ind : P-cd 1.2 molarratio, 50 % [/ water
kneading at water bath 6o c°, 15 minutes and using 1%
[ sodium lauryl sulfate in powder form



O/ZQUG DISSOLVED

1o =
100
¢
80
70 1”3
(1 Nyt //‘I 2T
1 ./i/-"
- *
) [t} T
a A1 "o SEARM
1L A o
40 f ,'4 L B 1
o ." u
A
. W
0 O s
v gt // -
o/ ’ ,
1) 5 "'/,
ST b) o
;p'_,‘;—‘-”ﬂ
0 » *r T T T
0 5 o 15 20 25 AL A L) 40

TIME (MIN,

=" tx =29 ®--—-® Ry |29 ageing 45 ¢ 7E % RH:
-- A& Rx 1-30 U-- -0 R 1--30 ageing 45 ¢ 75 % RIN,

6 —a Rx |-29 uyeiny R1.
m----m Ry [-30 ageing RT.

Fig 30  Dissolution profiles of indomethacin capsules, aging
for 3 months (ind : (3-cd physical mixture 1.2 molar

ratio and mix with lactose



liadonn
: -8

liuotndll.adn Indorolhadn
313
31.

121 Indoinelhncli
315

«V J1

HPLC chromatograms of indomethacin

A standard indomethacin with piroxicam
internal standard
B indomethacin and its degradation products

indomethacin-fi-cyclodcxtrin wet kneaded
mixture



85

Table 19 Times for 80 % labeled amount of piroxicam dissolved

RX T 80% dissolved
(minutes)
Pi-P3 9.6-12.5
P4 - P6 83-9.8
P7-P9 9.8- 118
P10-P12 9.8-114
PI3 - P14 10.0
PI5 - PI7 9.8- 128
Pi8-P20 12.8
P21 - P24 10.0- 17.0
P25 - P26 136 - 19.0
P27 22.4
P28 >45
feldene 30.4

*USP XXII requires for dissolution of piroxicam must not less
than 75 % (Q) dissolved in 45 minutes.

All formulas prepared from piroxicam, from Italy, had
dissolution met the USP X XII requirement except the formula, Rx P-28,
which prepared from the ground piroxicam using starch and lactose as
additives. The dissolutions of other formulas were enhanced by either the
effect of sodium lauryl sulfate or (3-cyclodextrin. Although the piroxicam,
from Italy had much effective surface area, the dissolution of Rx P-28 was
still lower than the requirement. The use of p-cyclodextrin in both
physical mixtures and wet kneaded mixtures significantly enhanced
dissolution.
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The ranks of dissolution of piroxicam tablets were as follows :

wet kneaded mixtures > physical mixtures = Sodium lauryl
sulfate > ground piroxicam tablets.

Comparative studied of dissolution profiles of piroxicam tablets
using raw material from different sources were shown in Fig 41, 44-45. The
dissolution profiles of piroxicam tablets, using piroxicam from Hong Kong,
were lower than those of the formulations using piroxicam from Italy.
Although P-cyclodextrin and sodium lauryl sulfate could enhance the
dissolution, the dissolution of piroxicam tablets using piroxicam from
Hong Kong was still lower than the  ? requirement. Comparative
amounts of piroxicam dissolved within 45 minutes were shown in Table 20.

Table 20 Comparative  dy of dissolution of piroxicam tablets

prepared from two sources of raw material.

Rx % piroxicam dissolved
at T= 45 minutes

source
Hong Kong Italy
P-1 72.3 94.7
P-13 134 86.7
P-25 124 97.3
P-27 68.8 90.3
P-28 67.1 79.0

Fig 42 and 43 showed that the dissolution profiles of piroxicam
tablets prepared from physical mixtures of piroxicam : P-cyclodextrin 1 1
and 1.2 molar ratio were similar to those of the tablets adding 1% /



sodium lauryl sulfate. The remarkable enhancement in the dissolution rate
of wet kneaded mixtures with P-cyclodextrin was considered to be caused
mainly by such effects on the wettability of the kneaded mixtures and the
active surface area. The wet kneading process might promote dissolution
of piroxicam by providing means for the surface of fine drug particles to
closely contact with P-cyclodextrin. It is of interest that wet kneading
process is available in practice by \irtue of the simple and efficient
preparation for simple productions. The procedure was expected to
become avaluable tool for solubilizing various practically insoluble drugs.

Effect of Aging on Dissolution of Piroxicam Tablets

Aging at both room temperature and accelerated condition
(45°c/ 75% relative humidity) have little effect on dissolution of piroxicam
tablets. The dissolution profiles of formulas tested still met the USP X X1
requirement. Aging at 45°c/ 75% relative humidity had lower dissolution
than aging at room temperature. On storage, moisture was one of the
factor influenced the changes of dissolution behavior. Moisture and heat
can retard the dissolution of the tablets. (Fig 46-49)

Test for Stability of Piroxicam Tablets

The  chromatograms  from  high  performance liquid
chromatography were shown in Fig 50. The chromatograms showed no
evidence of degradation products. The retention times of piroxicam, the
standard and the piroxicam m the wet kneaded mixture, were the same at
2.85 minutes, while that ofindomethacin internal standard was
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479 minutes. The (3-cyclodextrin did not interfere with uv absorption of
indomethacin at 254 nm. After aging at both room temperature and

45 ¢/ 75% relative humidity, the chromatogram showed no traces of
degradation products. Under the wet kneading process used in this

experimental condition, no appreciable degradation of indomethacin and
piroxicam were observed.

piroxican
piroxicam

2.8% 2.35

indomethacin
1.79

UL

Fig 50  HPLC chromatograms of piroxicam
A piroxicam with indomethacin internal standard
B piroxicam (3-cyclodextrin wet kneaded mixture
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