CHAPTER 1V
RESULTS

1) Evaluation of diclofenac sodium powders

1.1) Morphology of diclofenac sodium powders

/’;&mg electron microscope (SEM) at

ﬁc 1000 and 5000 were used to

investigate the shape and 3 ', pdera w ers as presented in Figure 10.

and rough surface could also be
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1.2)  Preliminary investigation on compressibility of diclofenac sodium

- powders

Table 11 summarizes the pfocesses and results from the investigation to
determine the compressibility for the microtabletting process of different diclofenac

sodium powders after compression of microtablets.

Table 11 The parameters for indicating the compressible properties after

compression of microtablet.

Process SWit 5
pess (Kp) (n=10)
SD
1) Untreated diclofenac 0.127
sodium powder
2) Diclofenac sodium y 0.159
powders by milling with
mortar and pestle for 3 _#
minutes
3) Sieved diclofenac sodium 0.133
powders through #30
mesh

O : could not compression

It was seen that
-

microtablets. Their hardné: ;

S uld be compressed into
_“* ity of all DS powder were

also not different. Therefo . - odiim powder was chosen for

preparing microtablet, because f low cost and ? productlon

@w NENTNENS
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The flowability and compressibility of suitable diluents for diclofenac sodium

microtablets were investigated. The results of suitable diluent investigated by various
parameters, which supported for flowability and compressibility were presented in Table 12.

Both Ludipress and lactose in the powder mixtures were suitable to be diluent for diclofenac

sodium microtablets in this study.
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Table 12 Summary of the results of physical properties of preliminary

diclofenac sodium preparations containing various diluent.

2.86 13.30
(0.140) (0.125) (0.112)

D2 UNCOMPRESSIBEE | ot 55.67°

(0.354)
D3 15.28°
(0.173)
D4 55.64°
(0.225)
D5 54.54°
(0.279)

The diluent used i o
They had good compressibits

ie microtablets that could be
confirmed with har of |
angles of repose of ﬁﬁ i

- g it was observed that the
tS aﬁ%than 30° and the flow
rates were hlgh Th ore, it indicated Ludipress ¢ i

—— 'N‘“%‘ ~

diluents couldﬂlot be compressed into microtablets. Their ﬂowablhty was very poor that

mulati .‘ nd Ludipress, respectively.

and could be compressed into*

could be confirmed by flow rate and the angles of repose. It was observed that their angles

of repose were more than 30° and their flow rate could not be detected.
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3) Evaluation of the powder mixture and granules of diclofenac sodium

3.1) Morphology of diclofenac sodium powders and cellulose derivative

powders

DS, HPMC, and EC were examined using scanning electron microscope
(SEM) at different magnifications for investigating the shape and surface topography of
powders. The magnifications of 1000 and 1500 of diclofenac sodium, the magnifications of
2000 and 1000 of HPMC, and the magniﬁ Al (10 and 1500 of EC are shown in Figure

(a) x200 #1 "‘I J J \VI ?] \yl v“ F‘I 3 ,n(h:) x 1,000

Figure 11 Photonucro raphs nf l}zdroTs'tipi'hnetbﬂcellulosg (Methocel E4M)
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3.2) Moisture content

The moisture cor

Table 13. When diclofenac sodiv iffctent amount of HPMC and EC by

using direct compression and wet g:a;ﬁ)lcgm et Their moisture contents were not
d a2 .

much different and wers;r‘iaa rance of 1.0 — 9 sn Tables 13—-15.

il

3.3) Flow rates and a;\%les of -repose '.'J
¢ e oy
33.1) Th’E:dil,mfanc' ALk B SN AdED s formulation

at dose 4.2 mg per micrgtablet. - y
. -

¢
NI )VANTIFEHE N1 N2 e
The flow rate of powder mixtures in all direct compression
formulations that mixed with various amount of HPMC and EC and by direct compression
could not flow pass through the hold of funnel whereas the granule from wet granulation
formulations could be detected. The flow rate of granules in formulation WGHCL,
WGHCH were 18.35 and 15.26 g/sec respectively as presented in Table 14. It was found
that the flow rate was decreased when the amount of HPMC was increased. Moreover, the

flow rate of granules in the formulation WGEC that was mixed with EC and by wet
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granulation method was 25.21 g/sec. Comparison to HPMC formulation, it appeared that EC

formulation showed faster flow rate.

The angles of repose of powder mixtures in all direct compression
formulations are reported in Table 14. It was found that their angles of repose were within a
range of 37° — 39° which indicated of fair flowability (Gordon et al., 1990) whereas those of
granules in all wet granulation formulations were within a range of 25° — 30° which
indicated good flowability (Gordon et al., 1990) as shown in Table 33, in Appendix B. It
was observed that the angle of repose ofii id ation contained with EC was lower than
formulation contained with HPM i \‘ ' V

aie) L Aowability of formulation contained EC
PNC. : { be investigated that the results of

e i

angles of repose and flow ratewere 11 § 7 nilatiens: The angle of repose was high

and flow rate was low indicaté y the angle of repose was low

o
.d'jf;

3.3.2) The diclofenac g
per microtablet.

ulation at dose 3 mg

The flow rate of"po "" it it contained HPMC and by direct

compression method was 11.92 ¢ Soc /¢4 JC) whereas formulation contained

—

3 15. It was showed that

the flow rate of formulati 5 Lontail it ion contained HPMC.

v

The flow ratesfo ules of forfaulation WHCL, WHCH that were mixed
with various amomﬂ;1 %% .Mcﬁﬂ%ely. It was found that

the flow rate decr when the amount of HPMC_was increased., ,The flow rates of
g I

formulaﬁoWﬁ g ﬁ Wﬁ\?@ ‘ ation method
were 25.21 aqa 46 g/sec respectively. It was observed that the flow rat€ decreased when

the amount of EC was increased. When comparing the flow rates between the granules of
HPMC formulations and EC formulations, the results indicated that slower flow rate was

obtained from the granules of HPMC formulations.

The angles of repose of powder mixtures in direct compression formulations are

reported in Table 15. It was found that their angle of repose were within a range of 32° —34°
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which indicated of fair flowability (Gordon et al., 1990) whereas those of granules in all wet
granulation formulations were within a range of 22° — 29° which indicated of good
flowability (Gordon et al., 1990) as shown in Table 33, in Appendix B. It was found that
the angles of repose of the formulatior: contained EC was lower than the formulation

contained HPMC in the both direct compression and wet granulation method.

The results of flow rate of formulation at dose 3 mg were higher than those of
formulation at dose 4.2 mg and the results of angles of repose correlated to the flow rate

results. As a result, flowability of 3

ions were better than those of 4.2 mg

formulations.

Table 13  The physical prg

Physncal proper \ '\ Me: 1 Values (SD)

TN H EC

Moisture content (%) 1.94
Flow rate (g/sec) (n=6) 24.17
(0.057) (0.025)

Angle of repose (x ) (n=3) 30.09 22.26
(0.09)

Bulk density (g/ml) (n—3 y 0.38
(0.043)

Tapped density (g/ml) (n—3) ‘ 0.44
d“ 3 } (0.068)

Carr’s index (%) (n=3) 11.49

Al 9




Table 14 The physical properties of powder mixtures and granules at dose 4.2

mg per microtablet

Formulation | Moisture | Flow rate | Angle of Bulk Tapped | Carr’s
content (g/sec) repose density density | Index

(%) (SD) (x°) (g/ml) | (gml)S | (%)

n=6 (SD) D) (SD)

- n= n=3 n=3

DLHC 1.80 21 2 0.36 9.52
fy ) | (0.038) | (0.029)

DLEC 1.75 3 0.42 7.91
(0.046) | (0.039)

DSHC 2.00 8 038 | 1428
(0.055) | (0.061)

DSEC 1.90 ; 3 0.37 10
v 111) | (0.095) | (0.049)

WGHCL 2.14 18.24 7 j 0.28 0.32 12.5
(0.098) | (0.104)

WGHCH 2.18 _ 0.35 13.28
(0.0 (0. 0 (0.093) | (0.108)

WGEC 2.09 % 0.33 9.09
%ﬁq i ﬂ{ AR o | oo

@W@nsm WINeEY




Table 15 The physical properties of powder mixtures and granules at dose 3 mg

per microtablet

Formulation Moisture Flow rate
content (g/sec)
(%) (SD)
n=6
DHC 2.08
DEC 2.02
WHCL 2.24 y :
WHCH 235 P
WECL 2.13
WECH 2.1
3.4) Bulk d i

Angle
of

repose

Bulk | Tapped | Carr’s
density | density | index
(g/ml) | (g/ml) (%)
(SD) (SD) (SD)
n= n=3

0.38 7.03

(0.059) | (0.072)

0.36 6.72

(0.090) | (0.120)

0.63 19.12

(0.068) | (0.247)

0.57 20.00

(0.035) | (0.059)

0.65 13.49

| (0.086) | (0.105)

1 0.56 | 16.64
10S) | (0.097) | 0.130)

dAnundnenng
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hydroxyprop

ethycellulose (Methocel E4M), ethylcellulose (Ethocel 10 cps.) were shown

in Table 13. For the powder mixtures and granules of DS at the different dose, which were

4.2 mg and 3 mg per microtablet are presented in Table 14 and 15, respectively. It was

observed that the bulk and tapped densities of products that contained with EC and contained
with HPMC were different.
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The percentage of compressibility of DS powder, HPMC and EC are shown in
Table 13 and those of all powder mixtures and granules at the different dose are shown in
Table 14 and 15, respectively. The percentage of compressibility was another parameter to
indicate the flowability of powder. The low percentage of compressibility indicated free-
flowing property (Gordon et al., 1990).

For the product prepared by di

¢t compression method, the percentage of

compressibility of formulation conta was lower than formulation

contained with lactose. Moreover, its of cellulose derivatives were
major factor affecting to perceil colpressigilitys I .. found that the percentage of
compressibility of product contzin Wi ) pr t contained HPMC in both

direct compression and wet gra

3.5) Particle size distriliidh

The particle size digtrilpdiao L lernixtures and granules was shown

in Table 16 and depicted in Figures 3T 13, erved that particle size of all direct

compression formulations wer nules of all wet granulation

J i

N

formulations. Higher perceaiag om the formulation with

— 5 -
el

HPMC that prepared by we anulatic vioreover, i ' as observed that broad size
distribution was obtained from#'the, formulation { EC that prepared by wet granulation

" RUTIEN TNGARS
s INdY



Table 16 Particle size distribution of powder mixtures and granules

61

Formulation % Weight Retained on Sieve Size*(SD)

250 pm 180 pm 150 pm 125 pm 106 pm pan

DLHC | 924(0.01 | 86.89 1.68 0.73 0.39 1.12
| 2) 0.019) | (0.025) | (0.035) | (0.024) | (0.019)

DLEC 23.56 N7 1.09 0.76 0.56 0.79
0.102) | (0.109) | (0207) | (0.103) | (0.022) | (0.030)

DSHC 2.48 77123 11.62 0.73 1.48
0.057) | (0: 224) | (0.109) | (0.225)

DSEC 1386 | -0 191 _4 1.85 1.88
0.112) | of ‘ 0.097) | (0.119)

WGHCL 074 % f 10.22 45.94
(0.017) A4 : 0.115) | (0.097)

WGHCH 082 ’ P 6.73 72.57
(0.057) 0.112) | (0.014)

WGEC 27.04 ! 2 0.46 0.44
0.079) | 0 g6 ) | (0203) | (0.111)

DHC 10.52 72735500 1.79 1.57 1.86
(0.029 | 0.088) | (0.101)

DEC 10.56 = 0.39 1.03
©0.076) 1 (0. 05 0.072) | (0.063)

WHCL 458 | g23.11 371 1933 | 1656 0.17
( ( ﬂl’ﬁ)ﬂﬁuon (0.027)

WHCH 18188 14.92 10.68 7.74 85 42.46
‘ ||| ©101)

WECL 5. =" 0.96
0.133) | 0.102) | (0.092) | (0.058) | (0.092) | (0.014)

WECH 22.98 24.58 31.66 10.72 034 0.60
0.117) | (0.023) | (0.079) | (0.028) | (0.012) | (0.09)

* Average from two determinations



% Weight retained

Figure 13 Particle size distriltic J @ mixty of. ormulation DLHC

% Weight retained

Figure 14 Particle size distribution of powder mixtures of formulation DLEC
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Figure 15 Particle size distgibu i Jov1oifixfures of formulation DSHC
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Particle size (um)

Figure 16 Particle size distribution of powder mixtures of formulation DSEC
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Figure 18 Particle size distribution of granules of formulation WGHCH
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Figure 20 Particle size distribution of powder mixtures of formulation DHC
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Figure 21 Particle size dist
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Figure 22 Particle size distribution of granules of formulation WHCL
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Figure 24 Particle size distribution of granule of formulation WECL
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3.6) Infrared spectrometry

The IR spectrum of untreated diclofenac sodium is shown in Figure 26. The
principal peaks were observed at wave numbers of 747, 767, 1284, 1306, 1506, and 1575
cm’. The peaks at 747 and 767 cm™ were resulted from C-H out of plane blending. The IR
absorption band at 1284 and 1308 cm™ were resulted from C-N stretching. The peaks at
1506 and 1575 cm™ were resulted from C=T tretching (Mofflat et al., 1986). Moreover,

the IR specira of HPMC, EC, Ludipres;: ' \ } ' /;' = depicted in Figures 27 - 30.

The IR spectra of DS gianuies wi

th EC at various amounts of the

cellulose derivatives that pre : al _ : n. are illustrated in Figures 31

and 32. As the concentratic

-

creased, the prominent peaks of
spectra of diclofenac sodi o was slightly weaker. These

indicated that the interactic b and Both cellulose derivatives was

scarce.
' 11T \ . .
Table 17 IR peak of spec.tra of / ¥ ==t andiof diclofenac sodium
granules contained with _'~~ -------- = 1 and type of cellulose
derivatives A
Formulation
DS 1506 1575
WHCL ‘ : - 1508 1578
WHCH 67" 1 1 1507 1577
WEC 7 ‘ _ % 1578
WECH || a 2 1 509 | 1578
1
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Figure 26 Infrared spectrum of diclofenac sodium
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Figure 28 Infrared spectrum of ethylcellulose (Ethocel 10 cps.)
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Figure 29 Infrared spectrum of ludipress :

Reference from Drug and the pharmaceutical sciences
(David E. Bugay and W. Paul Findlay, 1992)
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Figure 30 Infrared spectrum of lactose
Reference from Drug and the pharmaceutical sciences

(David E. Bugay and W. Paul Findlay, 1992)
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Figure 31 IR Spectra of diclofenac sodium-hydroxypropylmethycellulose granules
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3.7) X —ray diffraction

The X — ray diffraction patterns of diclofenac sodium, lactose and diclofenac sodium
granules with different cellulose derivatives are illustrated in Figures 33 - 36.The most
characteristics of the X — ray diffraction peaks of untreated diclofenac sodium were

observed and also showed the heap of sharp peaks at the diffraction angle between 20 — 30°.

The X — ray diffraction patterns ofl dicl@fgna
of HPMC are depicted in Figure 35, .

sodium granules with various amount

| at the both formulations contained
with low and high content of HPMI (Bt thulagion e i#ind WHCH) exhibited absence of
some prominent pure diclofena t exhibited the new peaks that
were different from the p
slightly higher baseline werg

granules are shown in Table 15

ably fewer intense peaks and a
he X-ray diffraction peaks of
sducts were still crystalline form

but the characteristic of crystals, itals converted to an amorphous

form.

The X — ray diffraction pattes ;fﬁ?;;; pdium granules with various amount
of EC are displayed in Eidufe 36 I 5 ok and intensities of both
formulation contained wit ' Y &8 ere differ from pure DS

Ks disappeateéd and new peaks occurred.

Moreover, the intensities of ere reduced gbaseline was a slightly high. All detail
ﬂ T

peaks. The diffraction pea A showed S
data showed the di rumgm “&Qﬂ%ﬂerefcm, the almost
as still crystallin; form bl%::haracteristiﬂrystal may be

of diclofenac sodi




77

Table 18 The peak of X-ray diffraction of Diclofenac sodium, additives, and

granules of formulations

Peak | Diclofenac | Magnesium | Lactose* | WGHCL | WGHCH | WGECL | WGECH
NO. | sodium (°) | stearate (°) (@) ) %) ) (°)
1 6.76 5.44 6.81 5.62 5.42 5.56 5.44
2 8.64 7.28 9.97 6.52 6.64 6.73 6.80
3 11.36 8.92 10.42 8.57 8.45 8.72 8.68
4 12.76 9.32 12.39 12.44 12.52 12.64 12.64
5 1532 14.24 13.19 16.36 15.28 15.32 15.36
6 16.24 14.92 15.50 19.08 16.40 16.52 16.48
7 17.28 16.08 3 19.12 19.24 18.92
8 17.92 16.92 19.56 19.68 19.24
9 20.00 17.84 20.12 19.68
10 23.64 18.84 20.96 20.08
11 23.96 19.64 21.36 20.92
12 25.16 21.32 2 21.96 21.36
13 26.04 21.92 " 22.92 21.96
14 27.24 22.56 23.92 22.68
15 28.04 23.56 # 25.92 37.01
16 25.36 _f e j i 5 37.74
17 30.12°
18 37.80
19 39.00
20 40.04
21 42.00
22 43.50
p. 45.96
24 N
25
26
27
28
29

* Referrence from

@mﬂﬁsﬁ T




78

tl RN i | AAATRE : H lltllso P Angic
5.4 15. 8
'f

—_— T
y P

quﬁwﬂw%’wﬂm
PRI TR ey



66 T

951

LA

+331

.22 1

.93 ¢

S -

* Referrence from Analytical profiles of drug substances (Harry G.B. et al., 1990)
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Figure 34 X-ray diffraction spectra of lactose anhydrous
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Figure 35 X-ray diffraction spectra of diclofenac sodium-hydroxypropylmethycellulose
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Figure 36 X-ray diffraction spectra of diclofenac sodium-ethycellulose granules
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3.8) Differential scanning calorimetry (DSC)

The DSC thermograms of diclofenac sodium and of diclofenac sodium granules with
various type and amount of the cellulose derivatives are shown in Figures 37 - 41. The
thermogram of pure diclofenac sodium exhibited the characteristic melting endotherm at
285.0°C and the peak of 54.2°C, 60.2°C exhibited vapourization of moisture content into
diclofenac sodium powders (Fini et al., 1999). The DSC peak temperatures of diclofenac
sodium granules contained both HPMC and EC were disappeared in duplicate

formulations.

Audinuninens
snTlATeEY
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Figure 37 DSC thermagram of diclofenac sodium
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Figure 38 DSC thermagrams of diclofenac sodium-hydroxypropylmethycellulose

granules in first condition
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Figure 39 DSC thermagrams of diclofenac sodium-hydroxypropylmethycellulose

granules in second conditon.
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Figure 41 DSC thermograms of diclofenac sodium-ethycellulose granules in

second condition




4) The evaluation of the microtablets
4.1) Hardness

The mean and standard deviation of hardness of microtablet are displayed in
Table 19. All direct compression formulations at dose of 4.2 mg per microtablet and
containing high amount of both HPMC and EC could not be directly compressed. But all
formulations that prepared by wet granulation method could be compressed. It was found
i ' , harder than that of HPMC.
\ .

Ll

that microtablets from formulation with

Most formulations at d¢ otablet could be compressed to

microtablets. It was observed of cellulose derivatives caused

decrease in hardness values es je microtablets from the
formulation contained EC wegg both direct compression and

wet granulation method.
4.2) Friability study

The percentage friability® ofytse FoiTt s What could be compressed to
microtablets were in a range of 0.3% = 04574 s ban 0.6%. Therefore, the percentage
friability passed the specifise

7 g f, It was observed that the
formulation with HPMC it » I A

ith EC. All detail data are

present in the Table 19. Ll

43) Weight \@& ém%%lg ﬂ fw E! "I ﬂ‘ﬁ I
ISR NI TR

could be

compressed the
microtablets were not different.
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Table 19 Physical properties of diclofenac sodium microtablets

Formulation Hardness Thickness Friability (%) Weight variation
(Me(:fll))()SD) (Mg::;l()SD) (higrenis)
n=10 n=10 (Mean)(SD)
| n=10
DLHC UNCOMPRESSIBLE
DLEC
DSHC
DSEC "SSIBLE
WGHCL 2.18 (0.13)=F — 10.4 (0.04)
WGHCH 2.06 (0.14 10.3 (0.02)
WGEC 2.44 (0 10.2 (0.01)
__::— 10.5 (0.04)

DEC 2.18 (o 20) " l ﬂ! _E ":\ 0.369 10.3 (0.01)

WHCH 2.02(0.30) " 0.503 10.4 (0.03)

WHCL 2.18 (0.1 ' ‘: ”"b ‘\ L 0.499 10.5 (0.02)

WECL 2.31(0.10) By 3: 0.409 10.3 (0.01)

WECH 2.30 (0.11) BT 0.389 10.4 (0.01)

TN
-
u‘,, ‘

5) Drug content of diclofen c odium miocrotablets

The percem@ﬂﬂ:i&ﬂlg nmmimpamd from various
formulations Tab lirect comprEssion at dose 4.2 mg
were not e ﬁlﬂ ot be ] But all wet

granulation fo?’mulatlons could be compressed. It was observed that the percentage of drug
contents of these formulation did not pass the specification in official standard USP XXIV

that the percentage drug content for delay — release DS tablet was not less than 90.0 percent

and not more than 110.0 percent.
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All preparation of the formulations that had 3 mg per microtablet passed the
specification in official standard USP XXIV.

Table 20 The percentage drug content of diclofenac sodium microtablets

Formulation % Drug Content % Coefficient
| Variation(%CV)
(n=5)
UNCOMPRE! I"" ! UNCOMPRESSIBLE

UNCOMPRESSIBLE
INCOMPRESSIBLE

li.w 2 \\ A
ey W

DEC 3.79%

W M o

WHCH fold s, < 4] 0.01 %

WECL ‘ 0.01%

WECH 01 %

* The percentage drug content . r dard for USPXXIV
§
6 The contnt un@-ﬂﬂﬁfﬂ&l Bhana7) Y
The be examined

the uniformitn%f content. e content uniformity was determined by the percentages of
coefficient variation (%CV) that are shown in Table 20. The percentage coefficient variation
were less than 3%, it would be passed the specification official standard USP XXIV. The
percentages of coefficient variation of direct compression formulations were more than 3

percent that indicates non-uniformity of content. But all wet granulation formulations had
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the percentage of coefficient variation less than 3 percent that indicated uniformity of

content.

7) Morphology of diclofenac sodium microtablets

The observation of size, shape, the surface and cross — sectioned morphology was
done by scanning electron microscopy. The scanning electron photomicrographs of the
microtablets prepared from various amounts of the cellulose derivatives are shown in Figures
42 - 43,

; _ /j A% . el praduced at various amount of
HPMC (Formulation WH ?\ . \\ 1in ures 42A and 42D at low

b / #* | *«,ontained with HPMC had
Pein ?-‘: 208 of surface morphology in high
4B Il Ws observed that both of the
formulations with HPMC had#0§ v 1#f74 _ ad Ple fine particles spreaded to the
surface of the microtablet. Comphrisir e ot of HPMC, it appeared that the

microtablet with higher amount d DY

magnifications. The microta

regular shape with smooth ¢ Ai

magnifications are shown iff F

L er surface and more fine particle
spreaded to the surfac - Moreover, tt - A rphology of microtablet

demonstrated that microt: ent exhibited less porous

1 jil

and more condensed than thaf of microtablel contained with | swver HPMC content as shown

in Figures 42C and 42F.

o mm? unin o
AMaNaAIT NG

otomicrographs mlcrota lets produ with various
amounts of EC (Formulation WECL and WECH) are displayed in Figures 43A and 43D in
low magnifications. The surface of microtablets that prepared with lower EC content
(Formulation WECL) had smoother than that of microtablets prepared with higher EC
content (Formulation WECH). The microscopic images of surface morphology in high
magnifications are shown in Figures 43B and 43E. It was observed that both of the
formulations with EC had rough surface with aggregated particles that spreaded on the
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surface of the microtablet. Comparison to the lower amount of EC, it appeared that the
microtablet with higher amount of EC demonstrated rougher surface charact=ristics and more
aggregated particles spreaded to the surface. Moreover, the cross—sectioned morphology of
microtablet was demonstrated that the microtablet contained with higher EC content
exhibited less porous and more condensed than that of microtablet contained with lower EC

content as shown in Figures 43C and 43F.

"' v ja 5 - -
£ 180 O, 500 L

- g

S00rm D1D0210 IS S20rm D19213

© (F)
Figure 42 Scanning electron photomicrograph of diclofenac sodium microtablet

(Formulation WHCL and WHCH) (A, D : microtablet x 15; B,E : the

surface of microtablet x 5,000; C, F : cross-section x 35)
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Figure 44 Scanning electron photomicrograph of diclofenac sodium microtablet

(Formulation WECL and WECH) (A, D : microtablet x 15; B, E : the

surface of microtablet x 5,000; C, F : cross — section x 35)
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8) Specific surface area diclofenac sodium microtablets

The surface area and the total pore volume of DS microtablets were measured by
BET method. The specific surface area and the total pore volume of DS microtablet
contained with various amount of the cellulose derivatives are displayed in Table 21.
Increasing the proportion of polymer in all formulations increased specific surface area but
decreased total pore volume. It could be seen that the amount of cellulose derivatives might

affect the specific surface area and total pore volume of DS microtablet.

at the same quantity.

Table 21 Specific surface aget

microtablets.

sodium

Formulation | Total Pore Volume
(cm3/g)
deriv 40
WHCL Low contgit q Tk ; 0.76
PM e
HPMC ﬁ,&@
WHCH ighicontent of 0.40
WECL Low cdfifent of EC gy | 0.43
WECH High conténtof EC 1. 0.01 0.29

eV
" AR AnendY .

various amounts of the both cellulose derivatives that prepared by wet granulation method
are illustrated in Figures 44 and 45, respectively. It was found that the concentration of both
HPMC and EC were increased, the prominent peaks of spectra of diclofenac sodium did not
shift but the peak intensity was slightly weaker. These revealed that no interaction hetween
drug and both cellulose derivatives occurred ,
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Figure 44 IR spectra of diclofenac sodium-hydroxypropylmethycellulose

microtablets
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Figure 45 IR spectra of diclofenac sodium-ethycellulose microtablets
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Table 22 IR peak of spectra of diclofenac sodium and of diclofenac sodium

granule.
Formulation Principle Peak (cm™)

DS 747 767 1284 1306 1506 1575
WHCL 749 774 1282 1306 1508 1577
WHCH 747 767 1283 1305 1506 1579
WECL 747 769 1282 1306 1508 1577
WECH 746 F 1305 1508 1577

10) X — Ray diffraction

The X - ray diffga : 5 :
microtablets with types and ¢ .- 1 foyul -‘*- are illustrated in
Figures 46-47. Lo o \

sl

E . ‘
The X - ray diffractiofPpa mﬁ :

are displayed in Figure 46. It wa \.-':rf:;‘l;- ‘ f:

and high content of HPMQ (Form G ;7:'

and diclofenac sodium

Hi s with various amounts of HPMC
microtablets that contained with low
H) eb_ited different pattern from
DS. Their pattern showe :'; ahsence of some emnent = eals —THE -‘trast, they had new peaks
in the pattern. All de A data 0 ‘are shown in Table 23.

il
|

Moreover, remarkably fewe - tense peaks and a shghtly hight baselme was detected. It is

indicated that their aracteristics of crystal
may be changed m@lﬂ form. .
. wﬂ e

displayed in Figure 47. It was found that the both formulations that contained with both low
and high content of EC (Formulation WECL and WECH) compared with pure DS that
showed different peak and intensities. Some eminent diffraction peaks of DS crystals in

their microtablets were absented. And the new peaks were occurred in the pattern.
Moreover, the peak intensities were reduced and base was slightly high. All data that
compared the X-ray diffraction peak of microtablets are shown in Table 23. Therefore, the
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almost of diclofenac sodium was still crystalline form but the characteristics of crystal may

be changed and some crystals may be changed to amorphor:s form.

Table 23 The peak of X-ray diffraction of diclofenac sodium, additives, and

microtablets.
Peak | Diclofenac | Magnesium | Lactose* | WHCL | WHCH | WECL | WECH
NO. | sodium (°) | stearate(®) (°) (°) (°) (°) ©)
1 6.76 5.44 6.81 5.48 3.56 5.61 5.56
2 8.64 7.28 9.97 9 6.68 6.54 6.62
3 11.36 8.2 8.56 8.63 8.49
4 12.76 932 12.56 1252 12.48
5 1532 14.24 1 5.28 16.40 16.40
6 16.24 14.9 0 12 19.12 19.16
7 17.28 16.08 f 9.60 19.56 19.60
8 17.92 16.92 ' .04 20.04 20.00
9 20.00 17.840% . 2 21.28 20.88
10 23.64 18.84 ¢ = .38 21.88 22.64
11 23.96 19.64 2 8 23.80 2352
12 25.16 i 3:92 25.60 25.64
13 26.04 21.9 0.8 3 L 71 26.16 26.12
14 27.24 22.56 2 7.01 37.60 37.56
15 28.04 23.56 2 ek 60 7.41 43.12
16 25.36 7.
17 30.12 ==
18 37.80 4
19 3
20 4
21 42.
22 43. .
&1 45.96 27.38
24 7
25 | ¢
26 0.
27 — .
28
29 !
1

* Referrence from Analytical profiles of drug substances (Harry G.B. et al., 1990)
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Figure 46 X-ray diffraction spectra of diclofenac sodium-hydroxypropylmethycellulose
microtablets '
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Figure 47 X-ray diffraction spectra of diclofenac sodium-ethycellulose microtablets
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11) Differential scanning calorimetry (DSC)

The DSC thermograms of DS and of DS microtablets with various amounts of the
cellulose derivatives are shown in Figures 48 - 51. The thermogram of pure diclofenac
sodium exhibited the characteristic melting endotherm at 285°C and the peak of 54.2°C,
60.2°C exhibited vapourization of moisture content into diclofenac sodium powders (Fini et
al., 1999). The DSC peak temperatures of diciofenac sodiuﬁl microtablets contained with
both HPMC and EC were disappeared in duplicate determinations. But it could detect the
heap of endothermic peaks at 100°—150° in & ' mulations.

J
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Figure 48 DSC thermograms of diclofenac sodium-hydroxypropylmethycellulose

microtablets in first condition
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Figure 49 DSC thermograms of diclofenac sodium-hydroxypropylmethycellulose

microtablets in second condition
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Figure 50 DSC thermograms of diclofenac sodium-ethycellulose microtablets in

first condition
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Figure 51 DSC thermograms of diclofenac sodium-ethycellulose microtablets in

second condition
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12) Dissolution Study
12.1) Dissolution profiles and release rate profiles

From the experimental data, the dissolution or the release profiles could
be plotted between the amount of drug release against time. Then, the change of release rate
profiles was constructed from the dissolution profiles to elucidate the release rate at various

time intervals during the course of drug dissolution from the microtablets. The dissolution

various time interval with the tisme 1t e ‘ TleASE thatgertain amount of the drug (see

data in Table 41 — 43 (Appegdi® ith the midpoint of the time

interval. It was shown that th

-
>

All formulations of syt ets that filled into the capsule

were evaluated in pH-chang G 1586 ange system, these capsules were

tested in acid stage (0.1 N HCW¥p! FFl. c Pe entages of drug release from all

formulations were less than 3.5%" ssofution medium was changed to 6.8

by using phosphate buffer pH 6.8 ptinuously tested until 24 hours. For

phosphate buffer stage, -i Spercentage ¢ fust 2 hours was more than

6.5% and continuously inéte: g

il - it

[

AUEThEnInens
The amount of drug release at any time interval ar esented in Table
35.(Appen AThe | ::\.4‘:. Wﬁ% affected by
dissolution rnqilum as illustrated in igure 52. In pH — change system, the percentage of

drug release from Voltaren SR tablet at the first 2 hours (acid stage) was less than 2%.

12.1.1) The

Whereas, the percentage of drug release at the first 2 hours (buffer stage) was more than
3.5% and continuously increased until 24 hours in phosphate buffer pH 6.8 stage. The
release rate of these tablets decreased as the time increased as shown in Figure 53. The

amount of drug that released in 24 hours was 75.22%.
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Figure 53 The release rate profiles of commercial product in pH change

system (Voltaren SR 75 mg)
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12.1.2) The formulation contained with. various amount of
hydroxypropylmethylcellulose (HPMC)

The dissolution profile of diclofenac sodium microtablets with various
amount of HPMC into pH — change system are shown in Figure 54 and 55, respectively
(Table 36, 37, Appendix C). Each point represents ihe average value obtained from three
determinations at the given sampling time. The release rate was decreased with time as

shown in Figure 55. The release pattern & oly dependent of pH of the dissolution

medium.

In acid stage (0 LN 1 ho —— -petcentages of drug release from

these formulations were less. .
high content of HPMC gave _ 1
hour. The initial gradually rgiéas v 4 o] ARY hours followed by slower release
. | \ ount of HPMC resulted in a

of drug release at 24 hours

at contained with low and

3 of total capacity at the 24th

until 24 hours was observed. 1 V.
60.72%, respectively. Their
75% that did not passed the

for the formulation WHCL agt
percentage of drug release at
specification in official standard USP-2305 .

e e TALNAI L

Y,
"

P
o

Auginuninenns
amsansaliminendy
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Release profiles with HPMC
100
@ —— WHCL
3
[
1 —m— WHCH
a
N
—— \bltaren
SR
Figure 54 The release profi AC microtablets by

pH - change syste

50

N
’

Release rate (%/hour

VoltarenSR

10 12 14 16 18 20 22 24

Mean time (hour)

Figure 55 The release rate profiles of diclofenac sodium with HPMC
microtablets by pH-change system
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12.1.3) The formulation contained with various amount of ethylcellulose

(EC)

The dissolution profiles of diclofenac sodium microtablets with various
amount of EC into pH — change system are shown in Figure 56 and 57 (Table 38, 39,
Appendix C). The release rate was decreased with time as shown in Figure 57. After the

drug was release in 24 hours, the cellulose derivatives remained undissolved.

Controlled release of it 1. the pH — change system. A very

low percentage of drugs release the aarked in the first 2 hours (acid
stage, 0.1N HCI). The releas

amount of ethylcellulose in £

ed with the increasing of the
y entage of diclofenac sodium
release at 24 hours for fc off JECE and WEC ere 94.10% and 89.19%,
respectively. Their percents ' | than 75% that passed the

specification in official standard

(

100

80 -

60 —&— WECL

40

% Drug release
g

—— WECH

+ Voltaren SR

ARy |

Times (hour)

Figure 56 The release profiles of diclofenac sodium with EC microtablets in

pH-change system



11

Release rate profiles with EC
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El
o
- . —8— WECH
o \
§ 20 —&— Voltaren
3 SR
& 10 -
0 —————
0
Figure 57 The release rate pf ..r”" : ith EC microtablets in
pH-change syStegd J
12.1.4) Comparison betw€ern, produced with both

cellulose derivatives #.

e

broduct diclofenac sodium

(Voltare ‘_**f,

L

d

— ]
-~

1

i

.
=

.-;'i“ each formulation of the

microtablets and a commercialfpsaduct of sustaingdi— release DS tablet (Voltaren SR 75 mg)
were examined. It ﬂ%ﬁ%ﬂrﬂr@ﬂ e %ulation contained with
low content of HP (Formulation CL) was similar to the rele rofile of Voltaren
SR tablet.

The indunt % Hat re ﬁ“ﬁ, d 7522% for
formulation W and Voltaren'SR table espectively. It was observed that the amount of

drug release in 24 hours of formulation WHCL did not pass the specification in official

Comparison f_'- as

standard USP XXIV. The dissolution profiles are demonstrated in Figure 58 and 59. (Table
40, Appendix C).

It is interesting that the comparison between the microtablets contained with

low content of HPMC (Formulation WHCL) and Voltaren SR tablet. But the capsule size
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that filled the microtablets was changed to be a bigger size (formulation WHCL1). It was
found that the drug release profile of formulation WHCL1 was similar to the drug release
profile of Voltaren SR tablet. The amount of drug that released in 24 hours were 75.84%
and 75.22% for formulation WHCL1 and Voltaren SR tablet, respectively. The amount of
drug release of both formulations passed the specification in official stadard USP XXIV.
Whereas, the t-test showed statistically significant difference (p > 0.05) in acid stage and
statistically non - significant difference in buffer stage of the release pattern (Table 47,

Appendix D).
100
w0 —&— Voltaren
w SR
E 60 —l— WHCL1
[
S; —&— WHCL
Q9 40
R
20
0 <
& ,.v‘ ‘ }
4 e

Figure 58 The re Eﬂj;fnlﬂnnsiﬂv;qﬁmgmicmtamets in
TRTSNTMETING Al
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Figure 59 The release ratoi

microtablets in val

13) Elucidation of Drug Rele#5e

In general, the releatc 45 i ed—elease preparations could

be described by the use aflie oF iore Hhan firee EReiesSaacis comprising the zero order
1

~dl
equation, the first order eqdZtion &fuation. The analysis of all

'l .

out to -‘

most fitted model. The plot between

i e (z drug remained versus
agk ﬁ m ot of time (Higuchi

‘ constructed and rrmned the ne

dissolution data was carrieds

model) were, therefo he' most linear as the

accepted m Higuchi and

RAVLRL 6
first-order relqgonshxps d1d not allow unamblguous d1stmctxono made tween the two
kinetics. The further treatment was base upon the use of the different forms of the first —
order and Higuchi equations. The plots of rate of release versus 1/Q were linear when the
release was fitted with the Higuchi model. If the plots of rate of release versus Q were linear,

they indicated that the first- order model was operative. The correlation coefficients of rate
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of release against reciprocal amount (1/Q) and amount (Q) of diclofenac sodium release from

the microtablets are shown in Table 24.

Table 24 Comparison of linearity between plots of rate of release against
reciprocal amount (1/Q) and amount (Q) of diclofenac sodium

released from the microtablets in pH — change system.

Formulation Cor qefﬁcient of rate dQ/dt
‘ Versus 1/Q
Voltaren SR 0.1070
WHCL 0.0350
WHCH 0.0001
WECL 0.0303
WECH 0.0130
WHCL1 0.0141
Table 25 Correlation coefficicnt :’ ships between percentage

drug released versus i ze drug remained versus

time (B), ‘.;glur-w--~---=--------=w ---- EEESES ‘;[ e root time (C).

Dissolution Study ™
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13.1) The Voltaren SR Tablet

The highest correlation coefficient of Voltaren SR 75 rhg tablet was
0.9890 obtained from the first-order plot. And, the correlation coefficients of rate of
release versus Q were higher than those of rate versus 1/Q as shown in Table 24. The

first —order model would possibly be operative.

, 1 1- r ‘
13.2) The formulation cok ' Sus
hydrohydroxyp 0P etliylce |~-_':'_'f

These formud ; : ‘“‘-‘-
correlation coefficient val o ey ficr -, B, B %
0.9824, and 09900, respectfel “ fica
followed the first —order modejff / _
were higher than the correla fondlodft ez gl il 4F h ase versus 1/Q. In conclusion, the

formulation WHCL, WHCH, afid |

d-change system. The highest
and WHCLI1 were 0.9629,

f Q-'.;;mp cdyth e release data might have
[} | '
iy ient of rate of release versus Q

lloWed the first-order model.

13.3) The formujgBiéi eontained varousamouREaEbdcellulose
7 <

All these formtulations gave similar release madel in pH-change system. The
highest correlation w 0 Ation W CH were 0.9195 and
0.9757, respectivel ﬁiﬁgﬁ p cﬁﬁ%ﬁrelation coefficient of
release rate of the — order plot was higher er models. efore, the release
profiles of R R e qﬂg Wﬁg@%ﬁﬁl .
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