CHAPTER 1V

RESULTS AND DISCUSSION

In Vitro Studies

The eight of diclofenac sodigm

25 mg. enteric first tested for
uniformity of active ingredient.
Each of these itish Pharmacopoeia
requirement (B mity of weight within
the range of . All products were
assayed far ingredient. Results
indicated that ea Ju}f:' within the limits of 90.0-

110.0 percent 1abe1--.51g49?,§ own in Table 4.
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All of these products‘exéept brand F of diclofenac
sodium enteric-coated tablets met the requirements of the
United States‘ Pharmacopoeia XXII for disintegration of
enteric—coatéd tablets in simulated intestinal fluid Ts.

o

at 37 + 2 C. The reason of failing to meet the



specification of brand F was due to the tablets already
had cracked in simulated gastric fluid. Disintegration
time of +these products were ranged from 4.16 to 38.00
minutes. The rank orders in term of mean disintegration
time were brands H > E > C > D > G > A > B. Statistical

comparison indicated that the disintegration time of all

brands except brand B
of brand A (p < 0.0

The diclofenac sodium
enteric-coated

drug availabili 3"f‘d jrue ~had to, in general,

dissolution test L perio 0 i’ n simulated intestinal

fluid TS without 0.1) using the United

States Pharmacopoeiéc; =2 - ut i apparatus type 1II
(paddle methody .« F : f 3 a -7 illustrated the
dissolution préfiles at various fgs of all eight brands
of diclofenac Eﬂod&um er dﬂlablets. Each brand

reached ibruim ldtate within minutes.
mean @euﬂtﬁmﬂ nﬁfwﬁlf}a‘j sodium from. all

‘ brand 1.08 to 106.07 percent tat 60 minutes.
The iﬂﬁﬁiﬁ %tgu Mmqg mq@ﬁ calculated
from the slope of the first order plot between the amount
of undissolved diclofenac sodium (Ba - Bt) versus time in
semi-logarithmic scale. The dissolution rate constants of
all Dbrands were reported in Table 8. The rank order of

all brands in term of dissolution rate constant were

brands B > A > G > F > D> E> ¢ » H. Statistical
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Table 4 In Vitro Studies of Eight

Commercial

35

Brands

of

Diclofenac Sodium Enteric-Coated Tablets.
Weight™ Assay, % of Disintegration Dissolution
Brand (ng) labeled amount” time® (min.) | rate constant®
(min.”™ ™)
A | 148.25 + '+ 0.51 | 0.20 + 0.04
B 152.76 + + 0.98 0.22 + 0.09
c 163.92 + +1.90 0.08 + 0.02
D 174.76 + +1.21 0.11 + 0.03
E 167.63 + +1.72 0.10 + 0.03
F 153.09 + *¥ - DL1T ¥ 802
G 158.08 + +°1.38 0.18 + 0.09
1 143.94 + 3.85 0.06 + 0.01
* 411 val S.
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Table 5 Analysis of Variance for Disintegration
Time of Seven Brands of Diclofenac Sodium

Enteric-Coated Tablets™

Source of variation {d.f. SS _ MS F

Among group 785.00 211.59

Within group

Total

(61 = _'...., b 5

I-;i

Q.
1

e = F ;llue obtained from thw table
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Table 6 Comparison of Disintegration Time of Each Brand of
Diclofenac Sodium Enteric-Coated Tablets with that

of the Innovator’s Product (brand A)

Brand t value p Statistical

(calculated)  value Significance“

B S
c S
D S
E S
G S
H- S
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Tine
(nin.) :
Brand A Brand B Brand Brand F Brand G Brand H
5 | 0.48+0.17 [ 20.65+1.30 |  1.880 0.7645.27 2.98+0.54 0.69+0. 35
10 27.69+8.08 58.85+3.72 5.77+4.5 | 46.09+10.62 9.66+3.77 2.8040.65
15 85.6546.0 91.0017:68 24.98+11.41 71.44+10.85 48.75+18.90 8.20i'.71
20 [100.5241.00 | 102.48+3.51 | 46.87+12.42 89.1649.08 | 99.84+11.48 | 18.48+5.34
25 [100.09+1.23 | 105.04+4.94 64.54+11.99 99.6846.20 109.61+2.62 32.9647.06
30 99.41+41.07 | 104.4145.04 78.85+ 102.6743.00 108.81+2.77 46.4146.76
40 | 98.84+1.25 | 103.64+5.06 | 968.28 922 | 102.87:1.10 | 99.1517.40 | - '69;2 69 | 107.77+2.60 | 67.7745.28
50 98.31+1.21 | 103.2845.07 | 103.25+4 -102.08+2.40 107.07+2.69 B82.72+4.54
60 97.73+1.11 | 102.4645.04 | 103.2043.6 102.03+2.02 104.88i3.95 “101.50+2.36 106.0742.57 91.08+2.38
75 97.02+41.22 | 101.6845.10 1%“3.78 @12201.40+1.90 IOIJBlf+‘3.88 p 100.80+2.32 105.35+2.40 95.3041.77
90 | 96.79+1.36 | 101.05+5.11 | 102, 91;188 ’}O‘mﬂﬁqﬁfwﬁl ]1ﬂ2§2.37 104.68+2.43 | 94.93+1.51
105 96.22+1.18 | 100.77+4.94 10f117+3 71 100. 23+1IP0 103. 14+3 84 99.88+2. 63 103.96+2.30 94.2341.76
120 95.46+1.23 103.14+2.51 93.49+1.61

w»ef PR N TR R 8RS

* A1l values are presented as mean + S.D.

(n = 6)
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DISSOLUTION PROFILE OF
DICLOFENAC SODIUM ENTERIC-COATED TABLETS

MEAN % DRUG DISSOLVED
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Figure 3 Dissalution pro(;.les of elght. commerc:1a1
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Table 8 Dissolution Rate Constan or Eight Brands of Diclofenac Sodium

Enteric-Coated Tablet& in  Siwllat: Intestinal Fluid T.S. without

N

) Dissol 0 \\Hih‘v,_)(mln )

Brand \\\

Tab 1 Tab 2 Tab 6 Mean + S.D

A 0.14 0.17 0. 28 0.20 + 0.04
B 0.14 0.26 0,21 0.22 + 0.09
g 0.87 0.05 0.10 0.08 + 0.02
D 0.12 0.08 0.11 0.11 + 0.03

LR 0.13 0.10 ‘ 0.08 0.10 + 0.03

I * 0.18 0.20 jil¢j . o - 01T 0.17 + 0.02
G 0.33 0.12 ﬂlu wtiﬁi g)ziﬂ ) 0.12 0.18 + 0.09
S el I 114 10 ' N1 A el

0}/
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Table 9 Analysis 6f Variance for Dissolution Rate
Constant of Eight Brands of Diclofenac
Sodium Enteric-Coated Tablets in Simulated

Intestinal Fluid TS without Enzyme (pH 7.5

&80
Source of variation Ms® F°
Among group .02 L7 8.0370
Within group L 0.0027

Total

* calculationr

i
e ﬁuﬁ?ﬁhmma a3.
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Table 10 Comparison of Dissolution Rate Constant of Each
Brand of Diclofenac Sodium Enteric-Coated Tablet

with that of The Innovator’s Product (brand A)

Brand “t value ) Statistical

(calculated) value Significance“

NS

B
c S
D s
; Al ;
F o S = p NS
G “fiz * ' )07 ¢ NS

g ' <7 | iz e s

| $AA0 %
bt o 2
“'s = Sidnificant di 005
NS = No;Elignifican difference aem» > 0.05
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comparison, as presented in Tables 9 and 10, indicated
that the dissolution rate constant of brands B, F, and G
did not show statistically significant difference

(p < 0.05) when compared to that of brand A.

As seen in table 4,  different brands of

diclofenac sodium en ted tablets resulted in

different the disi and dissolution rate.

These might pre

, e Qifferent property of
coating matertii——pﬂﬂff IRV h-uxmedia, In addition

diclofenac sodiu ,, ource, drug formulation,
g \\\\\be contributed for

Statistic . p < 0.5) was found

and/or manufactur

these difference..

between the disintegration £ and the dissolution rate
constant of egch fid ‘as /st aplde 11. This result
egra §'Y were rate limiting

fon. 1)
In vive stuﬂlJEl’WIEJVﬁWEJ\’lﬂ’a'

W ifed B SRUNAT B BB ieconies

tablets with maximum, moderate’ and minimum dlssolutlon

indicated tha y

step of diclofeng} s0d

rate constant were selected to compare thelr‘

bioavailabilities with that of the innovator’s product

(brand A). They were brands B, D and H respectively.
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Table 11 In Vitro Pérameters Correlation
Correlation Correlation|t value|Statistical

Coefficient Significance

Disintegration Times

virsus

Dissolution Rate

Constants
n = 6
a = t ) 11C t_-able
S = Signififant/dif? ce at p < 0.05

.

.,l
|
W

L .
fli; (e

b
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1. Analysis of Diclofenac Sodium in Plasma Samples.

Severai methods have been reported for the
measurement of diclofenac sodium in plasma. These include
thin layer chromatography (Schumacker et al., 1980), gas
chromatography (Geiger et al., 1975; Ikeda et al., 1980)

and high performance liquid chromatography (Nielsen-Kudsk,

1980). Among these method re were some disadvantages

such ass; the former high-performance

ﬁack the sensitivity

liquid chromato

required for once determination of
diclofenac hiar ne . /ml) . The gas
chromatographic on the formation of
an indolene deri ﬁ laime Is _w\f-* derivative, or an

‘acetylated deriva e electron capture
detection are e¥X “sensit i However, the methods
require extensive m“ f“‘ e 'up and the procedures are

extremely tedigus

In thiﬁ provel

from Chan et adg s’ meth (1982) was enmployed for

snalyzing ﬂdum NN INBIAT i s sieen

samples.. The mixtures off hexane Eﬂd 1soprog£pol (9:1 V/V)

core VR ST AND THI DR Bhasvven o

1nterfere free chromatogram in the HPLC system.

2] thga modified procedure

The ratio of mobile phase mixture which consisted
of methanol, acetonitrile and 0.02 M sodium acetate
buffer (pH 7.0) was modified from 25 : 20 3 B3  to

21817 5 62.
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Typical chromatograms of diclofenac sodium and
internal standard were shown in Figure 4. The retention
time of diclofenac sodium and internal standard were 5.99
and 7.89 minutes, respectively. The method was validated
by determining the within-run and between-run brecisions.

The percent coefficient of variation (%CV.) in the within-

run and between-run pr ere 1.52-13.63 and 1.45 -

8.26% as shown in 13, respectively. ' The

—
standard calibratewen= cUrVe @a concentration of
diclofenac sodium yeak height i
sodium to ihtern | was "*. up to 2.4 mcg./ml.
(Appendix B). v h-;‘- ;‘ g ‘\\eparation technique
used was evaluatgl Y :>‘ -3‘ s he percentage of
r comparing the peak

recoveries. Thi

height of the

peak height that tained from standard solution which

were directly - gsults as shown in

Table 14 ind_@;rf’r_:::T — G - CITER l. al method used is
independent to E&OHC‘ ﬁEFcentage recoveries

of diclofenac adium and imfernal standard were in the

range of eeﬂ u&]v%%],ﬂéiﬂﬁfﬂ&}’mipecmely.

The plasma level of diclofenac sodium at eéch
sampling time ranging from O to 10 hours after oral
.administration of two 25 mg tablet of brands A, B, D and H
were shown in Tables 15 ﬁo 18, respectively. Individual
plasma diclofenac sodium concentration-time profile for

each of twelve subjects were shown ;graphically from
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Table 12 Within-run Precision of Diclofenac Sodium

Peak Height Ratio
Concentration Mean + S.D. % C.V.

(mcg./ml.) i 2 3
0.0499 +0.026 10.58
0.0991 +0.060 13.63
0.1981 ‘_+_0.084 10.63
0.3963 0. 1141 T«53
0.7926 +0.170 6.06
1.1888 10. 1'45 3.50
1.5881 +0.079" 1.48
1.9814 +0.170 2.53
2.3777 +0.464 5.63

n =

¥

AULININTNEYINS
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Table 13 Between-run Precision of Diclofenac Sodium
Peak Height Ratio
Concentration [— Mean + S.D. . Vs
(mcg./ml.) 1 o 3
- 0.0499 <k 003 10:'.58
0.0991 '+ 0.07 17.28
0.1981 + 0.05 6.13
L : 0.3963 + 0.12 8.26
0.79286 + 0.07 2.34
1.18838 + 0.08 1.45
1.5851 + 0.14 2.67
1.9814 + 0.15 2.24
2« 3TET + 0.38 4.67
n
ol




Table 14 Recoveries of Diclofenac Sodium and Internal
Standard
D™ 1s”
Conc. PH® (mm.) PH" (mm.)
(ng./mnl.) % Recoveryd % Recoveryd
Sol”™ Plasma Sol” Plasma
0.0991 14.0 12.0 75.00
0.1981 31.0 13.5 T 2297
0.39863 47.0 "13.0 78..47
0.7926 | 82.0 14.0 17.77
1.1888 98.0 b 13.5 72.97
1.5851 115-0 13.0 68.42
Mean % Recovery + S.D 73.9343.30
A 4.48

ﬂ’%ﬁi’m BT

= nternal Standafd =

Hefenamlc acid

ammmcuumqmnaa

= % Recovery

= Peak Height from spiked plasma X

Peak Height from solution

100
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Table 15 Plasma Diclofenac Sodium Concentration (mc ron 12 Subjects Following Oral Administration of two 25 mg.
Diclofenac Sodium Enteric-Coated Table
Subject
No.
0.5 1.8 1.8 6.0 8.0 10.0
1 0.0934 1.6302 0.5453 0.0261 0.0111 *
2 * ¥ 0.1043 0.0326 * *
3 0.3120 1.7992 0.6037 0.0060 * *
4 0.7443 02337 0.6167 0.279 * * *
5 * ¥ 0.3343 0.9521 0.2602; +0.2001 0.1861
6 0.0729 0.0526 0.0606 2.5874 0.0230 0.0411 0.0152
1 * ¥ 0.0524 0.0727 0.0107 *
8 * ¥ 0.0506 0.0871 0.0321 *
9 0.0428 | 1.1248 0.3289 0.0056 * *
10 * ¥ 0.0212 0.2140 0.0837 0.1036
11 0.0526 4.0973 1.5225 0.0153 0.0230 0.0378
12 1.1497 0.0567 0.8330 0.0526 0.0176 0.0007
_ p * — - - -
Mean 0.2056 ~ 0.6645 OQ?W ]adﬁﬂ imgu ﬂd%ﬂ Elq}ﬂ E 0.0663 0.0350 0.0286
S.E.M. 0.1060 0.3635 0.1&77 0.2445 .0.2193 0.1164 0.0397 0.0245 0.0166 0.0168

% Undetectable data

1S



Table 16 Plasma Diclofenac Sodium Concentration (megml.)" from 12 Subjects Following Oral Administration of two 25 mg.

Subject| -
No. |-
0.5 1.0 1.5 4.0 6.0 8.0 10.0
1 1.0977. | 0.7706 | 0.2153 . 0.0019 ¥ * *
2 3.6725 | 2.9766 | 1.2535 0.726 : 35 ) 0.1428 0.1018 0.0099 * ok
3 0.0704 | 1.2014 | 0.3597 0.1712 Geret1 R dloses 0.0041 ¥ " %
4 1.4189 | 2.4388 | 0.2989 0.0915 ) 8, 049 0.0041 * * *
5 | 1.4818 | 2.7093 | 1.0991 ' 0.1095 0.1415 0.1852 0.0446
6 ¥ ¥ 0.3802 : _ 0.1445 0.2101 0.0841 0.0133
7 0.3236 | 0.1036 | 0.1018 1 0,2803 | 05082 “hdpleees | 0.0873 0.0280 *
8 0.2507 | 0.1973 | '0.4616 631 | 3.92 1 3195 0.2637 0.2110 0.1911
9 0.7806 | 1.2483 | 1.0964 . 082! L1138 0.0508 | 00166 5 % %
10 0.3936 | 0.2783 | 0.0897 | 0.072% 4| 0.0624 |0.0796 1.4113 0.3382 0.2027 0.0325
11 1.2627 | 1.7185 | 0.5511 faufﬁ ‘: wgzﬂ 5%@ | fﬂ]@lz 0.0046 | % *
12 | 2.0043 | 0.8238 0.3201 0.1729 0.0885 0.0230 * * *
= A ¢ o /]
= = ,
Mean | 0.8960 | 1.2039 u.?!nw ldz&i I jIEﬂ “0.[93 i mo.oam 0.0593 0.0235
S.E.M.| 0.2990 | 0.3070 | 0.1177 0.1177 0.3131 | 0.1358 0.1206 0.0351 0.0255 | 0.0158

% Undetectable data

es



m 12 Subjects Following Oral Administration of two 25 mg.

0.8267

WH AN Y

0.0492 1468

3 Y
Table 17 Plasma Diclofenac Sodium Concentration (mcg D
Diclofenac Sodium Enteric-Coated Tabl
Subject
No.
0.5 1.0 1.5
1 - 0.0100 0.9469 1.4276
2 * 3.3918 1.8618 0.7602
3 ¥ 2.5136 0.6887 0.3263
4 * ¥ 0.0641 0.755
5 0.0141 0.1090 0.1504 0.1060
6 2.8045 0.9336 0.3082 0.1776
7 £+ | 0.0090 | 0.0152 943
8 ¥ ¥ 0.4204
9 % % 0.0261
10 * ¥ 0.0819 2 808.‘:“:.I
11 * ¥ 0.0612
12 * ¥ *
Mean 0.2357 0.6587 oﬂzm
S.E.M.| '0.2335 0.3303 0.1776

0.1353

4.0 6.0 8.0 10.0
0451 0.0044 ¥ *
L1119 0.0141 0.0032 ¥
0435 0.1284 0.1119 i
.2200 0.0378 * *
4612 0.5668 0.6694 6486
0486 0.1298 0.1108 0674
2027 0.0961 0.0632 ¥
0. 1496 0.0634 0.0468 .0093
L4226 || 0.1305 0.2391 0.0971 %
o 0-319 0.1205 1.1310 ¥ *
| ﬂ.‘l'jm 0.0423 ¥ *
i 2964 0.1449 0.0828 0.0204 .0093
, o/
r]@sw ﬂ’la 0.2113 0.0936 L0612
0.1386 0.1125 0.0945 0.0539 0537

% Undetectable data

€5
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Table 18 Plasma Diclofenac Sodium Concentration (mc rom 12 Subjects Following Oral Administration of two 25 mg
Diclofenac Sodium Enteric-Coated Tab
Subject
No.
0.5 £ 10 1.5 4.0 6.0 8.0 10.0
1 * ¥ 0.0624 9534~ ! ., 0.3560 0.0335 0.0624 *
2 * 0.9941 1.5049 3.064 ﬁ‘ . 0.48 . 0.1211 0.0664 * *
3 * 0.1688 0.4141 0.7545 .Q;KB;-: “' v .-l\ 0.1179 0.3290 0.1415 .0695
4 L2444 0.2231 1.4775 1.0407 el 0 . 26 0.0485 0.2320 0.4295 L1754
) * ¥ * 0.0086 0.9725 | 0.1626 0.0614 *
6 * ¥ 1* 0.1786 0.5868 0.3561 0.0377 ¥
7 * ¥ 0.0383 | S .1314 0.0842 * *
8 ¥ ¥ 0.0822 A .2884 0.0996 0.0288 0050
9 * ¥ 1.0170 0.&1 2 0.6257 0.0075 * *
10 L0176 0.0513 0.1119 1].33"5‘“.I 0.5093 0.5439 0.1472 0.0954 ¥ *
11 * * 0.1713 F ugjﬂg E’!Tr] ?tﬁf] ﬂz‘j&m 0.2011 0.0254 *
12 * ¥ 0.0857 q ¢ 6 .906 0. By P ] 0.1235 0.0160 ¥
~ Y QDXL DI RR TP
Mean 0218 | 0.1198 | 0¥ 30. 637 MON‘ r(]%m Jﬂ@ E 0.1492 0.0669 .0208
S.E.M .0203 | 0.0824 0‘.1665 0.2345 0.0835 0.1110 0.0350 .0152

0.1113 | 0.0907

¥ Uﬂdetectaﬁle data

7S
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PLASMA DICLOFENAC SODIUM CONCENTRATION
| ~ SUBJECT No.1

PLASMA CONCENTRATION(mcg./mi}

1.6

0.6

710 12

—&— Brand H ;

—4— Brand D

Gl 00 1) 3 14
ELRE ukivewaieli L1



56

PLASMA DICLOFENAC SODIUM CONCENTRATION
~ SUBJECT No.2

PLASMA GONCENTRATION(mcc /mi)

- # - :
8 10 g
—— Brand A ﬂ'%‘ i Brand D S BrandH

s V
V__ —

e ﬁ%i“’iﬂ ammm’f“::‘;i::::* =
ammﬂmmﬁm .
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'PLASMA DICLOFENAC SODIUM CONCENTRATION

SUBJECT No.3
' = PLASMA CONGENTRATION(mcg.ImI)
2.5
2 -
1.5

il

0.5

10 12

“ Brand D —= Brand H

) Flgure 2 Plaima. dlclofenac sodium concentratlon -time

ﬂum NE AW AF roowne o

admlnlstrat,lon -of two 25 mg dlclofenac sodium

Q W'] ﬁﬂﬂ%ﬁﬁ%ﬁw’%‘ﬂ 40 ﬁ El



PLASMA DICLOFENAC SODIUM CONCENTRATION
SUBJECT No.4

' PLASMA CONGENTRATION(mcq /mi)

2.5

2-

1.5f

1..

0.5

—&— Brand H

Figure ﬂ uﬂ 1“8%321“ Eﬂﬂ ‘ioncen’crat ion-time

of subjects No. 4 Mollo\ung oral
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PLASMA DlCLOFENAC SODIUM CONCENTRATION
SUBJECT No.

PLASMA OONCENTHKT 1ON(mcg./mi}

3

o 12

g I | -
Ay e ﬂﬂmw )

Figure 99 P

RURLN e e T e

enteric-coated tablets
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PLASMA DICLOFENAC SODIUM CONCENTRATION |
SUBJECT No.6 |

PLASMA CONOENTRATION(mcc.ImI)

10 12

—— Brand A —— Brand B —8—
Ju Brand H

:yi.

lﬂ

ﬂ‘lJEJ’J‘VlEW]iWEJ']ﬂ'ﬁ

Flgure 10 Plasma dlq'lofenac od1um cowentratlon -time

q ‘W'] Ehh9 T NW}'J YREF) Glokfowtng . orar

administration of t.wo 25 mg diclofenac sodium

enteric- coated. tablets -



PLASMA DICLOFENAC SODIUM CONCENTRATION
SUBJECT No.7

PLASMA CONCENTRATION(mcc /mi)

1.4

1.2 | ‘\ \\ Vy/

1..

08
0.6
04t

R

—%—Brand D —® Brand H

o .‘_
ot ,}'."l

ﬂ‘NEJ’J‘VIEWIﬁWEJ’]ﬂ‘i

Plasma di:lofenacasodlum c@n ncentration-time

Flﬁq W'}fﬂ @ﬂiimfu Séng ﬂﬂ '}a E}uomng oral

administration of two 25 mg diclofenac sodium '

enteric-coated tablets
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PLASMA DICLOFENAC SODIUM CONCENTRATION
SUBJECT No.8

PLASMA CONCENTRAT!ON(mcq.I m)

10 v 12

+ Brand D —©— Brand H

62

Filngure qfu H’J ﬂﬂujﬂﬂulj concentration-time

amadl p1HVigoRILRYF

enteric- coated tablets
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PLASMA DICLOFENAC SODIUM CONCENTRATION
SUBJECT No.9

PLASMA CONCENTRATION(mcg./mi)

1.5

10 -

Brand D —©S— Brand H

rigre QUEANHBINEAN Tomcrnrasionrisoe
L QDb 1y 1Ll Tt T

enteric-coated tablets
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PLASMA DICLOFENAC SODIUM CONCENTRATION
SUBJECT No.10

PLASMA OONOENTRM’ 1ON (mcg./mi)

3

| 2.5
2r .
1.5
1k

0.6

10 12

—— Brand A —— Br —%—Brand D ~—5 Brand H

L2l .H./

y—_—‘—— 1

§ —
ﬂUH?ﬂﬂﬂ§Wﬂﬂﬂi

Figure ; Plasma dﬁglofenac sodium concentratlon -time

wn CAUELE L DINO |

.administration of two 25 mg diclofenac sodium

enter ic-coated t.ablet.s



PLASMA DICLOFENAC SODIUM CONCENTRATION
SUBJECT No.11 -,

PLASMA CONCENTRATION(mcg./mi)

z
gh
g
ll
o —

10 12

Brand D —=— Brand H

: pi _ o ' .
Figure 1 ﬁ diclofen@é sodium concentration-time
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10 O

Figure . ﬁ ﬁﬁj‘r ﬁﬁgﬁiﬁ concentration-time
qlﬂ 3 ‘ Ej J 'N Jj following oral

o ';!'wflaziﬂﬁtﬂﬁﬁﬁ iﬁzﬁyﬁ aﬁ'ﬁofenéc sodiun
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MEAN CONCENTRATION IN PLASMA
. DICLOFENAC SODIUM 50 mg. |

PLASMA GONCENTRATION {(mcg./mi)

10 12

—¥%—Brand D —©— Brand H

Figure 1ﬂ uﬁa w E}:ﬂ ﬁew E}f}ﬁ?lclofenac sodium

concentratlgn tlme roflle from 12 subjects

R HAAPRUAR B v 2 o

dlclofenac sodium enter1c-coated tablets

1
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Figufes 5  to - 18. As could be seen from the plots
individual plasma concentration-time profile was not
smooth, instead it had its own pattern. This was because

diclofenac kinetics in the body was high intersubject

variation.

ited two peaks plasma

aﬂ“} drug possess entero-
igﬁto 15). Comparison of

At -\giigzproflle of each brand

The pl¢ ' i nid 3 tﬁe. at, the concentration of

Some profile

concentration, wou

hepatic cycling
the mean plasn(

were summarized

the drug were h -’vidual among brands.

Due to diclofena body 1nd1v1dua1 was wide

variation, analys '”i"i i ata wusing CSTRIP computer

program sSeeme iate _which could read to

wrong interprhr; 3 — Y

y

Therefore . observe relevant pharmacokinetic

parameterﬂ w /Jt%q)EJ %j’wlﬂq ﬂﬁ AUC calculated

using trapezoidal ruleg ‘of eac 1nd1v1duq&xwou1d be used

ror ML NN TU ’%HWEI'] N

N

3. Bioavailability Evaluation

The pharmacokinetic parameters, C__ , t

L1 4 maa X

and AUC are used to chafecterize the bioavailability of
'pharmaceutical formulation after administration. The

parameters, C and t__ represented;the rate of drug

max



reaching the systemic circulation while the AUC values

indicated the extent of absorbed drug which escaping

first pass metabolism and entering the systemic
circulation. They can be obtained from the plasma drug
concentration-time data. In the Dbioequivalent study,

drug products that are pharmaceutical equivalence are

accepted to be if no statistically

significant differegnece and the extent of drug

absorption can be G (:ﬁlQTG; Shargel and Yu,
1980).
The ic parameters were
obtained for biocayai J. Y & were as follows =,
aad ation (C__ )
1ndlcated that the mean
peak plasma -« centration'™ hieved following oral

oo

administration

tablets was qﬁ}ut d from 1.4-3.0 mcg.

/ml.) (Willis ahd Kendall 1978, Willis et al.,-1979;

ovor 150 ] ShH DY H FNE VAT o0 ve ensoric-

coated tablets (Paton,g 1987). In ‘this t dy, the mean
peak%ﬁ%@ﬁlﬂim&imq%%q@ Hr brands A,
B,. D and H were 1. 8173 +. 0. 2887, 1. 9360 + 0.3021,
1.8387 + 0.2540 and 1.1897 & 0.1831 mcg./ml.,
" respectively. The result from each treatment was shown in
Table 19. The rank order of these values were brands B >
P >~A -3+ H.” There - were : no statlstlcally 51gn1f1cant

difference (p > 0.05) among these value of all brands

- . 2 3
ygium enteric-coated
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{(Table 20). This refered that all brands could produce

the same intensity of action.

3.2 Time to Peak Plasma Level (t__ )

a2 x

The time to peak plasma diclofenac sodium

concentration of each individual was presented in Table 21.

The average peak times

2.21 + 0.30 and

re .63 + 0.386,
: _y/}/ hours for brand A, B, D
and H, respectimedy.. Th ﬁ peak plasma levels in

this study ag?ggr—-:f« ’

ts presented by other

NS
investigators rag Mg , 5\; ;;\\\s from 1.5 - 2.5 hrs.
(Geiger et al., #MOQ° 51 Li's }‘ \\\ 1981).° There were
no stati§tica. vl #Figvoiflic :ib». \&?M ce (p > 0.05) among
these values © , "::'v‘ \g-.- 22) despite brand D

demonstrated hig é~‘

The ”*;-~%ng d 3.2 indicated that the

R was similar in each

g uﬁ} of t__, of brands D

rate of diclgfenat

brand despite!ﬂ Al

and H were sllgh vy hlgher an others which could result

in slow ﬁuﬂq wﬂlﬂﬁ w}g’}ﬂuﬁcal formulations

and/or productlon progesses were possib thought to be
¢ poX

e AR NS F HHOR B o e

'brands.
3.3 Area Under the Plasma Versus Time Curve
(AUC)
The mean AUC_,,, from individual plasma

of all brand were 2.4420 + 0.3155, 2.8060 + 0.4798,

70



"Table 19

Peak Plasma

ma x

Concentration (C y . of

Diclofenac Sodium Following Oral

Administration of Four Different Brands
Enteric-Coated

of Diclofenac Sodium

Tablets

Subject No. r

10

X

q

Mean

S.E:M.

, AN HINe
%2 9

1.8142

0.2650

1.9353

0.3031

(mcg/ml)

H
4276 0.9534
3918 3.0645
138 1.0813 "
7167 1.4775
.4612 0.9725
2.8045 1.1874
. 3295 1.2037
—GtnTe 1.0596
iﬂ4226 1.0170
2.8084 0.5439
’]m§ 0.7786
1.2964 of 0.9063
1eINQel
T = o =
1.8363 1.1871
0.2536 | 0.1831
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Table 20 Analysis of Variance for Peak Plasna
Concentration of Four Different Brands
of Diclofenac Sodium Enteric-Coated

Tablets™

source of variation |d.f. ss” MS F

Among group - 1.4006 1.80

wWwithin group

0. TTST

Total

a =
C =
d = variane : d
) i¥ |
e F qp ue obtalne from the table

ﬂ‘lJEJ’JVIEWI?WEI’]ﬂ‘i
QW'\Mﬂ‘imﬂJWﬂﬂH’lﬂﬂ



Table él Time to Peak Plasma Concentration

(t__) of Diclofenac Sodium Following
Oral Administration of Four Different
Brand of Diélofenac Sodium Enteric-

Coated Tablets

Subject No.

(hr)

D H

1.50 2.50

1.00 2.00

1.00 2.50

2.50 1.50

4.00 4.00

0.50 3.00

3.00 2.50

| 2.00 2.50

1.00 i}] 3.00 1.50

.50 - |es 4.00 2.00 3.00

’Jtmﬂﬂ w&qfltjs.oq 2.50

@ ‘ 2.06 | 100 3. 00 ' 2.50

ARIANNIUUR .-"' ‘
q P —

1.75 1w 2.21 2.50

0.23 0.36 | 030 0.19




Table 22

7

Analysis of Variance of Time to Peak

Plasma Concentration of Diclofenac

‘Sodium of Four Different Brands of

Diclofenac Sodium Enteric-Coated

Tablets™

Source of variation

Among group -

Wlthln group

Total // .
Er

l 7 \;, \; = |
* The / in__f m“ ’\\\\\ n Table 21

Ms® F
1.98 2.13

axiance rat

FJ‘LIE}’J wﬂmw Eﬂf} table
ama\mmumwmaﬂ



Table 23

Time Curve (AUC)

Following Oral Administration of Four

Different Brands of Diclofenac Sodium

of Diclofenac Sodium

Enteric-Coated Tablets

Area Under the Plasma Concentration-

15

(mcg.hr./ml)

0.3155 0.4798

Subject No.
D H

1 1.8022 1.8732
2 3.6677 4.0014
3 2.4287 2.6542
4 1.9071 3.8674
5 6.2755 2.3679
6 3.0153 3.1561
7 0.9348 1.9267
8 ] .8134 2.1062
9 Iﬂo.s S i 2.1763 1.6412
10 224401 | 40101 4.5502 '1.3333
u P USRIV TN Tozr | 2500
12 - 2.9033 €| 1.768)4 1.473% 1.4400

" ks ' |
' Mean 2.4420 2.8060 2.7414 2.4126
S.E.M. 0.4295 0.2554




AU INENINYINT

ARANTUNNAINGINY

~ ¢
Table 24 Analysis of Variance fbr AUC of Four
Different Brands of Diclofenac Sodium
Enteric-Coated Tablets
Source of variation |d.f.~ ss” Ms® F°
Among group 0.493 « 28
Within group T4
¢ Total
* The fu -”/ # Ryable 22
8 =
b =
C:
T
- 7' T F ia1ue obt3 sd " from tf: table
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2.7414 + 0.4295 and 2.4126 + 0.2554 mcg.hr./ml. for
brands A, B, D and H, respectively as shown in Table 23.
The rank order of these values were brands B > D > A > H.
This result correlated well with the C___ of all brands
There were no statistically significant different (p >
0.05) among these value of all brands (Table 24). The

study was higher than those

’/ﬁ?s (1.5 - 1.9 mcg.hr.

ﬂby the dlfferences of

The 31m11ar AUC

values of mean AUC

/ml). This diff

the study COHV

value of all br e drug were absorbed

with the same amo \élon into the body.

B \ acokinetic parameters
of diclofenac ;Tnj\ ; al  administration of
four brands were ~in Table 33. Statistical
analysis of these ameters among the four

ﬁfﬁ‘ere‘ bioequivalent

. Ere extent of drug

brands demons V
in terms of Eat.h

ﬂumwamwmm
Alé“ough the ¢d1s1nte%£?tlon ' and the

T GEREERIIE ARE VY w1t e

were bloequlvalent with each other. This might be due
to diclofenac sodium absorption occured slower than the
disintegration and/or the dissolution processes of the

drug.
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4. The Relative Bioavailability

Relative Bioavailability is the availability
of a drug product as compared to a recognized standard
(innovater’s product) (Shargel and Yu, 1980). In this
study the mean relative bioavailability calculated by

comparing the mean AUCoqio each brand to that of the

innovator’s product. obtained of brand B, D and

H relatively to bra %, 112.26% and 98.80%,

respectively

5.

Pharm ‘J f'v ofenac Sodium Enteric-

. Coated Tablets

From diclofenac sodium

concentration-time csults demonstrated

that the data escribed by means of

biexponential referred that
pharmacokineti -aﬂff;“ﬁ ium_. in Thai healthy
volunteers o;v;s,,"—‘ e explained by 3# compartment open

model. _ m
ﬂ H%Q%EMQW BRI aerived fron

he model of analysis faom plasqekconuentriu}on -time data

or oy T DITE WD G B e

. were detalled in Tables 19.to 24,

5.1 Absorptlon Rate Constant (K )

The average absorptlon ‘rate constant for

brands A, B, D and H were 1.1321 1’0.0978, 1.8850 i

x

0.3085, 0.9085 + 0.1722 and 1.2066 + 0.1944 hr. -,



Table 25

Absorption Rate Constant (K_) of

Sodium Following

Diclofenac Oral

Administration of Four Different Brands

of 25 mg Diclofenac Sodium Enteric-
Coated Tablets
Subject No.
D H
1 \ 9182 1.0093
2 \ 6875 3.1255
3 0 1545 0.8053
4 .2633.‘ 1.3225
5 0.2841 0.8351
6 0.4277 1.0530
7 699 1.2543
8 -i 990 £, 1678,
9 , —— b.5080 ,| ©0.7768
10 _ .’ﬁ1  0.8Wr8 0.2153 1.6736
o AUEINYYINGING, | ooee
;2 i[ ¢ 2.9517an 0.8017Q4 | 0.6905
BN ;
Mean 1.1821 1.8850 0.9085 1.2066
S.E.M. 0.0978 0.3085 91722 0.1944




Table 26 Analysis of variance for Absorption Rate
‘Constant of Four Different Brands of

Diclofenac Sodium Enteric-Coated Tablets™

Source of variation |d.f. SS MS F

Among group

wWithin group ™ I/ 0.52

Auganeninens
RIAINTUUNINGIAY
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Table 27 Comparison of Absorption Rate Constant
of Each Brand of Diclofenac Sodium
Enteric-Coated Tablets with that of the

Innovator’s product (brand A)

Brand t value | p Statistical
| (calculated) Significance”
B s
D . 400 NS
H NS

t7(0.05,
S8 Be oton ¢ 908
NS difference at p > 0.05
a ; "‘“‘5ﬂ:“; from e table

Auganeningns
RIANIUNRIINGAY
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Table 28

82

Elimination Rate Constant <(XK_,)> of

Diclofenac Sodium Following Oral
Administration of Four Different Brands
of 25 mg Diclofenac Sodium Enteric-

Coated Tablets

11 f;
q

12
H ‘
Mean

S.E.M.

Subject No.
D H
S
1 \\\\2254 0.4333
2 \\\\9027 0.6031
.3 \\\\..684 0.3869
4 0. 008746 0.1228
5 0. %.1570 0.4837
6 0.2734 ‘*__;’ 3¢ ' 0.24865 0.7403
7 : 83 0.8160
8 04701 0.7213
9 QEF517 0.5801
10 0.1556 0.4045

usz%vl UNSWPIRT | onseu

0.8029 v | 0.5331 b
AT IIREL) ) Y1 ¢ Al
| 3 0 O v 8 [ ] ' u
0.5865 0.9714 G 5868 . L 0.8376
0.0851 0.1745 0.1086 ., 0.0851

0.4989




Table 29 Analysis of Variance for Elimination
Rate Constant of Four Different Brands

of Diclofenac Sodium Enteric-Coated

Tablets™
Source of variation [d.f.~ S8 MS® F
Among group 0.51 319
" Within group 0. 16
Total
* The fdl140akd able 28
a = Degree 3::33;:;
b = Sumn
Gl Ty;
d = Viﬁian\ —3 : -
e- F vdlue obtaine from the table

ﬂ‘LIEJ’JVlEJVI‘iWEJ’]ﬂ‘i
’QW’]NﬂiﬂJNWﬂﬂEﬂﬁﬂ
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Table 30 Comparison of Elimination Rate Constant
of Each Brand of Diclofenac Sodium
Enteric-Coated Tablets with that of the

Innovator’s product (brand A)

Brand t value o) Statistical
(calculated) Significance™
B S
D NS
H NS

e at p < 0.05

a 0
NS HiTference at p > 0.05
a = e~ obta om the table

AU INENINgINg
RIANITIUNRINEAY
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Table 31 Biological Half-life 3PN of
Diclofenac Sodium Following Oral
Administration of 25 mg Diclofenac
Sodium Enteric-Coated Tablets

t,, . thr.) .
Subject No.
H
1 1,60
2 1.15
3 1.789
4 5.64
8" 1.43
6 0.94
T 0.85
& 0.86
9 1.20
10 s 0
11 1.05
I R e
[T
: LR e
g mse&ummmam




Table 32 Analysis of variance for Biological
Half-1life of Four Different Brands of

Diclofenac Sodium Enteric-Coated Tablets™

Source of variation |[d.f. SS MS F

Amoné group

Within group - : - 21 9 3.13

d

I

Augingninens

e = F l‘!: lJue oObtain 5m .t

86
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respectively as shown in Table 25. The rank order of
these values were brands B > H > A > D. Statistical
analysis results in Tables 26 and 27 indicated that only
the absorption rate constant of brand B exhibited
significant higher than that of the innovator’s product
(brand A) (p < 0.05). This was due to higher dissolution

of the drug of brand B h ’,/ other brands did.

5.2 Edb R--“- gnstant (K_.)

ion rate constant

obtained from indi brands A, B, D and

H were 0.5865 ~0.2098, .0.B565: +
0.1086  and O. ‘,espectiQely (Table
28). The rank o :f ue Was brand B > A > D > H.
Statistical analy¥si ble 29 and 30 indicated'
that only the elinX ftFEJn.; f }constant of brand B

S = A : .
ficant higher+ at_of the innovator’s

exhibited - sign
product (bran-iﬁf——Qi——:"iii;;;

5.3 ﬁg&f life (t

ﬂ 1d i ‘n,gm@lw]g}qﬂ@clofenac 5

determined for brands gA, B, and H were, 188 4 0. 22
1 qmmaammwwma Bhoo nouss,
respectlvely (Table. 31). values agreed with the

results found by other investigators ranging from-1.2. to
1.8 hours (Kendall et al., 1979; Willis et al., 1979). But
Paton (1987)' reported the half-life of diclofenac sodium
as ‘0.61 + 0.08 hr. ‘This difference may be caused by the

difference of the stud& condition, subjects’ face and/or



Table 33 Estimated Pharmacokinetic Parameters (Mean + SEM) of Diclofenac Sodium from Twelve Subjects

Following Oral Administration of Four Differex Diclofenac Sodium Enteric-Coated Tables.

t-test
Parameters F-test |with respect
A B to brand A
L 1.8140 + 0.2650 | 1.9353 + 0.3034] 16363+ 0.2856 | 1. 1eT1s 0. 1.80 NS
(mcg./nl.) , P, LA “ (.82
b 1.75 + 0.23 1.63 + 0.364° | 4 a1 02308, L N2050%% o. 2.13 NS
(hr.) L (2.824)""
AUC 2.4420 + 0.3155 | 2.8060 + 0.4798 | #.74 i 0. 42 4126 + 0.2554 |  0.28 B
(ncg.hr./nl.) ” =T (2.820)""
b 1.51 + 0,22 1.40 + 0,1 1.04 | - N§
(hr.) (2.82)™"

y‘ii .
= Significant dlfference at p ¢ ;5 NS = Not swnlflcant d1f érence at p > 0.05

¥k F value'ohtalned fron the tablﬂ uEl’J v-l E]wiw Hﬁlﬂ‘j
A9 ANNIUNRIINYS El
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Table 34 1In Vitro - In Vivo Correlations

/.

Correlation Correlation t value |Statistical®
(n = 4) Coefficient Significance
Disintegration Times - 0.9805 | 7.08 g
versus C___ 0.010<p<0.025
Disintegration Times » 332 NS
versus t___ 0.050<¢p<0.100
Disintegration Time +10 NS
versus AUC 0.400¢p<0.500
Dissolution Rate 7 NS
Constants versﬁsﬁ"_- 0.100<p<0.200¢
Dissolution Rate .32 S
Constants versus p<0.001
Dissolution Rate NS
Constants verst p>0.500
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assay method. Statistical analysis showed no significant

differences among these values (Table 32)

6. In Vitro - In Vivo Correlation

The correlation studies between the in vitro
and in vivo data for Brands A, B, D, and H were presented

in Table 34.

Disintegr statistically
significant correlata p £.0.08).
Dissolution  , ' G ant demonstrated

A N
o'x? \\ p < 0.05) w1t.ht.he

statistically

B value. egration time was

correlative with®t >orrelation however,

seemed to Dbe his was because in fact,

disintegration time ~was -a,p: dissolution . processes.

The correlatié 'r'_“ const.ant. with the

t__. Vvalues ref&e
could affect the xe ate of dr absorptlon, Therefore the

dissolut lorﬂ‘%g %w %ﬁ wgsqjﬂ‘jthe prellm inary

ool to pre&ct the rate pof drug sorpt.1on.

ammnimummmaﬂ

Solu uon rate of the drug
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