
CHAPTER IV

RESULTS AND DISCUSSION

I n  V i t r o  S tu d ie s

The n in e  co m m e rc ia l b ra n d s  o f  nap roxen  t a b le t s  w ere  f i r s t  te s te d  

f o r  u n i f o r m i t y  o f  w e ig h t and c o n te n t o f  a c t iv e  in g r e d ie n t .  Each o f  them 

met the  B .p .  re q u ire m e n t (2 5 ) f o r  u n i f o r m i t y  o f  w e ig h t  w i t h in  the  range  

o f  l i m i t a t i o n .  The c o n te n t  o f  a c t iv e  in g r e d ie n t  o f  a l l  b ra n d s  were 

w i t h in  the  90-110% l im i t s  as s p e c i f ie d  by  th e  USP XXI m onograph (2 6 ) .  

These r e s u l t s  s u p p o rte d  the  a ssu m p tio n  th a t  a l l  v a r io u s  b ra n d s  w ere 

p h a rm a c e u t ic a l ly  e q u iv a le n t .

The h a rd n e ss  o f  n a p ro xe n  ta b le t s  w ere p re s e n te d  i n  T a b le  2.

The ra n k  o rd e rs  o f  h a rd n e s s , maximum to  m inim um , w e re  b ra n d  I  > A > F > 

G > H > B > E > C > D .  They were s t a t i s t i c a l  d i f f e r e n c e  a t  p < 0 .0 5  

as seen i n  T ab le  3. When compared w i th  b ra n d  A , th e  ha rdness  o f  a l l  

e x c e p t b ra n d  I  were s i g n i f i c a n t l y  lo w e r  as seen i n  T a b le  4. H owever, 

th e re  were no s ta n d a rd  re q u ire m e n t f o r  t a b le t  h a rd n e ss  i n  b o th  th e  B .p .  

and the  U .S .P . ,  the  t a b le t  h a rd n e s s , i n  g e n e ra l, ' was n o t le s s  than  

4 kg (2 9 ) .

A l l  o f these  n in e  b rands  o f  n a p roxen  t a b le t s  met the  USP XXI 

re q u ire m e n t f o r  d is in t e g r a t io n  tim e  i n  d i s t i l l e d  w a te r  w i t h in  30 m in u te s .  

The ra n k  o rd e rs  o f  d is in t e g r a t io n  t im e , maximum to  m inim um , were 

F > H > A > D > E > G > B > I > C a s  shown i n  T a b le  2. R e s u lts  in  

T ab le  5 showed s i g n i f i c a n t l y  d i f f e r e n t  among a l l  b ra n d s  s tu d ie d  

(p  < 0 .0 5 ) .  When com pared w ith  b ra n d  A, th e  d is in t e g r a t io n  tim es  o f



Table 2 P h ysica l C h a r a c te r is t ic s  o f In V itro  S tu d ies o f  9 Commercial Brands o f Naproxen T ab lets

3 rand W e ig h t a 

( g )

b
% L a b e lle d  amount H ardness 

(k p  )

D is in t e g r a t io n  t im e  

(m in )

A ‘0 .3 8 3  ± 0 .0 0 3 9 6 .6 7  ± 0 .1 4 1 7 .0 3  ± 0 .9 6 6 .3 9  ± 0 .6 1

B 0 .3 7 2  ± 0 .0 1 1 9 5 .9 2  ± 0 .1 8 6 .9 0  ± 1 .1 3 1 .4 4  ± 0 .3 5

c 0 .3 7 8  ± 0 .0 0 2 9 5 .8 1  ± 1 .5 4 6 .5 3  ± 0 .5 1 0 .3 6  ± 0 .0 2

D 0 .3 6 4  ± 0 .0 0 7 9 9 .2 0  ± 2 .36 4 .5 2  ± 0 .3 9 2 .2 6  ± 0 .2 7

E 0 .3 7 2  ± 0 .0 0 5 9 5 .0 3  ± 1 .79 6 .8 3  ± 0 .1 5 2 .0 0  ± 0 .3 7

F 0 .4 2 1  ± 0 .0 0 6 101 .36  ± 1 .4 7 1 1 .3 3  ± 1 .3 3 1 3 .7 3  ± 3 .8 5

G 0 .3 7 3  ± 0 .0 0 4 9 8 .8 9  ± 5 .0 8 8 .5 5  ± 0 .4 1 1 .8 0  ± 0 .1 6

H 0 .3 4 9  ± 0 .0 1 2 9 6 .6 4  ± 2 .0 3 8 .4 0  ± 1 .4 5 7 .2 7  ± 5 .2 6

I 0 .3 7 1  ± 0 .0 0 6 9 6 .6 4  ± 0 .4 7 > 20 1 .0 3  ± 0 .2 4

a = Values are mean ± standard d e v ia tio n  (ท = 20) 
b = Values are mean ± standard d ev ia tio n  (ท = 3) 
c = Values are mean ± standard d ev ia tio n  (ท = 6)
d Values are mean ± standard d ev ia tio n  (ท -  6)
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T a b le  3 A n a ly s is  o f  V a r ia n c e  f o r  H ardness (k p  ) o f  8 B rands o f  

N aproxen T a b le ts  (A -H )

Source o f  V a r ia n c e D .F . ร . ร . M.S. F T e s t

Among Groups 7 630. 79 90.11 156.33

W ith in  Groups 40 23 .06 0 .5 8

T o ta l 47

F0 .9 5 ,  (7 , 40)
= 2 .25

D .F .

ร.ร.

M .s .

F

= Degree o f  Freedom

= Sum o f  Squares

= Mean o f  Squares

= V a r ia t io n  R a tio

a F-^value fro m  th e  ta b le
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Table 4 Comparison of Hardness (kp) o f Naproxen T ablets Brand A 
w ith Other Brands Using T-Test

Brand t-v a lu e
kB 19.700
■ k

c 31.116
kD 39.888
kE 35.187

F 9.949
kG 25.717

H 13.640 '

t 0 .0 5 , 10 = 2,228

* = S t a t i s t i c a l ly  D ifferen ce  at p < 0 .05
a = t - value from the tab le
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Table 5 A n alysis o f Variance for D is in teg ra tio n  Time (min) 
of 9 Brands of Naproxen Tablets (A -I)

Source of Variance D.F. ร .ร . M.s. F Test

Among Groups 8 909.37 113.67 23.63
W ithin Groups 45 216.48 4.81
Total 53 1125.86

F0 .9 5 , (8 , 45)

Table 6 Comparison of D is in teg ra tio n  Time (min) of Brand A w ith  
Other Brands Using T-Test

Brand t-va lu e

B 15.665*
c 21.931*
D 13.781*
E 13.707*
F . -4 .20 3 *
G 16.183*
H -0 .3 7 2
I 18. 199*

A
t0.05,10 = 2,228
S t a t i s t i c a l ly  D ifferen ce a t  p < 0.05
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brands H c ,  D, E, G and I were lower and o f brand F was h igher
(p < 0 .0 5 ) ,  w hile brand H was not d if f e r  s ig n if ic a n t ly  (p > 0 .0 5 ) as
shown in  Table 6.

N either the USP XXI nor the 3 .P . 1980 conta ins a d is s o lu t io n  
s p e c if ic a t io n  fo r  naproxen ta b le t s .  The d is s o lu t io n  te s t  was carried  
out using the USP method I I  w ith  d is s o lu t io n  media l ik e  the b io lo g ic a l  
f lu id  in  the g a s tr o in te s t in a l  tr a c t .  In sim ulated  g a s tr ic  f lu id ,  the 
amount of naproxen d isso lv e d  a t  various times was shown in  Table 7 and 
Figure 2. The mean d is s o lu t io n  ra te  con stan ts obtained  from the sigma- 
minus p lo t  (Figure 3) o f naproxen ta b le ts  were summarized in  Table 8.
The rank orders o f mean d is s o lu t io n  rate con sta n t, maximum to minimum, 
were B> G > A > C > F > H > E > I >  D. They were s t a t i s t i c a l l y  
d if fe r e n t  a t p < 0 .05  (Table 9 ) . When compared w ith brand A, the mean 
d is s o lu t io n  rate  con stan t o f brands D E, H and I were lower and of 
brand B was h igher whereas the others were not d if f e r  s ig n i f ic a n t ly  
(Table 10) .

In sim ulated in t e s t in a l  f lu id ,  the amount o f naproxen d isso lv ed  
a t  various times was shown in  Table 11 and Figure 4. The mean 
d is s o lu t io n  rate con sta n ts obtained from the sigma-minus p lo t  (Figure 5) 
of a l l  brands were presented  in  Table 8. Rank orders in  term o f mean 
d is s o lu t io n  rate con stan t were A, C > F > E > G > H > 8 > I > D .
A nalysis o f variance in d ica ted  th at there were s t a t i s t i c a l l y  d if fe r e n t  
among nine d if fe r e n t  brands as shown in  Table 12 and S tu d en t's - t -s _ ta t is t ic  
showed that brands B, D, H and I were s ig n if ic a n t ly  d if fe r e n t  from 
brand A w hile brandsc , E, F, G, were not (Table 13). The slow er  
d isso lu t io n  rates for brand I ,  and e s p e c ia l ly  brand D in  both d is s o lu t io n



Table 7 D is s o lu t io n  Data o f Nine Brands o f Naproxen T ab lets in  Sim ulated G a str ic  F lu id  pH 1.2

Brand Percent  Naproxen Dissolved

( m i n j ' vs. A B c D E F G H X

5 1.21 ± 0.11 2.63 ± 0.12 2.80 ± 0.23 1.24 + 0.14 1.51 ± 0.08 1.45 ± 0.23 1.72 + 0. 18 1.93 ± 0.18 1.46 ± 0.25

10 2.06 ± .0 .30 4.51 ± 0.23 3.97 ± 0.24 1.17 + 0.06 2.60 ± 0.29 1.59 + 0.23 2.84 0.42 2.66 + 1.16 1.46 ± 0.22

15 2.87 ± 0.53 6.00 ± 0.23 5.18 ± 0.38 1.25 0.02 3.90 ± 0.36 2.28 + 0.32 4.23 0.44 3.53 ± 1.35 1.60 ± 0.28

20 3.80 ± 0.57 7.17 ± 0.21 6.16 ± 0.37 1.35 0.08 4.73 ± 0.34 3.21 ± 0. 77 5.31 ♦ 0. 32 3.94 ± 1.50 1.75 ± 0.27

25 4.62 ± 0.58 7.83 ± 0.23 6.62 ± 0.39 1.45 + 0.12 5.32 ± 0.46 3.91 ± 0.74 6.24 ± 0.26 4.46 ± 1.46 2.05 ± 0.26

30 5.41 ± 0.63 8.29 ± 0.29 7.16 ± 0.34 1.65 ± 0.20 5.85 ± 0.49 4.69 ± 0.70 6.90 ± 0.26 4.87 ± 1.56 2.62 ± 0.40

45 7.13 ± 0.60 8. 78 ± 0.12 8.21 ± 0.35 2.16 0.42 7.30 ± 0,89 6. 14 ± 0.74 8.09 ± 0.09 5.99 ± 1.50 3.81 ± 0.73

60 8.08 ± 0.56 8.99 ± 0.16 8.53 ± 0.24 2.75 + 0.57 8.01 ± 0.65 6.82 ± 0.76 8.53 ± 0.11 6.56 ± 1.53 4.56 ± 0.86

80 8.62 ± 0.42 9.08 t 0.12 8.84 ± 0.16 3.29 ± 0.77 8.25 ± 0.48 7.39 + 0.81 8.81 ± 0.08 7.09 ± 1.37 5.69 ± 0.83

100 8.86 ± 0.44 9.38 ± 0.24 9.06 ± 0.12 3.95 0. 79 8.27 ± 0. 39 7.74 ± 0.64 9.38 ± 0.27 7.76 ± 1.27 6.60 ± 0.71

120 9.14 ± 0.38 9.27 ± 0.08 9.28 ± 0.20 5.01 + 0.88 8.58 ± 0.40 7.96 + 0.69 9.65 ± 0.49 7.99 ± 1.16 7.18 ± 0.56

150 8.70 ± 0.30 9.51 ± 0.21 9.40 ± 0.19 5.38 + 0.71 8.91 ± 0.26 8.51 + 0.83 9.39 ± 0.19 8.29 ± 1.21 7.92 ± 0.42

180 8.99 ± 0.28 9.66 ± 0.16 9.69 ± 0.24 5.97 + 0.73 9.57 ± 0.54 8.48 0.70 9.51 ± 0.24 8.30 ± 1.17 8.29 ± 0.31

210 9.23 + 0.25 9.79 ± 0.12 9.72 ± 0.20 6.23 ± 0.65 9.22 ± 0.24 8.68 ± 0.69 9.42 ± 0. 12 8.73 ± 1.11 8.67 ± 0.17

240 9.38 ± 0.29 9.47 0.20 9.76 ± 0.19 6.46 ± 0.65 9.12 ± 0.20 8.94 ± 0.79 9.47 ± 0.27 8.81 1.17 8.85 1 0.15

Values are mean ± s tandard d e v i a t i o n  (ท = 6)
NJ
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Figure 3 The sigma-minus p lo t  between amount o f u n d isso lved  
naproxen in  sim ulated g a str ic  f lu id  versus time for  
nine brands o f naproxen ta b le ts
Key : Brand A ( อ ) ,  Brand B ( A ) , Brand c ( o ) , Brand D (V)  

Brand E (* ) ,  Brand F (■ ), Brand G (A ), Brand H (• )
Brand I (T)
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T a b le  8 Mean D is s o lu t io n  Rate C o n s ta n t ( h r  ^) o f  9 B rands o f  

N aproxen T a b le ts  i n  S im u la te d  G a s t r ic  F lu id  (pH 1 .2 ) 

and i n  S im u la te d  I n t e s t i n a l  F lu id  (pH 7 .5 )

Brand D isso lu tio n  Rate -1  a Constant (hr )
Sim ulated G astric  Fluid Sim ulated I n te s t in a l  Fluid

A 1.39 ± 0 .25 6 .22  ± 1.96
3 2 .03  ± 0 .35 2.29 ± 0 .4 3
c 1.15 ± 0 .14 6.22 ± 1.51
ว 0 .55  ± 0.09 0.76 ± 0 .20
E 1.00 ± 0 .11 4.51 ± 0 .97
F 1.13 ± 0 .12 4.81 ± 0 .5 3
G 1.79 ± 0.36 4.06 ± 1.82
H 1.08 ± 0.16 3.99 ± 0 .95
I 0 .62  ± 0.20 1.19 ± 0 .30

a V a lu e s  a re  mean ± s ta n d a rd  d e v ia t io n  (ท  = 6)
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Table 9 A n alysis  of Variance for D isso lu tio n  Rate Constant (hr ร  
of 9 Brands o f Naproxen Tablets in  Sim ulated G astric  Fluid  
(pH 1.2)

Source o f Variance D.F. ร .ร . M .s. F Test

Among Groups 8 11.32 1.41 29.43
W ithin Groups 45 2.16 0 .05
Total 53 13.48

F0 .9 5 , (8 , 45) = 2-15

Table 10 Comparison of D isso lu t io n  Rate Constant (hr )̂ in  Sim ulated
G astric  F lu id  (pH 1.2) o f Brand A w ith  Other Brands Using T-Test

Brand t-va lu e

kB -3.327

c 1.894
kD 7. 181
k, E 3.211

F 2.062

G - -2. 105
kH 2.314
*I 5.470

C0 .0 5 , 10 = 2-228

* = S t a t i s t i c a l l y  D ifferen ce a t p < 0.05



Table 11 D is s o lu t io n  Data of Nine Brands o f Naproxen T ab lets in  Sim ulated I n t e s t in a l  F lu id  pH 7 .5

Brand 

Time ( m i n ) ' \

Percent
a

Naproxen Dissolved

A B c D E F G H I

5 17.67 ± 2.70 35.40 1 4.57 52.18 i  9.08 4.06 ±0.51 46.26+ 6.13 15.60 ± 2.77 38.40 ± 5.44 18.35 ±9 .2 5 6.30 ± 0.75

10 36.2 3 ± 4.35 57.96 i  4.43 76.05 i  10.64 11.32 ± 1.49 71. 73 ± 4.70 35.67 ± 5.85 59.94 ± 8.05 35.55 ± 16.25 16.10 ± 1.95

15 57.51 ±6.14 70.85 i  3.98 86.12 i  8.95 17.97 ± 3.30 84 .5 3 ± 4.28 66.25 ± 6.61 72.90 ± 9.67 52. 78 ± 16.15 24.12 ± 2.66

20 74.41 ± 6.70 77.82 ± 3.87 9 0 . 3 1 ± 7.07 24.18 ± 4.40 90.10 ± 3.80 82.23 ± 2.21 80.06 ± 10.20 66.24 ± 16.10 31.55 ± 3.93

25 87.53 ± 6.20 82.55 i  3.83 94.22 ±6 .22 29.66 ± 5.35 93.37 ± 3.10 87.98 ± 1.66 83.99 ± 9.56 75.08 ± 13.78 37.75 ± 5.34

30 ร/ร.17± 2.65 85.54 i  3.34 94.93 ± 4.55 3 4 . 3 1 ± 6.13 94. 33 ± 2.51 92.01 ± 1.84 87.36 ± 8.92 83.57 ± 12.71 43.04 ± 6.72

45 9 7 . l o i  2.10 90.76 i  2.81 97.43 i  1.97 45.22 ± 7.07 96.97 ± 1.79 96.77 ± 0.65 93.17 ± 6.90 93.35 ± 3.89 55.69 ±9 .8 2

60 99.58 i  1.02 94.43 i  2.27 97.26 ± 2.32 53.77 ± 7.01 98.92 ± 1.55 98. 71 ± 0.83 95.61 ± 5.02 97.38 ± 0.99 65.70 ± 11.03

80 97.36 i  1.06 96-.26 i  2.18 97.75 ± 2.24 61.49 ± 7.65 98.86 ± 1.80 99.96 ± 0.08 97.65 ± 3.54 98.60 ±1 .50 75.72 ± 11.87

100 98.00 i  1.63 97.41 ± 2.28 98.28 ± 1.44 69.16 ± 6.94 96.84 ± 2.07 98.98 ±0 .61 97.33 ± 2.02 99.31 ± 0.92 83.93 ± 9.25'

120 97.59 ± 1.47 9 7 . 2 1 i  1.99 98.14 ± 1.68 78.27 ±6 .89 97.62 ±2 .3 0 98.32 ± 0.40 98.12 ± 2.05 98.93 ±0 .83 88.52 ±6 .57

150 95.78+ 1.10 98.65 ± 2.42 95.25 ± 1.04 84.29 ± 6.53 96.05 ±1 .78 97.61 ± 1.21 97.93 ±1.76 98.81 ±1.76 93.39 ± 4.62

180 95.29 i  1.25 99.38 ± 0.73 94.34 ± 1.25 90.07 ±6 .79 96.57 ±1.89 97.62 ± 3.36 98.46 ±1 .91 99.14 ± 0.92 96.32 ± 2.79

210 94.33 i  1.33 97.42 ±1 .76 93.92 ±1 .14 93.53 i  4.45 96.29 ± 1.94 97. 72 ± 1.62 96.86 ± 2.03 99.04 ± 0.81 97.40 ± 2.40

240 94.68 ± 1.29 96.79 ± 1.89 93.18 ± 1.13 96.38 ± 3.68 96.12 ±2.11 98.21 ±0.69 96.92 ± 1.87 98.29 ± 1.09 99.03 ±1.71

a Values are mean ± standard d e v i a t i o n  (ท = 6)
LOro
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Figure 4 D isso lu t io n  p r o f i le  o f nine commercial brands o f naproxen ta b le ts  in  sim ulated  in t e s t in a l  f lu id  pH 7 .5  
Key ะ Brand A (อ ), Brand B (A ), Brand Ç ( o ) , Brand D (V ), Brand E ( * ) ,  Brand F (■ ), Brand G (A) , น

Brand แ ( • ) ,  Brand I (T)
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Figure 5 The sigma-minus p lo t  between amount of  undissolved
naproxen in simulated i n t e s t i n a l  f lu id  versus time for 
nine brands of  naproxen ta b le t s
Key ะ Brand A (□ ), Brand B (A)5 Brand c (o) , Brand D (V) 

Brand E (* ) ,  Brand F (■ ), Brand G (A), Brand H (• )
Brand I (▼ )
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Table 12 Analysis of  Variance for Disso lut ion  Rate Constant (hr )̂
of  9 Brands of 
Fluid (pH 7.5)

Naproxen Tablets in Simulated I n t e s t i n a l

Source of Variance D.F. ร .ร . M.s. F Test

Among Groups 8 189.60 23.70 18.00
Within Groups 45 59.23 1.32
Tatal 53 248.83

F0 .9 5 ,  (8,  45) = 2,15

Table 13 Comparison of D is s o lu t io n  Rate Constant (hr )̂ i n  Simulated 
I n t e s t in a l  Fluid (pH 7.5) of  Brand A with Other Brands 
Using T-Test

Brand t-va lue
*

B 4.385
c 0.006
D 6.204*
E 1.755
F 1.563
G 1.805
H 2.294*
I 5.682*

c0 .0 5 ,  10 = 2,228

* = S t a t i s t i c a l l y  Difference a t  p < 0.05

105010 21
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media obviously seen in  Figure 2 and 4 might be due to the formulation  
fa c to rs  such as d i s i n t e g r a n t s , lub r icant ,  aging of ta b l e t s ,  and 
manufacturing methods (30) eventhough they were rapidly d i s in tegra ted .

According to d i s s o lu t io n  rate  constant,  only f ive  brands were 
chosen to performed in  vivo study.  They were

brand A, the reference standard for the l o c a l  brands
brand B, the maximum d i s s o lu t io n  rate  in  simulated g a s t r ic  f lu id
brand c, the maximum d is s o lu t io n  rate  in  simulated i n t e s t i n a l

f l u i d
brand D, the minimum d i s s o l u t io n  rate  i n  both d i s s o lu t io n  media 

and brand E was included i n  the study because i t  was fabr icated  by the 
Government Pharmaceutical Organization which was the imnortant  
manufacturer for providing drug products to a l l  government h o s p i t a l s  in  
Thailand .

Using l in e a r  corre la t io n  t e s t ,  there was poor l inear  corre la t ion  
between hardness and d i s in t e g r a t io n  time (p > 0.05) o f  the e ight  brands
of naproxen ta b le t s  (Table 14 and Figure 6 ) .  Results from Tables 15-16
and Figures 7-8 showed that the hardness and d i s s o lu t io n  rate  constant  
i n  both d i s s o l u t io n  media were not corre la ted  (p > 0 .05 ) .

Tables 17-18 and Figures 9-10 a lso  represented the poor corre la t ion  
between the d i s in te g r a t io n  time and the d i s s o lu t io n  rate constant of a l l  
brands studied in  both d i s s o lu t io n  media. These re su l t s  indicated  that  
the physical  propert ies  of  naproxen ta b le t s  had no c o r r e la t io n  between
each other .
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Table 14 Correlation  between Hardness (kp) and D is in tegra t ion  
Time (min) of 8 Brands of  Naproxen Tablets

Brand Hardness (k P  ) D is in tegra t ion  time (min)

A 17.03 6.39
B 6.89 1.44
c 6 .53 0.36
D 4 .52 2.26
E 6 .90 2.00
F 11.33 13.73
G 8.60 1.80
H 8.41 7.27

c o r r e la t i o n  c o e f f i c i e n t  (r) = 0.5573
t-va lue  = 1.644

C0 . 0 5 , . 6 = 2 .447
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Figure 6 Correlation between hardness and d is in te g r a t io n  time.
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T a b le  15 C o r r e l a t i o n  be tw een  Hardness ( k p )  and D is s o l u t i o n  Rate

C o n s ta n t  ( h r  ^) o f  8 Brands o f  Naproxen T a b le ts  i n

S im u la te d  G a s t r i c  F l u i d  (pH 1 .2 )

Brand Hardness (kp) D isso lu t ion  rate  constant (hr )̂

A 17.03 1.39
B 6.89 2.03
c 6 .53 1.15
จ 4 .52 0.55
E 6.90 1.00
F 11.33 1.13
G 8.60 1.79
H 8.41 1.08

C orre la t ion  c o e f f i c i e n t  (r) = อ. 2385
t-va lue  = 0.602

t 0 .0 5 ,  6 2 .447
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Hardness (kp)

Figure 7 Correlation  between hardness and d i s s o l u t io n  rate
constant  in  Simulated g a s t r i c  f l u i d
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Table 16 Correlation  between Hardness (kp) and D isso lu t ion  Rate 
Constant (hr ร  of 3 Brands of Maoroxen Tablets in
Simulated I n t e s t i n a l  Fluid (pH 7.5)

Brand Hardness (kp) D isso lut ion  rate  constant (hr )̂

A 17.03 6.22
B 6.89 2.29
c 6.53 6.22
D 4.52 0.76
E 6.90 4.51
F 11.33 4.81
G 3.60 4.06
H 8.41 3.99

c o r re la t io n  c o e f f i c i e n t  (r) = 0.6251
t-va lue  = 1.962

* 0 .0 5 ,  6 2.447
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Hardness (kp^

Figure 8 Correlation  between hardness and d i s s o lu t io n  rate  
constant  in  simulated i n t e s t i n a l  f l u id
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T a h le  17 C o r r e l a t i o n  between D i s i n t e g r a t i o n  Time (m in )  and

D i s s o l u t i o n  Rate C o n s ta n t  ( h r  ) o f  9 Brands o f

Naproxen T a b le ts  i n  S im u la te d  G a s t r i c  F l u i d  (pH 1 .2 )

Brand. D is in tegra t ion  time 
(min)

D isso lu t ion  rate  constant  
(hr- 1 )

A 6.39 1.39
B 1.44 2.03
c 0.36 1.15
D 2.26 0 .55
E 2.00 1.00
F 13.73 1.13
G 1.80 1.79
H 7.27 1.08
I 1.03 0.62

corre la t io n  c o e f f i c i e n t  (r) = • -0 .0334
t-va lue = -0 .08 8

c0 .0 5 ,  7 2 .365
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a r  = -0 .0334

D is in tegra t ion  time (min)

Figure 9 Correlation between d i s in te g r a t io n  time and .
d i s s o lu t io n  rate constant in  simulated g a s t r ic  

. f lu id
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T a b le  18 C o r r e l a t i o n  be tw een  D i s i n t e g r a t i o n  Time (m in )  and

D i s s o l u t i o n  Rate C o n s ta n t  ( h r  ^) o f  9 Brands o f

Naproxen T a b le t s  i n  S im u la te d  I n t e s t i n a l  F l u i d  (pH 7 .5 )

Brand D is in te g r a t io n  time 
(min)

D isso lu t ion  rate  constant  
(hr- 1 )

A 6.39 6.22
B 1.44 2.29
c 0.36 6.22
D 2.26 0.76
E 2.00 4.51
F 13.73 4.81
G 1.30 4.06
H 7.27 3.99
I 1.03 1.19

c o r r e la t i o n  c o e f f i c i e n t  (r) = 0.3223
t-va lue  = 0.901

c0 .0 5 ,  7 2 .365
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D is in te g r a t io n  tim e  (m in )

Figure 10 Correlation between d is in te g r a t io n  time and 
d is s o l u t io n  rate  constant in  simulated
i n t e s t i n a l  f lu id  1
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In Vivo Studies

Analys is  of Naproxen in  Plasma

Plasma naproxen concentrations were analyzed using high  
performance l iq u id  chromatography. Typical  chromatograms of naproxen 
and in tern a l - s tan d ard ,  phenylbutazone,  were i l l u s t r a t e d  in  Figure 11. 
Retent ion  times for naproxen and in terna l  standard were 5 .08  and 8.66  
minutes,  r e s p e c t i v e l y .  The s e n s i t i v i t y  of  d etec t ion  for naproxen in  
plasma was 5 yg /m l .

C l in ic a l  Observations

No s ide  e f f e c t s  and/or any in d ica t ion  of in t o x ic a t io n  were 
a s s o c ia te d  fo l lowing  oral  administrat ion  of naproxen tab le ts  throughout 
the study.

Plasma Naproxen Level

Plasma naproxen concentrations  at  each sampling time (0 to 24 
hours) a f t e r  administrat ion  of brands A, B, c ,  จ and E were presented  
i n  Tables 19-23 r e s p e c t i v e l y .  The mean plasma naproxen concentration  

1 p r o f i l e  for each product from e ight  subjects  were i l l u s t r a t e d  in  
Figures 12-15.

Pharmacokinetics of  Naproxen Tablets

The derived pharmacokinetic parameters of  naproxen based on the 
model independent a n a ly s i s  of  the plasma concentration-time data were 
reported i n  Tables 24-41.  The area under the plasma concentration-t ime  
curve, AUC^ and AUCQ , ca lcu la ted  from indiv idual  plasma data for f i v e  
d i f f e r e n t  brands were presented in  Tables 24 and 26. As seen in  Tables
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Figure 1

5.08

A
8.66

B-

START STOP

Retention time (min)

1 High pressure  l iq u id  chromatogram of naproxen (A) 
and in te r n a l  standard ‘(B).



T a b le  19 Plasma N aproxen  C o n c e n t r a t io n  a t  V a r io u s  Times F o l lo w in g  O r a l  A d m i n i s t r a t i o n  o f  250 mg. N aproxen

Tablet ,  brand A, to 8 S u b je c t s .

Subject  No.
Time ( h r /)"  \ ^

Plasma Naproxen Concentration ( p g / n l .)
1 2 3 4 5 6 7 8 MEAN 3 SEM ๖

0 0 .00 0 .00 0 .00 0 .00 0 .00 0.00 0 .00 0 .00 0 .00 0 .00
0 .5 21.56 10.64 17.82 12.01 15.15 2.42 13.55 10.47 12.95 2.01

1 25.20 18.25 28.54 31.03 29.84 7.99 18.84 18.84 22.32 2.76
1.5 23.93 28.67 25.20 40 .62 28. 16 28.00 30.54 19.58 28.09 2.16

2 22.66 27.62 22.53 34.90 24.03 23.85 30.60 29.14 26.92 1.57
3 19.98 20.11 18.51 27.90 20.57 19.83 23.25 23.99 21. 77 1.09
4 17.92 18.25 17.16 26.05 18. 25 18. 13 20.30 20.55 19.53 1.01
6 14.28 15.94 14.49 19.83 16.73 13. 14 18.84 16.96 16.27 0.81
8 12.47 13.62 14.18 18.56 13.09 10.46 15.89 15.89 14.27 0 .88

12 11.86 12.47 11.48 14.86 9 .45 9 .93 15.11 14.40 12.44 0 .77
24 5 .27 8.60 7.10 8.83 5 .52 5.09, 10. 21 9 .34 7.50 0.71

a mean v a lu e s  o b ta in e d  f ro m  8 s u b je c t s b s ta n d a r d  e r r o r  o f  th e  mean



Table 20 p 1 a ร ma 
T a b le t ,

Naproxen Concentration a t  Various Times Following Oral Administration  of 250 
Brand B, to 8 S u b jec t s .

mg Naproxen

Time
_ Subject  

\  No. 
(hr)

Plasma Naproxen Concentration (p g /ml)
1 2 3 4 5 6 7 8 MEANa SEM ๖

0 0 .00 '0.00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0.00
0.5 8 .22 7.80 18.62 11.48 18.20 0.00 6 .44 4. 23 9. 37 2.29

1 17.11 22.47 25.46 12.19 33.91 6.11 21.18 19.22 19.71 2.97
1.5 19.14 26.67 33.10 14.07 28.31 14.49 30.30 22.20 23.53 2.54

2 18.25 26.00 30.41 32.84 23.85 20.52 25.89 22.38 25.02 1.72
3 16.73 21.96 27.14 26.19 22.53 18.84 19.83 18.13 21.42 1.33
4 13.09 19.24 21.47 23.25 20.24 18.66 15.81 15.30 18.38 1.21
6 12.47 18.83 20.50 18.84 14.49 15.81 14.49 13.87 16.16 1.01
8 11.25 15.89 17.72 16.24 12.47 15.02 13. 14 11. 76 14. 19 0 .83

12 9 .67 13.20 14.17 15.11 10.46 11.20 11.05 8.94. 11.73 0 .78
24 5.09 11.18 9.34 9.99 6 .44 7.38 7. 79 6 .82 8.00 0.71

a mean v a lu e s  o b ta in e d  f ro m  8 s u b j e c t s ,  b s ta n d a r d  e r r o r  o f  th e  mean นาo



T a b le  21 Plasma N aproxen  C o n c e n t r a t io n  a t  V a r io u s  Times F o l l o w in g  O r a l  A d m i n i s t r a t i o n  o f  250 mg N aproxen

Tablet ,  Brand c ,  to 8 S u b je c t s .

\  ̂ Subject
Time ( h O '  \ ^

Plasma Naproxen Concentrat ion (pg/ml)
1 2 3 4 5 6 7 ,8 MEAN a SEM ๖

0 0.00- 0 .00 0 .00 0 .00 0 .00 0 .00 0.00 0 .00 0 .00 0 .00
0 .5 8.85 4 .00 17.28 8.66 26.55 5 .84 3.05 6 .11 10.04 2.82

1 11.41 4.71 27.69 9 .11 26.48 33.50 20. 77 16.29 13.75 3.56
1.5 29.33 6.11 34.30 13.14 25.20 33. 72 19.68 25.20 23.34 3.50

2 27.33 6.26 30.60 23.78 23.93 30.29 22.99 23 .93 23.64 2.70
3 21.96 17.46 28.40 18.51 22.53 29.59 22.38 18.84 22.46 1.58
4 20.37 17.11 22.24 17. 16 20.11 23.81 18.56 17.57 19.61 0 .88
6 16.56 15.25 19.42 13.75 17.57 22.02 15.26 14.49 16.79 0 .98
8 15.25 12.47 17.25 9 .9 3 13.14 17.46 14.13 13.14 14.10 0.89

12 13.20 10.16 14.40 8.66 12.47 16.06 10.87 11.81 12.20 0 .84
24 10.90 7.84 9 .5 3 6 .11 7 .38 8.94 7.48 7.20 3.17 0 .54

a mean v a lu e s  o b ta in e d  f ro m  8 s u b j e c t s ,  b s ta n d a r d  e r r o r  o f  th e  mean



T a b le  22 Plasma N aproxen  C o n c e n t r a t io n  a t  V a r io u s  Times F o l l o w in g  O r a l  A d m i n i s t r a t i o n  o f  250 mg N aproxen

Tablet ,  Brand D, to 8 S ub jects .

Subject
?!o.

Time ( h r J " \ ^ ^
Plasma Naproxen Concentration (pg/inl)

1 2 3 4 5 6 7 8 MEAN a SEM b

0 0 .00 0.00 0 .00 0 .00 0 .00 0.00 0.00 0 .00 0 .00 0 .00
0 .5 8.22 0 .00 17.57 0 .00 8.64 7.04 0 .00 6 .75 6 .03 2. 14

1 22.75 11.76 25.20 5.24 11.13 8.53 4 .38 7.48 12.06 2.76
1.5 21.99 25.15 25.84 18.51 18.59 9 .53 21.56 8.60 18. 72 2.31

2 20.78 24.45 23.93 20.52 22.04 9 .76 20.77 22.99 20.65 1.64
3 20. 78 24.45 18.38 18.51 34.76 22. 50 20.57 19.91 22.48 1.89
4 18.56 24.45 16.73 18.13 31.14 22. 30 17.92 18.56 20.97 1.71
6 16.48 20.78 12.47 16.27 29. 17 16.96 16.73 13.54 17.30 1.85
8 15.86 17.62 11.20 14.49 25. 36 16.66 13.09 13.03 15.91 1 .54

12 14.11 15.24 8.66 11.81 19.44 12.94 11.86 11.66 13.21 1.12
24 10.57 9.74 6 .11 7.51 11.75 8.95 6.39 8.22 8.65 0 .70

a mean v a lu e s  o b ta in e d  f ro m  8 s u b j e c t s ,  b s ta n d a r d  e r r o r  o f  th e  mean
นท 
ro



Table 23 Plasma Naproxen Concentration at-Var ious  Times Following Oral Administration  o f  250 mg. Naproxen 
Taulet,  Brand E, to 8 S u b jec t s .

\  ร ub j e c t 
No.

Time (hr) \
Plasma Naproxen Concentration (pg/ml)

1 2 3 4 5 6 7 8 MEAN 3 SEM ๖

0 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0.00 0.00 0 .00 0 .00
0.5 8.15 4 .88 18.20 14.79 23.80 0.00 6 .32 10.16 10.79 2.73

1 32.61 9.75 30.30 26.30 45.97 6.11 9 .86 13.62 21.81 4.99
1.5 28.05 18.45 27.88 25.20 46. 10 19.14 13.40 13.62 23.98 3.77

2 24.88 24.24 25.20 20.77 38.58 17.92 34.89 24.03 26.32 2.46
3 22.96 28 .10 20.95 18.56 37.99 18.84 29.94 19.98 24.67 2.42
4 20.40 20.80 17.16 15.78 26.45 17.57 26.28 17. 11 20. 19 1.47
6 15.24 18.45 15.15 15.25 22.82 15.02 23.42 15.94 17.66 1.26
8 14.94 17.91 13.14 14.69 18.84 14.64 18.89 13.62 15.83 0 .83

12 12.02 13.94 10.46 10.82 15.89 9 .93 17.67 12.47 12.90 0 .97
24 8.80 10.07 5 .80 7.84 10.47 6.11 10. 28 5 .52 8.11 0 .74

a mean v a lu e s  o b ta in e d  f ro m  8 s u b j e c t s ,  b s ta n d a r d  e r r o r  o f  th e  mean
นาUJ
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Figure 12 Mean plasma naproxen concentration-time p r o f i l e  from 
8 su bjec ts  fo l lowing oral  adminis tration  of 250 mg. 
naproxen ta b le t ,  brand A (above) , and brand B (below) 
( v e r t i c a l  l in e s  ind icate  standard error of the mean)
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0 A 3  12 16 2ก 24 28
Time (hr)

0 4 8 12 16 20 24 28
Time (hr)

Figure 13 Mean plasma maproxen concentration-time p r o f i l e  
from 8 subjects  fo l lowing oral  administration  of  
250 mg naproxen ta b l e t ,  brand c (above) and brand D 
(below) ( v e r t i c a l  l in e s  ind ica te  standard error
of the mean)
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F ig u r e  14 Mean p lasm a naproxen c o n c e n t r a t io n - t im e  p r o f i l e  

f ro m  8 s u b je c ts  f o l l o w i n g  o r a l  a d m i n i s t r a t i o n  o f  

250 mg naproxen  t a b l e t ,  b rand  E ( v e r t i c a l  l i n e s  

i n d i c a t e  s ta n d a rd  e r rc r r  o f  th e  mean)
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F ig u r e  15 C om par ison  o f  t i le  mean p lasm a n a p ro xe n  c o n c e n t r a t i o n - t i m e  p r o f i l e  

b ra n d s  f o l l o w i n g  o r a l  a d m i n i s t r a t i o n  o f  250 mg n a p ro x e n  t a b l e t  to  

Key ะ Brand A ( □ ) ,  B rand  B ( A ) ,  B rand  c ( ง ) ,  B rand  D ( V ) ,  B rand  E

o f  f i v e  d i f f e r e n t  

B s u b j e c t s .

( * )

Ul
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25 and 27, th e re  were no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  among 

AUCq^ and AUCQ from  f i v e  com m erc ia l  b ra n d s .  T h i s  i n d i c a t e d  t h a t  a l l  

b ra n d s  were e q u a l l y  a b s o rb e d .  The v a lu e s  o f  AUC^ and Auc”  i n  t h i s  

s tu d y  were lo w e r  than  those  p r e v io u s l y  p re s e n te d  by Punke l e t  a l .  (18)

417 P g .h r /m l  f o r  AUCT^, and A n t t i l a  e t  a l .  ( 2 0 ) ,  797 u g . h r / m l  f o r

A u c f  •

The mean re s id e n c e  t im es  a f t e r  o r a l  and in t r a v e n o u s  a d m i n i s t r a t i o n

(MRT _ _ 1 , MRT. ) were shown i n  Tab les  28, 30. MF.T 1 was o b ta in e do r a l  i v  o r a l

f ro m  the  r a t i o  o f  AUMC and AUC (A ppend ix  E) and MRT^V was a n p r o x im a te ly  

c a l c u l a t e d  from  the  r e c i p r o c a l  o f  e l i m i n a t i o n  r a t e  c o n s ta n t  w h ic h  

d e te rm in e d  f rom  a l e a s t - s q u a r e  l i n e a r  r e g r e s s io n  f i t  o f  th e  t e r m in a l  

r e g io n  o f  the  s e m i lo g a r i t h m ic  p lasm a c o n c e n t r a t i o n - t im e  c u rv e  o f  i n d i v i d u a l  

o r a l  d a ta .  R e s u l ts  f rom  T ab les  29, 31 showed t h a t  th e re  were no 

s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  among th e se  p a ra m e te rs  f ro m  f i v e  

t re a tm e n ts  (p > 0 .0 5 )  e x c e p t  f o r  b rands  A and D (A < D a t  p < 0 . 0 5 ) .

The mean a b s o r p t io n  t im e ,  MAT, w h ich  was the p r o d u c t  o f  th e  

d i f f e r e n c e  o f  MR'^0r a i  รท1d MRT^V f o r  each b ra n d  was p re s e n te d  i n  

T a b le  32. The f i r s t - o r d e r  a b s o r p t io n  r a t e  c o n s ta n ts  ( K a ) , the  

r e c i p r o c a l  o f  MAT, f ro m  f i v e  d i f f e r e n t  b rands  were  shown i n  T a b le  34. 

S t a t i s t i c a l  a n a ly s is  o f  d i f f e r e n c e  among MAT and Ka i n  Tab les  33, 35 

i n d i c a t e d  t h a t  th e s e . tw o  p a ra m e te rs  f ro m  b rands  A , B, c ,  D, and E were 

n o t  d i f f e r e n t  among each o th e r  (p > 0 .0 5 ) .

The peak plasma n a p roxen  c o n c e n t r a t io n  (Cp _ ) obse rve d
max

d i r e c t l y  from  i n d i v i d u a l  p lasm a c o n c e n t r a t i o n - t im e  cu rv e  was summarized

i n  Tab le  36. The mean Cp_ f o r  b rands  A, B, c ,  D, and E weremax

30.08  ± 1 .60 , 27.36 ± 2 .1 3 ,  26 .67  - 2 .0 0 ,  24 .51  ± 1 .59 , and 30 .13  ± 2.87 

Ug/ml , r e s p e c t i v e l y .  S t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e
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Table 24 Area Under the Plasma C oncentration-T im e Curve (AUC^S o f
Naproxen from 8 S u b jec ts  F o llo w in g  250 mg O ral A d m in istra tio n  
o f F iv e  D if f e r e n t  Brands o f Naproxen T a b lets

' X\ ^ 3 r a n d
A U C ^ ( y g .h r /m l )

S u b je c ts  
No. \ A B c จ E

1 291 .73 238.94 347.65 347.56 330 .83

2 321.15 356.81 251.46 372.67 356 .60

3 302 .91 384 .33 337.28 260.19 292.01

4 402 .18 371.74 240.72 288.52 299 .13

5 283.96 299.74 328.40 477.59 4 5 6 .6 2

6 251.76 283.11 403 .07 317.00 261 .30

7 375.58 295 .43 293.97 281.97 422 .3 2

8 353.83 256.14 293.05 285.21 238 .05

MEAN 322.39 310.78 318.20 328.84 338.36

SEM 17.92 19.14 20.9  7 25.00 24.49
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Tab le  25 A n a ly s is  o f  V a r ia n c e  and S tu d e n t 's  T - S t a t i s t i c a l  C om parison  

o f  A U C ^  ( u g . h r / m l )  o f  5 3 rands  o f  Naproxen T a b le t s .

S ource  o f  V a r ia n c e D.F . ร . ร . M . s . F - te s  t

Among groups 4 3 , 5 1 3 . 0 0 8 7 3 . 3 8 0 . 2 3

W i t h i n  g roups 35 1 3 1 , 6 6 6 . 0 0 3 , 7 6 1 . 8 9

T o ta l 39 1 3 5 , 1 7 9 . 0 0

E0 . 9 5 , ( 4 ,  35)
= 2 . 6 4

ร t u d e n t ' ร T-S t a t i s  t i c

B rand A B c D E

A 0.000

B 0 . 3 9 5 0.000

c 0 . 1 5 3 - 0 . 2 4 2 0.000

D - 0 . 1 9 4 - 0 . 5 3 9 - 0 . 3 4 7 0 .000

E - 0 . 5 0 4 - 0 . 8 9 9 - 0 . 6 5 7 - 0 . 3 1 0 0.000

t 0 ,0 5 ,  14 2.  145
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Tab le  26 Area Under the  Plasma C o n c e n t ra t io n -T im e  Curve (AUCQ) o f

Naproxen f ro m  8 S u b je c ts  F o l lo w in g  250 mg O ra l  A d m i n i s t r a t i o n  

o f  F iv e  D i f f e r e n t  Brands o f  Naproxen T a b le ts

Brand

S u b je c t s  
No. \

AUCq ( u g . h r / m l )

A B c D E

1 371.70 329.54 612 .85 668 .92 295.42

2 495 .34 652.57 452 .00 594 .4 5 594 .73

3 431 .12 557 .88 563 .82 355.36 375 .88

4 543 .51 579 .78 346.80 455 .7 8 457 .2 2

5 360.47 394.60 460 .47 707 .94 617 .00

6 323.79 441.20 557. 39 521.79 377 .68

7 617 .59 442.41 441 .61 399.65 621 .55

8 558 .22 393.15 431.61 476.00 378 .46

MEAN 462.72 473.39 483 .32 522.49 489 .74

SEM 37.72 39.16 30.35 44.46 38 .6 3
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T a b le  27 A n a ly s is  o f  V a r ia n c e  and S tu d e n t 's  T - S t a t i s t i c a l  Comparison 

o f  AUCq ( y g . h r / ml). ..

Source o f  V a r ia n c e D .F . ร . ร . M .s . F - t e s t

Among groups 4 16 ,321 .70 4 ,0 8 0 .4 2 0 .34

W i t h in  groups 35 413 ,16 3 .00 1 1 ,8 0 4 .7 0

To t a l 39 4 29 ,48 4 .00

F0 .9 5 ,  (4 ,  35) = 2 .64

S tu d e n t 's  T - S t a t i s t i c

Brand A B c D E

A 0.000

B - 0 .2 0 6 0 .000

c - 0 . 3 7 9 - 0 . 1 7 4 0.000

จ -  i „  luo - 0 .  895 - 0 .  721 0 .0 0 0

E - 0 . 4 9 7 - 0 . 2 9 2 - 0 . 1 L8 0. ๖03 0 .0 0 0

t 0 .0 5 ,  14 2.145
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T a b le  28 Mean R es idence  Time a f t e r  O ra l  A d m i n i s t r a t i o n  (MRT 1)
o r a l

o f  Naproxen from  8 S u b je c ts  F o l lo w in g  250 mg O ra l  

A d m i n i s t r a t i o n  o f  F iv e  D i f f e r e n t  Brands o f  N aproxen T a b le ts

\  Brand
!WTo r a l  ( h r )

S u b je cb v  
No. \

A B c D E

1 15 .44 18.36 26.88 31.65 20.07

2 22 .0 2 28.59 28 .10 23.88 25.30

3 19.16 19 .83 19.89 17 .23 15.45

4 17.25 22.63 11.35 23 .50 21.66

5 14.87 16.08 18.64 21 .06 16.95

6 15.66 22.85 18 .30 24 .84 20.07

7 24.85 20.80 21 .14 19.48 20. 71

8 23 .20 21.71 20.57 25.21 16.85

MEAN 19.06 21.36 21.61 23.36 19.71

SEM 1.36 1.31 1 .33 1 .5 3 1. 12
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T a b le  29 A n a ly s is  o f  V a r ia n c e  and S tu d e n t 's  T - S t a t i s t i c a l  Com parison o f

MRT 1 (h r )  o f  5 Brands o f  Naproxen T a b le t s ,  o r a l

Source o f  V a r ia n ce D.F. ร . ร . " . ร . F - tes t

Among groups 4 91.80 22 .95 1.59

W i t h i n  groups 35 503.33 14.38

T o ta l 39 595.13

F0 .9 5 ,  (4 ,  35) = 2 ,64

S tu d e n t 's  T - S t a t i s t i c

Brand A 3 c. D V

A 0.000

B - 1 .2 1 0 0 .000

c - 1 .3 4 2 -0 .1 3 1 0.000

D - 2 .2 6 3 * - 1 .0 5 3 - 0 .9 2 1 0.OO0 ♦

E - 0 .3 4 2 0.86S 1.000 1. 921 0 .0 0 0

c0 .0 5 ,  14 2.145

*  = S t a t i s t i c a l l y  d i f f e r e n c e  a t  p < 0 .0 5
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T a b le  30 Mean R es idence  Time a f t e r  In t ra v e n o u s  A d m in i s t r a t i o n  (MRT, )
i v

o f  Naproxen A p p r o x im a te ly  C a lc u la te d  f ro m  the  R e c ip ro c a l  o f  

E l i m i n a t i o n  R ate  C o n s ta n t  ( ^ / K e l )  f rom  th e  Plasma C o n c e n t ra t io n  

Time Curve F o l lo w in g  250 mg O ra l  A d m in i s t r a t i o n  o f  F ive  

D i f f e r e n t  Brands o f  Naproxen T a b le ts

N\  Brand
MRT. ( h r )  i v

S u b je c t 's ^
No. A 3 c D E

1 15.17 17.79 24.33 30.39 18.69

2 20 .24 26 .45 25.57 22.78 23.69

3 18.05 18.59 18.52 15.58 14.45

4 16.00 20 .83 17.36 22.27 20.16

' 5 13.85 14 .73 17.89 19.61 15.31

6 14.14 21.41 17.27 22.88 19.05

7 23.70 18.87 19.72 18.42 19.38

8 21 .88 20.08 19.23 23.20 16.37

MEAN 17.88 19.84 19.99 21.89 18.38

SEM 1.31 1 .19 1.-13 1 .54 1.05
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T a b le  31 A n a ly s is  o f  V a r ia n c e  and S tu d e n t 's  T - S t a t i s t i c a l  Com parison o f

MRT. ( h r )  o f  5 Brands o f  Naproxen T a b le t s ,  i v

Source o f  V a r ia n c e D .F . ร . ร . M .s . F - tes  t

Among groups 4 79.25 19.81 1 .57

W i t h i n  groups 35 442 .33 12.64

To t a l 39 521.58

F0 .9 5 ,  ( 4 ,  35) = 2 ,64

S tu d e n t 's  T - S t a t i s t i c

Brand A B c r E

A 0 .000

B - 1 .  101 0 .0 0 0

c - 1 . 1 8 5 - Q .0 8  ^ 0.000

D -  2. 253* -  1.. 152 -  1.067 0 .0 0 0

2 - 0 . 2 8 1 0 . 8  20 0 .9  04 1 .972 0 .0 0 0

c0 . 0 5 ,  14 2.145

*  = S t a t i s t i c a l l y  d i f f e r e n c e  a t  p < 0 .0 5
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Table  32 Mean A b s o rp t io n  Time (MAT) o f  Naproxen from 8 Sub jec ts

F o l lo w in g  250 mg O ra l A d m in is t r a t io n  o f  F ive  D i f f e r e n t  Brands 

o f  Naproxen T a b le ts

Brand
MAT (h r)

S u b je c tx \
No. \ A 3 c จ E

1 0.27 0.57 2.55 1.26 2.01

2 1.78 2.14 2.53 1.10 1.66

3 1.11 1.24 1.37 1.65 1.00

4 1.25 1.80 1.99 1.23 1.50

5 1.02 1.35 0.75 1.45 1.64

6 1.52 1.44 1.03 1.96 1.02

7 1.15 1.93 1.42 1.06 1.33

8 1.32 1.63 1.34 2.01 0.48

MEAN 1.18 1.51 1.61 1.46 1.33

SEM 0.15 0.17 0.23 0.13 0.17
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Table 33 A n a ly s is  o f  V a r iance  and S tu d e n t 's  T - S t a t i s t i c a l  Comparison o f  

MAT ( h r )  o f  5 3rands o f  Naproxen T a b le ts .

Source o f  Var iance ก . F. ร . ร . M.s. E -tes  t

Among groups 4 0.95 0 .24 ก . 95

W i th in  groups 35 8.73 0 .25

To t a l 39 9.68

F0 .9 5 ,  (4 , 35)

S tu d e n t 's  T-S t a t i s  t i c -

3 rand A B C D E

A 0.000

B - 1 .3  20 0.000

c -1 .7 2 0 -0 .4 0 0 0.000

D -1 .1 2 0 กุ. 200 0.600 0.000

E -0 .6 0 0 ว . 7 20 1. 120 0.520 0.000

c0 .0 5 ,  14 2.145
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Table 34 A b s o rp t io n  Rate C onstan t (Ka) o f  Naproxen from 8 S ub jec ts  

F o l lo w in g  250 mg O ra l A d m in is t r a t io n  o f  F ive  D i f f e r e n t  

Brands o f  Naproxen T a b le ts

Brand Ka (h r  - 1 )

Sub j e c t \  
No.

A B c D E

1 3.70 1.75 0.39 0.79 0 .50

2 0.56 0 .47 0.39 0.91 0 .60

3 0.90 0.81 0 .73 0.61 1.00

4 0.80 0.55 0 .50 0.81 0 .67

5 0.98 0 .74 1.33 0.69 0.61

6 0.66 0.69 0 .97 0.51 0 .98

7 0.87 0 .52 0.70 0 .94 0 .75

8 0.76 0.61 0.75 0.50 2.08

MEAN 1.15 0.77 0 .72 0 .72 0.90

SEM 0.37 0.15 0.11 0.06 0 .18

—
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Table 35 A n a ly s is  o f  V ar iance  and S tu d e n t 's  T - S t a t i s t i c a l  Comparison o f  

Ka (h r  ^) o f  5 Brands o f  Naproxen Tab le ts

Source o f  Var iance D.F. ร .ร . M.s. r - t e s t

Among groups 4 1.08 0.27 0.83

W i th in  groups 35 11.45 0 .33

To t a l 39 12.54

F0 .9 5 ,  (4 ,  35) = 2,64

S tu d e n t 's  T - S t a t i s t i c

Brand A 3 c D V

A 0.000
B 1.310 0.000
c 1. 483 0. 172 0.000
D 1. 483 0. 172 0.000 0.000

E 0. 862 V -0 .621 1 ๐ 0> r -> t—*■ ก.000

c0.05, 14 2.145
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among these param eters  from  f i v e  brands s tu d ie d  were n o t  observed

(p > 0 .05) as shown i n  Tab le  37. The va lues  o f  Cp v a r ie dmax

g r e a t l y  among p r e v io u s ly  p u b l is h e d  data such as Brogden e t  a l .  (1)

re p o r te d  the peak plasma c o n c e n tra t io n  o b ta ined  from h e a l th y  v o lu n te e rs

a f t e r  a s in g le  o r a l  dose o f  250 mg. naproxen was about 34 y g /m l . ,

a p p ro x im a te ly  44 .3  y g /m l .  o f  Cp was found by A n t t i l a  e t  a l .  (2 0 ) .max

The Cpmax ra n g in g  from  39 to 58 y g /m l.  and 50 to  60 y g /m l.  have been 

p u b l is h e d  by Calvo e t  a l .  ( 2 1 ) ,  and Aarbakke e t  a l .  ( 1 9 ) ,  r e s p e c t iv e ly .  

The v a lu e  o b ta in e d  from  p re s e n t  s tudy was lower than those p re v io u s  

r e p o r t s .  Th is  may be due to i n t e r s u b je c t  v a r ia t i o n .

The t im e to  peak plasma le v e l  (T ) was a lso  o b ta in e d  from themax

plasma c o n c e n t r a t io n - t im e  curve o f  each in d i v id u a l  as seen i n  Table  33.

The mean T_ va lu es  were 1.44 ± 0 . 1 5 ,  1 .62 ± 0 . 1 3 ,  1 .69 ± 0 . 2 9 ,  max

1.94 ± 0 . 2 5 ,  and 1 .62  ± 0 .2 5  hours f o r  brands A, B, c ,  D, and E, 
r e s p e c t i v e ly .  S t a t i s t i c a l  comparison as p resen ted  i n  Table 39 in d ic a te e d  

t h a t  a l l  f i v e  commercia l brands were n o t s i g n i f i c a n t l y  d i f f e r e n t .  There 

was a good agreement o f  t h i s  v a lu e  from t h i s  s tudy and o th e r  re p o r ts  

(15 ,  17, 19-21,  3 1 ) .  The time to  peak plasma le v e l  i n  p re v io u s  s tu d ie s  

was w i t h i n  2 hours ( 1 5 ,  17,  21,  31) and Aarbakke e t  a l .  (19)  a ls o  

re p o r te d  th a t  the T _ ranged from 1.5 to  3 hours i n  h e a l th y  v o lu n te e rs  

a f t e r  250 mg. o r a l  a d m in is t r a t io n .

The plasma h a l f - l i f e  ( t u ) f o r  brands A, B, c ,  D, and E were 

12.39 ± 0 .9 1 , 13.75 ± 0 .8 3 ,  13.85 ± 0 .73 , 15.17 ± 1.07, and 12.74 ± 0 .72 

h ou rs ,  r e s p e c t iv e ly  (Tab le  4 0 ) .  S t a t i s t i c a l  r e s u l t  i n  Table  41 showed 

s i g n i f i c a n t l y  d i f f e r e n c e  between brand A and D (A < D a t  p : 0 . 0 j )  whereas 

the o th e rs  were n o t .  However, a l l  va lues ob ta ined  were the same as tha t 

i n  the p re v io u s  s tu d ie s .  The h a l f - l i f e  o f naproxen ranged from
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Table 36 Peak Plasma C o n c e n tra t io n  (^Pmax) o f  Naproxen F.eading D i r e c t l y  

from the  Plasma C o n c e n tra t io n  Time Curve o f  Each I n d i v i d u a l  

F o l lo w in g  250 mg O ra l A d m in is t r a t io n  o f  F ive  D i f f e r e n t  Brands 

o f  Naproxen T a b le ts .

Brand Cp ( l ig /m l i  max
Sub j  ectN.

No. N\ A B c จ V

1 25.20 19.14 29.33 22.75 32.61

2 23.6 7 26.67 17.46 25.15 28.10

3 28.54 33.10 34.30 25.84 30.29

4 40.62 32.84 23.78 20.52 26.30

5 29.34 33.91 26.55 34. 76 46.10

6 28.00 20.52 33.72 22.50 19.14

7 30.60 30.29 22.99 21.56 34.89

8 29.14 22.38 25.20 22.99 24.03

MEAN 30.08 27.36 26.67 24.51 30.18

SEM 1.60 2.13 2.00 1.59 2.87
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Table 37 A n a ly s is  o f  V ar iance  and S tu d e n t 's  T - S t a t i s t i c a l

Cp (u g /m l)  o f  5 Brands o f  Naproxen T a b le ts ,  max

Comparison

Source o f Var iance D.F. ร . ร .  M .s . F - t e s t

Among groups 4 185.31 46.33 1.32

W i th in  groups 35 1,224.73 34.99

T o ta l 39 1,410.04

Fว .95 , (4 ,
= 2 64 

35)

S tu d e n t 's  T-S t a t i s  t i c

3 rand A 3 c p T7

A 0.000

B 0.919 0.000

c 1. 15 2 0 .233 0.000

D 1.S82 0.963 0.730 0.000

E -0 .0 3 4 -0 .9 5 3 -1 .186  -1 .9 1 5 0.000

u0 .0 5 , 14 = 2.145



T a b le  38 Time to  Peak Plasma L e v e l  (T__ ) o f  Naproxen R ead ing  D i r e c t l ymax J

from  the Plasma C o n c e n t r a t io n  Time Curve o f  F.ach I n d i v i d u a l  

F o l lo w in g  250 mg O r a l  A d m in i s t r a t i o n  o f  F iv e  D i f f e r e n t  brands 

o f  Naproxen T a b le t s .

^ '"'v. b rand

Subj e c t v  
No. ^

T (h r )  max

A B ท D F,

1 1.00 1.50 1.50 1.00 1 .00

2 1.50 1.50 3 .00 1 .50 3 .00

3 1 .00 1 .50 1.50 1.50 1.00

4 1.50 2 .00 2.00 2.00 1 .00

5 1.00 1.00 0 .5 0 3 .00 1 .50

6 1 .50 2 .00 1.50 3 .00 1.50

7 2 .00 1.50 2 .00 1.50 2 .00

8 2.00 2 .00 1.50 2 .0 0 2 .00

MEAN 1.44 1.62 1.69 1.94 1.62

SEM 0.15 0 .1 3 0 .29 0 .2 5 0 .2 5
*



75

Tab le  39 A n a ly s is  o f

o f  T ( h r )  max

V a r ia n c e  and S t u d e n t ' ร T - 

o f  5 Brands o f  Naproxen

S t a t i s t i c a l  

Tab le  ts

Comparison

Source o f V a r ia n c e D.F. ร . ร . M .s . F - t e s t

Among groups 4 1.04 0 .2 6 0 .7 2

Wi t h i n groups 35 12.66 0 .3 6

To t a l 39 13.69

F0 .9 5 ,  (4 ,  35)
= 2 .64

S tu d e n t 's  T- ร ta  t i s  t i c

Brand A B C ท E

A 0 .0 0 0

B - 0 . 6 0 0 0 .000

c - 0 . 8 3 3 - 0 .2 3 3 0 .000

D - 1 .6 6 7 - 1 .0 6 7 - 0 .  3 33 0 .0 0 0

E - 0 . 6 0 0 0 .000 0. 233 1. 067 0 .0 0 0

c0 .0 5 ,  14 2. 145
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T a b l e  AO Plasma H a l f - l i f e  ( t , ^ )  o f  N a p ro x e n  f r o m  8 S u b j e c t s  F o l l o w i n g

250 mg O r a l  A d m i n i s t r a t i o n  o f  F i v e  D i f f e r e n t  B r a n d s  o f

N ap ro x e n  T a b l e t s .

Brand
111 (h r )

Sub j  e c lN .  
No. ^ A 3 c D T7

1 10.51 12 .33 16.89 21.06 12.95

2 14.03 18 .33 17.72 15.79 16.38

3 12.51 12.88 12 .83 10.80 10.01

4 11.09 14.43 12 .03 15.43 13.97

5 9 .6 0 10.21 12.40 13.59 10.61

6 9 .8 0 14.84 11.97 15.85 13.20

7 16.42 13 .0 8 13.66 12.76 13 .43

8 15.16 13.91 13 .33 16.08 11.34

MEAN 12.39 13.75 13.85 15.17 12.74

SEM 0 .9 1 0 .8 3 0 .7 8 1.07 0. 72
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Tab le  41 A n a ly s is  o f  V a r ia n c e  and S tu d e n t 's  T -S t a t i s t i c a l  Comparison 

o f  t,^ ( h r )  o f  5 Brands o f  Naproxen T a b le t s .

Source  o f V a r ia n c e D .F . ร . ร . M .s . F - t e s t

Among groups 4 38.07 9 .5 2 1.57

W i t h in groups 35 212.35 6 .0 7

T o ta l 39 250.42

F0 .9 5 ,  (4 ,
= a 64 

35)

ร tu d e n t  ' ร T- ร  ta  f i s c a l

B rand A B c อ E

A 0 .000

B -1 .1 0 6 0 .0 0 0

c -1 .1 8 7 -0 .0 S 1 0 .0 0 0

D - 2 .2 6 0 * - 1 .1 5 4 - 1 .0 7 3 0 .0 0 0

E -0 .2 8 4 0 .821 0 .9 0 2 1.976 0 .0 0 0

t 0 .0 5 ,  14 2.145

* S t a t i s t i c a l l y  d i f f e r e n c e  a t  p < 0 .05



T a b le  42 The Mean V a lu e  o f  P h a r m a c o k in e t i c  P a ra m e te r s  o f  N a p ro x e n  f r o m  8 S u b jc e t s  f o l l o w i n g  250 mg O r a l

Administration .  (Values i n  Parenthesis  were the SEM)

Brand ร ta t i s  t i c a l
Parame ter A B c D E Si gni f i  cance

Area under the plasma concentration 462.72 473.89 483.32 522.49 489.74 NS
time curve,  AUcT (pg.hr/ml). (37.72) (39.16) (30.85) ( 4 4 .4 6 ) (38.63)

The absorption rate  constant ,  Ka (hr ร 1.15
. ( 0 .3 7 )

0. 77 
(0 .15)

0. 72 
(0.11)

0 .72
(0 .06)

0.90  
( ท . 18)

NS

Peak plasma con cen tra t ion ,  Cp (yg/ml)max 30.08 27.36 26.67 24.51 30. 18 NS
(1 .60 ) (2 .13 ) (2.00) (1 .59) (2 .87)

Time to peak plasma l e v e l ,  T (hr)max 1.44
(0 .15)

1.62
(0 .13 )

1.69
(0.29)

1.94
(0 .25)

1.62
(0 .25)

NS

Plasma h a l f - l i f e ,  ti (hr) 12.39
(0 .91)

13.75
(0 .83)

13.85
(0.78)

15.17 
(1.07) ■

12. 74 
(0 .72)

A < D

a =
NS

s i g n i f i c a n t  d i f f e re n ce  a t  p < 0.05 
no s i g n i f i c a n t  d i f f e r e n c e  at  p < 0.05

'̂๘00
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12 to 15 hours (1,  18, 32) .  A n t t i l a  e t  a l .  (20) reported the h a l f - l i f e  
of naproxen was 17.7 hours. Runkel e t  a l .  (16) and Thomson et  a l .  (31) 
found that  naproxen h a l f - l i f e  ranged from 10 to 17 and from 9.5  to 21.9 
hours, r e s p e c t i v e l y .

The mean values of  pharmacokinetic parameters of  nanroxen from 
8 subjects  fo l lowing  250 mg. ora l  administration  were summarized in 
Table 42. These r e s u l t s  obtained from the in  vivo study indicated  
that brands A, B, c ,  จ, and E were b ioequ iva lent  according to both 
the rate  and the exten t  of  drug absorpt ion  in to  the general  c i r c u la t i o n .

In Vitro -  In Vivo Correlat ion

Due to the d i s i n t e g r a t io n  and d i s s o l u t io n  of s o l i d  dosape from 
could a f f e c t  the b i o a v a i l a b i l i t y  of  the drug product,  the corre la t io n  
between the d i s in t e g r a t io n  time as w e l l  as the d i s s o lu t io n  rate  of the 
drug and the corresponding pharmacokinetic parameters were te s ted .
Results  from Tables 43-47 and Figures 16-20 exhibi ted  poor l inear  
c o r r e la t io n s  between the d i s i n t e g r a t i o n  time and the in  vivo parameters
(AUC , Cp , T_ ) meanwhile s t a t i s t i c a l l y  s i g n i f i c a n t  of corre la t io n
between d i s i n t e g r a t io n  time and absorpt ion rate  constant was found 
(p < 0 . 0 5 ) .  The l in ear  c o r r e la t i o n  found between the d i s in te gr a t ion  
time and the absorpt ion  rate  constant seemed to be meaningless because  
the absorpt ion  rate constant increased proportional to the increase  of 
d is i n t e g r a t io n  time. This evidence may be a t tr ib u ted  to the d i s in t e g r a t io n  
c h a r a c t e r i s t i c  of each brand. According to the observations during 
t a b l e t  d i s i n t e g r a t i o n s ,  naproxen ta b le t s  for brands B, c ,  D, and E 
d i s i n t e g r a t o d ' in t o  granules and then passed through the mesh of the 
basket whi le  ta b le t s  for brand A gradual ly  d is in tegra ted  in to  f iner
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p a r t i c l e s  and the ta b le t s  disappeared b i t  by b i t  which brought on the 
maximum d i s i n t e g r a t io n  time. I f  brand A was excluded from the 
co r r e la t io n  t e s t ,  no s t a t i s t i c a l l y  s i g n i f i c a n t  (p > 0.05) o f  th is  
c o r re la t io n  was obserbed as shown in  Table 45 and Figure 18. Gibaldi ,  M. 
(33) reported that  i t  was u n l ik e ly  that d i s in te g r a t io n  would be the rate  
l im i t in g  s tep  in  the absorption of drugs from t a b l e t s .  The t e s t  for  
ta b l e t  d i s in t e g r a t io n  fo l lowin g  the standard requirement of  pharmacopoeia 
i s  useful  for q u a l i ty  contro l  in  manufacturing but i t  does not grarantee  
adequately drug absorpt ion .  Also,  i t  i s  general ly  recognized that the 
in  v i t r o  d i s in t e g r a t i o n  t e s t  i s  a poor index of drug b i o a v a i l a b i l i t y  (33).  
Generally,  the c o r r e la t i o n  between d i s in te g r a t io n  and drug absorption  
was happened e s p e c i a l l y  with sugar-coated or en ter ic -coa ted  ta b le t s  (33).

Tables 48-55 and Figures 21-28 showed the c o rre la t io n  r e s u l t s
between d i s s o lu t io n  rate  constant in  both simulated g a s t r ic  f l u i d  and
simulated i n t e s t i n a l  f l u i d  and in  vivo parameters,  AUC_ , Ka, Cp , T ,o ’ max max
r e s p e c t iv e ly .  A l l  t e s t s  ind ica ted  that the l inear  c or r e la t io n s  were not 
s t a t i s t i c a l l y  s i g n i f i c a n t  (p > 0 .0 5 ) .  This suggested that  the d i s s o lu t io n  
of drug was not the fa c to r  a f f e c t i n g  the b i o v a i l a b i l i t y  of  naproxen.
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o
(ug.hr/ml) '  of  5 Brands of  Naproxen T ablet s .

T a b le  43 C o r r e l a t i o n  b e tw e e n  D i s i n t e g r a t i o n  T ime ( m in )  and AUC

Brand D is in te gr a t ion  Time (min) AUC," (tfg.hr/ml)

A 6.39 462.72
B 1.44 473.89
c 0.36 483.32
D 2.26 522.49
E 2.00 489.74

c o r r e la t i o n  c o e f f i c i e n t  (r) = -0 .3977
t-value = -0 .751

t 0 .0 5 ,  3 = 3.182
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V
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0 2 4 6 8

D i s i n t e g r a t i o n  time (min)

F ig u r e  16 C o r r e l a t i o n  b e tw e e n  d i s i n t e g r a t i o n  t im e  and AUCQ

- 0— ^

T------------------------ 1-------------------------r

r = 0.3977
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Table 44 Correla t ion  between D is in te g r a t io n  Time (min) and Ka (hr )̂ 
,1 of  5 Brands of  Naproxen Tablets .

Brand D is in te gr a t ion  time (min) Ka (hr- 1 )

A 6.39 1.15
B 1.44 0 .77  -
c 0.36 0 .72
D 2.26 0.72
E 2.00 0.90

c o r r e la t i o n  c o e f f i c i e n t (r) = 0.9173
t-va lue = 3.989

*'0.05, 3 = 3. 182

t 0 .0 1 ,  3 5.841

1.4 -

0 .4  -

0 ,2  -

0 -------------------------- 1-----------------------------I-----------------------------1-------------------------

0 2 4 6 8
D i s i n t e g r a t i o n  time (mill)

F ig u r e  17 C o r r e l a t i o n  b e tw e e n  d i s i n t e g r a t i o n  t im e  and Fa
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T a b le  45 C o r r e l a t i o n  D i s i n t e g r a t i o n  T im e ( in in )  and Ka ( h r  ^) o f  4 b ra n d s

o f  N a p ro x e n  T a b le t s

Brand D is in tegra t ion  time (min) Ka (hr- 1 )

B 1.44 0.77 .
c 0.36 0. 72
D 2.26 0. 72
E 2.00 0.90

c o r r e la t i o n  c o e f f i c i e n t  (r) = อ. 3888
t - value = 0.597

1 0 . 0 5 ,  2 = 4.303

F i g u r e  18 C o r r e l a t i o n  b e tw e e n  d i s i n t e g r a t i o n  t im e  and Ka

(When brand A was excluded)
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T a b le  46 maxC o r r e l a t i o n  b e tw e e n  D i s i n t e g r a t i o n  T im e  ( m in )  and  Cn

(pg/ml)'  of  5 Brands of  Naproxen ' tablets .

Brand D is in tegra t ion  time (min) Cpmax (pg/ml. )

A 6.39 30.08 .
B 1.44 27.36
c 0.36 26.67
D 2.26 24.51
E 2.00 30. 18

c o r r e la t i o n  c o e f f i c i e n t  (r) = 0.5131
t -va lu e  = 1.035

t 0 .0 5 ,  3 = 3,182



Table 47 C o r r e l a t i o n  b e tw e e n  D i s i n t e g r a t i o n  T ime (m in )

o f  5 B ra n d s  o f  N a p ro x e n  T a b le t s

and T _ (hr) ) max

Brand D is in te gr a t ion  time (min) T (hr) ) max

A 6.39 1.44
B 1.44 1.62 ;
c 0.36 1.69
D 2.26 1.94
E 2.00 1.62

c o r r e la t i o n  c o e f f i c i e n t  (r) = -0 .5559
t-va lue = - 1 .1 5 8

3 3.182

m a XFigure 20 Correlation  between d i s i n t e g r a t i o n  time and T



T a b le  48 C o r r e l a t i o n  b e tw e e n  D i s s o l u t i o n  R a te  C o n s ta n t  ( h r  ร  i n

S im u la t e d  G a s t r i c  F l u i d  (pH 1 . 2 ) and AUC^ ( p g . h r / m l )

o f  5 B ra n d s  o f  N a p ro x e n  T a b l e t s .

Brand D iss o lu t io n  Rate Constant (hr )̂ AUc” (pg.hr/ml)

A 1.39 462.72
B 2.03 473.89
C 1.15 483.32
ซ 0.55 522.49
E 1.00 489.74

c o r r e la t i o n  c o e f f i c i e n t  (r) -  -0 .7896
t-va lue  = - 2 .2 2 8

E0 .0 5 ,  3 -  3- 182

F i g u r e  21 C o r r e l a t i o n  b e tw e e n  d i s s o l u t i o n  r a t e  C o n s t a n t

i n  s i m u l a t e d  g a s t r i c  f l u i d  and AUCo
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T a b le  49 C o r r e l a t i o n  b e tw e e n  D i s s o l u t i o n  R a te  C o n s ta n t  ( h r  ^) i n

S im u la t e d  G a s t r i c  F l u i d  (pH 1 . 2 ) )  and Ka ( h r  ^) o f  5 R ra nd s

o f  N a p ro x e n  T a b l e t s .

Rrand D iss o lu t io n  Rate Constant (hr 3) Ka (hr- 1 )

A 1.39 1.15
8 2.03 0 .77
c 1. 15 0.72
D 0.55 0. 72
E 1.00 0 .90

c o r r e la t io n  c o e f f i c i e n t  (r) = 0.1798
t-va lue  = 0.316

*0.05.  3 = 3 - 182

D iss o lu t io n  rate constant  (hr )
Figure 22 Corre la t ion  between d i s s o l u t i o n  r a t e  constant in

s i m u l a t e d  R a s t r i c  f l u i d  and  Ka.
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Simulated Gastr ic  Fluid (pH 1.2)  and Cp (pg/ml) o fmax
5 Brands of Naproxen Tablets.

T a b le  50 C o r r e l a t i o n  b e tw e e n  D i s s o l u t i o n  R a te  C o n s ta n t  ( h r  ) i n

Brand D is s o lu t io n  Rate Constant (hr ) Cn (virç/ml)* max

A 1. 39 30.08
B 2.03 27.36
c 1.15 26.67
D 0.55 24.51
E 1.00 30. 18

Correlation  c o e f f i c i e n t  (r) = 0.3418
t - value = 0.630

t 0 .0 5 ,  3 = 3,182

Figure 23 Correlation  between d i s s o l u t io n  rate  constant
i n  s i m u l a t e d  g a s t r i c  f l u i d  and  Cp

max
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T a b le  51 C o r r e l a t i o n  b e tw e e n  D i s s o l u t i o n

S i m u la t e d  G a s t r i c  F l u i d  (pH 1 .2 )

5 B ra n d s  o f  N a p ro x e n  T a b l e t s .

and T (hr) of  max

R a te  C o n s t a n t  ( h r  ^) i n

Brand D is s o lu t io n  Rate Constant (hr )̂ T (hr) max

A 1. 39 1.44 •
B 2.03 1.62
c 1.15 1.69
จ 0.55 1.94
E 1.00 1.62

c o r r e l a t i o n  c o e f f i c i e n t  (r) = -0 .6361
t-va lue  = - 1 .4 2 8

t 0 .0 5 ,  3 = 3.182

Figure 24 Correlation  between d i s s o l u t io n  rate constant in
s i m u l a t e d  g a s t r i c  f l u i d  and  Tmax
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T a b le  52 C o r r e l a t i o n  b e tw e e n  D i s s o l u t i o n  R a te  C o n s ta n t  ( h r  * )  i n

S i m u la t e d  I n t e s t i n a l  F l u i d  (pH 7 . 5 )  and AUCQ ( u g . h r / m l )

o f  5 B ra n d s  o f  N a p ro x e n  T a b l e t s .

Brand D iss o lu t io n  Rate Constant (hr- 1 ) AUCo ( p g . h r /ml)

A 6.22 462.72
B 2.29 473.89
c 6.22 483.32
D 0.76 522.49
E 4.51 489.74

cor r e la t io n  c o e f f i c i e n t (r) = -0 .6992
t-va lue = -1 .6 9 4

*0.05,  3 — 3.182

-  1,
8

D iss o lu t io n  rate  constant (hr )
F i g u r e  25 C o r r e l a t i o n  b e tw e e n  d i s s o l u t i o n  r a t e  c o n s t a n t  i n

s i m u l a t e d  i n t e s t i n a l  f l u i d  and AUC



91

T a b le  53  C o r r e l a t i o n  b e tw e e n  D i s s o l u t i o n  R a te  C o n s ta n t  ( h r  ) i n

S im u la t e d  I n t e s t i n a l  F l u i d  (pH 7 . 5)  and  Ka ( h r  ^) o f

5 B ra n d s  o f  N a p ro x e n  T a b l e t s

Brand D is s o lu t io n  Rate Constant (hr ร Ka (hr 3)

A 6.22 ]'. 15
B 2.29 0. 77
c 6 .22 0. 72
D 0.76 0 .72
E 4.51 0.90

c o r r e la t i o n  c o e f f i c i e n t  (r) = 0.5437
t-va lue  = 1.122

พ ,  3 = 3- 182

D is s o lu t io n  rate  constant (hr )
Figure 26 Correlation  between d i s s o l u t io n  rate  constant i n

s i m u l a t e d  i n t e s t i n a l  f l u i d  and Ka .
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Simulated I n t e s t i n a l  Fluid (pH 7 . 5) and Cp (ug/ml)max
of 5 Brands of  Naproxen Tablets.

T a b le  54 C o r r e l a t i o n  b e tw e e n  D i s s o l u t i o n  R a te  C o n s t a n t  ( h r  ) i n

Brand D is s o lu t io n  Rate Constant (hrT^) Cpmax (1Mp'/m l ) '

A 6.22 30.08
B 2.29 27.36
c= 6.22 26.67
D 0.76 24.51
E 4.51 30.18

c o r r e la t i o n  c o e f f i c i e n t  (r) = 0.6502
t-va lue  = 1.482

0 2 4 6 8
D is s o lu t io n  rate constant (hr ร

Figure 27 Correlation  between d i s s o l u t io n  rate  constant in
s im u l a t e d  i n t e s t i n a l  f l u i d  and Cp

max
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T a b le  55 Correlation  between D is s o lu t io n  Rate 
Simulated I n t e s t i n a l  Fluid (pH 7.5)
5 Brands of  Naproxen Tablets .

and T _ max

Cons t a n t (hr- 1 ) in  
(hr) of

Brand D is s o lu t io n  Rate Constant (hr T (hr) ' max

A 6.22 1.44
B 2.29 1.62
c 6 .22 1.69
D 0.76 1.94
E 4.51 1.62

c o r r e la t i o n  c o e f f i c i e n t  (r) = -0 .72 9 8
t-va lue  = -1 .84 9

£0 .0 5 ,  3 = 3.182

Figure 28 Correlation  between d i s s o l u t io n  rate  constant  in  simula
s im u l a t e d  i n t e s t i n a l  f l u i d  and T

max



The c o r r e la t i o n  between in  v i t r o  and in  v ivo  parameters in 
th i s  study revealed that n e i th er  d i s i n t e g r a t i o n  time nor d i s s o l u t io n  
rates  in  both simulated g a s t r i c  f l u i d  and simulated i n t e s t i n a l  f l u i d  
had the r e la t i o n s  to the in v ivo  parameters.  This r e s u l t  was thus 
concluded that both the d i s i n t e g r a t io n  and the d i s s o l u t i o n  were not  
the r a t e - l im i t e d  naproxen b i o a v a i l a b i l i t y .
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