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APPENDIX A 

TEST PRODUCTS

Code Brand Name Manufac turers Mfd . Date Batch No,

A Naprosyn** Syntex Laboratories  
Limited

2-9-85 E8891

B M RNaproxen Standard Pharmaceu
t i c a l  Co . , L td .

5-7-86 2902

c Napsen** S r ip r a s i t  Pharma 
Co. , L td .

10-2-87 T87031

D U1 trazyn** Trusty Drugs Co. ,  
Ltd .

3-85 53639

E Naproxen** The Government 
Pharmaceutical  
Organization

9-86 F909636

F Napxen** Berl in  Pharmaceu
t i c a l  Industry  
L td . ,  P a r t .

3-11-86 860095

G Naproxen** Utopian Co.,  Ltd . , 8-8-86 814397
H Nasin** The Medicpharma 

Co. ,  L td .
30-5-86 0-53701

I Vinsen** Chew Brothers & 25-4-85 T503801
Co. , L t d . , Part .
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APPENDIX B

PREPARATION OF DISSOLUTION MEDIA (34)

a.  Simulated Gastr ic  Fluid (pH 1.2 ± 0.1)

2 .0  g. of  sodium ch lor ide  was d is s o lved  in  7.0 ml. of  
hydrochloric  acid  and s u f f i c i e n t  water to make 1,000 ml. The 
s o lu t io n  was adjusted to a pH of 1.2 i  0 .1

b.  Simulated I n t e s t i n a l  Fluid (pH 7.5 ± 0.1)

6 .3  g.  of monobasic potassium phosphate was d isso lved  in  
250 ml. of  water,  mixed, and 190 ml. of  0 .2  N. sodium hydroxide 
and 400 ml. of water were added. The s o lu t io n  was adjusted with  
0 .2  N. sodium hydroxide to a pH of 7.5 ± 0 .1 ,  and d i lu ted  with
wa ter to 1,000 ml .
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APPENDIX c

STANDARD CURVE DETERMINATION

The ty p ic a l  standard curves and data for  naproxen concentrations  
i n  simulated g a s t r i c  f l u i d  (pM 1 .2 ) ,  s imulated i n t e s t i n a l  f l u id  (pP 7 .5 ) ,  
and human plasma were presented in  Tables 56-58 and Figures  29-31,  
r e s p e c t i v e l y .
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T a b le  56 T y p i c a l  S t a n d a r d  C u rv e  D a ta  f o r  N a p ro x e n  C o n c e n t r a t i o n s  i n

S im u la t e d  G a s t r i c  F l u i d  (pH 1 .2 )  E s t im a t e d  U s in g  L i n e a r

R e g r e s s io n ^

ร tandard 
No.

Concentration
(pg/ml)

Absorbance 
at  X 331 nm

In verse ly  
es timated 

concentration  
(ug/ml)

% Theory ^

1 2.01 0.016 2.24 111.60
2 4.03 0.027 3.62 89.80
3 8.06 0 .063 8. 12 100.77
4 10.07 0.091 11.62 115.43
5 12.08 0.092 11.75 97.26
6 16.11 0.122 15.50 96.22
7 18.13 0. 141 17.88 98.61
8 22.15 0. 174 22.01 99.35
9 26.18 0.206 26.01 99.34

10 30.21 0.238 30.01 99.34
11 34.24 0.271 34.14 99.70
12 38.27 0.302 38.02 99.34
13 44.31 0.354 44.52 100.47
14 50.35 0.404 50.77 100.84

MEAN 100.58
S.D. 6.21
C.V. 4 6. 16 %

1. R = 0 .999 ,  Y = 0.0079X -  0.0019
2. In verse ly  est imated concentration  = (Absorbance + 0 .0 0 1 9 ) / o . 0079
„ 0, „  In verse ly  est imated concentrat ion  13. % Theory = --------------1----------- —---------------------------  X 100

Known concentration
S.D.4. % c .v .  = MEAN

X 100
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Figure 29 Typical standard curve for naproxen concentrations  in  
simulated g a s t r i c  f lu i d  pH 1.2
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T a b le  57 T y p i c a l  S t a n d a r d  C u rv e  D a ta  f o r  N a p ro x e n  C o n c e n t r a t i o n s  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 )  E s t im a t e d  U s in g  L i n e a r

R e g r e s s io n  ^

ร tandard 
No.

Concentra t ion  
(.Pg/ml)

Absorbance 
at  À 331 nm

2
Inverse ly  
e s timated 

concentration  
(pg/ml)

3
Theory

1 20.00 0.147 20. 10 100.48
2 36.00 0.259 36.05 100.14
3 50.00 0.349 48.87 97.74
4 60.00 0.429 60.27 100.44
5 70.00 0.501 70.52 100.75
6 80.00 0.571 80.49 100.62
7 90.00 0.640 90.32 100.36
8 100.00 0. 704 99.44 99.44
9 106.00 0.751 106.14 100. 13

10 110.00 0.780 110.27 100.24
11 120.00 0.845 119.53 99.61

MEAN 100.00
S.D. 0.85
C.V.4 0 .85  %

1. R2 = 0 .9 99 ,  Y = 0.0059 + 0.007X
2. In verse ly  est imated concentration  = (Absorbance -  0 .0 059 )70 .007

3 7  Theory -  I n verse ly  estimated  concen tra tion  x
Known concentration

100

ร . จ.4. 7, c.v .
MEAN

X 100
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Figure 30 Typical standard curve fo r naproxen concentrations 

simulated in te s t in a l f lu id  pH 7.5
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T a b le  58 T y p i c a l  S t a n d a rd  C u rv e  D a ta  f o r  N a p ro x e n  C o n c e n t r a t i o n s  i n

Human P lasm a E s t im a t e d  U s in g  L i n e a r  R e g r e s s io n ^

Standard Concentration Peak h e ight  a 
No. (pg/ml) r a t io

I n v e r s e ly 2 
es timated 

concentration  
(ug/ml)

% Theory ^

1 5 0.216 5.07 101.44
2 10 0.417 10. 10 100.99
3 20 0.739 18.59 92.96
4 30 1.182 32. 19 107.32
5 40 1.565 39.11 97.77
6 50 2.087 52.82 105.64
7 60 2.280 56.83 94.71
8 70 2.826 69.47 99.25
9 80 3.043 81.42 101.78

MEAN 100.21
ร.ท.  
C.V.4

4.67  
4.66 %

1. R2 = 0 .9 95 , Y = 0.0388X + 0. 0192
2. In verse ly  estimated concentration

= (Peak h eight  ra t io  -  0 .0 1 9 2 ) /0 .0 3 8 8

3. % Theory = In verse ly  estimated concentration 100
Known concentration

4. % c . v . S,D’ X 100 MEAN

a . = Naproxen/PhenylbutazoneNaproxen/Phenylbutazone
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Plasma naproxen  c o n c e n tra t io n  (p g /m l)

Figure 31 Typical standard curve for naproxen concentrat ions  in  
human plasma.
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APPENDIX D

T a b l e  59 P h y s i o l o g i c a l C h a r a c t e r i s  t i c s o f  t h e  S u b j e c t s

S u b j e c t  No. S ex Age H e i g h t W e i g h t
( y r ) (cm) ( k g )

1 M 21 167 61
2 M 23 170 5 1 . 2

3 M 19 164 63
4 M 21 174 65

5 M 20 162 48

6 M 20 170 61
7 M 21 175 65
8 M 21 173 62

Mean 2 0 . 7 5 1 6 9 . 3 7 5 9 . 5 2

ร .D. 1 . 1 6 4 . 7 2 6 . 3 8
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APPENDIX E

NONCOMPARTMENTAL ANALYSIS (35 )

N o n c o m p a r t m e n t a l  m e t h o d s  f o r  t h e  e s t i m a t i o n  o f  c e r t a i n  
p h a r m a c o k i n e t i c  p a r a m e t e r s  a r e  u s u a l ] } '  b a s e d  on  t h e  e s t i m a t i o n  o f  t h e  

a r e a  u n d e r  a p l o t  o f  d r u g  c o n c e n t r a t i o n  v e r s u s  t i m e .  N o n c o m p a r t m e n t a l  

m e t h o d s  h a v e  b e e n  u s e d  t o  e s t i m a t e  b i o a v a i l a b i l i t y ,  c l e a r a n c e ,  a n p a r e n t  

v o lu m e  o f  d i s t r i b u t i o n ,  a nd  t h e  f r a c t i o n  o f  d o s e  o f  a  d r u g  t h a t  i s  

c o n v e r t e d  t o  a  s p e c i f i c  m e t a b o l i t e ,  b a s e d  ๐ท d a t a  f o l l o w i n g  s i n g l e  d o s e  

o f  d r u g  a nd  m e t a b o l i t e .  T h e s e  m e t h o d s  do n o t  r e q u i r e  t h e  a s s u m p t i o n  o f  

a  s p e c i f i c  c o m p a r t m e n t a l  mod el  f o r  e i t h e r  d r u g  o r  m e t a b o l i t e .  I n  f a c t ,  

t h e s e  m e t h o d s  c a n  b e  a p p l i e d  t o  v i r t u a l l y  a ny  c o m p a r t m e n t a l  m o d e l ,  

p r o v i d e d  t h a t  we c a n  a s s u m e  l i n e a r  p h a r m a c o k i n e t i c s .

S t a t i s t i c a l  Moments

The a p p l i c a t i o n  o f  s t a t i s t i c a l  m e t h o d s  t o  p h a r m a c o k i n e t i c s  was  
r e p o r t e d  i n  1979 by  Yamaoka e t  a l .  ( 3 6 )  a nd  c u t l e r  ( 3 7 ) .  I n  19 80 ,  

R i g e l m a n  and C o l l i e r  ( 3 8 )  a p p l i e d  s t a t i s t i c a l  moment  t h e o r y  t o  t h e  

e v a l u a t i o n  o f  d r u g  a b s o r p t i o n .

The t i m e  c o u r s e  o f  d r u g  i n  p l a s m a  c a n  u s u a l l y  b e  r e g a r d e d  a s  a 

s t a t i s t i c a l  d i s t r i b u t i o n  c u r v e .  I r r e s p e c t i v e  o f  t h e  r o u t e  o f  

a d m i n i s t r a t i o n ,  t h e  z e r o  a nd  t h e  f i r s t  moments  a r e  d e f i n e d  a s  f o l l o w s :

A U C ™ [  c  d t

0

oo

( 1 )

M R T = f  t . c  d t  

r c  d t

= A i m c

A U C

( 2 )

0
A  u c
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Where  MRT i s  t h e  mean r e s i d e n c e  t i m e  o f  a  d r u g  i n  t h e  hod}' .

AUC a n d  MRT a r e  t e r m e d  t h e  z e r o  and f i r s t  m om en t ,  r e s p e c t i v e l y ,  o f  t h e  

d r u g  c o n c e n t r a t i o n - t i m e  c u r v e .

i s  s t o p p e d  a t  some t i m e  t *  when d r u g  c o n c e n t r a t i o n ,  c * , i s  m e a s u r a b l e .  

H e n c e ,  e s t i m a t i o n  o f  t h e  a r e a  u n d e r  t h e  b l o o d  l e v e l - t i m e  c u r v e  f ro m  

z e r o  t i m e  t o  i n f i n i t y ,  AUCQ, m u s t  be  c a r r i e d  o u t  i n  two s t e p s .  The  
a r e a  u n d e r  t h e  c u r v e  f r o m  z e r o  t i m e  t o  t *  i s  c a l c u l a t e d  by  mea ns  o f  

t h e  l i n e a r  t r a p e z o i d a l  m e t h o d .  To t h i s  p a r t i a l  a r e a  we m u s t  ad d  a r e a  

u n d e r  t h e  c u r v e  f r o m  t *  t o  i n f i n i t y  w h i c h  i s  u s u a l l y  e s t i m a t e d  a s  

f o l l o w s  ะ

p l o t  o f  l o g  d r u g  c o n c e n t r a t i o n  v e r s u s  t i m e .  The sum o f  t h e  two p a r t i a l  

a r e a s  i s  AUC^.

The same a p p r o a c h  m u s t  be  u s e d  t o  e s t i m a t e  t o t a l  AUMC. The  a r e a  

u n d e r  t h e  f i r s t  moment  c u r v e  f r o m  t *  t o  i n f i n i t y  i s  e s t i m a t e d  a s  f o l l o w

I n  t h e  u s u a l  s i n g l e - d o s e  p h a r m a c o k i n e t i c  s t u d y ,  b l o o d  s a m p l i n g

c *

An (3)

Where  Xn i s  2.303 t i m e s  t h e  s l o p e  o f  t h e  t e r m i n a l  r e g i o n  o f  a

t * c *  c *
^ n  X?ท

(4)

E s t i m a t i o n  o f  A r e a s

The a r e a s  u n d e r  b l o o d  c o n c e n t r a t i o n - t i m e  c u r v e  f o r
p h a m a c o k i n e t i c  a n a l y s i s  a r e  e s t i m a t e d  b y  t h e  t r a p e z o i d a l  r u l e .

The z e r o  moment  (AUC) i s  c a l c u l a t e d  f r o m  t h e  a r e a s  d i v i d e d  i n t o  a
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num be r  o f  t r a p e z o i d s  u n d e r  t h e  p l a s m a  c o n c e n t r a t i o n - t i m e  c u r v e  a n d  t h e  

f i r s t  moment  (AUMC) i s  a l s o  c a l c u l a t e d  f r o m  t h e  a r e a s  d i v i d e d  i n t o  a 
num be r  o f  t r a p e z o i d s  u n d e r  t h e  p l a s m a  c o n c e n t r a t i o n - t i m e  v e r s u s  t i m e  

c u r v e  w h i c h  a r e  g i v e n  by  e q u a t i o n s  5 ,  6 ,  r e s p e c i t v e l y

AUC
น 2  -  t x )  ( C j  + c 2 )

AUMC ( t 2 -  t j ) ( t j C 1 +  t 2 C2 )

( 5 )

(6 )

The s u m m a t i o n  o f  e a c h  a r e a  y i e l d s  t h e  t r u e  e s t i m a t e d  AUC and

AUMC.

A b s o r p t i o n  R a t e  C o n s t a n t

I n  t h e  s t a t i s t i c a l  moment  t h e o r y ,  mean r e s i d e n c e  t i m e  (MPT)

r e p r e s e n t s  t h e  t i m e  f o r  63 .2% o f  t h e  a d m i n i s t e r e d  d o s e  t o  b e  e l i m i n a t e d .

MRT - , i s  c a l c u l a t e d  f r o m  e q u a t i o n  2 a s  d e s c r i b e d  b e f o r e  a nd  MP.T. i s  o r a l  n i v
e s t i m a t e d  a s  f o l l o w  ะ

t E T i v  ■  t :  ~  r โ  ( 7 )^ n  K e l

( K e l  i s  t h e  e l i m i n a t i o n  r a t e  c o n s t a n t  e s t i m a t e d  f r o m  t h e  
t e r m i n a l  s l o p e  o f  t h e  s e m i l o g a r i t h m i c  p l a s m a  c o n c e n t r a t i o n - t i m e  c u r v e )

The p r o d u c t  o f  t h e  d i f f e r e n c e  o f  MRT 1 a nd  MRT. r e p r e s e n t so r a l  i v
mean a b s o r p t i o n  t i m e  (MAT). I f  t h e  a b s o r p t i o n  o f  d r u g  i s  t h e  f i r s t  

o r d e r  p r o c e s s ,  t h e  a b s o r p t i o n  r a t e  c o n s t a n t  (Ka)  i s  c a l c u l a t e d  f ro m  
t h e  r e c i p r o c a l  o f  MAT.
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MAT MRT 1 -  MRT. (8)  o r a l  i v

Ka MAT ^

H a l f - l i f e

The h a l f - l i f e  c a l c u l a t e d  b y  n o n c o m p a r t m e n t a l  m e t h o d  i s  g i v e n
by  a f o l l o w i n g  e q u a t i o n .

%
0 . 6 9 3  MRT ( 1 0 )0 . 6 9 3  MRT (10)
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APPENDIX F 

STATISTICS

1. Mean (X)

X Ex
ไr

2 .  S t a n d a r d  d e v i a t i o n  ( S . D . )

ร .D.

3 .  S t a n d a r d  e r r o r  o f  t h e  mean (SEM)

SRM = ff"
4 .  T e s t i n g  t h e  d i f f e r e n c e  o f  two m e a n s , by  S t u d e n t ' s

L e t  p ^ y 2 = P o p u l a t i o n  mea ns

Xl ’ x 2 = S am p le  means

° 1 ’ °2 = P o p u l a t i o n  v a r i a n c e s

Nl ' N2 = S am p le  s i z e

The n u l l  h y p o t h e s i s  Ho ะ น^ = ^ 2

The a l t e r n a t i v e  h y p o t h e s i s  Ha ะ P j  ^ แ 2

- t e s  t
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The s t a t i s t i c  t  i s  g i v e n  a s  t  =
( * 1 -  x2) -  <p1 -  บ2)

ร_ 
p

F i r s t  h o m o g e n e i t y  o f  v a r i a n c e  i s  t e s t e d  u s i n g  t h e  F t e s t ,  

w h i c h  i s  d e f i n e d  a s  f o l l o w  ะ

F
( ร 1)

( ร 2)

w h e r e  ( ร 1)

( ร 2)

t h e  l a r g e r  o f  t h e  two s a m p l e  v a r i a n c e s  

t h e  s m a l l e r  o f  t h e  two s a m p l e  v a r i a n c e s

W i t h  t h i s  t e s t ,  t h e  n u l l  h y p o t h e s i s  o f  no d i f f e r e n c e  b e t w e e n  
t h e  two p o p u l a t i o n  v a r i a n c e s  i s  e v a l u a t e d .  I f  t h e  F i s  n o t  s i g n i f i c a n t  
t h e  n u l l  h y p o t h e s i s  s t a n d s .

4 . 1  I f  o j  + 0 2 t h e  s t a t i s t i c  t  i s  g i v e n  a s

ร_ 
p

w h e r e  S\" i s  t h e  p o o l e d  v a r i a n c e  ะ

ร 2P
( ร 1) 2 + (ร 2) 2

h  ~ïï2

w i t h  d e g r e e  o f  f r e e d o m ,  d . f  ะ
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where the  p o o le d  v a r ia n c e  i s

/  1 + 1  \ ( (N j -  1) ร21 + (N 2 -  1) ร 2 ''

V N1 N2 J V N1 + N2 -  2

w i t h  degree  o f  freedom

d . f .  = N j + N2 -  2

T h is  t  v a lu e  i s  compared w i t h  t ^ ta k )  w h ic h  i s  o b ta in e d  f ro m  

the  t a b le  f o r  —2—

I f  ‘  > c ( t a b ) '  the  

the  a l t e r n a t i v e  h y p o th e s is

n u l l  h y p o th e s is  t h a t  11  ̂ = 1เ2 i s  r e j e c t e d  and 

i s  a c c e p te d .  I f  t  i s  n o t  s i g n i f i c a n t ,  the

n u l l  h y p o th e s is  s ta n d s .
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5 .  A n a ly s i s  o f  v a r ia n c e  (ANOVA)

A n a ly s i s  o f  V a r ia n c e  f o r  C o m p le te ly  Randomized D es ign

Source  o f Sum o f Squares d . f . Mean Square V a r i a t i o n

V a r ia  t i o n R a t io

Among g roups
À

ท .
j

(X .^  -  X . . ) 2 k -1 SS among 
k -  1

V . R . =

(T re a tm e n t ) MS among 
"MS w i t h i n

W i t h i n  g roups 

( E r r o r )

โk 
j  = l

ท .
โ i

j = i
(X -  X . J  2 N-k SS w i t h i n  

N - k

I o t a  1 £k 
j  = l

ท .
โ i

i - i
(X -  X . . ) 2 N - l

where x ^ j
=

Observed v a lu e  i  a t  T re a tm e n t  j

i = 1, 2, .  . . ,  ท

j = 1 ? k

T. .
j

= * n j  X 
i = l  x i j

X .J =

k J
T. . โ T. .

j  = l  j

X = T. .
N-

k

N SS —  " j  j  = l  J



/

122

The V .R .  v a lu e  I s  compared w i t h  th e  c r i t i c a l  v a lu e ,  F , w h ic h  

i s  o b ta in e d  f ro m  the  t a b le  a t  degree  o f  freedom  (k  -  1) and (N -  k )

I f  F > F , , V, th e  n u l l  h y p o th e s is  t h a t  p ,  = p „  = p_ = . . .  = p, ( t a b )  1 2 3  1

i s  r e j e c t e d  and the  a l t e r n a t i v e  h y p o th e s is  i s  a c c e p te d .  I f  F i s  n o t  

s i g n i f i c a n t ,  the  n u l l  h y p o th e s is  s ta n d s .

6 .  C o r r e l a t i o n  c o e f f i c i e n t  t e s t

The c o r r e l a t i o n  c o e f f i c i e n t  i s  a q u a n t i t a t i v e  measure o f  the  

r e l a t i o n s h i p  o f  c o r r e l a t i o n  be tw een  two v a v ia b le s ,  X and y

where r

N

____________ NEXY -  EXEY____________

j [N E x 2 -  (Ex ) 2] [ nE7 2 -  (E y )2]

C o r r e l a t i o n  c o e f f i c i e n t  

The number o f  X and y  p a i r s

T e s t  o f  Zero  C o r r e l a t i o n

L e t โ th e  t r u e  c o r r e l a t i o n  c o e f f i c i e n t ,  e s t im a te d  by r

The n u l l  h y p o th e s is  Ho ะ J  = 0

The a l t e r n a t i v e  h y p o th e s is  Ha ะ j5 ^ 0

'N -  2
r  -J N -  2

h - >

The v a lu e  o f  t  i s  r e f e r e d  t o  a t  d i s t r i b u t i o n  w i t h  (N -  2) 

degree  o f  f ree d o m . I f  t  > t ( t a b ) ’ we r e J e c t  th e  n u l l  h y p o th e s is  and 

a c c e p t  th e  a l t e r n a t i v e  h y p o th e s is .  I f  t  i s  n o t  s i g n i f i c a n t ,  th e  n u l l

h y p o th e s is  s ta n d s .
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