
CHAPTER I I I

MATERIALS AND METHODS

I .  M a te r ia ls  

T es t P roducts

Nine com m ercia l brands o f  250 mg. naproxen  ta b le t  were random ly 

bought from  drug s to re s  in  Bangkok. The le t t e r s  A , 3 , c , D, E, F , G, H, 

and I  were g ive n  to  re p re s e n t the b rand  names o f  the p ro d u c ts . In fo rm a tio n s  

o f  t e s t  p ro du c ts  were re p o r te d  in  Appendix A.

Reagents

1. Reference s ta n d a rd  naproxen powder, po tency 99.9% (B io la b  

C o ., L td . )  L o t no. NAP 092.

2 . Reference s tan d a rd  pheny lbu tazone  powder, po tency  100.1%

(D r. Esteve Lab) L o t .  no . 67.417

3. W orking s tan d a rd  naproxen powder po tency  100.54%

(B io la b  C o., L td .  ) L o t .  no. 84/174c

4. M ethanol.AR  grade (E . M erck, Dam stadt) L o t.  no. K 4184709

5. Sodium C h lo r id e  AR grade (V idhyasom. Co., L td . )  L o t .  no.

000527

6 . C oncentra ted  h y d ro c h lo r ic  a c id  (E . M erck, Damstadt)

L o t.  no. K 00188817
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7. Monobasic po ta ss iu m  phosphate (E. M erck, Dam stadt)

L o t .  no. 253273

8. Sodium h y d ro x id e  AR grade (E. Merck, Damstadt) L o t .  no.

c 605098

9. A c e t o n i t r i le  AR grade (F is h e r S c ie n c i f ic ,  U .S .A .)

L o t .  n o . 855916

Appara tus

1. A n a ly t ic a l B a lance (August S auter KG D-7470, West Germany)

2. T a b le t Hardness T e s te r (S trong-Cobb U n its ,  S c h le u n ig e r)

3. D is in te g r a t io n  T e s te r (GC-21, Hanson Research C o rp ., 

N o r th r id g e , C a l i f . ,  U .S .A .)

4. D is s o lu t io n  A ppara tus (72 RL, Hanson Research C o rp ., 

N o r th r id g e , C a l i f . ,  U .S .A .)

5 . S pe c tro ph o tom e te r (S p e c tro n ic  2000, Bausch & Lomb, N .Y .,

U .S .A .)

6 . D ig i t a l  pH m e te r (PBS 730, El-Hama In s tru m e n ts )

7. V o rte x  m ix e r (V o rte x -G e n ie , S c ie n f i f i c  I n d u s t r ie s ,  In c .  

Bohemia, N .Y ., U .S .A .)

8. R e fr ig e ra te d  C e n tr ifu g e  (Sigma 302K, Sigma Lab. C e n tr ifu g e s

G m btt, Germany)
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9 . H ig h  P re s s u re  L iq u id  C hrom atography (LC -3A , Sh im adzu,

Japan)

I I .  M ethods

A . I n  V i t r o  S tu d ie s  * 20

N ine  co m m e rc ia l b ra n d s  o f  250 mg. n a p ro xe n  ta b le ts  w ere  

e v a lu a te d  u s in g  b o th  o f f i c i a l  and n o n - o f f i c i a l  te s ts  as s ta te d  i n  tn e  

p h a rm a co p o e ia . The te s ts  were :

1. U n i fo r m it y  o f  W e ig h t (2 4 -2 5 )

20 t a b le t s  o f  250 mg. n a p ro xe n  ta b le ts  from  each b ra n d  w ere  

sam pled and a c c u r a te ly  w e ig h e d  t a b le t  by t a b le t .  The ave rage  and 

s ta n d a rd  d e v ia t io n  o f  w e ig h t  w ere c a lc u la te d .

2 . C o n te n t o f  A c t iv e  In g r e d ie n t

The am ount o f  nap roxen  i n  t a b le t  was d e te rm in e d  a c c o rd in g  

to  the  lisp XXI (2 6 ) m ethod w h ic h  was d e s c r ib e d  as f o l lo w  ะ

20 t a b le t s  o f  each b ra n d  were w e ig h e d  and f i n e l y  pow dered .

A p o r t io n  o f  th e  pow de r, e q u iv a le n t  to  a b o u t 250 mg. o f  nap roxen  was*
a c c u r a te ly  w e ig h e d , and t r a n s fe r e d  to  a 250 m l. v o lu m e t r ic  f l a s k .

A b o u t 180 m l.  o f  m e th a n o l was added and shaken  f o r  1 h o u r , th e n  m e th a n o l 

was a d ju s te d  to  v o lu m e . The s o lu t io n  was m ixed  and f i l t e r e d  th ro u g h  

f i l t e r  p a p e r. A 5 m l . o f  f i l t r a t e  was w ith d ra w n  and d i lu t e d  w i th  

m e th a n o l to  100 m l.  The d i l u t e  s o lu t io n  and s ta n d a rd  s o lu t io n ,  50 pg /m l 

o f  n a p ro xe n  i n  m e th a n o l, w ere  c o n c o m ita n t ly  d e te rm in e d  f o r  t h e i r  

absorbances a t  331 nm . ,  i n  a s p e c tro p h o to m e te r ,  u s in g  m e th a n o l as a

b la n k .
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The q u a n t i t y  o f  nap roxen  ( i n  m g.) i n  th e  p o r t io n  o f  ta b le ts  

was c a lc u la te d  fro m  th e  fo rm u la  5c (A u /A s ) ,  i n  w h ic h  c was the  

c o n c e n tra t io n ,  i n  y g /m l . ,  o f  s ta n d a rd  s o lu t io n ,  and Au and As w ere 

th e  absorbances o f  th e  t e s t  s o lu t io n  and th e  s ta n d a rd  s o lu t io n ,  

r e s p e c t iv e ly .

3 . H ardness

S ix  t a b le t s  o f  each b ra n d  o f  n a p roxen  ta b le ts  w e re  sam pled 

to  t e s t  f o r  t h e i r  h a rd n e ss  u s in g  T a b le t  Hardness T e s te r .  The ave rage  

o f  h a rdness  and s ta n d a rd  d e v ia t io n  w ere c a lc u la te d .

4 . D is in t e g r a t io n  T e s t

The d is in t e g r a t io n  t e s t  o f  n a p roxen  ta b le ts  w ere d e te rm in e d  

a c c o rd in g  to  the  USP XXI (2 7 ) m ethod . The p ro c e d u re  was d e s c r ib e d  as 

f o l lo w  ะ

A t a b le t  was in t ro d u c e d  in t o  each o f  th e  tubes  o f  th e  b a s k e t 

and d is k  was p la c e d  o v e r  th e  t a b le t .  The a p p a ra tu s  was o p e ra te d  u s in g  

w a te r  as a medium and m a in ta in e d  the  te m p e ra tu re  a t  37 ± 2 C .  The tim e  

th a t  the  a p p a ra tu s  s t a r t e d  to  move u n t i l  th e  t a b le t  passed th ro u g h  th e  

b a s k e t was the d is in t e g r a t io n  t im e , th e n  the  ave ra g e  and s ta n d a rd  

d e v ia t io n  o f  d is in t e g r a t io n  tim e  o f  each b ra n d  w ere c a lc u la te d .

5 . D is s o lu t io n  T e s t

S in ce  th e  d is s o lu t io n  t e s t  method f o r  nap roxen  t a b le t  was 

n o t  a v a i la b le  i n  the  pha rm acop oe ia , the  USP D is s o lu t io n  A p p a ra tu s  Type I I  

was used to  e s ta b l is h  and compare the  d is s o lu t io n  p r o f i l e s  o f  

nap roxen  t a b le t .  Two types  o f d is s o lu t io n  media were used (A p p e n d ix  B ) .
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a . S im u la te d  g a s t r i c  f l u i d  (pH 1 .2  ± 0 .1 )

b .  S im u la te d  i n t e s t i n a l  f l u i d  (pH 7 .5  ± 0 .1 )

The p ro c e d u re  f o r  d is s o lu t io n  t e s t  o f  nap roxen  t a b le t  was 

a s s ig n e d  as f o l lo w  (2 7 ) ะ

N ine  h u n d re d  m i l l i l i t e r s  o f  d is s o lu t io n  medium was p la c e d  

i n  the  v e s s e l and e q u i l ib r a t e d  to  37 ± 0 .5  c. A ta b le t  was in t ro d u c e d  

i n t o  each o f  th e  s i x  v e s s e ls ,  th e n  th e  a p p a ra tu s  was im m e d ia te ly  

o p e ra te d  and m a in ta in e d  s t i r r i n g  speed a t  50 rpm . F iv e  m i l l i l i t e r s  o f  

sam ples w ere w ith d ra w n  a t  5 , 10, 15, 20, 25, 30, 45, 60, 80, 100, 120,

150, 180, 210 and 240 m in u te s . The same e q u i l ib r a t e d  q u a n t i t y  o f  

d is s o lu t io n  medium was added im m e d ia te ly  a f t e r  each s a m p lin g  to  

keep th e  vo lum e o f  d is s o lu t io n  medium c o n s ta n t  th ro u g h o u t th e  t e s t .

The abso rban ces  o f  sam ples was m easured u s in g  s p e c tro p h o to m e te r  a t  331 nm- 

The am ount o f  th e  d rug  d is s o lv e d  a t  v a r io u s  tim e  in t e r v a ls  was

q u a n t i f ie d  u s in g  th e  s ta n d a rd  c u rv e .

S ta n d a rd  cu rve

S ta n d a rd  s o lu t io n s  w i th  a p p ro p r ia te  c o n c e n tra t io n  o f  nao roxen  

i n  each d is s o lu t io n  m edia were p re p a re d  and a n a ly z e d  u s in g  s p e c tro p h o to m e te r  

a t  331 nm. A bsorbances o b ta in e d  v e rs u s  known c o n c e n tra t io n s  w ere f i t t e d  

to  a s t r a i g h t  l i n e  u s in g  l in e a r  r e g re s s io n  (A p p e n d ix  c ) .

I n  V i t r o  E v a lu a t io n

P h ysica l c h a r a c te r is t ic s  o f nine commercial brands of naproxen 
ta b le ts  were examined and evaluated  to determine whether which brand 
passed the general standard o f B .p. and/or บ .s .p .  requirem ent.
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A one-w ay a n a ly s is  o f  v a r ia n c e  and t - t e s t  (39 ) were used to  assess  th e  

d i f f e r e n c e s  be tw een th e  o r i g i n a l  and lo c a l  b ra n d s  f o r  th e  t a b le t  

h a rd n e s s , th e  d i s in t e g r a t io n  t im e ,  and th e  d is s o lu t io n  d a ta .  F o r the  

c o r r e la t io n  betw een th e  ta b le th a rd n e s s  o r  the  d is in t e g r a t io n  t im e , and 

th e  d is s o lu t io n  r a te  c o n s ta n t  i n  b o th  s im u la te d  g a s t r ic  f l u i d  and 

s im u la te d  i n t e s t i n a l  f l u i d ,  th e  c o r r e la t io n  c o e f f i c ie n t  t e s t  was 

p e r fo rm e d .

B . I n  V iv o  S tu d ie s

T e s t p ro d u c ts

F iv e  co m m e rc ia l b ra n d s  o f  n a p roxen  ta b le t s  w ere  s e le c te d  f o r  

i n  v iv o  s tu d ie s .  The c r i t e r i a  were ะ

1. The o r i g i n a l  b ra n d  o f  n a p roxen  t a b le t  w h ic h  was a s s ig n e d  as 

the  re fe re n c e  s ta n d a rd  a g a in s t  th e  lo c a l  b ra n d s .

2 . N aproxen t a b le t  m a n u fa c tu re d  by The G overnm ent P h a rm a c e u tic a l 

O r g a n iz a t io n .

3 . The lo c a l  b ra n d  w i th  maximum d is s o lu t io n  r a te  c o n s ta n t  i n

s im u la te d  g a s t r i c  f l u i d .  '

4 . The lo c a l  b ra n d  w i th  maximum d is s o lu t io n  r a te  c o n s ta n t  i n  

s im u la te d  i n t e s t i n a l  f l u i d .

5 . The lo c a l  b ra n d  w i th  m inimum d is s o lu t io n  r a te  c o n s ta n t  i n  

b o th  s im u la te d  g a s t r i c  f l u i d  and s im u la te d  i n t e s t i n a l  f l u i d .

0 1 6 1 1 9
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ร ub j  e c ts

E ig h t  h e a lth y  male v o lu n te e rs  w i th  19 to  23 y e a rs  o f  age 

p a r t ic ip a t e d  i n  t h is  s tu d y .  A l l  s u b je c ts  re c e iv e d  p h y s ic a l and c l i n i c a l  

la b o r a to r y  e x a m in a tio n s  and w r i t t e n  c o n se n t fo rm s w ere re c o rd e d  p r i o r  

to  the  s tu d y  to  a ssu re  the  absence o f  h e p a t ic  and r e n a l d is tu rb a n c e ,  

th e  g a s t r o in t e s t in a l  t r a c t  d is o r d e r ,  asthm a and had no h y p e r s e n s i t iv e  

to  a s p i r i n  a n d /o r  a s p i r in - r e la t e d  g ro u p s . The method and 

th e  c o n d i t io n  w ere c le a r ly  e x p la in e d  to  a l l  s u b je c t s . They w ere  a llo w e d  

to  ta ke  no m e d ic a t io n  f o r  a t  le a s t  one week p re c e d in g  the  s tu d y  and 

th ro u g h o u t the  e n t i r e  e x p e r im e n ta l p e r io d .

Drug A dm inistration

A s in g le  o r a l  dose o f  250 mg n a p ro xe n  t a b le t  was g iv e n  to  each 

o v e r n ig h t  fa s te d  v o lu n te e r .  The v o lu n te e r  c o n tin u e d  to  f a s t  u n t i l  

2 h o u rs  a f t e r  a d m in is t r a t io n  and th e n  a no rm a l d ie t  was p e r m i t te d .

Experimental Design

The s tu d y  was co n d u c te d  i n  a random ized  c ro s s o v e r  d e s ig n .

Each s u b je c t  re c e iv e d  the  d rug  in  a random ized  o rd e r  w i t h  a tw o-w eek 

w ashou t p e r io d  be tw een each a d m in is t r a t io n  as shown i n  T a b le  1.



T a b le  1 T re a tm e n t S c h e d u le

S u b je c t  No. 1 3

week

5 7 9

1 c จ E A B

2 B c จ E A

3 E A B c D

4 A B c D E

5 D E A 3 c

6 B c D E A

7 A B c D E

8 c D E A B

Sam ple C o l le c t io n

4 -5  m l.  o f  b lo o d  sam ples were drawn fro m  th e  a n te c u b i t a l  v e in  

p r i o r  to  d o s in g  and a t  0 .5 ,  1 .0 ,  1 .5 , 2 .0 ,  3 .0 ,  4 .0 ,  6 .0 ,  8 .0 ,  12.0  

and 2 4 .0  h o u rs  a f t e r  d ru g  a d m in is t r a t io n .  The sam ples were k e p t in  

h e p a r in iz e d  tubes and c e n t r i fu g e d  a t  3000 rpm f o r  5 m in u te s . The plasm a 

was s e p a ra te d  and th e n  k e p t a t  -1 0  c u n t i l ,  su b se q u e n t a n a ly s is .

D e te rm in a t io n  o f  N aproxen i n  Plasma

C o n c e n tra t io n s  o f  n a p roxen  i n  plasm a sam ples were d e te c te d  u s in g  

h ig h  p e rfo rm a n ce  l i q u i d  c h ro m a to g ra p h ic  method m o d ify in g  from  H (6 y la n d sk ja e r 

and A arbakke  ( 2 9 ) .  The p ro ce d u re  was d e ve lop ed  as fo l lo w s  :
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0 .5  m l.  o f  p lasm a sam ple

added 1 m l. o f  a c e t o n i t r i l e  and 1 m l. o f  

i n t e r n a l  s ta n d a rd  (50  u g /m l.  i n  a c e t o n i t r i l e )

-  m ixed  10 seconds th e n  c e n t r i fu g e d  a t  3 ,000  

rpm . f o r  15 m in u te s  

T
in je c t e d  10 y l  o f  s u p e rn a ta n t i n t o  th e  HPLC co lum n .

O p e ra t in g  C o n d it io n

A p p a ra tu s  

A n a ly t ic a l  co lum n

M o b ile  phase

I n t e r n a l  s ta n d a rd  

u v  d e te c to r  

F low  ra te  

A t te n u a t io n  

P re ssu re  

Tem pera tu re

HPLC (L C -3 A ) , S h im adzu, Japan

y-B ondapak c ^ g  I . D .  3 .9  mm. X 3 0 .0  cm. 

p a r t i c l e  s iz e  10 y

a c e t o n i t r i l e  ะ 0 .0 5  M. p o ta s s iu m  d ih y d ro g e n  

p h o s p h a te -b u f fe r  pH 3 .7 0  (4 7 :5 3 )

p h e n y lb u ta z o n e

272 nm.

1 .5  m l/m in

2^ m V / f u l l  s c a le  1

90 Kg/cm?

a m b ie n t

The n a p roxen  c o n c e n t r a t io n  i n  p lasm a sam ples were q u a n t i f ie d

e m p lo y in g  a s ta n d a rd  cu rve  (A p p e n d ix  c ) .
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ร ta n d a rd  Curve

Known amounts o f  s ta n d a rd  nap roxen  and 50 pg o f  in t e r n a l  

s ta n d a rd  w ere added to  0 .5  m l. o f  p lasm a to  make th e  c o n c e n t ra t io n  o f  

5 , 10, 20, 30, 40 , 50 , 60 , 70, 80 p g /m l.  These samples w ere  a n a ly s e d  

fo l lo w in g  th e  same p ro ce d u re  as p re v io u s ly  d e s c r ib e d .

P h a rm a c o k in e tic  A n a ly s is

I n d iv id u a l  p lasm a n a p roxen  p r o f i l e  from  each tre a tm e n t was 

a n a ly z e d  a c c o rd in g  to  nonco m p a rtm e n ta l method (A p p e n d ix  E ) . The 

fo l lo w in g  p a ra m e te rs  w ere c a lc u la te d .

a . The a rea  under the  plasm a c o n c e n t ra t io n - t im e  c u rv e , AUCo, 

and the  a rea  unde r th e  f i r s t  moment c u rv e , AUMCo

b . The e l im in a t io n  r a te  c o n s ta n t,  K e l.

c .  The mean re s id e n c e  tim e  a f t e r  o r a l  and in tra v e n o u s  

a d m in is t r a t io n ,  MRT̂ r a ^ and MRT^V , r e s p e c t iv e ly .1

d. The mean a b s o rp t io n  t im e , MAT

e . The f i r s t  o rd e r  a b s o rp t io n  r a te  c o n s ta n t,  Ka

f .  The plasm a h a l f - l i f e ,  t.

B io a v a i la b i l i t y  and S t a t i s t i c a l  A n a ly s is

The c o m p a ra tiv e  b i o a v a i l a b i l i t y  o f  th e  fo u r  co m m e rc ia l b ra n d s  

o f  naproxen ta b le ts  w i t h  the  o r i g i n a l  p ro d u c t were e v a lu a te d  u s in g  th e  

fo l lo w in g  p a ra m e te rs  ะ
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a . The a re a  u n d e r th e  p lasm a c o n c e n t ra t io n  tim e  c u rv e ,

AUCo

b . The peak p lasm a c o n c e n t r a t io n ,  Cp
max

c . The tim e  to  peak p lasm a le v e l ,  Tm ax.

d . The f i r s t  o rd e r  a b s o rp t io n  r a te  c o n s ta n t ,  Ka.

A one-w ay a n a ly s is  o f  v a r ia n c e  (ANOVA) and S tu d e n t 's  t - t e s t  

w ere p e rfo rm e d  to  t e s t  th e  d i f f e r e n c e  among th e  f i v e  b rands o f  n a p roxen  

ta b le t s  .

I n  V i t r o  -  I n  V iv o  C o r r e la t io n  S tudy

The r e la t io n s h ip  be tw een  in  v i t r o  and i n  v iv o  p a ra m e te rs  was

a n a ly z e d  u s in g  c o r r e la t io n  c o e f f i c ie n t  t e s t  and S tu d e n t 's  t - t e s t  w ere

th e n  p e r fo rm e d  to  t e s t  w h e th e r  t h is  c o r r e la t io n  was s t a t i s t i c a l l y

s i g n i f i c a n t .  The i n  v i t r o  p a ra m e te rs  used to  s tu d y  w ere  d is in t e g r a t io n

t im e ,  and d is s o lu t io n  r a te  b o th  i n  s im u la te d  g a s t r ic  f l u i d  and i n

s im u la te d  i n t e s t i n a l  f l u i d  w hereas the  i n  v iv o  p a ra m e te rs  w ere  th e

a b s o r p t io n  r a te  c o n s ta n t  (K a ) , the  amount o f  n a p roxen  abso rbed  (AUCo)

and th e  p a ra m e te rs  w h ic h  r e la te d  to  the  b i o a v a i l a b i l i t y  o f  th e  d rug

such as the  peak p lasm a c o n c e n t ra t io n  (Cpmax) ,  and th e  tim e  to  peak

plasm a le v e l  (T ) .^ max
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