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A P P E N D IX  A

TEST PRODUCTS

Code Brand name M anufacturers M fg.date Batch n o .

A Tagamet^ Smith KlineSt 
Frencha

1 5 /3 /8 5 51713

B Siam idine® Siam Bheasach 2 0 /5 /8 5 220C08

c C it id in e R A tla n t ic  Lab. 2 0 /7 /8 5 850203

D Cim idine^ B e r lin  Pharm. 2 9 /5 /8 5 85004-7

E Cimulcer^ B io lab  C o.,L td 1 /7 /8 3 ร 507010

I Tagamet-
I n je c t io n

Smith Kline&  
Frencha

13/11/84- KEA02B

a Repacked fo r  Smith K line & French by O lic  ( T hailand  ) .



A P P E N D IX  B

STANDARD CURVE DETERMINATION 
The t y p ic a l  standard  cu rves and d ata  fo r  c im e tid in e  

c o n c e n tr a tio n s  in  0 .1  N s u l f u r ic  a c id , ca r b o n d io x id e -fr e e  
d e io n iz e d  w ater and human plasm a are p resen ted  in  T ables  
11-13  and F igu res 9-11» r e s p e c t iv e ly .  The c o r r e la t io n s  
c o e f f i c i e n t  o f th e f i t  to  th e  s t r a ig h t  l in e  were h ig h ly  
s ig n i f i c a n t  ( r^= 0 .9 9 9  )•
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Table 12 T y p ica l standard  Curve Data fo r  C im etidine  
C o n cen tration s in  0 .1  N S u lfu r ic  Acid 
E stim ated  U sing L inear R egression^ .

StandardNo. C on cen tration  Absorbance ( jug/m l ) a t  À 219
In v e r se ly  estim ated  co n cen tra tio n  ( jug/m l )

3% -Theory

1 2 .0 0 0 .1 5 7 1.94- 9 6 .7 6

2 4 .0 0 0 .3 1 3 4 .0 4 10 1 .0 8

3 6 .0 0 0 .4 5 8 6 .0 0 10 0 .0 0

4 8 .0 0 0 .6 0 9 8 .0 4 100.53

5 10 .00 0 .7 5 9 10 .07 10 0 .69

6 12 .00 0 .8 95 11.91 99.23

Mean 99.72
S.D,. 1 .5 8
C.V,f  1 .5 8  %

1 . r 2 = 0 .9 9 9

2 .  In v e r s e ly  e stim a ted  c o n c en tra tio n  = Absorbance -  0 .0 1 4
7 .3 99x 1o"2

3 . % Theory = I n v e r s e ly  estim a ted  co n c en tra tio n  £ Q̂Q
C oncentration

4 .  c . v .  = ^ ะ̂ ะ- X 100Mean
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C im etid in e C oncentration  ( Jtig/ffil )

F igu re 9 T y p ica l standard  curve fo r  c im etid in e  
c o n c e n tr a tio n s  in  0 ,1  N s u l f u r ic  a c id
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C o n cen tra tion s in  C arbondioxide-F ree D eion ized  
Water E stim ated  U sing L inear R egression^

T a b l e  1 3  T y p i c a l  s t a n d a r d  C u r v e  D a t a  f o r  C i m e t i d i n e

StandardNo. C oncentration  ( jug/ml ) Absorbancea t  X 217

I n v e r se ly  estim a ted  c o n c en tra tio n  
( ^ lg /rn l )

* -  5 Theory

1 0.50 0 .0 4 4 0.45 9 0 .4 0

2 1 .0 0 0 .0 8 7 0 .9 8 98 .50

3 2 .0 0 0 .1 6 9 2 .0 0 100 .00

4 3.00 0 .2 4 8 2 .9 8 9 9 .4 0
5 4 .0 0 0 .3 41 4 .13 103.40

6 6 .0 0 0.494 6.03 100.50

7 8 .0 0 0 .6 4 5 7.90 9 8 .8 0

8 1 0 .00 0 .8 1 5 10 .01 100 .10
Mean 98.90
S .D . 3.75 
c . v . 4  3.79  %

1 . r 2= 0.999

2 .  In v e r s e ly  es tim a ted  c o n c e n tr a t io n ■ = Absorbance -  6 .826x10  __
8 . 1 3 9 x 1 0 “ 2

3 . #  Theory = I n v e r s e ly  es tim a ted  c o n c e n tr a tio n  J ,1QQ
C on cen tration

.  = S . D .4 .  c . v
Mean X 100
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C im etid ine C oncentration  (jjg/m l )

F igu re 10 T y p ica l standard curve f o r  c im e tid in e  
co n c e n tr a tio n s  in  c a rb o n d io x id e -fre e
d e io n iz e d  water
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Table 14- T y p ica l Standard Curve Data fo r  C im etid ine  
C o n cen tration s in  Human Plasma E stim ated  
U sing L inear R egression^

StandardNo. C oncentration  ( jug/m l )
Area R atio(C im e tid in e /
Procainam ide)

In v e r s e ly  estim a ted  c o n c e n tr a tio n  ( jug/ml )

% -  5Theory

1 0 .2 5 0 .0979 0 .2 5 10 1.70

2 0 .5 0 0 .2779 0.4-6 9 2 .3 0

3 •o o 0 .7769 1.04- 1 0 3 .6 0

4- 2 .0 0 1.654-9 2 .0 2 10 1 .2 0

5 3-00 2.4-4-96 2 .9 6 9 8 .7 0

6 4-.00 3 .3593 4-.01 10 0 .20

7 5 .0 0 4-,2200 5 .0 0
Mean
S .D .
C.V.4

10 0 .0 0
9 9 .7 0

3 .6 0
3.61%

1 . r 2 = 0 .9 9 9
2 . In v e r s e ly  estim a ted  c o n c en tra tio n  = Area r a t io  + 0 .1 2 2 9

0.8684-
3 . % Theory = In v e r se ly  estim a ted  c o n c e n tr a tio n  £ Q̂Q

C oncentration
4-. c . v .  = ^ ะ̂ ะ- X 100 Mean
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C im etid in e C oncentration  (/xg/ml)

F igu re "11 T y p ica l standard  curve f o r  c im e tid in e
c o n c e n tr a tio n s  in  human plasma



APPENDIX c 

SUBJECTS

Table 15 P h y s ic a l C h a r a c te r is t ic s  o f  th e S u b jec ts

S u b ject Sex Age Weight
No. ( yr  ) ( kg )

1 M 19 61

2 M 20 56

3 M 20 58

4 M 21 6 1 .5

5 M 22 52

6 M 20 51

7 M 22 58

8 M 20 59

9 F 27 51

Mean 2 1 .2 2 5 6 .3 9

S .D . 2 .3 9 4.14-



T a b l e  1 6  B i o c h e m i c a l  L a b o r a t o r y  R e s u l t s

T e s t N o rm a l v a lu e 1 2 3
S u b je c t  

4  5 6 7 8 9

BUN 5 -2 5  mg* 1 0 .2 1 3 .8 1 3 .9 1 3 .0 1 1 .7 15.0 9 .7 1 7 .9 9 .8

CREA 0 . 9 - 1 . 7  rag# 1 .2 5 1 .3 7 1 .5 0 1 .5 0 1 .2 5 1 .0 6 1 .1 0 1 .2 5 0 .9 0

B 0 . 8 - 1 . 5  mg* 1 .0 5 0 .8 0 0 .9 0 0 .8 8 1 .0 0 1 .0 0 0 .8 0 0 .8 2 0 .8 1

DB 0 . 2 - 0 . 8  mg* 0 .2 0 0 .3 0 0 .3 0 0 .3 0 0 .3 0 0 .2 2 0 .1 0 0 .2 0 0 .1 0

LB 0 - 1 . 3  mg* 0 .8 5 0 .4 0 0 .4 0 0 .5 8 0 .7 0 0 .7 8 0 .6 0 0 .3 2 0 .2 1

A .p . 4 0 -1 1 5  U /L 105 74 80 62 85 62 85 85 62

SCOT 4 -1 9  ข / L 6 6 6 4 12 6 10 7 5 .3

SGPT 2 -1 7  U /L 5 3 6 3 9 4 .5 6 .5 14 5
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T a b l e  1 7

V
H e m a t o l o g i c a l  L a b o r a t o r y  R e s u l t s

T e s t 1 2 3 4
R e s u ltsS u b je c t

5 6 , 7 8 9

RBC c o u n t
c m ill/m m ^  )

5 .0 6 4 .8 1 4 .3 2 4 .3 9 4 .8 3 4 .7 5 4.51 5 .4 2 3 .6 0

WBC
( c e ll/m m ^  )

6 ,6 5 0 4 ,6 0 0 6 ,1 0 0 7 ,6 0 0 4,950 6 ,6 5 0 8 ,8 5 0 5 ,3 5 0 5 ,2 0 0

H em og lob in  
(  gm % )

15.0 15.0 1 6 .3 1 5 .2 1 6 .0 1 4 .0 1 6 .0 1 5 .0 1 2 .5

H e m a to c r i t  ( %) 45 45 46 45 47 45 46 46 38
N e u t r o p h i ls  (%) 54 34 44 43 32 61 59 53 54

L ym p h o c y te s  (%) 46 61 49 56 56 39 33 45 46

M o no c y te s  (% ) - 2 3 1 - - 5 - -

E o s in o p h i ls  ( # ) - 3 4 - 11 - 3 2 -

B a s o p h ils  (%) - - - - 1 - - - -

B lo o d  g ro u p in g B 0 A B 0 A 0 B AB



APPENDIX D

1 . Mean ( X )
STATISTICS

X E x
N

2 . Standard D ev ia tio n  ( S .D . )

ร . โ ) .  = I E  (  X -  X )2 
J N -  1

3 . Standard Error o f  The Mean ( SEM )

SEM = S .D .
J N~

4-. T e stin g  Concerning th e  D iffe r e n c e  o f Two Means 

( by S tu d e n t's  t - t e s t  )

■ P o p u la tio n  means

x V x2 - Sample means

4  - P o p u la tio n  v a r ia n ces

E1> s 2 - Sample standard d e v ia t io n

K1- N2 . Sample s iz e

The n u l l  h y p o th es is  HQ : Jisj =
T h e  a l t e r n a t i v e  h y p o t h e s i s  Ha  ะ J 1 .̂  ï  JU2
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T h e  s t a t i s t i c  t  w a s  g i v e n  a s  t  = ( )

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  f o r  u s i n g  
t h e  F t e s t ,  w h ic h  i s  d e f i n e d  a s  f o l l o w s ะ

F  = ( ร  1 ) '

( ร 2 y

w h e r e ( ร ,1) = t h e  l a r g e r  o f  t h e  tw o  s a m p le  v a r i a n c e s

( s ^ )  = t h e  s m a l l e r  o f  t h e  tw o  s a m p le  v a r i a n c e s

W ith  t h i s  t e s t  we a r e  e v a l u a t i n g  t h e  n u l l  h y p o t h e s i s  
o f  n o  d i f f e r e n c e  b e t w e e n  t h e  tw o  p o p u l a t i o n  v a r i a n c e s .
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  6 ^  t  6  2

T h e  s t a t i s t i c  t  w as  g i v e n  a s

t v * 2

W h ere  ร _ w a s  t h e  p o o l e d  v a r i a n c e  p

( ร 1 ) 2  4. ( ร 2 ) 2
N. N ,
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W ith  d e g r e e  o f  f r e e d o m

d f .  =

4 . 2

T h e  t e s t  s t a t i s t i c  f o r  t h i s  c a s e  w a s

t  -  v :*2

W h ere  t h e  p o o l e d  v a r i a n c e

ๆ 1

N 1 N2

( ร 1 - ' ! )  ร 1 + C V 1 )  3  2

N1 +N2 - 2

A nd d e g r e e  o f  f r e e d o m

d f .  =

C o m p a r in g  t h i s  t  v a l u e  
f r o m  t h e  t a b l e .

N1

w i t h

+ N2  -  2

^ ( T a b ) ^ 01* — "k k at -̂s  ๐๖1t a i n e d
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5 -  A n a l y s i s  o f  V a r i a n c e  ( ANOVA )

T a b l e  1 8  A n a l y s i s  o f  V a r i a n c e  f o r  C o m p l e t e l y  R a n d o m iz e d  
D e s i g n .

S o u r c e  o f Sum o f  S q u a r e s d f . M ean V a r i a t i o n
V a r i a t i o n S q u a r e R a t i o

A m ong-
g r o u p s i l l

ท j ( x . j -  X . . ) 2 k - 1 am o ng
k - 1

V .R .  = 
MSam o ng

W i t h i n ­
g r o u p J i

“ d -  2
i S  ( x i d - v N -k S S w i t h i n

N -k

MSw i t h i n

k ท -j 2
T o t a l T

ช - ' ! X ,  ( X i r x . . ) N -1

x i j = O b s e r v e d v a l u e  i  a t  T r e a t m e n t  ô

i = 1 » 2 ,  . . • • y U

ช = 1 ,  2 ,  . . • • J k

T . 4 v“ d X . .ช i= 1  i j

T .
X . . = — lL

3 ท .ช
k

T . . — T . .ช- 1  ช
X . . ระ T . .

N ~
kN •= ช*'! n d
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C o m p a r in g  t h e  V .R .  v a l u e  w i t h  t h e  c r i t i c a l  v a l u e  
F  o b t a i n e d  f r o m  t a b l e  a t  d e g r e e  o f  f r e e d o m  ( k - 1  ) a n d  
( N -k  ) .

I f  ' > ' < T « b ) »
U 1 = u 2  ~ u 3  = * * * = u k  
h y p o t h e s i s .

we r e j e c t  t h e  n u l l  h y p o t h e s i s  t h a t  
a n d  a c c e p t  t h e  a l t e r n a t i v e

I f  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



APPENDIX E

NONCOMPARTMENT ANALYSIS BASED ON 
STA T IST IC A L  MOMENT THEORY

N o n c o m p a r tm e n ta l  m e th 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 l y  b a s e d  o n  
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 th 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 p 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 n d  t h e  f r a c t i o n  o f  a  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  o n  d a t a  f o l l o w i n g  
s i n g l e  d o s e s  o f  d r u g  a n d  m e t a b o l i t e .  T h e s e  m e th o d s  d o  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  m o d e l  
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 th 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 n y  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  M om en ts

T h e  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 th o d s  t o  p h a r m a c o ­
k i n e t i c s  w a s  r e p o r t e d  i n  19 7 9  b y  Y am ao k a  e t  a l .  ( 5 1  ) 
a n d  C u t l e r  ( 52  ) .  I n  1 9 8 0 ,  R i e g e lm a n  a n d  C o l l i e r  ( 5 5  ) 
a p p l i e d  s t a t i s t i c a l  m o m en t 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 .

T h e  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 n d  t h e  f i r s t
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m o m e n ts  a r e  d e f i n e d  a s  f o l l o w s :

AUC = J  c  d t E q .  7

AUC

AUMC
E q .  8

W h ere  MRT i s  t h e  m ean  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  
b o d y .  AUC a n d  MRT a r e  t e r m e d  t h e  z e r o  a n d  f i r s t  m o m e n 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 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  i s  s t o p p e d  a t  som e t i m e  t *  w h e n  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 r o m  z e r o  t i m e  
t o  i n f i n i t y ,  AUC, m u s t  b e  c a r r i e d  o u t  i n  tw o  s t e p s .  T h e  
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  
b y  m e a n s  o f  t h e  t r a p e z o i d a l  r u l e .  To t h i s  p a r t i a l  a r e a  
we m u s t  a d d  t h e  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 ic 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 :

W h ere  Xn  i s  2 .3 0 3  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  e x p o n e n t i a l  
p h a s e  o f  a  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 .
T h e  sum  o f  t h e  tw o  p a r t i a l  a r e a s  i s  AUC.

E q .  9

T h e  sam e  a p p r o a c h  m u s t  b e  u s e d  t o  e s t i m a t e  t o t a l
AUMC. T h e  a r e a  u n d e r  t h e  f i r s t  m o m en t 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 s :
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E q .  1 0

B i o a v a i l a b i l i t y

B i o a v a i l a b i l i t y  o f t e n  r e f e r s  t o  t h e  f r a c t i o n  ( F )  
o f  a n  o r a l  d o s e  t h a t  a c t u a l l y  r e a c h e s  t h e  s y s t e m i c  
c i r c u l a t i o n .  S i n c e  t h e  a v a i l a b i l i t y  o f  a n  i n t r a v e n o u s  
d o s e  i s  u s u a l l y  u n i t y ,  we c a n  e s t i m a t e  F  a s  f o l l o w s :

AUC ,  D o s e .  _

S z  -
E q .  11

E q u a t i o n  11 a s s u m e s  e q u a l  c l e a r a n c e s  i n  t h e  o r a l  a n d  
i n t r a v e n o u s  s t u d i e s .  T h e  f r a c t i o n  o f  t h e  o r a l  d o s e  
a v a i l a b l e  r e l a t i v e  t o  a  s t a n d a r d  o t h e r  t h a n  a n  i n t r a v e n o u s  
i n j e c t i o n  ( F p g ^ )  m ay  b e  e s t i m a t e d  b y  m e a n s  o f  a  s i m i l a r  
e q u a t i o n .

F o r  e x a m p l e ,  t h e  [ a Uc J q a f t e r  o r a l  d o s i n g  o f  
B r a n d  A a n d  a f t e r  i n t r a v e n o u s  a d m i n i s t r a t i o n  w e r e  1 1 .2 5 9 3  
a n d  7 .4 9 0 1  j u g - h r / m l , r e s p e c t i v e l y  .  A v e r a g e  d o s e  o f  
c i m e t i d i n e  B r a n d  A w a s  4 0 2 . 6 7  mg a n d  w as  2 0 0 . 6 8  mg f o r  
c i m e t i d i n e  i n j e c t i o n .

T h e r e f o r e ,  F a b  = 1 1 .2 5 9 3  .  2 0 0 .6 8  = 0 .7 5

7 .4 9 0 1  4 0 2 .6 7

a n d  i f  [a Uc ] q a f t e r  o r a l  a d m i n i s t r a t i o n  o f  B r a n d  B w as
1 0 .7 1 9 5  j u g - h r / m l  w i t h  t h e  d o s e  o f  5 9 1 .2 9  mg



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

4 0 2 . 6 7  = 0 . 9 8
3 9 1 .2 9

8 8

r e l

H a l f - L i f e

T h e  f i r s t  m o m en t o f  t h e  b l o o d  l e v e l - t i m e  c u r v e ,  
m ean  r e s i d e n c e  t i m e ,  i s  t h e  s t a t i s t i c a l  m o m en t a n a l o g y  
o f  h a l f - l i f e .  I n  e f f e c t ,  t h e  MET r e p r e s e n t s  t h e  t i m e  
f o r  6 3 . 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 .

t 1 / 2  = 0 . 6 9 3  ™ i . v .  E q .  12

W h e re  MRT^ v  c a l c u l a t e d  b y  e q u a t i o n  8 ,  w o u ld  h e  
1 . 8 9  h o u r s .  T h e r e f o r e ,

^ 1 / 2  = 0 .6 9 3  ( 1 . 8 9  )  = 1 .3 1  h o u r s

A b s o r p t i o n  K i n e t i c s

S t a t i s t i c a l  m o m en t m e th o d s  f o r  e s t i m a t i n g  r a t e s  
o f  a b s o r p t i o n  a f t e r  o r a l  a d m i n i s t r a t i o n  o f  a  d r u g  a r e  
b a s e d  o n  d i f f e r e n c e s  i n  m e a n  r e s i d e n c e  t i m e s  a f t e r  
d i f f e r e n t  m o d e s  o f  a d m i n i s t r a t i o n .  I n  g e n e r a l ,

MAT = MRTo r a i  -  m e t 1  v  E q .  1 3

W h ere  MAT i s  t h e  m e a n  a b s o r p t i o n  t i m e .  Y/hen 
d r u g  a b s o r p t i o n  c a n  b e  d e s c r i b e d  b y  a  s i n g l e  f i r s t - o r d e r  
p r o c e s s ,

MAT = 1 /K  E q .  1 4

Y /h e re  K& i s  t h e  a p p a r e n t  f i r s t - o r d e r  a b s o r p t i o n
r a t e  c o n s t a n t



S i n c e  MET01.a ]_ = 3 .3 4  h o u r s ,  MRT^ v  = 1 . 8 9  h o u r s  

T h e r e f o r e  MAT = 3 .3 4  -  1 . 8 9  = 1 .4 5  h o u r s

Kaa n d 1 / 1 .4 5 0 .6 9  h o u r '



VITAE

Name

B i r t h  D a te  

E d u c a t i o n

P o s i t i o n

K i s s  U r a iw a n  P o m t a v e e v u t

O c t o b e r  2 7 , 19 5 8

B a c h e l o r  o f  S c i e n c e  i n  P h a r m a c y  i n  1 9 8 1  
f r o m  t h e  F a c u l t y  o f  P h a r m a c y ,  C h u l a l o n g k o r n  
U n i v e r s i t y ,  B a n g k o k ,  T h a i l a n d .

M e d i c a l  S c i e n t i s t  i n  D e p a r t m e n t  o f  M e d i c a l  
S c i e n c e ,  B a n g k o k ,  T h a i l a n d . .
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