
CHAPTER IV

RESULTS AND DISCUSSION

A n a l y t i c a l  Method

The  r e c o v e r y  o f  t h e o p h y l l i n e  f r o m  h u m a n  p l a s m a  
a f t e r  p r o t e i n  p r e c i p i t a t i o n  was  s c a t t e r e d  i n  r a n g e d  o f  58% 
t o  72%. T h e s e  v a l u e s  w e r e  d e t e r m i n e d  a t  c o n c e n t r a t i o n s  o f  
1 . 2 5 ,  2 . 5 ,  5 . 0 ,  1 0 . 0 ,  and 2 0 . 0  mc g / ml  o f  t h e o p h y l l i n e  i n  
p l a s m a  by c o m p a r i n g  t h e  a r e a  u n d e r  t h e  c h r o m a t o g r a m  p e a k s  
o f  t h e o p h y l l i n e  a f t e r  p r o t e i n  p r e c i p i t a t i o n  w i t h  t h o s e  o f  
s t a n d a r d  t h e o p h y l l i n e  s o l u t i o n .

T y p i c a l  c h r o m a t o g r a m s  o f  t h e o p h y l l i n e  a n d  t h e  
i n t e r n a l  s t a n d a r d ,  8 - c h l o r o t h e o p h y 1 1 i n e , i n  a p l a s m a  
s a m p l e  and a p l a s m a  s t a n d a r d  a r e  shown i n  F i g u r e  4 .  The  
c h r o m a t o g r a m s  s h o w e d  a c l e a r  s e p a r a t i o n  b e t w e e n  
t h e o p h y l l i n e  and 8 - c h l o r o t h e o p h y l l i n e , o f  w h i c h  r e t e n t i o n  
t i m e s  w e r e  a p p r o x i m a t e l y  5 and 9 m i n u t e s ,  r e s p e c t i v e l y .  
B o t h  p e a k s  w e r e  s h a r p  a n d  r e l i a b l e .  T h e  r e g i o n  o f  
t h e o p h y l l i n e  and 8 - c h l o r o t h e o p h y l l i n e  o b s e r v e d  f rom human 
c o n t r o l  p l a s m a  c h r o m a t o g r a m  i n  e a c h  e x p e r i m e n t  ( F i g u r e  4 ) ,  
d i d  n o t  show a ny  i n t e r f e r e n c e  o f  e n d o g e n e o u s  s u b s t a n c e s .

The s t a n d a r d  c u r v e s ,  c o n s t r u c t e d  w i t h  e a c h  a s s a y ,  
e x h i b i t e d  a g oo d  l i n e a r i t y  o v e r  t h e o p h y l l i n e  c o n c e n t r a t i o n  
r a n g e  o f  1 . 2 5  t o  2 0 . 0  m c g / m l .  The c o r r e l a t i o n  c o e f f i c i e n t s
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T y p i c a l  c h r o m a t o g r a m s  o f  t h e o p h y l l i n e  ( T )  a n d  8 - c h l o r o t h e o p h y l l i n e  ( 8 - C T )  
f r o m  ( a )  a  p l a s m a  s a m p l e  a n d  ( b )  a  p l a s m a  s t a n d a r d * . C h r o m a t o g r a m  ( c )  
w a s  o b t a i n e d  f r o m  a  h u m an  c o n t r o l  p l a s m a .

MINUTES

CO

* c o n t a i n i n g  15 /Ug/ml o f  t h e o p h y l l i n e  and 10 ytig/ml o f  8 - c h l o r o t h e o p h y l l i n e
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w e r e  r a n g e d  from 0 . 9 9 0  t o  0 . 9 9 9 .  F i g u r e  15 ( A p p e n d i x  C) 
i l l u s t r a t e s  a t y p i c a l  s t a n d a r d  c u r v e  o f  t h e o p h y l l i n e  
c o n c e n t r a t i o n .  The l o w e r  s e n s i t i v i t y  l i m i t  o f  t h e o p h y l l i n e  
i n  human p l a s m a  was  a p p r o x i m a t e l y  1 . 0  m c g / m l .

B a s e d  on t h e s e  r e s u l t s ,  t h i s  a n a l y t i c a l  met h od  f o r  
t h e o p h y l l i n e  i n  human p l a s m a  g a v e  g o o d  a n d  r e l i a b l e  
r e s u l t s .  The c o e f f i c i e n t  o f  v a r i a t i o n  was  3.12% f o r  a 2 . 5  
mcg/ ml  t h e o p h y l l i n e  p l a s m a  s t a n d a r d  ( ท= 4 ) .

P l a s m a  T h e o p h y l l i n e  L e v e l

The i n d i v i d u a l  p l a s m a  t h e o p h y l l i n e  c o n c e n t r a t i o n s  
a t  e a c h  a p p r o p r i a t e  s a m p l i n g  t i m e  f rom 0  t o  1 2  h o u r s  f o r  
40 s u b j e c t s  i n  4 d i f f e r e n t  g r o u p s  ( i . e . ,  n o n s m o k i n g  m a l e s ,  
n o n s m o k i n g  f e m a l e s ,  s mo k i ng  m a l e s  and c h i l d r e n )  a r e  shown  
i n  T a b l e  1 .  T h e  p e a k  p l a s m a  l e v e l  o b t a i n e d  f r o m  
n o n s m o k i n g  f e m a l e s  was  h i g h e r  t h a n  t h e  o t h e r  3 g r o u p s  
f o l l o w i n g  a d m i n i s t r a t i o n  o f  t h e  s a m e  o r a l  d o s e  o f  
t h e o p h y l l i n e ,  2 . 4  mg/kg  b o d y  w e i g h t .  Peak  p l a s m a  l e v e l  i n  
n o n s m o k i n g  f e m a l e  s u b j e c t s  r a n g e d  from 4 . 9  t o  7 . 0  m c g / m l ,  
w h e r e a s  i n  t h e  o t h e r  g r o u p s  r a n g e d  from 3 . 8  t o  6 . 4  m c g / m l .  
At t h e s e  p ea k  p l a s m a  l e v e l s ,  n o n e  o f  t h e  s u b j e c t s  showed  
a ny  s i g n s  o f  a d v e r s e  r e a c t i o n  from t h e  d r u g .

The mean p l a s m a  t h e o p h y l l i n e  c o n c e n t r a t i o n s  from  
t h e  c o n c e n t r a t i o n - t i m e  p r o f i l e s  f o r  4 d i f f e r e n t  g r o u p s  o f  
s u b j e c t s  a r e  shown i n  F i g u r e  5 ,  6 , 7 ,  and 8 . Each p o i n t  
i n  t h e  f i g u r e  i s  a v e r a g e d  from 1 0  s u b j e c t s  and t h e  b a r s
r e p r e s e n t  t h e  s t a n d a r d  e r r o r s .



Table 1. Individual Plasma Theophylline Concentrations from 40 Subjects in 4 Different Groups after Oral Administration of
T h e o p h y l l i n e  2 . 4  m g / k g  Body  W e i g h t .

P l a s m a  T h e o p h y l l i n e  C o n c e n t r a t i o n  ( m c g / r a l )  
GROUP Time s u b j e c t  n o .

( h r  ) 1 2 3 4 5 6 7 8 9 10 Mean SEM

A 0 . 5 5 . 0 9 2 4 . 6 3 7 3 . 9 8 8 4 . 7 0 6 4 . 0 3 6 2 . 9 5 4 3 . 1 7 2 2 . 8 7 1 3 . 6 9 7 3 . 2 4 3 3 . 8 4 0 0 . 2 3 6
1 , 0 4 . 9 0 7 4 . 9 0 7 3 . 7 4 8 4 . 0 0 6 4 . 0 2 3 4 . 2 1 8 4 . 1 5 9 4 . 1 9 6 4 . 4 1 5 4 . 9 5 7 4 . 3 5 4 0 . 1 2 9
1 . 5 5 . 4 9 6 4 . 4 9 4 3 . 8 7 5 3 . 5 3 5 4 . 4 3 4 4 . 0 2 3 4 . 3 4 9 4 . 0 4 8 4 . 1 9 6 4 . 5 3 7 4 . 2 9 9 0 . 1 5 7
2 . 0 5 . 3 1 8 4 . 7 9 3 5 . 4 9 0 3 . 8 6 6 4 . 5 7 2 4 . 1 5 8 4 . 4 1 9 4 . 3 2 9 3 . 5 6 4 3 . 8 8 1 4 . 4 3 9 0 . 1 8 8
3 . 0 4 . 1 2 7 3 . 9 9 1 5 . 1 2 7 3 . 5 1 9 3 . 4 9 7 3 . 6 0 8 4 . 1 9 6 3 . 9 6 7 3 . 7 1 2 4 . 4 0 3 4 . 0 1 5 0 . 1 4 9
4 . 0 4 . 4 0 4 3 . 9 5 7 4 . 5 6 3 2 . 9 8 0 3 . 0 5 3 3 . 1 3 8 3 . 5 6 9 3 . 8 0 1 3 . 4 5 2 4 . 0 1 2 3 . 6 9 3 0 . 1 6 6
6 . 0 4 . 0 4 7 3 . 5 6 4 3 . 8 8 8 2 . 7 9 6 2 . 5 6 8 3 . 1 6 0 3 . 2 0 1 3 . 1 7 3 3 . 0 0 3 2 . 9 8 8 3 . 2 3 9 0 . 1 4 0
8 . 0 2 . 9 5 3 2 , 7 0 2 3 . 2 3 5 2 . 4 4 8 2 . 4 2 9 2 . 7 6 7 2 . 7 2 0 3 . 0 1 5 2 . 7 7 5 2 . 8 7 1 2 . 7 9 2 0 . 0 7 4

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

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

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

A N o n s m o k i n g  M a l e s
B N o n s m o k i n g  F e m a l e s
SEM S t a n d a r d  e r r o r  o f  t h e  mea n

COCO



Table 1. Individual Plasma Theophylline Concentrations from 40 Subjects in 4 Different GroupB after Oral Administration of
T h e o p h y l l i n e  2 . 4  m g / k g  Body W e i g h t  ( c o n t . ) .

P l a s m a  T h e o p h y l l i n e  C o n c e n t r a t i o n  ( m e g / m l )  
CROUP Time s u b j e c t  n o .

( h r  1 1 2 3 4 5 6 7 8 9 10 Mean SEM

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

1 0 . 0 1 . 3 1 2 2 . 7 7 9 2 .  100 1 . 5 7 1 2 . 4 7 9 2 . 4 9 2 2 . 8 5 8 2 . 1 0 1 1 . 4 2 3 1 . 8 0 0 2 . 0 9 1 0 . 1 6 7
1 2 . 0 0 . 9 4 8 2 . 3 5 8 1 . 6 0 1 1 . 4 1 5 2 . 5 2 2 2 . 1 7 0 2 . 4 2 9 1 . 6 6 1 0 . 9 1 7 1 . 2 5 6 1 . 7 2 8 0 . 1 8 2

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

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

c S m ok i ng  M a l e s
D c h i l d r e n
SEM S t a n d a r d  e r r o r  o f  t h e  mean
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F i g u r e  5 . Mean p l a s m a  t h e o p h y l l i n e  c o n c e n t r a t i o n - t i m e  c u r v e  f r o m  10  
s u b j e c t s  o f  n o n s m o k i n g  m a l e  g r o u p  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 Ct>cn
t h e o p h y l l i n e  2 . 4  mg/kg body w e i g h t
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F i g u r e  6 .  Mean p l a s m a  t h e o p h y l l i n e  c o n c e n t r â t i o n - t i m e  c u r v e  fr o m  10
s u b j e c t s  o f  n o n s m o k i n g  f e m a l e  g r o u p  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
t h e o p h y l l i n e  2 . 4  m g /k g  b o d y  w e i g h t
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F i g u r e  7 .  Mean p l a s m a  t h e o p h y l l i n e  c o n c e n t r a t i o n - t i m e  c u r v e  f r o m  10  
s u b j e c t s  o f  s m o k i n g  m a l e  g r o u p  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  
t h e o p h y l l i n e  2 . 4  m g / k g  b o d y  w e i g h t
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F i g u r e  8 .  Mean p l a s m a  t h e o p h y l l i n e  c o n c e n t r a t i o n - t i m e  c u r v e  f r o m  10
s u b j e c t s  o f  c h i l d r e n  g r o u p  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
t h e o p h y l l i n e  2 . 4  m g /k g  b o d y  w e i g h t

COCO
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The c o m p a r i s o n  among t h e  4 g r o u p s  o f  s u b j e c t s  i s  
a l s o  s u m m a r i z e d  i n  F i g u r e  9 .  T h i s  c o m p a r i s o n  d e m o n s t r a t e s  
s i m i l a r  c u r v e  p r o f i l e s  f o r  a l l  g r o u p s  o f  s u b j e c t s  w i t h  t h e  
r a p i d l y  a c h i e v i n g  p ea k  p l a s m a  c o n c e n t r a t i o n s .  T h i s  i m p l i e s  
t h a t  t h e o p h y l l i n e  a b s o r p t i o n  f rom a s y r u p  d o s a g e  form i s  
r a t h e r  r a p i d .  The  a v e r a g e  t i m e  t o  r e a c h  p e a k  p l a s m a  
c o n c e n t r a t i o n  i n  4 g r o u p s  was  o b s e r v e d  t o  r a n g e  from 1 . 5  
t o  2 . 0  h o u r s .  The mean p e a k  p l a s m a  l e v e l  i n  a l l  g r o u p s  
r a n g e d  f rom 4 . 5  t o  5 m c g / m l , e x c e p t  i n  n o n s m o k i n g  f e m a l e s  
w h i c h  was  5 . 6  m c g / m l .

P h a r m a c o k i n e t i c s  o f  T h e o p h y l l i n e

A p l o t  o f  a l o g  p l a s m a  t h e o p h y l l i n e  c o n c e n t r a t i o n  
v e r s u s  t i m e  a f t e r  an o r a l  d o s e  o f  2 . 4  m g / k g  f r o m  o n e  
s u b j e c t  i n  n o n s m o k i n g  m a l e  g r o u p  w a s  u s e d  a s  a 
r e p r e s e n t a t i v e  f o r  a l l  d a t a  and shown i n  F i g u r e  1 0 .  In  
t h i s  p l o t ,  t h e  d e c l i n e  o f  p l a s m a  c o n c e n t r â t  i o n  w i t h  t i m e  
w a s  m o n o e x p o n e n t i a l .  A s t r a i g h t  l i n e  c o u l d  b e  d r a w n  
t h r o u g h  t h e  p o i n t s  o f  t e r m i n a l  p o r t i o n ,  i m p l y i n g  t h a t  
t h e o p h y l l i n e  was  e l i m i n a t e d  by f i r s t - o r d e r  p r o c e s s .  The  
f i r s t  o r d e r  d e c l i n e  was  o b s e r v e d  i n  a l l  e x p e r i m e n t s  
i n c l u d i n g  o u r  p r e l i m i n a r y  s t u d y  o f  w h i c h  t h e  s a m p l e  
c o l l e c t i o n  t i m e  was e x t e n d e d  u p t o  24 h o u r s .  T h i s  i m p l i e d  
t h a t  a o n e - c o m p a r t m e n t  o p e n  m o d e l  w i t h  f i r s t - o r d e r  
a b s o r p t i o n  and f i r s t - o r d e r  e l i m i n a t i o n  c o u l d  be u s e d  f o r  
d e s c r i b i n g  t h e  t h e o p h y l l i n e  p l a s m a  c o n c e n t r a t i o n - t i m e  
p r o f i l e s  o b t a i n e d  from t h e  e x p e r i m e n t s .
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F i g u r e  9 .  C o m p a r i s o n  o f  mean p l a s m a  t h e o p h y l l i n e  c o n c e n t r a t i o n - t i m e  c u r v e  among 4
d i f f e r e n t  g r o u p s  o f  n o n s m o k i n g  m a l e  ( □ ----- a  ) ,  n o n s m o k i n g  f e m a l e  ( +-------h ) ,
s m o k i n g  m a l e  (♦ ------♦  ) ,  and c h i l d r e n  (<£«------A) 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
t h e o p h y l l i n e  2 . 4  m g / k g  b o d y  w e i g h t
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F i g u r e  10 .  Log p la s m a  t h e o p h y l l i n e  c o n c e n t r a t i o n - t i m e  p r o f i l e  o f  s u b j e c t
n o .7  from nonsm oking  m ale  grou p  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
t h e o p h y l l i n e  2 . 4  mg/kg body w e i g h t
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C o n s e q u e n t l y ,  e a c h  d a t a  s e t  was  f i t t e d  t o  a o n e -  
c o m p a r t m e n t  o p e n  m o d e l  w i t h  f i r s t - o r d e r  a b s o r p t i o n  a n d  
f i r s t - o r d e r  e l i m i n a t i o n  b y  n o n l i n e a r  l e a s t - s q u a r e s  
r e g r e s s i o n  u s i n g  t h e  PCNONLIN p r o g r a m .  Model  3 was  f o u n d  
t o  f i t  w e l l  t o  t h e s e  e x p e r i m e n t a l  d a t a  s e t s  w i t h  g o o d  
c o r r e l a t i o n .

The p h a r m a c o k i n e t i c s  o f  t h e o p h y l l i n e  w i t h  o r a l  
a d m i n i s t r a t i o n  was  w e l l  d e s c r i b e d  by o n e - c o m p a r t m e n t  o pe n  
m o d e l  w i t h  f i r s t - o r d e r  a b s o r p t i o n  a n d  f i r s t - o r d e r  
e l i m i n a t i o n  a s  shown w i t h  a " b e s t  f i t "  l i n e  i n  F i g u r e  1 1 .  
The b e s t  f i t  l i n e  was  drawn t h r o u g h  t h e  c a l c u l a t e d  d a t a  
p o i n t s  o b t a i n e d  by f i t t i n g  t h e  o b s e r v e d  d a t a  t o  t h e  o n e -  
c o m p a r t m e n t  m o d e l  a s  d e s c r i b e d  p r e v i o u s l y .  T h e  
r e p r e s e n t a t i v e  l o g  c o n c e n t r a t i o n - t i m e  p r o f i l e s  f rom t h e  
s u b j e c t s  o f  n o n s m o k i n g  m a l e s ,  n o n s m o k i n g  f e m a l e s ,  s m o k i n g  
m a l e s  and c h i l d r e n  a r e  a l s o  p r e s e n t e d  i n  F i g u r e  1 2 ,  13 and  
1 4 ,  r e s p e c t i v e l y .

T h e  t h e o p h y l l i n e  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  
e s t i m a t e d  f r o m  e a c h  d a t a  s e t  o f  4 0  s u b j e c t s  f o r  4 
d i f f e r e n t  g r o u p s  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  2 . 4  mg/ kg  
b od y  w e i g h t  o f  t h e o p h y l l i n e  a r e  s u m m a r i z e d  i n  T a b l e  2.  
Each v a l u e  i s  a v e r a g e d  f rom 10 s u b j e c t s  i n  e a c h  g r o u p .

The r e s u l t  s h o w e d  t h a t  t h e o p h y l l i n e  i n  s y r u p  
d o s a g e  form was  a b s o r b e d  r a p i d l y .  T h i s  d e m o n s t r a t e d  by t h e  
r a t h e r  g r e a t  v a l u e s  o f  t h e  mean a b s o r p t i o n  r a t e  c o n s t a n t ,  
Ka 1 i n  t h e  4 g r o u p s ,  w h i c h  r a n g e d  f rom 4 . 5 5  h r -  ̂ t o  5 . 7 3  
hr ^. S i n c e  t h e  a b s o r p t i o n  was  v e r y  f a s t ,  t h e  t i m e  t o  p ea k  
p l a s m a  c o n c e n t r a t i o n ,  t _ „ „  1 was  r a t h e r  s h o r t .  The mean111 cl A.
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F ig u r e  1 1 .  Log p l a s m a  t h e o p h y l l i n e  c o n c e n t r â t i o n - t i m e  p r o f i l e  w i t h  t h e  b e s t
f i t  l i n e  o f  s u b j e c t  n o . 7  f r o m  n o n s m o k i n g  m a l e  g r o u p  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  t h e o p h y l l i n e  2 . 4  m g / k g  b o d y  w e i g h t
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F i g u r e  1 2 .  Log p l a s m a  t h e o p h y l l i n e  c o n c e n t r â t i o n - t i m e  p r o f i l e  w i t h  t h e  b e s t  
f i t  l i n e  o f  a  s u b j e c t  f r o m  n o n s m o k i n g  f e m a l e  g r o u p  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  t h e o p h y l l i n e  2 . 4  m g /k g  b o d y  w e i g h t
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F i g u r e  1 3 .  L o g  p l a s m a  t h e o p h y l l i n e  c o n c e n t r a t i o n - t i m e  p r o f i l e  w i t h  t h e  b e s t  
f i t  l i n e  o f  a  s u b j e c t  f r o m  s m o k i n g  m a l e  g r o u p  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  t h e o p h y l l i n e  2 . 4  m g /k g  b o d y  w e i g h t
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F i g u r e  1 4 .  Log p l a s m a  t h e o p h y l l i n e  c o n c e n t r a t i o n - t i m e  p r o f i l e  w i t h  t h e  b e s t
f i t  l i n e  o f  a s u b j e c t  f r o m  c h i l d r e n  g r o u p  a f t e r  o r a l  31

a d m i n i s t r a t i o n  o f  t h e o p h y l l i n e  2 . 4  m g /k g  b o d y  w e i g h t



T a b l e  2 .  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  o f  T h e o p h y l l i n e  i n  4 D i f f e r e n t  G r o u p s  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  T h e o p h y l l i n e  2 . 4  mg /k g  Body  W e i g h t

GROUP
Ka

( h r - 1 )
^max 
( h r  )

^max 
( m c g / m l )

AUC
( m e g •h r / m l )

V
( L / k g )

K
( h r - 1 )

Cl
( L / k g / h r )

* 1 / 2 * 
( h r  )

A 4 . 5 5 1 . 2 6 4 . 5 3 6 4 . 6 2 0 . 4 8 4 0 . 0 7 8 7 0 . 0 3 8 8 . 8 1( 1 . 5 5 )  ** ( 0 . 1 7 ) ( 0 . 1 3 ) ( 3 . 1 6 ) ( 0 . 0 1 5  ) ( 0 . 0 0 4 0 ) ( 0 . 0 0 2 )
B 4 . 9 7 1 . 4 2 5 . 6 7 8 0 . 9 4 0 . 3 8 0 0 . 0 7 9 0 0 . 0 3 0 8 . 7 7( 1 . 8 6 ) ( 0 . 2 4 ) ( 0 . 2 1 ) ( 2 . 9 6 ) ( 0 . 0 1 1  ) ( 0 . 0 0 3 0 ) ( 0 . 0 0 1 )
c 5 . 7 3 1 . 0 1 4 . 8 7 5 5 . 1 2 0 . 4 5 7 0 . 1 0 2 0 0 . 0 4 7 6 . 8 0

( 1 . 7 5 ) ( 0 . 1 3 ) ( 0 . 2 3 ) ( 4 . 8 9 ) ( 0 . 0 2 3 ) ( 0 . 0 0 7 0 ) ( 0 . 0 0 4 )
D 4 . 6 3 1 . 3 6 5 . 0 2 4 7 . 3 0 0 . 4 1 7 0 . 1 3 2 7 0 . 0 5 6 5 . 2 2

( 1 . 8 1 ) ( 0 . 2 2 ) ( 0 . 2 8 ) ( 4 . 4 2 ) ( 0 . 0 1 8 ) ( 0 . 0 1 1 0 ) ( 0 . 0 0 5 )

A N o n s m o k i n g  M a l e s
B N o n s m o k i n g  F e m a l e s
c  Smo k i n g  M a l e s
D C h i l d r e n
* H a r mo n i c  Mean
*  * F i g u r e s  i n  p a r e n t h e s i s  a r e  s t a n d a r d  e o r r o r  o f  t h e  mean
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The mean a p p a r e n t  v o l u m e  o f  d i s t r i b u t i o n ,  V , f o r  
t h e  4 g r o u p s  r a n g e d  f r o m  0 . 3 8  L / k g  t o  0 . 4 8  L / k g .  
No n s mo k i ng  f e m a l e s  s h owed  t h e  s m a l l e s t  mean V v a l u e  
( 0 . 3 8  L / k g )  w h i c h  w a s  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h e  
v a l u e s  o b t a i n e d  f r o m  n o n s m o k i n g  m a l e s  ( 0 . 4 8  L / k g ) .  T he  
s m a l l e r  v o l u m e  i m p l i e d  t h a t  t h e  b o d y  s p a c e  f o r  
t h e o p h y l l i n e  d i s t r i b u t i o n  i n  t h i s  s u b j e c t  g r o u p  w a s  
s m a l l e r  t h a n  t h o s e  o f  t h e  o t h e r s ,  i e . j t h e  d r u g  r e s i d e d  
mo re  i n  t h e  v a s c u l a r  b e d .  T h i s  w a s  s u g g e s t e d  b y  t h e  
s i g n i f i c a n t l y  l a r g e r  i n  t h e  mean AUC and t h e  mean Cmax 
v a l u e s  o f  n o n s m o k i n g  f e m a l e  g r o u p ,  a s  p r e s e n t e d  i n  T a b l e  2 .

C o m p a r i s o n s  o f  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  b e t w e e n  N o n s mo k i ng  
M a l e s  and  t h e  o t h e r  Groups

The t h e o p h y l 1 i n e  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  o f  
n o n s m o k i n g  m a l e s ,  a s  a c o n t r o l  g r o u p ,  w e r e  c o m p a r e d  w i t h  
t h o s e  o f  n o n s m o k i n g  f e m a l e s ,  s m o k i n g  m a l e s  and  c h i l d r e n ,  
a s  shown i n  T a b l e  3 ,  4 and 5 ,  r e s p e c t i v e l y .  The S t u d e n t ’ s  
t - t e s t  a t  5% s i g n i f i c a n t  l e v e l ,  was  u s e d  t o  d e t e r m i n e  t h e  
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 s .  The e f f e c t s  o f  s e x ,  
s m o k i n g  s t a t u s  and a ge  on t h e o p h y l l i n e  p h a r m a c o k i n e t i c s

t fflax v a l u e s  i n  t h e  4 g r o u p s  r a n g e d  from 1 . 0  t o  1 . 4  h o u r s .

w e r e  a s  f o l l o w s  ะ
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1.  E f f e c t  o f  S ex

T h e  m e a n  a p p a r e n t  v o l u m e  o f  d i s t r i b u t i o n  
o b s e r v e d  i n  t h i s  s t u d y  w e r e  0 . 4 8  L / kg  and 0 . 3 8  L / k g  i n  
n o n s m o k i n g  m a l e s  and n o n s m o k i n g  f e m a l e s ,  r e s p e c t i v e l y ,  a s  
s h o w n  i n  T a b l e  3 .  The  s t a t i s t i c s  s h o w e d  a s i g n i f i c a n t  
d i f f e r e n c e  b e t w e e n  them ( p  < 0 . 0 5 ) .  The s m a l l e r  v o l u m e  
c o u l d  r e f l e c t  t h e  f a c t o r s  o f  e i t h e r  i n c r e a s e d  b i n d i n g  o f  
t h e o p h y l l i n e  t o  p l a s m a  p r o t e i n ,  o r  d e c r e a s e d  e x t r a c e l l u l a r
f l u i d  s p a c e  ( 54 ) . The l a t t e r was  c o n s i d e r e d  t o be more
p o s s i b l e  b e c a u s e t h e f e m a l e  ร c o m m o n l y  h a d  a g r e a t e r
a c c u m u l a t i o n  o f  f a t  t i s s u e  t h a n  t h e  m a l e s  ( 5 5 ) .  F a t  t i s s u e  
h a d  a s m a l l e r  p r o p o r t i o n  o f  w a t e r  c o m p a r e d  t o  m u s c l e  
t i s s u e .  T h u s ,  t h e  f e m a l e s  h a d  a s m a l l e r  p r o p o r t i o n  o f  
t o t a l  b od y  w a t e r  t o  t o t a l  b od y  w e i g h t  c o m p ar e d  t o  t h a t  o f  
t h e  m a l e s  ( 5 6 )  .

T h e  s m a l l e r  v o l u m e  o f  d i s t r i b u t i o n  i n
n o n s m o k i n g  f e m a l e  g r o u p  r e f l e c t e d  b o t h  s i g n i f i c a n t  h i g h e r
v a l u e s  i n  ÂUC a n d  Cme1 „ t h a n  t h o s e  o f  n o n s m o k i n g  m a l emax °
g r o u p .

The mean o v e r a l l  e l i m i n a t i o n  r a t e  c o n s t a n t ,  
K, i n  n o n s m o k i n g  m a l e s  and n o n s m o k i n g  f e m a l e s  w e r e  a l m o s t  
i d e n t i c a l .  T h e y  w e r e  0 . 0 7 8 7  h r ’  ̂ a n d  0 . 0 7 9 0  h r " ^  
r e s p e c t i v e l y .  F u r t h e r m o r e ,  b o t h  g r o u p s  h a d  a s i m i l a r l y  
w i d e  v a r i a t i o n  i n  K v a l u e  w h i c h  r a n g e d  f rom 0 . 0 6 2 6  hr~^ t o  
0 . 0 9 3 6  h r  Mean h a l f - l i f e  ( ^ 1 / 2 ^ ’ c a l c u l a t e d  f r o m
0 . 6 9 3 / ( m e a n  K) ,  i n  n o n s m o k i n g  m a l e s  was  v e r y  c l o s e  t o  t h a t  
o f  n o n s m o k i n g  f e m a l e s .  They  w e r e  8 . 8 1  hr  and 8 . 7 7  h r ,



T a b l e  3 .  C o m p a r i s o n  o f  T h e o p h y l l i n e  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  b e t w e e n  N o n s m o k in g  M a l e s
and N o n s m o k i n g  F e m a l e s

Ka ^max Cmax AUC V K C l 1 1 / 2 *
GROUP ( h r - 1 ) ( h r ) ( m c g / m l ) ( m e g • h r / m l ) ( L / k g ) ( h r - 1 ) ( L / k g / h r ) ( h r  )

A 4 . 5 5  ^
( 1 !S>5)** <* :??> ( ร : 1ร ,

6 4 . 6 2
( 3 . 1 6 )

0 . 4 8 4
( 0 . 0 1 5 )

0 . 0 7 8 7
( 0 . 0 0 4 0 )

0 . 0 3 8
( 0 . 0 0 2 )

8 . 8 1

B 4 . 9 7  
( 1 . 8 6 )

1 . 4 2
( 0 . 2 4 ) « S .1 Ï ,

8 0 . 9 4
( 2 . 9 6 )

0 . 3 8 0  
( 0 . 0 1 1  )

0 . 0 7 9 0
( 0 . 0 0 3 0 )

0 . 0 3 0  
( 0 . 0 0 1 )

8 . 7 7

t - t e s t  
p v a l u e NS NS < 0 . 0 0 0 1 0 . 0 0 2 < 0 . 0 0 0 1 NS 0 . 0 0 4

A N o n s m o k i n g  M a l e s
B N o n s m o k i n g  F e m a l e s
* Ha r mo n i c  Mean
** F i g u r e s  i n  p a r e n t h e s i s  a r e  s t a n d a r d  e r r o r  o f  t h e  mean  
NS Not  ร i g n i f i c a n t  ( p > 0 . 0 5 )

cn๐
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r e s p e c t i v e l y .  H o we v e r ,  t h e  c l e a r a n c e  v a l u e s ,  Cl , f rom  
b o t h  g r o u p s  e x h i b i t e d  a 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  a t  s i g n i f i c a n t  l e v e l  o f  0 . 0 5  (p  = 0 . 0 0 4 ) .  They  
w e r e  0 . 0 3 8  a n d  0 . 0 3 0  L / k g / h r  i n  n o n s m o k i n g  m a l e s  a n d  
n o n s m o k i n g  f e m a l e s ,  r e s p e c t i v e l y .  Th e  d i f f e r e n c e  i n  Cl  
v a l u e  was  r e s u l t e d  f rom t h e  s i g n i f i c a n t  d i f f e r e n c e  i n  V 
v a l u e ,  s i n c e  t h e  c l e a r a n c e  p a r a m e t e r ,  Cl  , was  c a l c u l a t e d  
f rom t h e  p r o d u c t s  o f  K and V.

I n  c o n c l u s i o n ,  s e x  f a c t o r  a f f e c t e d  s o m e  
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  o f  t h e o p h y l l i n e  , i . e . ,  V, AUC, 
Cm a x , a n d  C l .  The  a p p a r e n t  v o l u m e  o f  d i s t r i b u t i o n  w a s  
shown t o  be  s i g n i f i c a n t l y  s m a l l e r  i n  n o n s m o k i n g  f e m a l e s  
t h a n  i n  n o n s m o k i n g  m a l e s  w i t h  s i g n i f i c a n t l y  l a r g e r  i n  b o t h  
AUC and c _ _ „ .  The c l e a r a n c e  v a l u e s  f rom b o t h  g r o u p s  w e r e  
s i g n i f i c a n t l y  d i f f e r e n t ,  w h e r e a s  n o  d i f f e r e n c e  i n  
e l i m i n a t i o n  r a t e  c o n s t a n t  v a l u e s  was  o b s e r v e d .

2 .  E f f e c t  o f  Smoking

As c o mp a r e d  i n  T a b l e  4 ,  The e l i m i n a t i o n  r a t e  
c o n s t a n t  (K) was  t h e  o n l y  p a r a m e t e r  t h a t  was  s i g n i f i c a n t l y  
d i f f e r e n t  b e t w e e n  t h e  n o n s m o k i n g  a n d  s m o k i n g  m a l e s  
(p  < 0 . 0 5 ) .  The mean K v a l u e  o f  t h e o p h y l l i n e  i n  t h e  
s m o k i n g  m a l e s  w a s  h i g h e r  t h a n  t h a t  i n  t h e  n o n s m o k i n g  
m a l e s .  In  a n o t h e r  w o r d ,  t h e  me a n  h a l f - l i f e  ( t j / 2 ) °  f
t h e o p h y l l i n e  i n  t h e  s m o k i n g  m a l e s  was  s h o r t e r  t h a n  t h a t  i n  
t h e  n o n s m o k i n g  m a l e s .  The  m e a n s  o f  K a n d  t \ / <1  i n  t  h e 
s mo ki n g  and n o n s m o k i n g  m a l e s  w e r e  0 . 1 0 2 0  hr~^ , 6 . 8 0  h r .



T a b l e  4 .  C o m p a r i s o n  o f  T h e o p h y l l i n e  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  b e t w e e n  N o n s m o k i n g  M a l e s
and S mo k i n g  M a l e s

Ka ^max ^max AUC V K Cl * 1 / 2 *
GROUP ( h r - 1 ) ( h r  ) ( m c g / m l ) ( m e g • h r / m l ) ( L / k g ) ( h r - 1 ) ( L / k g / h r ) ( h r )

A 4 . 5 5
( 1 . 5 5 ) * * « i : ï ï ,

6 4 . 6 2
( 3 . 1 6 )

0 . 4 8 4  
( 0 . 0 1 5  )

0 . 0 7 8 7
( 0 . 0 0 4 0 )

0 . 0 3 8
( 0 . 0 0 2 )

8 . 8 1

c
! ? : ? § »

1 . 0 1
( 0 . 1 3 )

4 . 8 7
( 0 . 2 3 )

5 5 . 1 2
( 4 . 8 9 )

0 . 4 5 7  
( 0 . 0 2 3  )

0 . 1 0 2 0

( 0 . 0 0 7 0 )
0 . 0 4 7  

( 0 . 0 0 4 )
6 . 8 0

t - t e s t  
p v a l u e NS NS NS NS NS 0 . 0 1 4 NS

A N o n s m o k i n g  M a l e s
c S mo k i n g  M a l e s
* H a r m o n i c  Mean
** F i g u r e s  i n  p a r e n t h e s i s  a r e  s t a n d a r d  e r r o r  o f  t h e  mean  
NS Not  s i g n i f i c a n t  ( p  > 0 . 0 5 )
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and 0 . 0 7 8 7  h r  , 8 . 7 7  h r . ,  r e s p e c t i v e l y .  The mean 
c l e a r a n c e  v a l u e ,  C l ,  i n  t h e  s m o k i n g  m a l e s  ( 0 . 0 4 7  L / k g / h r )  
t e n d e d  t o  be  h i g h e r  t h a n  t h a t  i n  n o n s m o k i n g  m a l e s  ( 0 . 0 3 8  
L / k g / h r ) .  H o we v e r ,  t h e r e  was no d i f f e r e n c e  b e t w e e n  them a t  
t h e  s i g n i f i c a n c e  l e v e l  t e s t e d ;

I n  c o n c l u s i o n ,  t h i s  s t u d y  d e m o n s t r a t e d  t h a t  
c i g a r e t t e  s mo ki n g  i n c r e a s e d  t h e o p h y l l i n e  e l i m i n a t i o n  r a t e  
c o n s t a n t  and d e c r e a s e d  t h e  e l i m i n a t i o n  h a l f - l i f e  i n  T h a i  
s u b j e c t s .  The t o t a l  body  c l e a r a n c e  a l s o  t e n d e d  t o  be  
h i g h e r  f o r  s m o k e r s  t h a n  n o n s m o k e r s .  B a s e d  on t h e s e  
r e s u l t s ,  i t  was  i n d i c a t e d  t h a t  c i g a r e t t e  s m o k i n g  had a 
t e n d e n c y  t o  i n d u c e  t h e o p h y l l i n e  m e t a b o l i s m ,  s i n c e  h e p a t i c  
m e t a b o l i s m  a p p e a r e d  t o  be  t h e  m a j o r  r o u t e  o f  t h e o p h y l l i n e  
e l i m i n a t i o n  ( 4 7 , 4 8 ) .  G r y g i e l  and B i r k i t t  ( 1 9 )  f o u n d  t h a t  
c i g a r e t t e  s m o k i n g  i n d u c e d  b o t h  t h e o p h y l l i n e  m e t a b o l i s m  
p a t h w a y s ,  N - d e m e t h y l a t i o n  and 8 - h y d r o x y l a t i o n . I n d u c t i o n  
o f  h e p a t i c  m i c r o s o m a l  e n z y m e s  may be t h e  p r o b a b l e  
m e c h a n i s m o f  e n h a n c e d  b i o t r a n s f o r m a t i o n  o f  t h e o p h y l l i n e  i n  
c i g a r e t t e  s m o k e r s .  S i n c e  t h e  p o l y c y c l i c  a r o m a t i c  
h y d r o c a r b o n s  ( PAHs) ,  p r i m a r y  c a u s a l  a g e n t s  i n  c i g a r e t t e  
s mo ke ,  h a v e  b e e n  shown t o  i n c r e a s e  t h e  a c t i v i t y  o f  h e p a t i c  
m i c r o s o m a l  e n z y m e s ,  e s p e c i a l l y  a r y l  h y d r o c a r b o n  
h y d r o x y l a s e  ( AHH) ( 5 7 , 5 8 ) .  K a p i t u l n i k  e t  a l  ( 5 9 )  a l s o  
f o u n d  s t r o n g  c o r r e l a t i o n s  b e t w e e n  AHH a c t i v i t y  and t h e  
r a t e s  o f  m e t a b o l i s m  o f  s e v e r a l  d r u g s .

Many p r e v i o u s  s t u d i e s  c o n d u c t e d  i n  o t h e r  
c o u n t r i e s  c l e a r l y  d e m o n s t r a t e d  t h a t  c i g a r e t t e  smo k i ng  
i n d u c e d  t h e  m e t a b o l i s m  o f  t h e o p h y l l i n e  a s  r e f l e c t e d  by

- 1



b o t h  s i g n i f i c a n t l y  i n c r e a s e d  t o t a l  b o d y  c l e a r a n c e  a n d  
e l i m i n a t i o n  r a t e  c o n s t a n t  w i t h  d e c r e a s e d  e l i m i n a t i o n  h a l f -  
l i f e  ( 1 5 - 1 9 ) .  H o w e v e r ,  t h e  n o n - s i g n i f i c a n t l y  i n c r e a s i n g  o f  
t o t a l  b od y  c l e a r a n c e  i n  T h a i  s m o k e r s  a s  o b s e r v e d  f rom t h i s  
s t u d y  may b e  i n f l u e n c e d  b y  s o m e  f a c t o r s  s u c h  a s  a 
d i f f e r e n c e  i n  r a c e  and  a v a r i a b i l i t y  i n  t h e  c i g a r e t t e  
c o m p o s i t i o n s .  T h e s e  f a c t o r s  may l e a d  t o  a  l e s s  i n d u c t i o n  
o f  t h e o p h y l l i n e  m e t a b o l i s m  i n  T h a i s  t h a n  i n  C a u c a s i a n s .

3 .  E f f e c t  o f  Age

As s h o w n  i n  T a b l e  5 ,  t h e  m e a n  t h e o p h y l l i n e  
e l i m i n a t i o n  r a t e  c o n s t a n t  and t o t a l  b o d y  c l e a r a n c e  w e r e  
b o t h  s i g n i f i c a n t l y  h i g h e r  i n  c h i l d r e n  a s  c o m p a r e d  t o  t h o s e  
o f  n o n s m o k i n g  m a l e  a d u l t s .  Mo re  v a r i a b i l i t y  o f  t h e s e  
p a r a m e t e r s  among s u b j e c t s  w e r e  f o u n d  i n  c h i l d r e n  g r o u p  
( b o y s ,  a g e d  i n  r a n g e  o f  7 t o  12 y e a r s ) .  The mean v a l u e s  o f  
K, Cl  and t - j y 2 i n  c h i l d r e n  g r o u p  w e r e  0 . 1 3 2 0  h r - * ,  0 . 0 5 6  
L / k g / h r ,  and 5 . 2 2  h r ,  r e s p e c t i v e l y .  The mean v a l u e s  o f  V 
and AUC w e r e  s i g n i f i c a n t l y  l a r g e r  i n  a d u l t s  ( 0 . 0 4 8 4  L / k g ,
6 4 . 6  m g - h r / L )  t h a n  i n  c h i l d r e n  ( 0 . 0 4 1 7  L / k g ,  4 7 . 3  m g - h r / L )  

F r o m  t h e s e  r e s u l t s ,  b o t h  i n c r e a s i n g  
t h e o p h y l l i n e  e l i m i n a t i o n  r a t e  c o n s t a n t  a n d  t o t a l  b o d y  
c l e a r a n c e  w i t h  d e c r e a s i n g  e l i m i n a t i o n  h a l f - l i f e  i n  
c h i l d r e n  g r o u p ,  i n d i c a t e d  t h a t  c h i l d r e n  e l i m i n a t e d  
t h e o p h y l l i n e  more r a p i d l y  t h a n  a d u l t s .  I n  a n o t h e r  word ,  
t h e  r a t e  o f  t h e o p h y l l i n e  m e t a b o l i s m  i n  c h i l d r e n  was  f a s t e r



T a b l e  5 .  C o m p a r i s o n  o f  T h e o p h y l l i n e  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  b e t w e e n  N o n s m o k in g  Male
A d u l t s  and C h i l d r e n

Ka ^max '“'max AUC V K Cl t l / 2

GROUP ( h r - 1 ) ( h r  ) ( m c g / m l ) ( m e g - h r / m l ) ( L / k g ) ( h r - 1 ) ( L / k g / h r ) ( h r  )

A 4 . 5 5
< 1 : 5 5  )** ( ร : ? ? , « ร : ? ? ,

6 4 . 6 2
( 3 . 1 6 )

0 . 4 8 4  
( 0 . 0 1 5  )

0 . 0 7 8 7
( 0 . 0 0 4 0 )

0 . 0 3 8  
( 0 . 0 0 2 )

8 . 8 1

D 4 . 6 3  
( 1 . 8 1 ) ( J : 23 2 ,

5 . 0 2  
( 0 . 2 8 )

4 7 . 3 0
( 4 . 4 2 )

0 . 4 1 7  
( 0 . 0 1 8  ) ( ร : ร ? ? ร ,

0 . 0 5 6  
( 0 . 0 0 5 )

5 . 2 2

t - t e s t  
p v a l u e NS NS NS 0 . 0 1 0 0 . 0 2 2 < 0 . 0 0 0 1 0 . 0 1 2

A N o n s m o k i n g  m a l e s
D C h i l d r e n
* H a r mo n i c  Mean
** F i g u r e s  i n  p a r e n t h e s i s  a r e  s t a n d a r d  e r r o r  o f  t h e  mean  
NS No t  s i g n i f i c a n t  ( p  > 0 . 0 5 )



o l d e r .  T h i s  was  s u p p o r t e d  by many p r e v i o u s  i n v e s t i g a t i o n s  
( 1 1 - 1 4 ) .

C o m p a r i s o n s  o f  T h e o p h y l l i n e  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  
b e t w e e n  t h e  P r e s e n t  s t u d y  and t h e  o t h e r  I n v e s t i g a t i o n s

As  s h o w n  i n  T a b l e  6 , t h e  c o m p a r i s o n s  w e r e  
c l a s s i f i e d  i n t o  3 g r o u p s  o f  h e a l t h y  n o n s m o k e r s ,  h e a l t h y  
s m o k e r s ,  and c h i l d r e n .  In  a l l  3 g r o u p s ,  t h e  mean a p p a r e n t  
v o l u m e  o f  d i s t r i b u t i o n  v a l u e s  among s e v e r a l  i n v e s t i g a t i o n s  
w e r e  s i m i l a r ,  w h e r e a s  t h e r e  w e r e  a g r e a t  v a r i a t i o n  i n  t h e  
mean c l e a r a n c e  and e l i m i n a t i o n  h a l f - l i f e  v a l u e s .

The mean a p p a r e n t  v o l u m e  o f  d i s t r i b u t i o n  v a l u e  was  
r a n g e d  f rom 0 . 4  t o  0 . 5  L / k g  f o r  a d u l t s  i n  b o t h  n o n s m o k e r s  
and s m o k e r s  and a p p r o x i m a t e l y  0 . 4  L / k g  f o r  c h i l d r e n .  I n  
a l l  3 g r o u p s ,  t h e  mean c l e a r a n c e  v a l u e s  o f  t h e  p r e s e n t  
s t u d y  s e e m e d  t o  b e  l o w e r  t h a n  t h o s e  o f  t h e  o t h e r  
i n v e s t i g a t i o n s  w h i c h  w e r e  c o n d u c t e d  i n  o t h e r  c o u n t r i e s ,  
w i t h  t h e  l o n g e r  e l i m i n a t i o n  h a l f - l i f e .  The r e a s o n  f o r  t h i s  
d i f f e r e n c e  r e s u l t s  may p r o b a b l y  due  t o  t h e  d i f f e r e n c e  i n  
r a c e .  T h a i s  may h a v e  a l o w e r  t h e o p h y l l i n e  m e t a b o l i s m  t h a n  
C a u c a s i a n s .  T h i s  was  s u p p o r t e d  by t h e  s t u d y  o f  T u c h i n d a  e t  
a l .  ( 2 5 , 2 6 )  w h i c h  h a v e  s u g g e s t e d  t h a t  t h e  t h e o p h y l l i n e  
c l e a r a n c e  i n  T h a i  c h i l d r e n  w a s  s l o w e r  t h a n  t h a t  i n  
C a u c a s i a n  c h i l d r e n ,  a s  e v i d e n c e  by  t h e  l o n g e r  e l i m i n a t i o n  
h a l f - l i f e  ( r a n g e d  f r o m  a p p r o x i m a t e l y  7 t o  17 h o u r s )  a s
l i s t e d  i n  T a b l e  6 .



T a b l e  6 .  C o m p a r i s o n s  o f  T h e o p h y l l i n e  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  f r o m  t h e  P r e s e n t  s t u d y  and t h e
O t h e r  I n v e s t i g a t i o n s

P o p u l a t i o n N o . S ub j  
/ s e x ( Î Î ) ( L / k g )

P a r a m e t e r  

( L / k g / h r ) ไ m

A u t h o r s  ( R e f . N o . )

HEALTHY
NONSMOKERS

10 /Ma 2 3 - 3 8 0 . 4 8 4 + 0 . 0 1 5 0 . 0 3 8 + 0 . 0 0 2 8 . 8 1 P r e s e n t  s t u d y10 / F a 2 2 - 3 4 0 . 3 8 0 + 0 . 0 1 1 0 . 0 3 0 + 0 . 0 0 1 8 . 7 7 P r e s e n t  s t u d y
6 / M f 2 4 - 5 7 0 . 2 3 1 + 0 . 0 8 0 0 . 1 1 4 + 0 . 0 5 0 1 1 . 0 2 C h r z a n o w s k i  ( 4 0 )9 / M f 1 9 - 3 1 0 . 3 1 8 + 0 . 1 6 1 0 . 0 7 5 + 0 . 0 1 9 4 . 3 9  . M i t e n k o  &. O g i l v i e ( 4 1 )3 / M f 2 2 - 3 0 0 . 4 2 9 + 0 . 0 2 6 0 . 0 6 7 + 0 . 0 2 2 4 . 4 0 M i t e n k o  & O g i l v i e ( 4 2 )
6 / M f 2 2 - 2 7 0 . 4 4 8 0 . 0 5 7 5 . 8 0 E l l i s  ( 1 1 )
14 / M b 7 . 2  + 1 . 8 J e n n e  ( 1 5 )
8  ( 3 / F , 5 / M ) a 2 4 - 3 2 0 . 3 8  + 0 . 0 4 7 . 0  + 1 . 7 Hunt  ( 1 6 )
1 5 ( 9 / F , 6 / M ) a 2 0 - 3 2 0 . 4 7 4 + 0 . 0 7 7 0 . 0 4 0 + 0 . 0 0 8 8 . 2  3 P o w e l l  ( 1 7 )
1 9 ( 8 / F , 1 1 / M ) a 2 2 - 3 5 0 . 4 1 5 + 0 . 0 8 3 0 . 0 5 2 + 0 . 0 2 1 8 . 1 + 2 . 4 J u s k o  ( 1 8 )
8  ( 4 / F , 4 / M ) a 0 . 0 3 2 + 0 . 0 0 2 G r y g i e l  ( 1 9 )

HEALTHY
SMOKERS

10 / Ma 2 1 - 3 3 0 . 4 5 7 + 0 . 0 2 3 0 . 0 4 7 + 0 . 0 0 4 6 . 8 0 P r e s e n t  s t u d y
1 0  / H b 4 . 1  + 1 . 2 J e n n e  ( 1 5 )
8 ( 6 / F , 2 / M ) a 2 1 - 5 2 0 . 5 0  +0 . 1 2 4 . 3  + 1 . 4 Hunt  ( 1 6 )
7 ( 3 / F , 4 / M ) a 2 2 - 3 1 0 . 4 9 8 + 0 . 0 5 9 0 . 0 6 3 + 0 . 0 1 9 5 . 3  5 P o w e l l  ( 1 7 )
2 4 ( 1 9 / F , 5 / M ) a 2 0 - 4 7 0 . 4 9 6 + 0 . 0 7 1 0 . 0 7 5 + 0 . 0 3 1 5 . 7 + 2 . 1 J u s k o  ( 1 8 )
9 ( 5 / F , 4 / M ) a 0 . 0 5 3 + 0 . 0 0 6 G r y g i e l  ( 1 9 )

๖
O r a l  A d m i n i s t r a t i o n  
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

cn-O



T a b l e  6 . C o m p a r i s o n s  o f  T h e o p h y l l i n e  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  f r o m  t h e  P r e s e n t  s t u d y  and t h e  
O t h e r  I n v e s t i g a t i o n s  ( c o n t . )

P o p u l a t i o n  N o . S u b j
/ s e x

A rt Û
( f  ะ) ( L / k g )

P a r a m e t e r  

( L / k g / h r ) ( i f l
A u t h o r s  ( R e f . N o . )

CHILDREN
1 0  /  Ma ’ ^ 7 - 1 2 0 . 4 1 7 + 0 . 0 1 8 0 . 0 5 6 + 0 . 0 0 5 3 . 8 - 7 . 9 ( 5 . 2 2 ) P r e s e n t  s t u d y

1 0 ( 5 / F , 5 / M ) f 8 - 1 3 9 - 1 7 T u c h i n d a  ( 2 5 )
2 0  / F , M ? ’ d 9 - 1 3 6 . 8 - 1 0 . 8 T u c h i n d a  ( 2 6 )27 / F , H b , e 1 - 9 0 . 0 9 3 Z a s k e  ( 1 3 )

6 ( 3 / F , 3 / M ) k ' e 4 - 1 0 0 . 0 7 3 + 0 . 0 1 9 W e i n b e r g e r  ( 1 4 )
17 / F , H b , e 4 - 1 2 0 . 0 9 0 + 0 . 0 2 4 G i n c h a n s k y  ( 1 2 )
30 / F , H b , e 6 - 1 7 0 . 4 2 2 0 . 0 8 7 E l l i s  ( 1 1 )
32 / F , H b , e 1 0 - 1 8 0 . 0 7 7 Z a s k e  ( 1 3 )

a O r a l  A d m i n i s t r a t i o n
b  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
c T h a i  h e a l t h y  c h i l d r e n
d  T h a i  a s t h m a t i c  c h i l d r e n
e  N o n - T h a i  a s t h m a t i c  c h i l d r e n

cn
CO
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