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APPENDIX

A S u b j e c t s
B C o m p o s i t i o n  and P r e p a r a t i o n  o f  M o b i l e

P h a s e  f o r  HPLC
c S t a n d a r d  Curve  D e t e r m i n a t i o n
D On e -Co mp a r tme nt  P h a r m a c o k i n e t i c  Model
E P h a r m a c o k i n e t i c  A n a l y s i s  by U s i n g  t h e

PCNONLIN N o n l i n e a r  E s t i m a t i o n  Program  
F S t u d e n t ’ t - T e s t  U s i n g  t h e  S t a t i s t i c a l

P a c k a g e  SPSS/PC



APPENDIX A

T h i s  s e c t i o n  l i s t s  t h e  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  and b i o c h e m i c a l  l a b  r e s u l t s  o f  40 s u b j e c t s  
i n  t h e  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 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  a nd  c h i l d r e n .  T he  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  a n d  b i o c h e m i c a l  l a b  r e s u l t s  o f  e a c h  
s u b j e c t s  a r e  shown i n  T a b l e  7 and 8 , r e s p e c t i v e l y .



T a b l e  7 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  40 S u b j e c t s
i n  4 D i f f e r e n t  Groups

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

A 1 M 23 168 5 6 . 0
2 M 24 179 7 0 . 0
3 M 36 178 8 7 . 0
4 M 26 170 6 2 . 0
5 M 38 160 4 5 . 0
6 M 23 175 6 3 . 0
7 M 24 173 5 3 . 0
8 M 23 165 6 0 . 0
9 M 28 168 5 6 . 0

1 0 M 29 160 5 1 . 5
r a n g e 2 3 - 3 8 1 6 0 - 1 7 9 4 5 . 0 - 8 7 . 0
mean 2 7 . 4 1 6 9 . 6 6 0 . 4
ร .D. 5 . 5 6 . 8 1 1 . 6

B 1 F 34 161 5 1 . 5
2 F 28 168 5 5 . 0
3 F 23 158 6 4 . 0
4 F 24 153 4 3 . 0
5 F 2 2 160 5 6 . 0
6 F 23 157 5 0 . 0
7 F 27 161 5 0 . 0
8 F 2 2 158 4 8 . 0
9 F 24 157 4 9 . 0

1 0 F 23 159 4 8 . 5
r a n g e 2 2 - 3 4 1 5 3 - 1 6 8 4 3 . 0 - 6 4 . 0
mean 2 5 . 0 1 5 9 . 2 5 1 . 5
S . D . 3 . 7 3 . 9 5 . 7

A Non s mok i ng M a l e s M M a i e s
B Non s mok i ng F e m a l e s F F e m a l e s
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T a b l e  7 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  40 S u b j e c t s
i n  4 D i f f e r e n t  Gro up s  ( c o n t . )

Group S u b j e c t  
No .

S e x A  rf p

( y r ,
H e i g h t

(cm)
W e i g h t  

( kg )
c 1 M 23 165 ' 5 7 . 0

2 M 33 165 6 2 . 5
3 M 31 168 6 0 . 0
4 M 23 168 5 0 . 5
5 M 24 164 5 5 . 0
6 M 2 1 169 5 8 . 0
7 M 25 166 4 6 . 0
8 M 23 171 5 5 . 0
9 M 31 165 5 5 . 0

1 0 M 27 167 5 8 . 5
r a n g e 2 1 - 3 3 1 6 4 - 1 7 1 4 6 . 0 - 6 2 . 5
mean 2 6 . 1 1 6 6 . 8 5 5 . 8
S . D . 4 . 2 2 . 2 4 . 7

D 1 M 1 2 145 3 3 . 0
2 M 1 2 144 3 2 . 5
3 M 1 2 147 3 7 . 5
4 M 1 0 125 2 3 . 0
5 M 1 2 141 3 3 . 0
6 M 9 123 2 3 . 0
7 M 9 127 2 5 . 5
8 M 7 123 2 2 . 0

9 M 1 1 124 2 4 . 0
1 0 M 1 0 132 2 3 . 0

r a n g e 7 - 1 2 1 2 3 - 1 4 7 2 2 . 0 - 3 7 . 5
mean 1 0 . 4 1 3 3 . 1 2 7 . 6
S . D 1 . 7 1 0 . 0 5 . 7

c
D

Smoki ng  M a l e s  
C h i l d r e n

M M a l e s



T a b le  8 .  B i o c h e n i c a l  L a b o r a t o r y  R e s u l t s  o f  t h e  4 0  S u b j e c t s  i n  4 D i f f e r e n t  G ro u p s

NONSMOKING MALE GROUP

T e s t N or ma l  V a l u e s 1 2 3 4
R e s u l t s

5 6 7 8 9 10

BLOOD CHEMISTRY
BUN 5 . 6 - 1 6 . 6 mg* 1 2 . 0 9 . 5 1 7 . 0 15 9 . 0 8 . 0 1 0 . 0 9 . 5 1 3 . 0 1 0 . 0
Cr 0 . 8 - 1 . 4 ■ g* 1 . 0 1 . 1 1 . 0 1 . 2 0 . 7 1 . 0 1 . 0 0 . 8 0 . 9 0 . 8
D . B i l 0 . 0 - 0 . 2 mg* 0 . 0 7 0 . 0 2 0 . 1 3 0 . 2 8 0 • 0 . 2 0 . 1 2 0 0 , 1 2 0 . 1 6
T . B i l 0 . 2 - 1 . 0 mg* 0 . 9 0 . 8 3 0 . 6 3 1 . 3 3 0 . 5 3 1 . 7 6 0 . 6 3 0 . 4 0 . 4 1 0 . 8 5
SGOT u p  t o  37 U/L 28 22 39 10 39 3 10 30 17 30
SGPT u p  t o  40 U/L 29 15 91 9 50 12 12 33 13 23
ALP 3 9 - 1 1 7 U/L 66 69 72 72 96 93 72 72 48 65
TP 6 . 7 - 8 . 3 g* 7 . 1 7 . 8 7 . 4 7 . 6 7 . 4 8 . 6 8 . 5 8 . 0 7 . 4 8
a l b . 4 . 1 - 5 . 3 g* 5 . 0 5 . 0 5 . 2 5 . 2 4 . 6 5 . 2 5 . 5 5 . 0 4 . 9 4 . 8

COMPLETE BLOOD COUNT
Hb 1 3 - 1 8 g / d l 1 6 . 0 1 5 . 8 1 3 . 0 1 4 . 3 1 3 . 2 1 4 . 6 1 6 . 3 1 5 . 5 1 3 . 7 1 3 . 9
Hot 4 0 - 5 4 * 49 48 40 44 40 44 46 47 41 41
WBC 4 , 5 0 0 - 1 0 , 0 0 0  c e l l / m m 3 7 , 2 0 0 7 , 3 0 0 6 , 4 0 0 4 , 3 0 0 9 , 2 0 0 6 , 2 0 0 7 , 5 0 0 9 , 2 0 0 1 0 , 8 0 0 8 , 3 0 0

d i f f .
PMN 5 4 - 7 5 * 35 59 45 48 60 60 58 61 60 71
e o s . 1 -6 • 4 2 3 1 1 - 6 4 10 6
b a s o . 0 - 0 . 5 * - - 2 1 1 2 - 2 2 1
l y m p h s . 2 0 - 5 0 % 54 32 42 46 37 34 32 30 25 20
M o n o s . 2 - 1 0 * 5 7 7 2 1 3 4 3 3 2

URINALYSIS N N N N N N N N N N

N W ith in  n o r w a l  l i m i t s -3cn



Table 8. Biochemical Laboratory Results of the 40 Subjects in 4 Different Groups (cont.)
NONSMOKING rEMALE GROUP

T e s t Normal  V a l u e s 1 2 3 4
R e s u l t s

5 6 7 8 9 10

BLOOD CHEMISTRY
BUN 5 . 6 - 1 6 . 6 mg* 1 0 . 0 1 0 . 0 7 . 0 9 . 0 7 . 5 8 . 0 1 6 . 0 6 . 0 1 1 . 0 1 0 . 0
Cr 0 . 8 - 1 . 4 mg* 0 . 7 0 . 7 0 . 6 0 . 6 0 . 7 0 . 8 0 . 6 0 . 6 0 . 6 0 . 7
D. B i l 0 . 0 - 0 . 2 mg* 0 0 . 2 5 0 . 1 8 0 . 1 8 0 . 1 5 0 . 1 5 0 . 1 2 0 . 0 3 0 . 1 1 0 . 2 5
T . B i l 0 . 2 - 1 . 0 mg* 0 . 4 2 0 . 8 6 0 . 6 4 0 . 5 4 0 . 5 0 . 5 6 0 . 5 0 . 3 0 0 . 5 7 0 . 8 3
SGOT u p  t o  37 U/L 20 17 16 16 24 19 23 19 13 19
SGPT u p t o  40 U/L 18 20 16 10 15 19 34 13 11 14
ALP 3 9 - 1 1 7 U/L 55 48 73 53 72 90 52 52 75 66
TP 6 . 7 - 8 . 3 g* 8 7 . 6 8 . 3 7 . 5 7 . 9 8 . 2 7 . 5 7 . 4 7 . 8 8
a l b . 4 . 1 - 5 . 3 gX 4 . 9 5 . 0 5 . 3 4 . 8 5 . 1 5 . 1 5 . 2 4 . 9 4 . 9 5 . 1

COMPLETE BLOOD COUNT 
Hb 1 2 - 1 6 g / d l 13 1 2 . 2 1 3 . 9 1 3 . 2 1 2 . 3 1 3 . 9 1 2 . 2 1 3 . 5 1 2 . 5 1 3 . 8
H ct 3 7 - 4 7 * 40 37 42 41 37 43 38 41 39 42
WBC 4 , 5 0 0 - 1 0 , 0 0 0  c e l l / m m 3 6 , 5 0 0 8 , 2 0 0 7 , 5 0 0 9 , 3 0 0 6 , 5 0 0 7 , 3 0 0 7 , 0 0 0 7 , 8 0 0 7 , 2 0 0 8 , 9 0 0

d i f f . 
PMN 5 4 - 7 5 * 50 66 54 74 51 50 68 62 47 70
e o s . 1 - 6 * - 6 2 1 1 9 1 1 5 1
b a s o . 0 - 0 . 5 X - 1 - - - - 2 2 1 1
1 ymph ร . 2 0 - 5 0 X 46 21 38 22 39 37 27 32 39 26
M o n o s . 2 - 1 0 X 4 4 6 3 8 4 1 3 8 2

URINALYSIS N N N N N N N N N N

N Within normal limits -1
-J



Table •ร, Biochemical Laboratory Results of the 40 Subjects in 4 Different Groups ( cont. )
SMOKING MALE GROUP

T e s t N or ma l  V a l u e s 1 2 3
R e s u l t s  

4 5 6 7 8 9 10

BLOOD CHEMISTRY
BUN 5 . 6 - 1 6 . 6  mgX 1 0 . 0 1 2 . 0 1 4 . 0 1 5 . 0 1 1 . 0 1 3 . 0 1 0 , 0 1 1 . 0 1 1 . 0 1 5 . 0
Cr 0 . S - 1 . 4  mg% 0 . 8 0 . 9 1 . 1 1 . 0 0 . 9 0 . 9 1 . 0 1 . 0 1 . 0 0 . 8
D , Bi  1 0 . 0 - 0 . 2  mg% 0 0 . 1 8 0 . 0 5 0 . 2 9 0 0 . 2 2 0 . 1 8 0 . 2 5 0 . 2 0
T . B i l 0 . 2 - 1 . 0  m g t 0 . 1 8 0 . 6 8 1 . 2 4 0 . 9 3 0 . 3 4 0 . 9 8 0 . 9 5 1 . 0 4 0 . 6 3 0 . 4 5
SGOT u p  t o  37 ช / L 21 25 36 40 26 20 17 15 15 25
SGPT u p t o  40  U/L 16 15 54 56 12 16 10 10 12 16
ALP 3 9 - 1 1 7  U/L 108 80 95 149 126 67 83 58 52 58
TP 6 . 7 - 8 . 3  gS 7 . 6 8 7 . 5 7 . 0 7 . 3 6 . 8 7 . 1 7 . 6 7 . 9 7 . 7
a l b . 4 . 1 - 5 . 3  g* 4 . 8 4 . 9 4 . 7 4 . 0 4 . 7 4 . 7 4 . 7 5 . 2 5 . 0 5

COMPLETE BLOOD COUNT
Hb 1 3 - 1 8  g / d l 1 5 . 2 1 6 . 1 1 6 . 1 1 5 . 2 1 4 . 3 1 4 . 6 1 3 . 7 1 3 . 9 1 5 . 1 1 5 . 1
H ct 4 0 - 5 4  X 4 . 5 49 49 45 44 44 43 44 47 45
WBC 4 , 5 0 0 - 1 0 , 0 0 0  c e l l / i » » 3 1 0 , 0 0 0 1 0 , 2 0 0 9 , 4 0 0 7 , 0 0 0 5 , 4 0 0 5 , 4 0 0 7 , 1 0 0 5 , 0 0 0 7 , 4 0 0 9 , 6 0 0

d i f f .
PMN 5 4 - 7 5  % 39 40 39 43 49 45 53 48 45 35
e o s . 1 - 6  3. 17 15 8 6 2 11 1 6 13 5
b a s o . 0 - 0 . 5  X - 1 - 1 - 1 - - 2 -
1v m p h s . 2 0 - 5 0  ไ; 32 37 48 46 46 39 35 42 35 56
M o n o s . 2 - 1 0  X 12 6 5 3 3 4 10 3 5 4

URINALYSIS N N N N N N N N N N

N Vithin normal limits 00



Table 8. Biochemical Laboratory Results of the 40 Subjects in 4 Different. Groups (cont.)
CHILDREN GROUP

Results
T e s t N or ma l  V a l u e s 1 2 3 4 5 6 7 8 9 10

BLOOD CHEMISTRY
BUN 5 . 6 - 1 6 . 6  mg* 8 . 0 8 . 0 1 0 . 0 9 . 0 1 1 . 0 8 7 . 0 1 1 . 0 1 0 . 0 1 3 . 0
Cr 0 . 8 - 1 . 4  mg* 0 . 5 0 . 4 0 . 8 0 . 5 0 . 6 0 . 5 0 . 5 0 . 6 0 . 5 0 . 4
D . B i l 0 . 0 - 0 . 2  mg* 0 . 1 7 0 . 0 8 0 . 1 6 0 . 0 4 0 . 1 6 0 . 0 6 0 . 1 5 0 . 1 2 0 0 . 0 5
T.  B i l 0 . 2 - 1 . 0  mg* 0 . 2 8 0 . 2 4 0 , 6 0 . 3 1 0 . 4 5 0 . 2 0 . 4 2 0 . 3 2 0 . 2 5 0 . 3 0
SGOT u p  t o  37 U/L 32 27 24 40 32 31 24 24 30 25
SGPT u p  t o  40 U/L 14 13 15 25 19 19 14 12 19 15
ALP 2 0 3 - 5 9 6  U/L 233 203 348 368 325 204 191 201 239 146
TP 6 . 7 - S . 3  g* 7 . 7 ร . 0 7 . 8 7 . 9 7 . 9 8 . 3 7 . 6 7 . 4 7 . 7 7 . 3
a l b . 4 . 1 - 5 . 3  g* 4 . 7 4 . 6 5 . 0 4 . 8 4 . 7 4 . 8 4 . 5 4 . 7 4 . 6 4 . 5

COMPLETE BLOOD COUNT
Hb 1 2 . 5 - 1 3  g / d l 1 2 . 7 1 2 . 7 1 3 . 8 1 2 . 7 13 1 2 . 0 1 2 . 9 1 2 . 7 1 3 . 4 1 3 . 7
Hct 3 6 - 4 0  * 38 38 41 38 39 36 38 37 40 41
WBC 4 . 5 0 0 - 1 0 , 0 0 0  c e l l / m m 3 9 , 3 0 0 1 1 , 1 0 0 9 , 0 0 0 7 , 1 0 0 1 1 , 1 0 0 7 , 9 0 0 1 1 , 1 0 0 7 , 2 0 0 1 3 , 8 0 0 9 , 4 0 0

d i f f  . 
PMN 5 4 - 7 5  * 50 42 61 33 48 53 56 48 45 47
e o s  1 1 - 6  * 6 6 2 3 ร 9 3 6 7 5
b a s o . 0 - 0 . 5  * - - - - - - - 1 1 -

l y m p h s . 2 0 - 5 0  * 39 45 31 44 40 36 38 38 42 47
M o n o s . 2 - 1 0  * 5 6 4 4 4 2 2 5 5 1

URINALYSIS N N N N N N N N N N

N Within normal limits to



APPENDIX B

C o m p o s i t i o n  a n d  P r e p a r a t i o n  o f  M o b i l e  P h a s e  f o r
HPLC

M o b i l e  p h a s e  c o m p o s e s  o f  11% a c e t o n i t r i l e  i n
0 . 0 1  M s o d i u m  a c e t a t e  b u f f e r  pH 4 . 0 .  I t  m u s t  b e  f r e s h l y  
p r e p a r e d .

Th e  p r e p a r a t i o n  p r o c e d u r e  i s  a s  f o l l o w s .
1 .  A c e t o n i t r i l e  HPLC g r a d e

F i l t e r  t h r o u g h  FH 0 . 5  Aim m e m b r a n e  
f i l t e r  u s i n g  s u c t i o n  f i l t r a t i o n .

2 .  S o d i u m  A c e t a t e  0 . 0 1  M pH 4 . 0
D i s s o l v e  1 . 3 6 0 8  g o f  s o d i u m  a c e t a t e  i n  

d i s t i l l e d  w a t e r .  A d j u s t  pH t o  4 . 0  w i t h  g l a c i a l  
a c e t i c  a c i d .  Add s u f f i c i e n t  d i s t i l l e d  w a t e r  t o  
make  1 , 0 0 0  m l .  F i l t e r  t h r o u g h  HA 0 . 4 5  Aim 
m e mb r a n e  f i l t e r  w i t h  s u c t i o n  f i l t r a t i o n .

3 .  P o u r  110 ml  o f  t h e  f i l t e r e d  A c e t o n i t r i l e  a n d  
8 9 0  ml o f  S o d i u m  A c e t a t e  b u f f e r  i n t o  a  1 l i t e r  
b o t t l e .

4 .  Mix w e l l
5 .  D e g a s  t h e  m o b i l e  p h a s e  u s i n g  a  s o n i f i e r  f o r

2 0 - 3 0  m i n u t e s .



APPENDIX c

S t a n d a r d  C u r v e  D e t e r m i n a t i o n

The  t y p i c a l  s t a n d a r d  c u r v e  d a t a  a n d  t h e  c u r v e  f o 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  i n  human  p l a s m a  a r e  p r e s e n t e d  
i n  T a b l e  9 a n d  F i g u r e  1 6 ,  r e s p e c t i v e l y .
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T a b l e  9 T y p i c a l  s t a n d a r d  C u r v e  D a t a  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 s  i n  Human P l a s m a  E s t i m a t e d  U s i n g  
L i n e a r  R e g r e s s t i o n *

S t a n d a r d
No.

C o n c e n t r a t i o n  
( m c g / m l )

P e a k
a r e a  r a t i o  

( T / 8 - C T * * )
I n v e r s e l y  e s t i m a t e d 2 

c o n c e n t r a t i o n  
( m c g / m l )

X T h e o r y 2

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

Mean 9 8 . 2 9
S . D 3 .  57
c . v 4 3 . 6 4 %

1 . 
2 .
3 .

4 .  
*

r 2 = 0 . 9 9 9 ,
I n v e r s l y  e s t i m a t e d  c o n c e n t r a t i o n  = P e a k  a r e a
% T h e o r y  = I n v e r s e l y  e s t i m a t e d  c o n c e n t r a t i o n

known c o n c e n t r a t i o n
C o e f f i c i e n t  o f  v a r i a t i o n ( c . V . ) = ร . D . X 100

Mean
T h e o p h y l l i n e

r a t i o / 5 . 4 2 1 x 1 0 ” 2 
X 100

** 8 - C h l o r o t h e o p h y l l i n e
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F i g u r e  1 5 .  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  i n  human p l a s m a



APPENDIX D

O n e - C o m p a r t m e n t  P h a r m a c o k i n e t i c  Mo d e l

T h e  o n e - c o m p a r t m e n t  m o d e l  i s  a  p h a r m a c o k i n e t i c  
m o d e l  w h i c h  d e p i c t s  t h e  b o d y  a s  a  s i n g l e  h o m o g e n e o u s  u n i t .  
T h e  m a t h e m a t i c  f u n c t i o n s  d e r i v e d  f r o m  t h i s  m o d e l  i s  
p a r t i c u l a r l y  u s e f u l  f o r  d e s c r i b i n g  t h e  k i n e t i c  b e h a v i o r  o f  
t h e  d r u g s ,  w h i c h  r a p i d l y  d i s t r i b u t e  b e t w e e n  p l a s m a  a n d  
o t h e r  b o d y  f l u i d s  a n d  t i s s u e s ,  a n d  t h e  e l i m i n a t i o n  i s  a  
f i r s t - o r d e r  p r o c e s s  ( 5 3 ) .

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

A c c o r d i n g  t o  t h i s  m o d e l ,  i f  a  d r u g  e n t e r s  t h e  b o d y  
b y  i n t r a v e n o u s  i n j e c t i o n ,  t h e  r a t e  o f  l o s s  o f  d r u g  f r o m  
t h e  b o d y  i s  g i v e n  b y  E q . ( A - l ) ,  ( 5 3 , 5 6 )

d x  = - K X ( A - l  )
d t

w h e r e  X i s  t h e  a m o u n t  o f  d r u g  i n  t h e  b o d y  a t  t i m e  t  a f t e r  
i n j e c t i o n .  K i s  t h e  a p p a r e n t  f i r s t - o r d e r  e l i m i n a t i o n  r a t e  
c o n s t a n t  f o r  t h e  d r u g .  Th e  n e g a t i v e  s i g n  i n d i c a t e s  t h a t  
t h e  d r u g  i s  b e i n g  l o s t  f r o m  t h e  b o d y .

To d e s c r ib e  th e  t im e  c o u r s e  o f  th e  amount o f  drug
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in  th e  body a f t e r  i n j e c t i o n ,  E q . ( A - l )  m ust be in t e g r a t e d
to  g iv e  th e  f o l lo w in g  e q u a t io n .

l o g  X = l o g  XQ -  K t  ( A - 2  )
2 . 3 0 3

E q . ( A - 2 ) .  a l s o  c a n  b e  e x p r e s s e d  a s

X = X0 e - K t  ( A-3  )

w h e r e  XQ i s  t h e  a m o u n t  i n j e c t e d  ( i . e . ,  t h e  d o s e )  a n d  e
r e p r e s e n t s  t h e  e x p o n e n t i a l  t e r m  ( b a s e  o f  t h e  n a t u r a l  
l o g a r i t h m ) .

H o w e v e r ,  t h e  a m o u n t  o f  d r u g  i n  t h e  b o d y  c a n n o t  b e  
d e t e r m i n e d  d i r e c t l y ,  i n s t e a d ,  a  b l o o d  s a m p l e  i s  r e m o v e d  a t  
p e r i o d i c  i n t e r v a l s  a n d  a n a l y z e d  f o r  d r u g  c o n c e n t r a t i o n .  
T h u s ,  t h e  v o l u m e  o f  d r u g  d i s t r i b u t i o n ,  V ,  i s  u s e d  t o  
r e l a t e  t h e  c o n c e n t r a t i o n  o f  t h e  d r u g  i n  p l a s m a ,  c,  a n d  t h e  
a m o u n t  o f  d r u g  i n  t h e  b o d y ,  X,  a s  i n  t h e  f o l l o w i n g  
e q u a t i o n .

X = V c ( A-4  )

T h e  p r o p o r t i o n a l i t y  c o n s t a n t  V i n  t h i s  e q u a t i o n  
h a s  t h e  u n i t  o f  v o l u m e .  S i n c e  t h i s  c o n s t a n t  d o e s  n o t  h a v e  
a  t r u e  p h y s i o l o g i c  m e a n i n g  i n  t h e  t e r m s  o f  a n  a n a t o m i c  
s p a c e ,  t h e  t e r m  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  i s  u s e d .
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By s u b s t i t u t i n g  E q . ( A - 4 )  i n t o  E q . ( A - 2 ) ,  a  s i m i l a r  
e x p r e s s i o n  b a s e d  o n  d r u g  c o n c e n t r a t i o n  i n  p l a s m a  i s  
o b t a i n e d  1

l o g  c  = l o g  Cc  -  K t  ( A - 5  )
2 . 3 0 3

w h e r e  c  a n d  CQ i s  t h e  c o n c e n t r a t i o n s  o f  d r u g  a t  t i m e  t  a n d  
t  = 0 ,  r e s p e c t i v e l y .

E q . ( A - 5  ) i n d i c a t e s  t h a t  a  p l o t  o f  l o g  c  v e r s u s  t  
i s  l i n e a r  u n d e r  t h e  c o n d i t i o n s  s t a t e d  ( F i g u r e  1 6 ) .  c  0 c a n  
b e  o b t a i n e d  b y  e x t r a p o l a t i o n  o f  t h e  l o g  c  v e r s u s  t  p l o t  t o  
t i m e  z e r o  a n d  t h e  s l o p e  o f  t h e  l i n e  r e s u l t i n g  f r o m  t h i s  
p l o t  i s  e q u a l  t o  - K / 2 . 3 0 3 ,  K may b e  e s t i m a t e d  d i r e c t l y  
f r o m  t h i s  s l o p e .

H o w e v e r ,  K c a n  b e  e a s i e r  e s t i m a t e d  f r o m  t h e  
r e l a t i o n s h i p

K = 0 . 6 9 3  ( A - 6  )

t l / 2

w h e r e  t - j y 2 i 5 t h e  b i o l o g i c  o r  e l i m i n a t i o n  h a l f - l i f e  o f  t h e  
d r u g .  T h i s  p a r a m e t e r  i s  d e t e r m i n e d  f r o m  a  p l o t  o f  l o g  c  
v e r s u s  t  a s  i l l u s t r a t e d  i n  F i g u r e  1 6 .  T h e  t i m e  r e q u i r e d  f o r  
t h e  d r u g  c o n c e n t r a t i o n  a t  a n y  p o i n t  o n  t h e  s t r a i g h t  l i n e  
t o  d e c r e a s e  b y  o n e - h a l f  i s  t h e  b i o l o g i c  h a l f - l i f e .  T h u s ,  
E q . ( A -6  ) i s  d e r i v e d  by  s e t t i n g  c  e q u a l  t o  Cc / 2  a n d  t  t o

t l / 2 i n  E q . ( A - 5 ) .



F i g u r e  1 6 .  G r a p h i c a l  m e t h o d  f o r  c a l c u l a t i n g  
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  i n  o n e -  
c o m p a r t m e n t  m o d e l ,  a f t e r  i n t r a v e n o u s  
i n j e c t i o n  o f  a  d r u g  e l i m i n a t e d  b y  f i r s t -
o r d e r  p r o c e s s .
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C0 w h i c h  i s  o b t a i n e d ,  a s  d e s c r i b e d ,  may b e  u s e d  t o  
c a l c u l a t e  t h e  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 .  S i n c e  XQ 
e q u a l s  t h e  a m o u n t  o f  d r u g  i n j e c t e d  ( i . e . ,  t h e  i n t r a v e n o u s  
d o s e ) ,  V may b e  e s t i m a t e d  f r o m  t h e  r e l a t i o n s h i p

V = X0  ( A - 7  )

Co

E q . ( A - 7 ) i s  t h e o r e t i c a l l y  c o r r e c t  o n l y  f o r  a  o n e -
c o m p a r t m e n t  m o d e l  w h e r e  t h e  d r u g  d i s t r i b u t i o n  b e t w e e n
p l a s m a  a n d  t i s s u e  i s  i n s t a n t a n e o u s .  S i n c e  t h i s  i s  r a r e l y
t r u e ,  a  c a l c u l a t i o n  b a s e  o n  E q . ( A - 7 )  w i l l  a l m o s t  a l w a y s
o v e r e s t i m a t e  t h e  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 .

T h e r e  i s  a n o t h e r  m e t h o d  w h i c h  i s  m o r e  a c c u r a t e  a n d
m o r e  g e n e r a l  f o r  c a l c u l a t i n g  V ( 5 6 ) .  F ro m E q . ( A - l ) ,  t h e
r a t e  o f  d r u g  l o s s  f r o m  t h e  b o d y  d x  i s  -K  X.

d t
By s u b s t i t u t i o n  o f  E q . ( A - 4 ) ,  X = VC, i n t o  E q . ( A - l ) ,  

t h e  f o l l o w i n g  e x p r e s s i o n  i s  o b t a i n e d .

d x = -K  V c  ( A -8  )
d t

R e a r r a n g e m e n t  o f  E q . ( A - 8 )  g i v e s

dx = -K V c  d t  ( A - 9  )

S i n c e  b o t h  K a n d  V a r e  c o n s t a n t s ,  E q . ( A - 9 )  may b e
i n t e g r a t e d  f r o m  t i m e  z e r o  t o  t i m e  i n f i n i t y  a s  f o l l o w
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d o s e  = K V AUC ( A - 1 0  )

OC
w h e r e  AUC i s  o b t a i n e d  f r o m  t h e  i n t e g r a l  c / d t  w h i c h

0r e p r e s e n t s  s u m m a t i o n  o f  t h e  a r e a  u n d e r  t h 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  t  ะ 0 t o  t  ะ oC I a n d  i s  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 .  R e a r r a n g e m e n t  o f  E q . ( A - l O )  y i e l d s

V = D o s e  ( A - l 1 )
K AUC

S i n c e  t h e  r e l a t i o n s h i p  i n  E q . ( A - l l )  i s  n o t  d e p e n d e n t  o n  
i n s t a n t a n e o u s  d i s t r i b u t i o n  o f  d r u g  b e t w e e n  p l a s m a  a n d  
t i s s u e  a s  i n  t h e  c a s e  f o r  E q . ( A - 7 ) ,  t h i s  r e l a t i o n s h i p  i s  
u s e d  w i d e l y  f o r  c a l c u l a t i n g  t h e  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 .

F i r s t - O r d e r  A b s o r p t i o n

F o r  a  d r u g  t h a t  e n t e r s  t h e  b o d y  b y  a n  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  p r o c e s s  ( i . e . ,  e x t r a v a s c u l a r  d r u g  
a d m i n i s t r a t i o n ) ,  i s  e l i m i n a t e d  b y  a  f i r s t - o r d e r  p r o c e s s ,  
a n d  d i s t r i b u t e s  i n  t h e  b o d y  a c c o r d i n g  t o  a  o n e - c o m p a r t m e n t  
m o d e l ,  t h e  f o l l o w i n g  d i f f e r e n t i a l  e q u a t i o n  i s  a p p l i e d  
( 5 3 , 5 6 ) ,

d x  = Ka  x e  -  K X ( A - 12 )
d t
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w h e r e  X a n d  K a r e  a s  d e f i n e d  p r e v i o u s l y ,  Kft 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 ,  a n d  Xa  i s  
t h e  a m o u n t  o f  d r u g  a t  t h e  a b s o r p t i o n  s i t e .

Th e  r a t e  o f  l o s s  o f  d r u g  f r o m  t h e  a b s o r p t i o n  s i t e
i s

d x a  = - Ka  x a  ( A“ 13 >
d t

E q . ( A - l 3 )  i s  i n t e g r a t e d

x a  = F x c e ~ Ka fc ( A - 1 4  )

w h e r e  F i s  t h e  f r a c t i o n  o f  t h e  a d m i n i s t e r e d  d o s e  XQ t h a t  
i s  a b s o r b e d  f o l l o w i n g  e x t r a v a s c u l a r  a d m i n i s t r a t i o n .

By s u b s t i t u t i n g  E q . ( A - 1 4 )  i n t o  E q . ( A - 1 2 )

d x  = Ka  F x c e “ Ka t  -  K X ( A - 1 5  )
d t

E q . ( A - 1 5 )  c a n  b e  i n t e g r a t e d  t o  g i v e  t h e  g e n e r a l  o r a l  
a b s o r p t i o n  e q u a t i o n  f o r  d e s c r i b i n g  t h e  r e l a t i o n s h i p  
b e t w e e n  t h e  d r u g  c o n c e n t r a t i o n  i n  t h e  b o d y  a n d  t i m e ,  a s  
f o l l o w s

Ka  F Xo  <e " Kt  -  
V (Ka  -  K)

c e _Ka t ) ( A - 1 6  )
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F o r  m o s t  d r u g s  a d m i n i s t e r e d  e x t r a v a s c u l a r l y  i n  
c o n v e n t i o n a l  d o s a g e  f o r m ,  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  i s  
s i g n i f i c a n t l y  l a r g e r  t h a n  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  
( 5 3 ) .  T h u s ,  a s  a  r e s u l t  o f  s e t t i n g  t h e  t e r m  e  ^ a  
a p p r o a c h i n g  z e r o ,  w h e r e a s  t h e  t e r m  e  ^  i s  f i n i t e ,  E q . ( A -  
1 6 )  r e d u c e s  t o

c  = Ka  F XG e - K t  ( A - 17 )
V(Ka  -  K)

E q . ( A - 1 7 )  d e s c r i b e s  t h e  p o s t a b s o r p t i v e  p h a s e  ( i . e . ,  
t h e  t i m e  w h e n  a b s o r p t i o n  i s  n o  l o n g e r  o c c u r s )  o f  a  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 .  E q . ( A - 1 7 )  a l s o  c a n  b e  e x p r e s s e d  
a s

l o g  c  = l o g  Ka  F X0 -  K t  ( A - 1 8  )
V(Ka  -  K) 2 . 3 0 3

W i t h  t h e  E q . ( A - 1 6 ) ,  a  p l o t  o f  l o g a r i t h m  o f  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  w o u l d  b e  
b i e x p o n e n t i a l  c u r v e  w i t h  a  t e r m i n a l  l i n e a r  p o r t i o n .  By 
d r a w i n g  a  s t r a i g h t  l i n e  t h r o u g h  a  f e w  p o i n t s  o f  t h i s  
t e r m i n a l  p o r t i o n  w o u l d  o b t a i n  t h e  t e r m i n a l  l i n e ,  a s  
d e s c r i b e d  b y  E q . ( A - 1 8 ) ) ,  o f  w h i c h  s l o p e  w a s  - K / 2 . 3 0 3  
( F i g u r e  1 7 ) .  E x t r a p o l a t i o n  o f  t h i s  t e r m i n a l  l i n e  t o  
t i m e  z e r o  w o u ld  y i e l d  a n  i n t e r c e p t  e q u a l  t o  l o g  
[Ka FX0 / V(Ka - K ) J .

T h e  m e th o d  o f  r e s i d u a l s  ( 5 3 )  w as  u s e d  t o  o b t a i n



92

F i g u r e  1 7 .  G r a p h i c a l  m e t h o d  w i t h  t h e  m e t h o d  o f  
r e s i d u a l s  f o r  e s t i m a t i n g  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  i n  o n e - c o m p a r t m e n t  m o d e l ,  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  e l i m i n a t e d  
b y  f i r s t - o r d e r  p r o c e s s .  T h e  s o l i d  l i n e  w as  
d e s c r i b e d  b y  Eq ( A - 1 6 ) .  Th e  e x t r a p o l a t e d  
l i n e  o f  t e r m i n a l  l o g - l i n e a r  p o r t i o n  
( d e p i c t e d  b y  l o n g  d a s h e s )  w a s  d e s c r i b e d  b y  
Eq ( A - 1 8 ) .  T h e  r e s i d u a l  l i n e  ( d e p i c t e d  b y  
s h o r t  d a s h e s )  w a s  d e s c r i b e d  by  Eq ( A - 1 9 ) .
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t h e  r e s i d u a l  l i n e  d e s c r i b e d  b y  t h e  f o l l o w i n g  e q u a t i o n ,  
w h i c h  w a s  a t t a i n e d  b y  s u b s t r a c t i n g  E q . ( A - 1 6 )  f r o m  E q . ( A -  
1 7 ) .

l o g  c r  = l o g  Ka  F x c  -  Ka t  ( A - 19 )

V (Ka  -  K) 2 . 3 0 3

w h e r e  Cr  w a s  t h e  r e s i d u a l  p l a s m a  c o n c e n t r a t i o n .
T h i s  r e s i d u a l  l i n e  w o u l d  y i e l d  a  s l o p e  o f  

- K a / 2 . 3 0 3  a n d  a  z e r o - t i m e  i n t e r c e p t  o f  l o g  [ KftFX0 / v ( K a ~ K ) ] .
C o n s e q u e n t l y ,  t h e  i n i t i a l  e s t i m a t e s  o f  t h e  

a b s o r p t i o n  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 s  ( Ka  a n d  K) 
c o u l d  b e  d e t e r m i n e d  f r o m  t h e  s l o p e  o f  e a c h  l i n e  u s i n g  
E q . ( A - 2 0 ) a n d  ( A - 2 1 ) ,  r e s p e c t i v e l y .

ธ 1. = - Ka  ( A - 2 0  )
2 . 3 0 3

ร 1. =  -K ( A - 2 1  )
2 . 3 0 3

w h e r e  ร 1, a n d  ร ^  w e r e  t h e  s l o p e s  o f  t h e  r e s i d u a l  a n d  
t e r m i n a l  l i n e s ,  r e s p e c t i v e l y .

S i n c e  t h i s  g r a p h i c a l  a p p r o a c h  f o r  e s t i m a t i n g  Ka  
a n d  K i s  u s e f u l  o n l y  i f  t h e  t w o  r a t e  c o n s t a n t s  a r e  
s u b s t a n t i a l l y  d i f f e r e n t ,  t h e  r a t e  c o n s t a n t s  a r e  b e s t  
e s t i m a t e d  b y  f i t t i n g  t h e  c o n c e n t r a t i o n  t i m e  d a t a  t o  
E q . ( A - 1 6 )  w i t h  t h e  a i d  o f  a  n o n l i n e a r  1 e a s t - s q u a r e s
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r e g r e s s i o n  p r o g r a m  a n d  a  d i g i t a l  c o m p u t e r  ( 5 3 ) .
To d e t e r m i n e  t h e  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 r  s y s t e m i c  c l e a r a n c e ,  E q . ( A - 1 6 )  m u s t  b e  i n t e g r a t e d  f r o m  
t i m e  z e r o  t o  t i m e  i n f i n i t y

AUC = F X0 ( A - 2 2  )
V K

I t  f o l l o w s  t h a t  t h e  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  i s  g i v e n  b y

V = F x c ( A - 23 )
K AUC

a n d  t h e  s y s t e m i c  c l e a r a n c e  b y

C l  = V K = F X0  ( A - 2 4  )
AUC

w h e r e  AUC w a s  t h e  s u m m a t i o n  o f  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 i m e  z e r o  t o  t i m e  i n f i n i t y ,  c a l c u l a t e d  d i r e c t l y  b y  
u s i n g  a  t r a p e z o i d a l  r u l e  ( 5 3 ) .  F ,  a s  d e f i n e d  p r e v i o u s l y ,  
w a s  s e t  t o  1 1 a s s u m i n g  t h a t  t h e  a b s o r p t i o n  w a s  c o m p l e t e
( 3 6 ) .

F u r t h e r m o r e ,  E q . ( A - 1 6 )  c a n  b e  d e v e l o p e d  t o  
e s t i m a t e  t h e  t i m e  a t  w h i c h  a  p e a k  p l a s m a  c o n c e n t r a t i o n  o f  
d r u g  s h o u l d  b e  o b s e r v e d ,  t _ „ „  , a n d  t h e  maximum p l a s m aUiaA
c o n c e n t r a t i o n  a t  t h i s  t i m e ,  C _ QV , f o l l o w i n g  f i r s t - o r d e rD itiX
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i n p u t  i n t o  t h e  b o d y .  By d i f f e r e n t i a t i n g  E q . ( A - 1 6 )  w i t h  
s e t t i n g  d c / d t  = 0 1 whe n  t h e  p l a s m a  c o n c e n t r a t i o n  r e a c h e s  
a  maximum,  , a t  t i m e  t _ _ „  y i e l d sHI c l A. u la A

t max = 2 . 3 0 3  l o g  Ka  ( A - 2 5  )

Ka  -  K K

Th e  maximum p l a s m a  c o n c e n t r a t i o n  i s  d e t e r m i n e d  b y  
s u b s t i t u t i n g  t Bax  f o r  t  i n  E q . ( A - 1 6 )

c max = Ka  F Xo ( e - K t n»ax -  e “ Ka t max )  ( A - 2 6  )
V ( k a  -  K)



APPENDIX E

P h a r m a c o k i n e t i c  A n a l y s i s  b y  U s i n g  t h e  PCNONLIN 
N o n l i n e a r  E s t i m a t i o n  P r o g r a m

An e x a m p l e  o u t p u t  o f  f i t t i n g  d a t a  i n t o  PCNONLIN 
n o n l i n e a r  e s t i m a t i o n  p r o g r a m  u s i n g  m o d e l  3 i s  s h o w n  i n  
F i g u r e  1 8 .
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LISTING OF INPUT COMMANDS 
mode 3 , ’o n e ’
MODEL 3
REMARK ONE COMPARTMENT MODEL -  FIRST ORDER INPUT AND OUTPUT 
REMA

PARAMETER' CONSTANTREMA
REMA
REMA
REMA
REMA
REMA
REMA

REMA
REMA
REMA
REMA
REMA

NO.

1
2
3
4
5

VOLUME
KOI
K10

DOSE

SECONDARY PARM.

KOI HALF LIFE 
K10 HALF LIFE 

TMAX 
CMAX

REMA* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

KOI —> COMPARTMENT 1 ---- > K10

R E M A *** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
COMM 
NPARM 3 
NCON 1 
NSEC 5
PNAMES ’ VOLUME’ , ’ KOI’ , ’ K10’
SNAMES ’ AUC’ , ’ K01-HL’ , ’ K10-HL’ , ’ TMAX’ , ’ CMAX’
END
TEMP
D=CON(1)
v=p(l
K01=p(2)
K10=p(3)
T=x
END
FUNC1
COEF=D*K01/( V*( K01-K10 ) )
F=COEF*( DEXP(-K10*T) -DEXP(-K01*T))
END
SECO
ร (1)=D/V/K10 
ร (2 )= -D L 0G (.5 )/K 01  
ร (3)= -D L O G (.5)/K 10 
TMAX=(DLOG(K01/K10) / ( K01-K10))
ร (4)=TMAX
ร (5)=(D/V)*DEXP(-K10*TMAX)
END

i n i t  24?804 1 .88 0 .093
nobs 11
d a ta
begin

F ig ure  18. The o u tp u t o f f i t t i n g  d a ta  to  PCNONLIN n o n lin e a r
e s t im a tio n  program ( c o n t . )
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PCNONLIN NONLINEAR ESTIMATION PROGRAM
ITERATION WEIGHTED ss VOLUME KOI K10

0 . 912456E-01 24.80 1.880 . 9300E-01
TAU = .4313E-04 RANK = 3 COND = 205.4

1 . 802662E-01 25.15 1.963 . 9195E-01
TAU = . 4297E-04 RANK = 3 COND = 205.5

2 . 802133E-01 25.15 1.963 . 9178E-01
TAU = •4302E-04 RANK = 3 COND = 205.6

3 . 802015E-01 25.16 1.966 . 9176E-01
TAU = . 4303E-04 RANK = 3 COND = 205.5

4 . 801611E-01 25.18 1.968 . 9157E-01
TAU = . 4305E-04 RANK = 3 COND = 205.8

CONVERGENCE ACHIEVED
RELATIVE CHANGE IN WEIGHTED SUM OF SQUARES LESS THAN .000100 

4 . 801569E-01 25.18 1.970 .9159E-01

PCNONLIN NONLINEAR ESTIMATION PROGRAM

PARAMETER ESTIMATE STANDARD
ERROR

95% CONFIDENCE LIMITS

VOLUME 25.182396 .470304 24.097862
23.497298

26.266931
26.867495

UNIVARIATE
PLANAR

KOI 1.969883 .120681 1.691590
1.537484

2.248177
2.402282

UNIVARIATE
PLANAR

K10 .091595 .004185 .081945
.076601

.101245

.106589
UNIVARIATE
PLANAR

PCNONLIN NONLINEAR ESTIMATION PROGRAM

***  CORRELATION MATRIX OF THE ESTIMATES ***

1.00000
.71719 1.00000

-.83122 -.60747 1.00000

*** EIGENVALUES OF (A TRANSPOSE A) MATRIX *** 
NUMBER EIGENVALUE

• 1 “
F igure  18. The o u tp u t o f f i t t i n g  d a ta  to  PCNONLIN n o n lin e a r

e s t im a tio n  program ( c o n t . )
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PCNONLIN NONLINEAR ESTIMATION PROGRAM

***  SUMMARY OF NONLINEAR ESTIMATION ***

FUNCTION 1

X OBSERVED CALCULATED RESIDUAL WEIGHT SD-YHAT STANDARIZED
Y Y RESIDUAL

.0000 .0000 .0000 .0000 1.000 .0000 .0000

.5000 3.172 3.140 . 3192E-01 1.000 . 8218E-01 .5585
1.000 4.159 4.172 1321E-01 1.000 . 5646E-01 -.1599
1.500 4.349 4.423 - . 7440E-01 1.000 . 4858E-01 -.8501
2.000 4.419 4.389 . 3005E-01 1.000 . 5310E-01 .3541
3.000 4.196 4.086 .1100 1.000 . 5181E-01 1.285
4.000 3.569 3.740 -.1707 1.000 . 4438E-01 -1.902
6.000 3.201 3.115 . 8566E-01 1.000 . 4034E-01 .9350
8.000 2.720 2.594 .1261 1.000 . 4716E-01 1.428
10.00 2.097 2.160 - . 6271E-01 1.000 . 5435E-01 -.7460
12.00 1.734 1.798 - . 6420E-01 1.000 . 5898E-01 -.7938

CORRECTED SUM OF SQUARED OBSERVATIONS = 18.4629
WEIGHTED CORRECTED SUM OF SQUARED OBSERVATIONS = 18.4629
SUM OF SQUARED RESIDUALS = .801569E-01
SUM OF WEIGHTED SQUARED RESIDUALS = .801569E-01
ร = .100098 WITH 8 DEGREES OF FREEDOM
CORRELATION (Y.YHAT) = .998

PCNONLIN NONLINEAR ESTIMATION PROGRAM 

SUMMARY OF ESTIMATED SECONDARY PARAMETERS

PARAMETER

AUC
K01-HL
K10-HL
TMAX
CMAX

ESTIMATE

56.187193 
. 3 5 1 8 7 2  

l ' .  567542 
1.633591 
4.431239

STANDARD
ERROR

1.790644
.021535
.345401
.061941
.049672

Figure 18. The output of f i t t i n g  data to PCNONLIN nonlinear

estim ation program (cont. )
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PCNONLIN NONLINEAR ESTIMATION PROGRAM 

FUNCTION 1
PLOT OF X VS. OBSERVED Y AND CALCULATED Y

***  ARE CALCULATED POINTS, 000 ARE OBSERVED POINTS

6.000
5.500
5.000
4.500
4.000
3.500
3.000
2.500
2.000
1.500 
1.000 
.5000 
.0000

-.5000
-1 .00 0
-1.500

I .000*0*
* *0**

0* **0*
* **$0*
*
*

**0 ** 
**0

-6.00 -1.00 4.00 9.00 14.0 19.0
X

FUNCTION 1
PLOT OF OBSERVED Y vs. WEIGHTED CALCULATED Y

WEIGHTED CALCULATED Y
6.000 I
5.500 I
5.000 I
4.500 I
4.000 I
3.500 I
3.000 I
2.500 I
2.000 I
1.500 I
1.000 I
.5000 I
.0000 I

-.5000 I
-1.000 I
-1.500 I

*

+
- .2 0 0 .800

*
*

*

* **

1.80 2.80 3.80 4.80
OBSERVED Y

F ig u re  18. The o u tp u t o f f i t t i n g  d a ta  to  PCNONLIN n o n lin e a r
e s t im a tio n  program ( c o n t . )
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PCNONLIN NONLINEAR ESTIMATION PROGRAM
FUNCTION 1
PLOT OF WEIGHTED CALCULATED Y vs. WEIGHTED RESIDUAL

WEIGHTED RESIDUAL
.3500 I
.3000 I
.2500 I
.2000 I
.1500 I
.1000 I
. 5000E-01 I
.0000 I

- . 5000E-01 I
- . 1000E+00 I
-.1500 I
-.2000 I
-.2500 I
-.3000 I
-.3500 I
-.4000 I

* *
*
* *

* -------------------------------------------------------------------------------------------*—

ะ * : *  *

*

-2.60 —T600 1.40 3.40 "  5.40 7.40
WEIGHTED CALCULATED Y

FUNCTION 1
PLOT OF X VS. WEIGHTED RESIDUAL Y

WEIGHTED RESIDUAL
.8000 I
.7000 I
.6000 I
.5000 I
.4000 I
.3000 I
.2000 I
.1000 I
.0000 I

-.1000 I
-.2000 I
-.3000 I
-.4000 I
-.5000 I
-.6000 I
-.7000 I

+
-6 .0 0

*
* * *

ะ*:-**---------------
*

-1.00 4.00
X

*
*

9.00

*

14.0 19.0

F ig ure  18. The o u tp u t o f f i t t i n g  d a ta  to  PCNONLIN n o n lin e a r
e s t im a tio n  program ( c o n t . )



APPENDIX F

Student’ t-Tes t Using the S ta t is t ic a l Package SPSS/PC

t- te s t  groups=groups(l,2)/variables= ka

SPSS/PC+

Independent samples of GROUPS

Group 1: NONSMOKING MALES Group 2: NONSMOKING FEMALES

t- te s t  fo r : Ka

Number 
o f Cases Mean

Standard
Deviation

Standard
Error

Group 1 10 4.5496 4.902 1.550
Group 2 10 4.9689 5.881 1.860

3
q

Pooled Variance Estimate 3
q

Separate Variance Estimate

F 2 -T a il
o
3 t Degrees o f 2 -T a il

o
3 t Degrees o f 2 -T a il

Value Prob. 3
q

Value Freedom Prob. 3
q

Value Freedom Prob.

1.44 .596
ช
3 -.17 18 .864

o
3 -.17 17.43 .865

Figure 19. The output o f student’ t - te s t  using the s ta t is t ic a l

package SPSS/PC
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t - t e s t  g ro u p s = g ro u p s ( l ,2 ) /v a r ia b le s =  T(1
SPSS/PC+

Independent samples of 1GROUPS

Group 1: NONSMOKING MALES Group 2: NONSMOKING FEMALES

t - te s t  fo r: Tmax

Number Standard Standard
o f Cases Mean Deviation Error

Group 1 10 1.2601 .534 .169
Group 2 10 1.4157 .775 .245

3 Pooled Variance Estimate 3 Separate Variance Estimate
3 3

F 2-T a il 3 t Degrees of 2 -T a il 3 t  Degrees of 2 -T a il
Value Prob. 3 Value Freedom Prob. 3 Value Freedom Prob.

3 3
2.10 .283 3 -.52 18 .608 3 -.52 15.98 .608

t - te s t  groups=groups(1 ,2 )/va riab les = ^max

SPSS/PC+

Independent samples o f GROUPS

Group 1: NONSMOKING MALES Group 2: NONSMOKING FEMALES

t - te s t  fo r: c■ax

Number Standard Standard
of Cases Mean Deviation Error

Group 1 10 4.5270 .411 .130
Group 2 10 5.6697 .663 .210

3 Pooled Variance Estimate 3 Separate Variance Estimate
3 3

F 2 -T a il 3 t Degrees of 2 -T a il 3 t  Degrees of 2 -T a il
Value Prob. 3 Value Freedom Prob. 3 Value Freedom Prob.

3 3
2.60 .170 3 -4.63 18 .000 3 -4.63 15.02 .000

Figure 19. The output o f student’ t - te s t  using the 

s ta t is t ic a l package SPSS/PC (c o n t.)
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t - te s t  groups=groups(1 ,2 )/va riab les :ะ AUC

SPSS/PC+

Independent samples of GROUPS

Group 1: NONSMOKING MALES Group 2: NONSMOKING FEMALES

t- te s t  fo r : AUC

Number Standard Standard
o f Cases Mean Deviation Error

Group 1 10 64.6257 9.997 3.161
Group 2 10 80.9391 9.349 2.956

3 Pooled Variance Estimate 3 Separate Variance Estimate
3 3

F 2 -T a il 3 t Degrees of 2 -T a il 3 t  Degrees of 2 -T a il
Value Prob. 3 Value Freedom Prob. 3 Value Freedom Prob.

3 3
1.14 .845 3 -3.77 18 .001 3 -3.77 17.92 .001

t - te s t  groups=groups(1 ,2 )/variables=: vd

SPSS/PC+

Independent samples o f GROUPS

Group 1: NONSMOKING MALES Group 2: NONSMOKING FEMALES

t- te s t  fo r : Vd

Number Standard Standard
o f Cases Mean Deviation Error

Group 1 10 .4842 .048 .015
Group 2 10 .3799 .034 .011

3 Pooled Variance Estimate 3 Separate Variance Estimate
3 3

F 2 -T a il 3 t Degrees of 2 -T a il 3 t  Degrees of 2 -T a il
Value Prob. 3 Value Freedom Prob. 3 Value Freedom Prob.

3 3
2.08 .290 3 5.60 18 .000 3 5.60 16.03 .000

Figure 19. The output o f student’ t - te s t  using the

s t a t i s t i c a l  package SPSS/PC ( c o n t . )
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t - t e s t  g ro u p s= g ro u p s(1 ,2 ) /v a r ia b le s =  K
SPSS/PC+

Independent samples o f GROUPS

Group 1: NONSMOKING MALES Group 2: NONSMOKING FEMALES

t- te s t  fo r: K

Number Standard Standard
of Cases Mean Deviation Error

Group 1 10 .0787 .012 .004
Group 2 10 .0790 .010 .003

3 Pooled Variance Estimate 3 Separate Variance Estimate
3 3

F 2 -T a il 3 t Degrees o f 2 -T a il 3 t  Degrees of 2 -T a il
Value Prob. 3 Value Freedom Prob. 3 Value Freedom Prob.

3 3
1.63 .478 3 -.07 18 .949 3 -.07 17.02 .949

t - te s t  groups=groups(1 , 2)/variab les:= Cl

SPSS/PC+

Independent samples o f GROUPS

Group 1: NONSMOKING MALES Group 2: NONSMOKING FEMALES

t- te s t  fo r : Cl

Number Standard Standard
of Cases Mean Deviation Error

Group 1 10 .0380 .006 .002
Group 2 10 .0299 .004 .001

3 Pooled Variance Estimate 3 Separate Variance Estimate
3 3

F 2 -T a il 3 t Degrees of 2 -T a il 3 t  Degrees of 2 -T a il
Value Prob. 3 Value Freedom Prob. 3 Value Freedom Prob.

3 3
2.51 .187 3 3.64 18 .002 3 3.64 15.19 .002

Figure 19. The output of student’ t - te s t  using the

s t a t i s t i c a l  package SPSS/PC (c o n t. )
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t - t e s t  g ro u p s = g ro u p s ( l ,3 ) /v a r ia b le s =  ka
SPSS/PC+

Independent samples o f GROUPS

Group 1: NONSMOKING MALES Group 2: SMOKING MALES

t- te s t  fo r: Ka

Number Standard Standard
of Cases Mean Deviation Error

Group 1 10 4.5496 4.902 1.550
Group 2 10 5.7323 5.550 1.755

3 Pooled Variance Estimate 3 Separate Variance Estimate
3 3

F 2 -T a il 3 t  Degrees of 2 -T a il 3 t  Degrees of 2 -T a il
Value Prob. 3 Value Freedom Prob. 3 Value Freedom Prob.

3 3
1.28 .718 3 -.51 18 .620 3 -.51 17.73 .620

t - te s t  groups=groups(1 ,3 )/variab les: Tmax

SPSS/PC+

Independent samples o f GROUPS

Group 1: NONSMOKING MALES Group 2: SMOKING MALES

t- te s t  fo r : TBax

Number Standard Standard
of Cases Mean Deviation Error

Group 1 10 1.2601 .534 .169
Group 2 10 1.0086 .414 .131

3 Pooled Variance Estimate 3 Separate Variance Estimate
3 3

F 2 -T a il 3 t  Degrees of 2 -T a il 3 t  Degrees of 2 -T a il
Value Prob. 3 Value Freedom Prob. 3 Value Freedom Prob.

3 3
1.67 .459 3 1.18 18 .255 3 1.18 16.94 .256

Figure 19. The output o f student’ t - te s t  using the

s t a t i s t i c a l  package SPSS/PC (c o n t. )
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t - te s t  groups= groups(1 ,3 )/variab les: c«ax
SPSS/PC+

Independent samples o f GROUPS

Group 1: NONSMOKING MALES Group 2: SMOKING MALES

t- te s t  fo r : cmax
Number Standard Standard

o f Cases Mean Deviation Error

Group 1 10 4.5270 .411 .130
Group 2 10 4.8705 .720 .228

3 Pooled Variance Estimate 3 Separate Variance Estimate
3 3

F 2 -T a il 3 t  Degrees of 2 -T a il 3 t  Degrees of 2 -T a il
Value Prob. 3 Value Freedom Prob. 3 Value Freedom Prob.

3 3
3.07 .110 3 -1.31 18 .206 3 -1.31 14.30 .211

t - te s t  groups=groups(1 ,3 )/variables=ะ AUC

SPSS/PC+

Independent samples o f GROUPS

Group 1: NONSMOKING MALES Group 2: SMOKING MALES

t - te s t  fo r : AUC

Number Standard Standard
of Cases Mean Deviation Error

Group 1 10 64.6257 9.997 3.161
Group 2 10 55.1169 15.477 4.894

3 Pooled Variance Estimate 3 Separate Variance Estimate
3 3

F 2 -T a il 3 t  Degrees of 2 -T a il 3 t  Degrees of 2 -T a il
Value Prob. 3 Value Freedom Prob. 3 Value Freedom Prob.

3 3
2.40 .209 3 1.63 18 .120 3 1.63 15.40 .123

Figure 19. The output o f student’ t - te s t  using the

s t a t i s t i c a l  package SPSS/PC (c o n t .)
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t - te s t  fo r : Vçj

Number 
o f Cases Mean

Standard
Deviation

Standard
Error

Group 1 10 .4842 .048 .015
Group 2 10 .4574 .074 .023

3
o

Pooled Variance Estimate 3
o

Separate Variance Estimate

F 2 -T a il
o
3 t Degrees of 2 -T a il

«J
3 t Degrees of 2 -T a il

Value Prob. 3
o

Value Freedom Prob. 3
o

Value Freedom Prob.

2.33 .224
Ü
3 .96 18 .349

o
3 .96 15.52 .351

t - te s t  groups=groups(l,3)/variables= K

SPSS/PC+

Independent samples of GROUPS

Group 1: NONSMOKING MALES Group 2: SMOKING MALES

- te s t  fo r : K

Number 
o f Cases Mean

Standard
Deviation

Standard
Error

Group 1 10 .0787 .012 .004
Group 2 10 .1020 .021 .007

3
ว

Pooled Variance Estimate 3
o

Separate Variance Estimate

F 2-T a il 3 t Degrees o f 2 -T a il
u
3 t Degrees of 2 -T a il

Value Prob. 3 Value Freedom Prob. 3 Value Freedom Prob.
3 3

2.91 . 128 3 -3.06 18 .007 3 -3.06 14.53 .008

Figure 19. The output o f student’ t - te s t  using the

s t a t i s t i c a l  package SPSS/PC ( c o n t . )
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t - t e s t  g ro u p s = g ro u p s (1 , 3 ) / v a r i a b l e s =  Cl
SPSS/PC+

Independent  samples of  1jROUPS
Group 1: NONSMOKING MALES Group 2: SMOKING MALES

t - t e s t  f o r :  Cl
Number Standard S tanda rd

of  Cases Mean Dev i a t i on E r r o r
Group 1 10 .0380 .006 .002
Group 2 10 .0470 .013 .004

3 Pooled Var iance  Es t i ma t e  3 S ep a r a t e  Var iance Es t i ma te
3 3

F 2 - T a i l 3 t Degrees of 2 - T a i l  3 t  Degrees of 2 - T a i l
Value Prob. 3 Value Freedom Prob.  3 Value Freedom Prob.

3 3
5.22 .022 3 -1 . 93 18 .070 3 - 1 . 9 3  12.33 .077

t - t e s t  g roups=groups (1 , 4 ) / v a r i ab l e s== ka
SPSS/PC+

Independent  samples o f  GROUPS
Group 1: NONSMOKING MALES Group 2: CHILDREN •

t - t e s t  f o r :  Ka
Number S tandard Standard

of  Cases Mean Dev i a t i on Er r o r
Group 1 10 4.5496 4.902 1.550
Group 2 10 4.6268 5.734 1.813

3 Pooled Var iance  Es t i ma t e  3 S ep a r a t e  Var iance Es t i ma t e
3 3

F 2 - T a i l 3 t Degrees of 2 - T a i l  3 t  Degrees of 2 - T a i l
Value Prob. 3 Value Freedom Prob.  3 Value Freedom Prob.

3 3
1.37 .648 3 - . 0 3 18 . 975 3 - . 0 3  17.58 .975

Figure  19. The o u t pu t  o f  s t u d e n t ’ t - t e s t  u s i ng  t he
s t a t i s t i c a l  p ack ag e  SPSS/PC ( c o n t . )
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t - t e s t  g ro u p s = g ro u p s (1 , 4 ) / v a r i a b l e s =  T
SPSS/PC+

Independent samples of GROUPS
Group 1: NONSMOKING MALES Group 2: CHILDREN

t - t e s t  fo r : T■ ax
Number Standard Standard

of  Cases Mean Dev i a t i on E r r o r
Group 1 10 1.2601 .534 .169
Group 2 10 1.3617 .685 .217

3 Pooled Var iance  Es t i ma t e  3 Sep a r a t e  Var iance Es t i ma t e
3 3

F 2 - T a i l 3 t Degrees of 2 - T a i l  3 t  Degrees of 2 - T a i l
Value Prob. 3 Value Freedom Prob.  3 Value Freedom Prob.

3 3
1.64 .471 3 - . 3 7 18 .716 3 - . 3 7  16.99 .716

t - t e s t  groups= g r o u p s ( 1 14 ) / v a r i ab l e s== cmax
SPSS/PC+

Independent samples o f  GROUPS
Group 1 ะ NONSMOKING MALES Group 2 ะ CHILDREN

t - t e s t  fo r : c ■ ax
Number Standard Standard

of  Cases Mean Devi a t i on E r r o r
Group 1 10 4.5270 .411 .130
Group 2 10 5.0259 .896 .283

3 Pooled Var iance Es t i ma te  3 Sep a r a t e  Var iance Es t i ma t e
3 3

F 2 - T a i l 3 t Degrees of 2 - T a i l  3 t  Degrees of 2 - T a i l
Value Prob. 3 Value Freedom Prob.  3 Value Freedom Prob.

3 3
4.75 .030 3 - 1 . 60 18 .127 3 - 1 . 60  12.63 .134

F ig u re  19. The o u tp u t  o f  s t u d e n t ’ t - t e s t  u s in g  th e
s t a t i s t i c a l  p ack ag e  SPSS/PC ( c o n t . )
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t - t e s t  g ro u p s = g ro u p s (1 , 4 ) / v a r i a b l e s =  AUC
SPSS/PC+

Independent samples o f  1GROUPS
Group 1: NONSMOKING MALES Group 2: CHILDREN

t - t e s t  fo r : AUC
Number Standa rd Standard

o f  Cases Mean Dev i a t i on Er r o r
Group 1 10 64.6257 9.997 3.161
Group 2 10 47.2975 13.994 4.425

3 Pooled Var iance Es t ima t e  3 Sep a r a t e  Var iance Es t i ma te
3 3

F 2 - Ta i l 3 t Degrees of 2 - T a i l  3 t  Degrees  of 2 - T a i l
Value Prob. 3 Value Freedom Prob.  3 Value Freedom Prob.

3 3
1.96 .331 3 3.19 18 .005 3 3.19 16.29 .006

t - t e s t  g roups=groups (1 , 4 ) / va r i ab l e s=ะ vd
SPSS/PC+

Independent  samples o f  GROUPS
Group 1: NONSMOKING MALES Group 2: CHILDREN

t - t e s t  fo r : vd
Number Standard Standard

of  Cases Mean Dev i a t i on Er r o r
Group 1 10 .4842 .048 .015
Group 2 10 .4171 .057 .018

3 Pooled Var iance Es t i ma t e  3 Sep a r a t e  Var iance Es t i ma te
3 3

F 2 - Ta i l 3 t Degrees of 2 - T a i l  3 t  Degrees of 2 - T a i l
Value Prob. 3 Value Freedom Prob.  3 Value Freedom Prob.

3 3
1.39 .630 3 2.83 18 .011 3 2.83 17.53 .011

Figure  19. The o u t pu t  of  s t u d e n t ’ t - t e s t  u s i ng  t he
s t a t i s t i c a l  p ack ag e  SPSS/PC ( c o n t . )
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t - t e s t  g ro u p s = g ro u p s (1 ,4 ) / v a r i a b l e s =  K
SPSS/PC+

Independent  samples o f GROUPS
Group 1: NONSMOKING MALES Group 2: CHILDREN

t - t e s t  f o r :  K
Number Standard Standard

o f  Cases Mean Dev i a t i on Er r o r
Group 1 10 .0787 .012 .004
Group 2 10 .1327 .034 .011

3 Pooled Var iance  Es t i ma t e  3 S ep a r a t e  Var iance Es t i ma te
3 3

F 2 - T a i l 3 t Degrees o f 2 - T a i l  3 t  Degrees of 2 - T a i l
Value Prob. 3 Value Freedom Prob.  3 Value Freedom Prob.

3 3
7.61 .006 3 -4 . 78 18 .000 3 - 4 . 78  11.33 .001

t - t e s t  g roups=groups (1 , 4 ) / v a r i a b l e s : ะ Cl
SPSS/PC+

Independent  samples  o f  GROUPS
Group 1: NONSMOKING MALES Group 2: CHILDREN

t - t e s t  f o r :  Cl
Number Standard Standard

of  Cases Mean Dev i a t i on Er r o r
Group 1 10 .0380 .006 .002
Group 2 10 .0556 .017 .005

3 Pooled Var iance  Es t i ma t e  3 S ep a r a t e  Var iance Es t i ma te
3 3

F 2 - T a i l 3 t Degrees of 2 - T a i l  3 t  Degrees of 2 - T a i l
Value Prob. 3 Value Freedom Prob.  3 Value Freedom Prob.

3 3
8.28 .004 3 - 3 . 09 18 .006 3 - 3 . 0 9  11.14 .010

F ig u re  19. The o u tp u t  o f  s t u d e n t ’ t - t e s t  u s in g  th e
s t a t i s t i c a l  p ack ag e  SPSS/PC ( c o n t . )
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