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ABSTRACT 

The a n g i o t e n s i n c o n v e r t i n g enzyme i n h i b i t o r , c a p t o p r i l has been 
e x t e n s i v e l y u s e d i n t h e t r e a t m e n t o f m i l d t o m o d e r a t e h y p e r t e n s i o n and 
c o n g e s t i v e h e a r t f a i l u r e . A l t h o u g h t h e haemodynamic c h a n g e s a s s o c i a t e d w i t h 
a c u t e a n d / o r c h r o n i c c a p t o p r i l t h e r a p y have been e x t e n s i v e l y s t u d i e d , t h e r e 
i s c o n f l i c t i n g i n f o r m a t i o n o f i t s i n f l u e n c e on h e p a t i c b l o o d f l o w (QH). 
M o s t o f t h e human s t u d i e s have been i n v e s t i g a t e d t h e i n f l u e n c e o f c a p t o p r i l 
on a f t e r s i n g l e - d o s e a d m i n i s t r a t i o n and v e r y f e w d a t a a r e a v a i l a b l e on 
i t s e f f e c t s a f t e r c h r o n i c t h e r a p y . The most f r e q u e n t l y u s e d method t o 
e s t i m a t e i s b a s e d on t h e h e p a t i c c l e a r a n c e o f i n d o c y a n i n e g r e e n ( I C G ) 
f r o m t h e b l o o d . 

T h i s t h e s i s r e p o r t s i ) t h e e f f e c t s o f s i n g l e - d o s e (100 mg) and two-weeks 
(1 0 0 mg/day) c a p t o p r i l t r e a t m e n t on QH, a s s e s s e d by ICG c l e a r a n c e , i n s i x 
m i l d t o m o d e r a t e h y p e r t e n s i v e m a l e s u b j e c t s , i i ) t h e c h a n g e s i n t h e a r e a 
u n d e r t h e serum c o n c e n t r a t i o n - t i m e c u r v e (AUC) and p l a s m a c l e a r a n c e ( C l p I C G ) 
o f ICG, i i i ) t h e c h a n g e s i n b l o o d p r e s s u r e , h e a r t r a t e and s p l a n c h n i c 
v a s c u l a r r e s i s t a n c e (SVR) b e f o r e and a f t e r a c u t e and s h o r t - t e r m c a p t o p r i l 
t h e r a p y , i v ) t h e e f f e c t s o f p o s t u r a l c h a n g e f r o m s i t t i n g t o u p r i g h t on 
ClpICG and Q H b l o o d p r e s s u r e , h e a r t r a t e and SVR b e f o r e and a f t e r two-weeks 
c a p t o p r i l t h e r a p y , v) t h e e f f e c t s o f a c u t e and two-weeks c a p t o p r i l t r e a t m e n t 
on some i m p o r t a n t 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 u n c h a n g e d c a p t o p r i l . T h e r e 
w e r e two s t u d y d a y s two-weeks a p a r t ( d a y 1 and d a y 1 4 ) . was e s t i m a t e d a t 
b a s e l i n e s e a t e d , u p r i g h t , r e s e a t e d and 1 h o u r a f t e r c a p t o p r i l d o s i n g on t h e 
f i r s t s t u d y d a y . The same p r o c e d u r e s were r e p e a t e d i n t h e same p a t i e n t s 
f o l l o w i n g 14 d a y s c a p t o p r i l t h e r a p y . The serum c o n c e n t r a t i o n o f ICG was 
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d e t e r m i n e d by s p e c t r o p h o t o m e t r i c a n a l y s i s f o l l o w i n g i n t r a v e n o u s ICG d o s e o f 
0.45 mg/kg. 

T h e r e was a s l i g h t ~ 5% and ~ 6% d e c r e a s e , b u t , no s i g n i f i c a n t c h a n g e i n 
C l p I C G and Q^, r e s p e c t i v e l y , w h e t h e r e x p r e s s e d i n a b s o l u t e t e r m s o r p e r u n i t 
body w e i g h t o r body s u r f a c e a r e a , f o l l o w i n g t h e i n i t i a l and t e r m i n a l d o s e s 
o f c a p t o p r i l . A s i g n i f i c a n t 2 5 % - 2 9 % (p = 0.04) i n c r e a s e i n ICG p l a s m a 
c l e a r a n c e a f t e r two-weeks c a p t o p r i l t r e a t m e n t was o b s e r v e d i n a l l o f t h e 
f o u r s t u d y p h a s e s ( s e a t e d , u p r i g h t , r e s e a t e d and p o s t - c a p t o p r i l ) as c ompared 
t o c o n t r o l v a l u e s . L i v e r b l o o d f l o w i n c r e a s e d s u b s t a n t i a l l y , i n t h e f o u r 
s t u d y p h a s e s , i n t h e r a n g e f r o m 2 1 % t o 2 5 % (p = 0.06) a f t e r 14 d a y s 
t r e a t m e n t w i t h c a p t o p r i l . 

S y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s were r e d u c e d s i g n i f i c a n t l y a f t e r 
t h e i n i t i a l d o s e o f c a p t o p r i l f r o m 160.5 ± 5.3 and 103.3 ± 1 mm Hg t o 132.4 
± 9.3 mm Hg (p < 0.005) and 86.6 ± 6.3 mm Hg ( p < 0 . 0 5 ) , r e s p e c t i v e l y , w i t h 
p e a k r e d u c t i o n 3 h o u r s a f t e r c a p t o p r i l d o s i n g . T r e a t e d b a s e l i n e s y s t o l i c 
and d i a s t o l i c b l o o d p r e s s u r e s on d a y 14 were « 15 and ~ 11 mm Hg l o w e r t h a n 
t h e p r e t r e a t m e n t v a l u e s (p < 0.005 and p < 0.05, r e s p e c t i v e l y ) . The 
r e d u c t i o n i n b l o o d p r e s s u r e a f t e r two-weeks c a p t o p r i l t r e a t m e n t was 
s u s t a i n e d f o r 20 h o u r s p o s t - d o s e . The a b s o l u t e d e c r e a s e i n s y s t o l i c and 
d i a s t o l i c b l o o d p r e s s u r e s , 3 h o u r s a f t e r t h e t e r m i n a l c a p t o p r i l d o s e , was 
31.7 ± 6.6 mm Hg ( 1 9 . 7 % ) and 20.4 ± 8.0 mm Hg ( 1 9 . 8 % ) , r e s p e c t i v e l y (p < 
0 . 0 0 5 ) , as c o m p a r e d t o p r e t r e a t m e n t v a l u e s . 

H e a r t r a t e r e m a i n e d u n a l t e r e d a f t e r t h e a c u t e d o s e s o f c a p t o p r i l and 
d e c r e a s e d s l i g h t l y = 3 b e a t s / min a f t e r two-weeks c a p t o p r i l t h e r a p y . 

D e s p i t e t h e s i g n i f i c a n t r e d u c t i o n i n s y s t o l i c and d i a s t o l i c b l o o d 
p r e s s u r e s , SVR was u n a f f e c t e d by t h e a c u t e d o s e s o f c a p t o p r i l . In c o n t r a s t , 
a f t e r t wo-weeks c a p t o p r i l t h e r a p y SVR d e c r e a s e d as an a v e r a g e by 19% ± 3% (p 
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= 0 . 1 2 5 ) . 
P o s t u r a l c h a n g e f r o m s i t t i n g t o u p r i g h t s i g n i f i c a n t l y d e c r e a s e d C l p I C G 

by ~ 2 5 % (p = 0.005) and 2 7 % (p = 0.001) on d a y 1 and 14, r e s p e c t i v e l y . 
S i m i l a r l y , s i g n i f i c a n t l y d e c r e a s e d by ~ 2 3 % (p = 0.008) and = 2 5 % (p = 
0.003) d u r i n g u p r i g h t p o s t u r e b e f o r e and a f t e r two-weeks c a p t o p r i l t h e r a p y , 
r e s p e c t i v e l y . T h e r e was a s l i g h t i n c r e a s e i n d i a s t o l i c b l o o d p r e s s u r e (= 5-
7 mm Hg) i n u p r i g h t p o s i t i o n on b o t h s t u d y d a y s . A s i g n i f i c a n t i n c r e a s e i n 
h e a r t r a t e o f 4 and 6 b e a t s / m i n (p < 0.025) was o b s e r v e d on s t a n d i n g b e f o r e 
and a f t e r c a p t o p r i l . The SVR i n c r e a s e d i n u p r i g h t p o s i t i o n by 3 1 . 0 % (p < 
0.05) and 3 3 . 3 % ( n o n - s i g n i f i c a n t ) , b e f o r e and a f t e r two-weeks c a p t o p r i l 
t r e a t m e n t , r e s p e c t i v e l y , as c ompared t o s e a t e d v a l u e s . 

I n a g r e e m e n t w i t h p r e v i o u s s t u d i e s , t h e s erum c o n c e n t r a t i o n o f u n c h a n g e d 
c a p t o p r i l i n c r e a s e d r a p i d l y a f t e r c a p t o p r i l a d m i n i s t r a t i o n . Peak serum 
c o n c e n t r a t i o n (Cmax) u n c h a n g e d c a p t o p r i l was 697.2 ± 192.8 ng/ml (mean ± 
SEM) and t h e t i m e r e q u i r e d t o r e a c h Cmax (tmax^ ~ 76 m i n u t e s a f t e r a 
s i n g l e c a p t o p r i l d o s e . The Cmax a f t e r t h e t e r m i n a l d o s e o f two-weeks 
c a p t o p r i l t r e a t m e n t was 870.5 ± 85.9 ng/ml w h i c h i s ~ 2 5 % ( n o n - s i g n i f i c a n t ) 
l a r g e r t h a n t h a t a f t e r t h e i n i t i a l d o s e and was r e a c h e d ~ 52 m i n u t e s 
f o l l o w i n g d r u g a d m i n i s t r a t i o n . 

I n c o n c l u s i o n , d e s p i t e t h e f a c t t h a t c a p t o p r i l has no a p p a r e n t a c u t e 
e f f e c t on as m e a s u r e d I h o u r p o s t - d o s e , t h e r e i s a s u b s t a n t i a l c h r o n i c 
i n c r e a s e i n on c o n t i n u e d c a p t o p r i l a d m i n i s t r a t i o n i n p a t i e n t s w i t h 
m i l d / m o d e r a t e h y p e r t e n s i o n . A c u t e and s h o r t - t e r m a d m i n i s t r a t i o n o f 
c a p t o p r i l d o e s n o t i n t e r f e r e w i t h t h e h o m e o s t a t i c r e s p o n s e s t o p o s t u r a l 
c h a n g e . The d e c r e a s e i n SVR on c o n t i n u e d t h e r a p y may s u g g e s t an i m p o r t a n t 
a n t i h y p e r t e n s i v e m e c h a n i s m o f c a p t o p r i l . The c a p t o p r i l i n d u c e d i n c r e a s e i n 

a f t e r p r o l o n g e d t h e r a p y s h o u l d be c o n s i d e r e d when c a p t o p r i l i s 



c o a d m i n i s t e r e d w i t h h i g h - c l e a r a n c e d r u g s , 
h e n c e , t h e r a p e u t i c e f f e c t may be a l t e r e d . 

b e c a u s e s y s t e m i c a v a i l a b i l i t y . 
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1. INTRODUCTION 

1.1. G e n e r a l B a c k g r o u n d 

H y p e r t e n s i o n i s a m a j o r r i s k f a c t o r i n t h e d e v e l o p m e n t o f c a r d i o v a s c u l a r 
d i s e a s e s s u c h a s c o r o n a r y a r t e r y d i s e a s e , c e r e b r o v a s c u l a r d i s o r d e r and r e n a l 
d i s e a s e ( D z a u , 1 9 8 9 ) . H y p e r t e n s i o n i s g e n e r a l l y d e f i n e d as s y s t o l i c and 
d i a s t o l i c b l o o d p r e s s u r e s p e r s i s t e n t l y e x c e e d i n g 160 and 95 mm Hg, 
r e s p e c t i v e l y ( S h e p h e r d and V a n h o u t t e , 1 9 8 0 ) . P r i m a r y o r e s s e n t i a l 
h y p e r t e n s i o n , i s t h e most common f o r m o f s y s t e m i c h y p e r t e n s i o n . A l t h o u g h 
i t s c a u s e i s unknown, t h e e l e v a t e d b l o o d p r e s s u r e i s g e n e r a l l y assumed t o be 
c a u s e d by an i n c r e a s e i n p e r i p h e r a l r e s i s t a n c e t o b l o o d f l o w ( W a l t e r , 1 9 8 2 ) . 
The l i n e a r r e l a t i o n s h i p b e t w e e n e l e v a t e d b l o o d p r e s s u r e and d e v e l o p m e n t o f 
c a r d i o v a s c u l a r d i s o r d e r s b e g i n s a t t h e l e v e l c l a s s i f i e d as m i l d h y p e r t e n s i o n 
( d i a s t o l i c p r e s s u r e 90-104 mm Hg) (McMahon, 1 9 8 4 ) . A n g i o t e n s i n - c o n v e r t i n g 
enzyme (ACE) i n h i b i t o r s r e p r e s e n t a r e l a t i v e l y new t y p e o f a n t i h y p e r t e n s i v e 
d r u g s w h i c h h a v e been recommended as f i r s t - l i n e d r u g s i n t h e U n i t e d S t a t e s 
( D z a u , 1 9 8 9 ) . A l t h o u g h , ACE i n h i b i t o r s a r e w i d e l y u s e d i n E u r o p e t h e i r 
a c c e p t a n c e a s f i r s t - l i n e d r u g s has n o t been u n i f o r m ( Z a n n a d and 
G i l g e n k r a n t z , 1 9 8 9 ) . 

1.2. R e n i n - A n g i o t e n s i n S y s t e m 

The r e n i n - a n g i o t e n s i n s y s t e m (RAS) p l a y s an i m p o r t a n t r o l e i n t h e 
m a i n t e n a n c e o f c a r d i o v a s c u l a r h o m e o s t a s i s i n b o t h , h e a l t h y and h y p e r t e n s i v e 
s u b j e c t s ( B r o g d e n et al., 1 9 8 8 ) . The s c h e m a t i c r e p r e s e n t a t i o n o f t h e RAS i s 



shown on F i g u r e 1. A c c o r d i n g t o t h e c l a s s i c a l c o n c e p t , t h e enzyme r e n i n i s 
r e l e a s e d f r o m t h e k i d n e y c i r c u l a t e s i n t h e p l a s m a where i t c o n v e r t s 
a n g i o t e n s i n o g e n ( p r o d u c e d i n t h e l i v e r ) t o t h e i n a c t i v e d e c a p e p t i d e 
a n g i o t e n s i n I ( D z a u , 1 9 8 8 ) . S u b s e q u e n t l y , ACE c l e a v e s a n g i o t e n s i n I t o f o r m 
t h e o c t a p e p t i d e a n g i o t e n s i n I I , a p o t e n t v a s o c o n s t r i c t o r , w h i c h i s t h e m a i n 
a c t i v e compound i n t h e s y s t e m . A n g i o t e n s i n I I i s t r a n s p o r t e d by a r t e r i a l 
b l o o d t o p e r i p h e r a l t i s s u e s ( b l o o d v e s s e l , k i d n e y , h e a r t , b r a i n e t c . ) and 
e x e r t s i t s a c t i o n on a n g i o t e n s i n I I r e c e p t o r s ( C a m p b e l l , 1 9 8 7 ) . R e c e n t l y , 
t h i s c l a s s i c a l c o n c e p t o f t h e c i r c u l a t i n g RAS has been r e v i s e d b a s e d on 
e v i d e n c e w h i c h s u g g e s t t h a t a n g i o t e n s i n I I i s p r o d u c e d m a i n l y i n t i s s u e s by 
t h e a c t i o n o f l o c a l ACE t o c o n v e r t t h e l o c a l l y p r o d u c e d a n g i o t e n s i n I t o 
a n g i o t e n s i n I I ( C a m p b e l l , 1 9 8 7 ) . T h e r e f o r e , t h e RAS c a n n o t be c o n s i d e r e d 
s i m p l y as a c i r c u l a t i n g e n d o c r i n e hormone s y s t e m , b u t a l s o as a t i s s u e 
g e n e r a t e d r e g u l a t o r o f v a s c u l a r r e s i s t a n c e and t i s s u e f u n c t i o n ( D z a u , 1 9 8 8 ) . 
T h e s e l o c a l RASs may f u n c t i o n , p a r t l y o r c o m p l e t e l y , i n d e p e n d e n t l y o f t h e 
c i r c u l a t i n g RAS ( C a m p b e l l , 1 9 8 7 ) . The e x i s t a n c e o f l o c a l l y p r o d u c e d 
a n g i o t e n s i n has been d e m o n s t r a t e d i n a number o f t i s s u e s w h i c h a r e i n v o l v e d 
i n t h e r e g u l a t i o n o f c a r d i o v a s c u l a r h o m e o s t a s i s s u c h as t h e b l o o d v e s s e l 
w a l l , k i d n e y , h e a r t , b r a i n , a d r e n a l g l a n d s and i n t e s t i n e ( U n g e r et al., 

1989; D z a u et al., 1 9 8 8 ) . M o s t r e c e n t l y , t h e c o n t r i b u t i o n o f p e r i p h e r a l and 
s p l a n c h n i c v a s c u l a r t i s s u e s t o t h e s y s t e m i c a n g i o t e n s i n I I d i s p o s i t i o n and 
t h e r e g u l a t o r y f u n c t i o n o f t h e s p l a n c h n i c v a s c u l a r bed has been d e m o n s t r a t e d 
i n humans ( G a s i c et al., 1 9 9 1 ) . 

The v a s o c o n s t r i c t o r e f f e c t s o f a n g i o t e n s i n I I a r e p r i m a r i l y e x h i b i t e d on 
t h e s m o oth m u s c l e o f a r t e r i o l e s , h e n c e , l e a d s t o an i n c r e a s e i n s y s t e m i c 
v a s c u l a r r e s i s t a n c e . A n g i o t e n s i n I I a l s o s t i m u l a t e s t h e s e c r e t i o n o f 
a l d o s t e r o n e by t h e a d r e n a l c o r t e x , w h i c h f a c i l i t a t e s s o d i u m and w a t e r 
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F i g u r e 1. S i t e s o f a c t i o n o f c a p t o p r i l ( m o d i f i e d f r o m B e n o w i t z and B o u r n e , 1 9 8 9 ) . 



r e t e n t i o n and p o t a s s i u m e x c r e t i o n ( B r o g d e n et al., 1988; R a i a et al., 1 9 9 0 ) . 
T h e r e f o r e , a n g i o t e n s i n I I f o r m a t i o n p r o d u c e s v a s o c o n s t r i c t i o n and i n c r e a s e d 
b l o o d v o l u m e w h i c h , i n t u r n , r e s u l t i n an i n c r e a s e d s y s t e m i c b l o o d p r e s s u r e . 
U n d e r p h y s i o l o g i c a l c o n d i t i o n s t h e i n c r e a s e i n b l o o d p r e s s u r e , b l o o d v o l u m e 
and a n g i o t e n s i n I I l e v e l c a u s e an i n h i b i t o r y a c t i o n on t h e r e l e a s e o f r e n i n 
by n e g a t i v e f e e d b a c k m e c h a n i s m s t o m a i n t a i n h o m e o s t a s i s ( B r o g d e n et al., 

1 9 8 8 ) . S i n c e ACE i s i d e n t i c a l t o k i n i n a s e I I i t a l s o i n a c t i v a t e s t h e p o t e n t 
v a s o d i l a t o r b r a d y k i n i n , w h i c h has been shown t o e n h a n c e t h e f o r m a t i o n o f 
v a s o d i l a t o r y p r o s t a g l a n d i n s ( F i g u r e 1) ( R a i a e t al., 1 9 9 0 ) . 

1.3. C a p t o p r i l 

C a p t o p r i l , ( D - 3 - m e r c a p t o - 2 - m e t h y l - 1 - o x o p r o p y l - L - p r o l i n e ) ( C a p o t e n * ^ ) , i s 
an o r a l l y a c t i v e a n g i o t e n s i n - c o n v e r t i n g enzyme (ACE) i n h i b i t o r f r e q u e n t l y 
u s e d i n t h e t r e a t m e n t o f m i l d t o m o d e r a t e h y p e r t e n s i o n and c o n g e s t i v e h e a r t 
f a i l u r e ( K a d i n , 1982; B r o g d e n e t al. 1 9 8 8 ) . C h e m i c a l l y , c a p t o p r i l i s a 
d i p e p t i d e t h i o l ( F i g u r e 2 ) , c o n t a i n i n g a s u l f h y d r y l m o i e t y and two o p t i c a l l y 
a c t i v e c e n t e r s . I n p l a s m a c a p t o p r i l u n d e r g o e s o x i d a t i o n a t t h e t h i o l g r o u p 
t o y i e l d c a p t o p r i l d i s u l f i d e ( K a d i n , 1 9 8 2 ) , T h e r e f o r e , t h e i m m e d i a t e 
p r o t e c t i o n o f t h e t h i o l g r o u p by t h e d e r i v a t i z a t i o n w i t h N - e t h y l m a l e i m i d e i s 
e s s e n t i a l t o p r e v e n t l o s s o f c a p t o p r i l a f t e r b l o o d s a m p l i n g ( F u n k e , 1 9 8 0 ) . 



F i g u r e 2. C h e m i c a l s t r u c t u r e o f c a p t o p r i l 

1.3.1. M e c h a n i s m and S i t e s o f A c t i o n 

The i n h i b i t o r y e f f e c t s o f c a p t o p r i l on t h e RAS i n p a t i e n t s w i t h 
e s s e n t i a l h y p e r t e n s i o n have been d e m o n s t r a t e d i n a number o f s t u d i e s ( A t l a s 
et al., 1979; M u i e s a n e t al., 1982; W e n t i n g e t al., 1 9 8 2 ) . The s u l f h y d r y l 
g r o u p e n a b l e s t h e c a p t o p r i l m o l e c u l e t o r e v e r s i b l y i n t e r a c t w i t h t h e z i n c 
i o n a t t h e a c t i v e s i t e o f ACE ( O n d e t t i , 1 9 8 8 ) . I t i s t h i s i n h i b i t o r y a c t i o n 
on ACE t h a t d e t e r m i n e s , p a r t l y , t h e p h a r m a c o l o g i c a l e f f e c t s o f c a p t o p r i l . 
The p r e c i s e m echanism by w h i c h c a p t o p r i l r e d u c e s b l o o d p r e s s u r e and 
p e r i p h e r a l r e s i s t a n c e has n o t , y e t , been f u l l y e l u c i d a t e d ( B r o g d e n et al., 

1 9 8 8 ) . A c u t e i n h i b i t i o n o f ACE by c a p t o p r i l r e s u l t i n a d e c r e a s e i n 
a n g i o t e n s i n I I and p l a s m a a l d o s t e r o n e ( A t l a s e t al., 1979; T a r a z i et al., 

1 9 8 0 ) , an i n c r e a s e i n p l a s m a r e n i n a c t i v i t y and a n g i o t e n s i n I ( T a r a z i et 

al., 1 9 8 0 ) . The i n c r e a s e d p r o d u c t i o n o f r e n i n i s a r e s u l t o f f e e d b a c k 
m echanisms i n r e s p o n s e t o t h e d e c r e a s e d l e v e l o f a n g i o t e n s i n I I ( B r o g d e n et 



al., 1 9 8 8 ) . C a p t o p r i l has been shown t o i n c r e a s e t h e p l a s m a l e v e l s o f 
b r a d y k i n i n s i n h y p e r t e n s i v e p a t i e n t s a f t e r a c u t e d o s i n g ( M o o k h e r j e e et al., 

1 9 8 3 ) , b u t , t h e s e l e v e l s have r e m a i n e d u n c h a n g e d i n o t h e r s t u d i e s ( J o h n s t o n 
e t al., 1 9 7 9 ) . An i n c r e a s e i n t i s s u e l e v e l s o f b r a d y k i n i n a f t e r c a p t o p r i l 
t r e a t m e n t has been d e m o n s t r a t e d i n t h e d o g ; f u r t h e r , s u c h c h a n g e s have been 
p o s t u l a t e d t o c o n t r i b u t e t o t h e h y p o t e n s i v e e f f e c t s o f c a p t o p r i l ( J o h n s t o n 
e t al., 1 9 8 2 ) . S w a r t z and W i l l i a m s ( 1 9 8 2 ) have d e m o n s t r a t e d t h e i n c r e a s e d 
p r o d u c t i o n o f v a s o d i l a t o r y p r o s t a g l a n d i n s a f t e r a c u t e and c h r o n i c 
a d m i n i s t r a t i o n o f c a p t o p r i l i n h y p e r t e n s i v e s u b j e c t s . The h y p o t e n s i v e 
e f f e c t s o f c a p t o p r i l , i n p a r t , may be r e l a t e d t o t h e i n c r e a s e d r e l e a s e o f 
p r o s t a g l a n d i n s ( S w a r t z and W i l l i a m s , 1 9 8 2 ) . 

I n a d d i t i o n t o t h e i n h i b i t o r y e f f e c t s on c i r c u l a t i n g ACE, c a p t o p r i l has 
been shown t o i n t e r f e r e w i t h l o c a l ACE a c t i v i t y ( U n g e r e t al., 1 9 8 9 ) . I t 
h a s been d e m o n s t r a t e d , t h a t c a p t o p r i l e f f e c t i v e l y i n h i b i t e d ACE a c t i v i t y i n 
s e v e r a l t i s s u e s o f s p o n t a n e o u s l y h y p e r t e n s i v e (SH) r a t s ( l u n g , k i d n e y , 
a o r t a , b r a i n , h e a r t ) 15 m i n u t e s a f t e r a d m i n i s t r a t i o n (Cohen and K u r t z , 
1 9 8 2 ) . The e x t e n t and d u r a t i o n o f b l o o d p r e s s u r e r e d u c t i o n seemed t o 
c o r r e l a t e b e t t e r w i t h t h e i n h i b i t i o n o f ACE i n c e r t a i n t i s s u e s , f o r e x a m p l e , 
k i d n e y o r a r t e r i a l w a l l , t h a n w i t h t h e p l a s m a ACE a c t i v i t y (Cohen and K u r t z , 
1982; D z a u , 1 9 8 8 ) . T h e r e i s c l i n i c a l e v i d e n c e w h i c h shows t h a t , f o l l o w i n g 
c h r o n i c t h e r a p y w i t h c a p t o p r i l , b l o o d p r e s s u r e r e m a i n e d d e c r e a s e d l o n g a f t e r 
t h e d i s c o n t i n u a t i o n o f t h e d r u g e v e n t h o u g h p l a s m a ACE a c t i v i t y was f o u n d t o 
be a t p r e t r e a t m e n t l e v e l s (Waeber e t al., 1 9 8 9 ) . W h e t h e r t h i s m echanism o f 
a c t i o n c a n be r e l a t e d t o t h e l o c a l RAS has n o t y e t been e s t a b l i s h e d (Waeber 
et al., 1 9 8 9 ) . 

I n a d d i t i o n t o t h e h o r m o n a l e f f e c t s o f c a p t o p r i l , t h e r e a r e o t h e r 
m e c h a n i s m s w h i c h may c o n t r i b u t e t o t h e o v e r a l l e f f e c t s o f t h e d r u g . L a r g e 



d o s e s o f c a p t o p r i l c a u s e d smooth m u s c l e r e l a x a t i o n i n t h e p o r t a l v e i n s o f SH 
r a t s ( L j u n g et al., 1 9 8 1 ) . I n humans e v i d e n c e o f smooth m u s c l e r e l a x a t i o n 
i n t h e a r t e r i a l w a l l may be t h e o b s e r v e d d i l a t i o n and i m p r o v e d 
d i s t e n s i b i l i t y o f l a r g e a r t e r i e s a f t e r a c u t e and c h r o n i c t r e a t m e n t w i t h 
c a p t o p r i l i n h y p e r t e n s i v e p a t i e n t s ( S i m o n et al., 1 9 8 5 ) . F u r t h e r , c a p t o p r i l 
may i n t e r a c t w i t h t h e s y m p a t h e t i c n e r v o u s s y s t e m as d e m o n s t r a t e d by t h e 
d e c r e a s e i n p l a s m a n o r a d r e n a l i n e c o n c e n t r a t i o n s i n h y p e r t e n s i v e p a t i e n t s 
( W e n t i n g et al., 1 9 8 3 ) . I t has been d e m o n s t r a t e d t h a t a t h i g h 
c o n c e n t r a t i o n s c a p t o p r i l may d e p r e s s t h e r e s p o n s i v e n e s s o f v a s c u l a r smooth 
m u s c l e t o s y m p a t h e t i c n e r v e s t i m u l a t i o n ( V a n h o u t t e et al., 1 9 8 9 ) . I n 
a n o t h e r s t u d y , no d i r e c t e v i d e n c e t h a t ACE i n h i b i t o r s d e c r e a s e t h e a c t i v i t y 
o f s y m p a t h e t i c n e r v o u s s y s t e m has been r e p o r t e d , i n p a t i e n t s w i t h 
h y p e r t e n s i o n o r c a r d i a c f a i l u r e ( B a l l , 1 9 8 9 ) . L a s t l y , t h e s u l f h y d r y l g r o u p 
o f c a p t o p r i l c a n s e r v e as an a n t i o x i d a n t and c a n p r o t e c t t h e p o t e n t 
v a s o d i l a t o r s u b s t a n c e , t h e e n d o t h e l i u m - d e r i v e d r e l a x i n g f a c t o r , f r o m 
s u p e r o x i d e m e d i a t e d i n a c t i v a t i o n i n t h e b l o o d v e s s e l w a l l o f t h e r a b b i t 
( G o l d s h m i d t et a l . 1 9 9 1 ) . 
I n summary, c a p t o p r i l e x e r t s p h a r m a c o l o g i c a l e f f e c t s on b o t h p l a s m a and 
t i s s u e l e v e l . The a c u t e a d m i n i s t r a t i o n o f c a p t o p r i l l e a d s t o t h e i n h i b i t i o n 
o f ACE a c t i v i t y , t h e r e d u c t i o n and i n c r e a s e o f s y s t e m i c a n g i o t e n s i n I I and 
a n g i o t e n s i n I , r e s p e c t i v e l y , t h e i n c r e a s e and d e c r e a s e o f p l a s m a r e n i n and 
a l d o s t e r o n e c o n c e n t r a t i o n . I n a d d i t i o n , i t c o u l d f a c i l i t a t e t h e r e l e a s e o r 
a c t i o n o f v a s o d i l a t o r s u b s t a n c e s s u c h as b r a d y k i n i n and p r o s t a g l a n d i n b o t h 
i n p l a s m a and i n t i s s u e s . I t may c a u s e d i r e c t r e l a x a t i o n o f t h e v a s c u l a r 
smooth m u s c l e and r e d u c e t h e r e s p o n s i v e n e s s o f v a s c u l a r smooth m u s c l e t o 
v a s o c o n s t r i c t o r s t i m u l i . C a p t o p r i l may i n t e r a c t w i t h t h e s y m p a t h e t i c 
n e r v o u s s y s t e m and r e d u c e t h e r e l e a s e o f n o r a d r e n a l i n e . F i n a l l y , c a p t o p r i l 



may s e r v e as an a n t i o x i d a n t and p r o t e c t t h e v a s o d i l a t o r e n d o t h e l i u m - d e r i v e d 
r e l a x i n g f a c t o r f r o m d e g r a d a t i o n . 

1.3.2. Haemodynamic E f f e c t s i n H y p e r t e n s i o n 

Numerous t r i a l s have d e m o n s t r a t e d t h e b l o o d p r e s s u r e r e d u c i n g e f f e c t s o f 
c a p t o p r i l i n m i l d t o m o d e r a t e l y h y p e r t e n s i v e p a t i e n t s ( V e t e r a n s 
A d m i n i s t r a t i o n C o o p e r a t i v e S t u d y G roup on A n t i h y p e r t e n s i v e A g e n t s , 1 9 8 4 ) . 
Many s t u d i e s have r e p o r t e d a d e q u a t e c o n t r o l o f m i l d t o m o d e r a t e h y p e r t e n s i o n 
w i t h o n c e d a i l y a d m i n i s t r a t i o n o f c a p t o p r i l ( P a r a t i et al., 1 9 8 9 ) . The 
b l o o d p r e s s u r e r e d u c t i o n i s a l w a y s a s s o c i a t e d w i t h t h e l o w e r i n g o f t o t a l 
p e r i p h e r a l r e s i s t a n c e a f t e r a c u t e o r c h r o n i c t r e a t m e n t ( T a r a z i et al., 

1 9 8 0 ) . Maximum b l o o d p r e s s u r e r e d u c t i o n (10 t o 20%) o c c u r s a b o u t 1 h o u r 
a f t e r t h e a d m i n i s t r a t i o n o f a s i n g l e o r a l d o s e o f c a p t o p r i l ; h i g h e r d o s e s 
may i n c r e a s e t h e d u r a t i o n o f i t s a n t i h y p e r t e n s i v e a c t i o n ( B r o g d e n e t al., 

1 9 8 8 ) . D e s p i t e t h e s i g n i f i c a n t d e c r e a s e i n b l o o d p r e s s u r e and t o t a l 
p e r i p h e r a l r e s i s t a n c e , c a p t o p r i l t r e a t m e n t i s u s u a l l y n o t a s s o c i a t e d w i t h 
c h a n g e s i n c a r d i a c o u t p u t and h e a r t r a t e ( T a r a z i e t al., 1980; W e n t i n g e t 
al., 1 9 8 2 ) . However, a s l i g h t i n c r e a s e i n c a r d i a c o u t p u t and h e a r t r a t e 
a f t e r a s i n g l e o r a l d o s e o f c a p t o p r i l has a l s o been r e p o r t e d ( F a g a r d e t al., 

1 9 8 2 ) . The f a c t , t h a t b l o o d p r e s s u r e r e d u c t i o n by c a p t o p r i l d o e s n o t c a u s e 
a r e f l e x i n c r e a s e i n h e a r t r a t e s u g g e s t s t h a t t h e b a r o r e c e p t o r r e f l e x e s may 
be b l u n t e d by c a p t o p r i l ( T a r a z i e t al., 1 9 8 0 ) . However, no a l t e r a t i o n s i n 
b a r o r e c e p t o r r e s p o n s e has been r e p o r t e d due t o p o s t u r a l c h a n g e ( V a n d e n b u r g 
e t al., 1983) o r t o c a r o t i d b a r o r e c e p t o r s t i m u l a t i o n ( M a n c i a et al., 1 9 8 2 ) . 



1.3.3. E f f e c t s on L i v e r B l o o d F l o w 

L i v e r b l o o d f l o w i s an i m p o r t a n t d e t e r m i n a n t o f d r u g m e t a b o l i s m 
p a r t i c u l a r l y o f d r u g s t h a t a r e c h a r a c t e r i z e d w i t h a h i g h h e p a t i c c l e a r a n c e 
( N i e s et al., 1 9 7 6 ) . I t has been d e m o n s t r a t e d t h a t a n g i o t e n s i n I I , t h e 
p o t e n t v a s o c o n s t r i c t o r i n t h e RAS, a l t e r s l i v e r b l o o d f l o w and s p l a n c h n i c 
v a s c u l a r r e s i s t a n c e ( M e s s e r l i et al., 1 9 7 7 ) . F u r t h e r , t h e s p l a n c h n i c 
v e s s e l s h a v e been shown t o be more s e n s i t i v e t o a n g i o t e n s i n t h a n o t h e r 
v e s s e l s i n t h e c i r c u l a t i o n ( M e s s e r l i e t al., 1 9 7 5 ) . In h e a l t h y s u b j e c t s , 
a n g i o t e n s i n i n f u s i o n p r o d u c e d v a s o c o n s t r i c t i o n i n t h e s p l a n c h n i c v a s c u l a r 
bed and r e d u c e d l i v e r b l o o d f l o w by a b o u t 1 8 % and 3 3 % w i t h s u b p r e s s o r and 
p r e s s o r d o s e s , r e s p e c t i v e l y ( M e s s e r l i et al., 1 9 7 7 ) . In a d d i t i o n , 
a n g i o t e n s i n I I , i n d o s e s w h i c h d e c r e a s e d h e p a t i c b l o o d f l o w by 18%, 
d e c r e a s e d t h e m e t a b o l i c c l e a r a n c e r a t e s o f t h o s e s t e r o i d s , t h a t a r e h i g h l y 
c l e a r e d i n t h e l i v e r , by 1 4 - 3 3 % ( M e s s e r l i e t al., 1 9 7 7 ) . G a s i c e t al., 

( 1 9 8 9 ) h a s r e p o r t e d t h a t a n g i o t e n s i n I d o s e - d e p e n d e n t l y d e c r e a s e d s p l a n c h n i c 
b l o o d f l o w and i n c r e a s e d s p l a n c h n i c v a s c u l a r r e s i s t a n c e i n n o r m o t e n s i v e 
s u b j e c t s . T h e s e e f f e c t s o f a n g i o t e n s i n I on s p l a n c h n i c b l o o d f l o w w e r e 
a t t e n u a t e d by t h e a d m i n i s t r a t i o n o f an ACE i n h i b i t o r , c i l a z a p r i l ( G a s i c e t 
al., 1 9 8 9 ) . T h e s e d a t a s u g g e s t t h a t t h e RAS may p l a y an i m p o r t a n t r o l e i n 
t h e r e g u l a t i o n o f b l o o d f l o w i n t h e s p l a n c h n i c v a s c u l a r b e d . 

I n a number o f s t u d i e s , i n v o l v i n g a n i m a l s and human s u b j e c t s , t h e e f f e c t 
o f ACE i n h i b i t o r s on h e p a t i c b l o o d f l o w , h o w e v e r , r e m a i n s r a t h e r 
c o n t r o v e r s i a l ( G a v r a s et al., 1978; E chtenkamp e t al., 1983; S t a d e a g e r e t 
al., 1 9 8 9 ) . S t u d i e s i n s o d i u m - d e p l e t e d n o r m o t e n s i v e , c o n s c i o u s dogs have 
shown a d e c r e a s e i n l i v e r b l o o d f l o w m e a s u r e d by r a d i o a c t i v e m i c r o s p h e r e s 



f o l l o w i n g t h e i n h i b i t i o n o f ACE w i t h t e p r o t i d e ( G a v r a s et al., 1 9 7 8 ) . In 
c o n t r a s t , E c h t e n k a m p et al., ( 1 9 8 3 ) d e m o n s t r a t e d a p r o n o u n c e d ( 1 8 % ) i n c r e a s e 
i n h e p a t i c b l o o d f l o w a s s e s s e d by t h e b r o m s u l p h a l e i n (BSP) c l e a r a n c e method 
i n c o n s c i o u s , s o d i u m - d e p l e t e d d o g s a f t e r t h e i n h i b i t i o n o f a n g i o t e n s i n I I 
w i t h i n t r a v e n o u s l y a d m i n i s t e r e d s a r a l a s i n . I n t h e same s t u d y , a f t e r 
s a r a l a s i n a d m i n i s t r a t i o n s p l a n c h n i c v a s c u l a r r e s i s t a n c e d e c r e a s e d by 3 5 % 
c o m p a r e d t o c o n t r o l v a l u e s . R i c h e r e t al., ( 1 9 8 3 ) have n o t e d a s i g n i f i c a n t , 
2 f o l d i n c r e a s e i n l i v e r b l o o d f l o w and 5 6 % d e c r e a s e i n s p l a n c h n i c v a s c u l a r 
r e s i s t a n c e a f t e r 8 d a y s t r e a t m e n t w i t h 100 mg/kg o r a l d o s e s o f c a p t o p r i l i n 
SH r a t s . M o s t r e c e n t l y , R o z s a e t al., ( 1 9 9 1 ) r e p o r t e d a s i g n i f i c a n t ( 3 3 . 5 % ) 
i n c r e a s e i n t h e m e s e n t e r i c b l o o d f l o w a f t e r 6 weeks o r a l t r e a t m e n t w i t h 100 
mg c a p t o p r i l i n n o r m o t e n s i v e and SH r a t s . I t has been s u g g e s t e d , t h a t t h i s 
i n c r e a s e i n l i v e r b l o o d f l o w was due t o t h e i n h i b i t i o n o f ACE i n t h e 
s p l a n c h n i c v a s c u l a r t i s s u e ( R o z s a e t al., 1 9 9 1 ) . S t a d e a g e r e t al., (1989) 
have r e p o r t e d a s i g n i f i c a n t i n c r e a s e i n s p l a n c h n i c b l o o d f l o w and d e c r e a s e 
i n s p l a n c h n i c v a s c u l a r r e s i s t a n c e a f t e r t h e i . v . i n j e c t i o n o f 10 mg 
e n a l a p r i l (ACE i n h i b i t o r ) i n 19 h e a l t h y human s u b j e c t s . 

M o s t o f t h e human s t u d i e s u s i n g c a p t o p r i l as t h e ACE i n h i b i t o r have been 
d e s i g n e d t o i n v e s t i g a t e i t s i n f l u e n c e o f c a p t o p r i l on t h e r e d i s t r i b u t i o n o f 
r e g i o n a l b l o o d f l o w i n p a t i e n t s w i t h e i t h e r c o n g e s t i v e h e a r t f a i l u r e ( F a x o n 
e t al., 1984, L e v i n e e t al., 1984, C r a e g e r e t al., 1981) o r e s s e n t i a l 
h y p e r t e n s i o n ( V e n t u r a e t al., 1 9 8 5 ) . A l t h o u g h i t has been o b s e r v e d i n t h e s e 
s t u d i e s t h a t r e d i s t r i b u t i o n o f r e g i o n a l b l o o d may o c c u r a f t e r c a p t o p r i l 
a d m i n i s t r a t i o n and t h a t c a p t o p r i l has h e t e r o g e n e o u s e f f e c t s i n d i f f e r e n t 
v a s c u l a r b e d s , t h e r e a r e c o n f l i c t i n g r e p o r t s o f t h e e f f e c t s o f c a p t o p r i l on 
l i v e r b l o o d f l o w . L e v i n e e t al., ( 1 9 8 4 ) and C r a e g e r e t al., ( 1 9 8 1 ) have 
o b s e r v e d a n o n - s i g n i f i c a n t ( 3 0 % ) and a s i g n i f i c a n t ( 1 8 % ) d e c r e a s e i n 



s p l a n c h n i c b l o o d f l o w , r e s p e c t i v e l y , a f t e r a s i n g l e o r a l d o s e o f c a p t o p r i l 
( 2 5 - 1 5 0 mg) i n p a t i e n t s w i t h c o n g e s t i v e h e a r t f a i l u r e . O t h e r s t u d i e s 
i n v e s t i g a t e d t h e e f f e c t s o f c a p t o p r i l on l i v e r b l o o d f l o w i n p a t i e n t s w i t h 
l i v e r c i r r h o s i s ( E r i k s s o n et al., 1984) and h e a l t h y s u b j e c t s ( S h e p h e r d et 

al., 1985) t o e s t a b l i s h i t s p o t e n t i a l c o n t r i b u t i o n i n t h e t r e a t m e n t o f 
p o r t a l h y p e r t e n s i o n . I n t h e s e p a t i e n t s , mean h e p a t i c b l o o d f l o w r e m a i n e d 
u n a l t e r e d by 12.5-25 mg s i n g l e o r a l d o s e s o f c a p t o p r i l . I n s p i t e o f t h e 
r e l a t i v e l y l a r g e number o f s t u d i e s c o n d u c t e d i n o r d e r t o i n v e s t i g a t e t h e 
haemodynamic c h a n g e s a s s o c i a t e d w i t h c a p t o p r i l t r e a t m e n t i n p a t i e n t s w i t h 
e s s e n t i a l h y p e r t e n s i o n , o n l y a f e w e x a m i n e d i t s e f f e c t s on l i v e r b l o o d f l o w . 
C r o s s l e y e t al., ( 1 9 8 4 ) r e p o r t e d a u n i f o r m , s i g n i f i c a n t 2 5 % r e d u c t i o n i n 
h e p a t i c b l o o d f l o w a b o u t 60 m i n u t e s a f t e r a s i n g l e 50 t o 100 mg o r a l d o s e o f 
c a p t o p r i l i n p a t i e n t s w i t h e s s e n t i a l h y p e r t e n s i o n . I n c o n t r a s t , V e n t u r a e t 
al., ( 1 9 8 5 ) , who i n v e s t i g a t e d t h e r e g i o n a l b l o o d f l o w d i s t r i b u t i o n a f t e r 
c a p t o p r i l t r e a t m e n t (25 m g / day), n o t e d no c h a n g e i n s p l a n c h n i c b l o o d f l o w 90 
m i n u t e s and 12 weeks a f t e r c a p t o p r i l d o s i n g , d e s p i t e a r e d u c t i o n i n 
s p l a n c h n i c v a s c u l a r r e s i s t a n c e i n p a t i e n t s w i t h e s s e n t i a l h y p e r t e n s i o n . 

1.3.4. C a p t o p r i l P h a r m a c o k i n e t i c s i n H y p e r t e n s i o n 

The p h a r m a c o k i n e t i c s o f c a p t o p r i l i n h e a l t h y s u b j e c t s and i n 
h y p e r t e n s i v e p a t i e n t s h a v e been r e v i e w e d by Kubo and Cody ( 1 9 8 5 ) . M o s t 
r e c e n t l y , t h e p h a r m a c o k i n e t i c s o f c a p t o p r i l has been r e v i e w e d i n r e l a t i o n t o 
o t h e r ACE i n h i b i t o r s ( B u r n i e r , 1 9 8 9 ) . The p h a r m a c o k i n e t i c p r o p e r t i e s o f 
c a p t o p r i l i n h y p e r t e n s i v e p a t i e n t s a r e s i m i l a r t o t h o s e o f h e a l t h y s u b j e c t s , 
e x c e p t i n t h o s e c a s e s , when h y p e r t e n s i o n i s a s s o c i a t e d w i t h s e c o n d a r y r e n a l 
d y s f u n c t i o n (Kubo and Cody, 1 9 8 5 ) . C a p t o p r i l i s c h a r a c t e r i z e d by r a p i d 



a b s o r p t i o n f r o m t h e GI t r a c t a f t e r o r a l a d m i n i s t r a t i o n w i t h 6 0 - 7 5 % o f t h e 
a d m i n i s t e r e d d o s e b e i n g a b s o r b e d ( K r i p a l a n i e t al., 1980; D u c h i n e t al., 

1 9 8 2 ) . The t i m e t o r e a c h maximum p l a s m a c o n c e n t r a t i o n ( t ^ g ^ ) a f t e r a 
s i n g l e - d o s e i s b e t w e e n 30-80 m i n u t e s i n h y p e r t e n s i v e s u b j e c t s and somewhat 
l e s s , 3 0 - 50 m i n u t e s a f t e r c h r o n i c (6 month) a d m i n i s t r a t i o n ( J a r r o t t e t al., 

1 9 8 2 ) . T h e r e a r e c o n t r o v e r s i a l r e p o r t s on t h e e f f e c t s o f f o o d on t h e 
b i o a v a i l a b i l i t y o f c a p t o p r i l ( R a i a e t al., 1 9 9 0 ) . E a r l i e r r e p o r t s s u g g e s t e d 
t h a t c o n c u r r e n t c o n s u m p t i o n o f f o o d has r e d u c e d t h e b i o a v a i l a b i l i t y o f 
c a p t o p r i l a b o u t 3 0 - 5 0 % ( S h i n g v i e t al., 1 9 8 2 ) . Ôhman e t al., ( 1 9 8 5 ) n o t e d 
o n l y a s l i g h t d e c r e a s e i n t h e AUG o f c a p t o p r i l and no a l t e r a t i o n i n b l o o d 
p r e s s u r e r e s p o n s e when c a p t o p r i l was t a k e n w i t h f o o d f o r 5-weeks i n p a t i e n t s 
w i t h h y p e r t e n s i o n . Maximum p l a s m a c o n c e n t r a t i o n ( C ^ ^ x ) a f t e r a s i n g l e 100 
mg o r a l c a p t o p r i l d o s e have been n o t e d t o be 361 ± 11 ng/ml i n h y p e r t e n s i v e 
s u b j e c t s ( J a r r o t t et al., 1 9 8 2 ) . In a n o t h e r s t u d y i n v o l v i n g p a t i e n t s w i t h 
e s s e n t i a l h y p e r t e n s i o n , C^^^ o f u n c h a n g e d c a p t o p r i l has been f o u n d t o be 
1310 ± 20 ng/ml a f t e r a s i n g l e 1 mg/kg o r a l c a p t o p r i l d o s e ( R i c h e r 1 9 8 4 ) . 
I n one s t u d y ( J a r r o t t e t al., 1982) c h r o n i c c a p t o p r i l a d m i n i s t r a t i o n i n 
h y p e r t e n s i v e s u b j e c t s (100 mg 3 t i m e s a d a y f o r 6 month) i n c r e a s e d C^g^ ° f 

u n c h a n g e d c a p t o p r i l a b o u t 3 f o l d (361 vs 1080 n g / m l ) , as c ompared t o t h e 
a c u t e d o s i n g . I n a n o t h e r s t u d y , 0^,^^ o f u n c h a n g e d c a p t o p r i l r e m a i n e d t h e 
same a f t e r 2-weeks c a p t o p r i l t r e a t m e n t (Ôhman e t al., 1 9 8 5 ) . In most o f t h e 
s t u d i e s , t h e AUG o f t o t a l c a p t o p r i l p l a s m a c o n c e n t r a t i o n , w h i c h r e p r e s e n t s a 
p o o l o f c a p t o p r i l and m i x e d d i s u l f i d e s ( P e r e i r a e t al., 1 9 8 8 ) , has been 
f o u n d t o be a b o u t 2 0 % h i g h e r a f t e r m u l t i p l e d r u g a d m i n i s t r a t i o n t h a n a f t e r a 
s i n g l e - d o s e ( B r o g d e n et al., 1 9 8 8 ) . C a p t o p r i l p l a s m a c o n c e n t r a t i o n d e c l i n e s 
r a p i d l y a f t e r a c u t e a d m i n i s t r a t i o n w i t h an e l i m i n a t i o n h a l f - l i f e ( t 2 / 2 ^ 
0.7 ( R i c h e r e t al., 1984) t o 1.7 h o u r s ( J a r r o t t et al., 1 9 8 2 ) . The t i / 2 o f 



c a p t o p r i l r e m a i n e d u n c h a n g e d a f t e r c h r o n i c t r e a t m e n t w i t h t h e d r u g ( J a r r o t t 
et al., 1 9 8 2 ) . Due t o i t s s h o r t t j ^ 2 ' ^ h o u r s a f t e r d o s i n g c a p t o p r i l was 
n o t d e t e c t a b l e i n p l a s m a ( R i c h e r et al., 1 9 8 4 ) . I t has been shown ( R i c h e r 
et al., 1984) t h a t d e s p i t e t h e r a p i d d e c l i n e i n c a p t o p r i l p l a s m a 
c o n c e n t r a t i o n , t h e b l o o d p r e s s u r e l o w e r i n g e f f e c t s o f t h e d r u g p e r s i s t much 
l o n g e r . Once a b s o r b e d , c a p t o p r i l i s p a r t i a l l y o x i d i z e d a t t h e t h i o l g r o u p 
and u n d e r g o e s r e v e r s i b l e m o d i f i c a t i o n s by i n t e r a c t i n g w i t h e ndogenous 
s u l f h y d r y l - c o n t a i n i n g s u b s t a n c e s f o r m i n g v a r i o u s d i s u l f i d e s s u c h as 
d i s u l f i d e d i m e r o f c a p t o p r i l , c y s t e i n e c a p t o p r i l d i s u l f i d e s and S - m e t h y l -
d i s u l f i d e s ( O n d e t t i , 1988; Drummer et al., 1 9 8 4 ) . T h e s e d i s u l f i d e 
m e t a b o l i t e s c a n be r e c o n v e r t e d t o c a p t o p r i l ( O n d e t t i , 1988) and may 
c o n t r i b u t e t o t h e p r o l o n g e d a n t i h y p e r t e n s i v e a c t i v i t y o f t h e d r u g ( J a r r o t t 
et al., 1 9 8 2 ) . F u r t h e r , Drummer et al., ( 1 9 8 4 ) r e p o r t e d t h a t some o f t h e 
d i s u l f i d e m e t a b o l i t e s o f c a p t o p r i l e f f e c t i v e l y i n h i b i t ACE w h i c h may e x p l a i n 
t h e l o n g b l o o d p r e s s u r e l o w e r i n g e f f e c t o f t h e d r u g . C a p t o p r i l and i t s 
m e t a b o l i t e s a r e e x c r e t e d m a i n l y i n t h e k i d n e y s (Kubo and Cody 1 9 8 5 ) . 
I m p a i r e d r e n a l f u n c t i o n i n c r e a s e d t h e a n t i h y p e r t e n s i v e e f f e c t o f c a p t o p r i l 
and t h i s has been shown t o be t h e c o n s e q u e n c e o f t h e a c c u m u l a t i o n o f 
c a p t o p r i l m e t a b o l i t e s (Drummer et al., 1 9 8 7 ) . 

1.4. E s t i m a t i o n o f L i v e r B l o o d F l o w 

S e v e r a l a t t e m p t s have been made i n t h e p a s t y e a r s t o d e v e l o p a 
r e l a t i v e l y n o n - i n v a s i v e method t o e s t i m a t e l i v e r b l o o d f l o w i n man ( B r a d l e y , 
1 9 7 4 ) . D i f f i c u l t y a r i s e s f r o m t h e d o u b l e b l o o d s u p p l y o f t h e l i v e r , one by 
t h e h e p a t i c a r t e r y and one by t h e p o r t a l v e i n ( O h n haus, 1 9 7 9 ) . The p o r t a l 
v e i n i s t h e c o n f l u e n c e o f v e i n s f r o m t h e s p l a n c h n i c o r g a n s ( s p l e e n . 



i n t e s t i n e , p a n c r e a s and s t o m a c h ) ( G r e e n w a y and L a u t t , 1 9 8 9 ) . In a d d i t i o n , 
c a p i l l a r y c o n n e c t i o n s between t h e h e p a t i c a r t e r y and p o r t a l v e i n e x i s t w h i c h 
p r o v i d e f u n c t i o n a l i n t e r r e l a t i o n s h i p s b e t w e e n t h e two s y s t e m s ( R i c h a r d s o n 
and W i t h r i n g t o n , 1 9 8 1 ) . T h e r e f o r e , s h u n t s o f t h e b l o o d f l o w between t h e two 
s y s t e m s may o c c u r (Ohnhaus, 1 9 7 9 ) . U n d e r t h e s e p h y s i o l o g i c a l c i r c u m s t a n c e s 
t h e a c c u r a t e measurement o f l i v e r b l o o d f l o w i s d i f f i c u l t i n man and none o f 
t h e c u r r e n t l y a v a i l a b l e methods p r o v i d e c o m p l e t e l y s a t i s f a c t o r y measurement 
o f l i v e r b l o o d f l o w u n d e r a l l c i r c u m s t a n c e s ( H u e t , 1 9 8 1 ) . D i r e c t 
m e a s u r e m e n t o f l i v e r b l o o d f l o w r e q u i r e s s u r g i c a l i n t e r v e n t i o n and 
a n a e s t h e s i a w h i c h , b e s i d e s b e i n g an i n v a s i v e t e c h n i q u e , a l s o may i n f l u e n c e 
h e p a t i c b l o o d f l o w ( H u e t , 1 9 8 1 ) . 

1.4.1. I n d o c y a n i n e G r e e n C l e a r a n c e M e t h o d 

The most w i d e l y u s e d t e c h n i q u e s t o e s t i m a t e l i v e r b l o o d f l o w i n man a r e 
b a s e d on t h e h e p a t i c c l e a r a n c e o f s u b s t a n c e s s u c h as b r o m s u l p h a l e i n ( B r a d l e y 
et a / . , 1 9 4 5 ) , i n d o c y a n i n e g r e e n ( C a e s a r e t a / . , 1 9 6 1 ) , g a l a c t o s e ( T y g s t r u p 
and W i n k l e r , 1958) t h a t a r e h i g h l y c l e a r e d f r o m t h e b l o o d when p e r f u s e d 
t h r o u g h t h e l i v e r . T h i s method has been d e v e l o p e d by B r a d l e y e t al., ( 1 9 4 5 ) 
and i n v o l v e s t h e c o n s t a n t i n t r a v e n o u s i n f u s i o n o f b r o m s u l p h a l e i n and t h e 
s i m u l t a n e o u s m e a s u r e m e n t s o f i t s c o n c e n t r a t i o n i n t h e a r t e r i a l b l o o d ( p o r t a l 
v e i n ) e n t e r i n g t h e l i v e r and i n t h e v e n o u s b l o o d ( h e p a t i c v e i n ) l e a v i n g t h e 
l i v e r , b a s e d on t h e P i c k p r i n c i p l e ( B r a d l e y et.al., ( 1 9 4 5 ) . U s i n g 
i n d o c y a n i n e g r e e n ( I C G ) as a t e s t s u b s t a n c e , t h i s method has been f r e q u e n t l y 
u s e d t o e s t a b l i s h h e p a t i c b l o o d f l o w r a t e s i n man (Wynne e t al., 1990; 
C r o s s l e y et al., 1984; G r a i n g e r e t al., 1983; C a e s a r e t al., 1 9 6 1 ) . H e p a t i c 
e x t r a c t i o n r a t i o o f ICG was i n t h e r a n g e f r o m 0.63-0.85 (mean 0.78) (Wynne 



et al., 1 9 9 0 ) , 0.68-0.89 (mean 0.78) ( G r a i n g e r e t al., 1 9 8 3 ) . C r o s s l e y e t 
al., ( 1 9 8 4 ) r e p o r t e d t h a t t h e h e p a t i c e x t r a c t i o n r a t i o o f ICG was 0.68 ± 
0.08 i n p a t i e n t s w i t h e s s e n t i a l h y p e r t e n s i o n and t h i s r a t i o d i d n o t c h ange 
s i g n i f i c a n t l y 1 h o u r a f t e r c a p t o p r i l (0.71 ± 0 . 0 7 ) . T h i s method, h o w e v e r , 
i s a h i g h l y i n v a s i v e t e c h n i q u e s i n c e i t r e q u i r e s h e p a t i c v e n o u s b l o o d 
s a m p l i n g w h i c h c a n o n l y be p e r f o r m e d by t h e c a t h e t e r i z a t i o n o f t h e h e p a t i c 
v e i n . T h e r e f o r e , t h e o r i g i n a l t e c h n i q u e has been m o d i f i e d t o a s i n g l e i . v . 
i n j e c t i o n o f ICG and p e r i p h e r a l v e n o u s b l o o d s a m p l i n g w i t h t h e p u r p o s e t o 
a v o i d v e n o u s c a t h e t e r i z a t i o n and make t h e method l e s s i n v a s i v e and e a s i e r t o 
p e r f o r m i n c l i n i c a l p r a c t i c e (Wynne e t al., 1989; S h e p h e r d e t al., 1985; 
Geneve e t al., 1990; Robson e t al., 1 9 9 0 ) . In t h i s s i m p l i f i e d method t h e 
p l a s m a c l e a r a n c e o f ICG i s e q u a l t o l i v e r p l a s m a f l o w , b a s e d on t h e 
a s s u m p t i o n s t h a t ICG i s c l e a r e d o n l y by t h e l i v e r and h e p a t i c e x t r a c t i o n o f 
ICG i s c o m p l e t e ( B u r c z y n s k i e t al., 1 9 8 7 ) . S i n c e i n t h i s s i m p l i f i e d method 
h e p a t i c e x t r a c t i o n r a t i o o f ICG i s n o t m e a s u r e d , an h e p a t i c e x t r a c t i o n o f 
1 0 0 % i s u s u a l l y assumed ( S o o n s e t al., 1 9 9 0 ) . The c l e a r a n c e methods were 
r e c e n t l y r e v i e w e d ( G r e e n w a y and L a u t t , 1987; B r a d l e y , 1974; Huet e t al., 

1 9 8 1 ) . The p r i n c i p l e s o f t h e s e c l e a r a n c e t e c h n i q u e s a r e d i s c u s s e d as 
f o l l o w s . 

1.4.2. H e p a t i c C l e a r a n c e 

I n t h e c a s e o f a s u b s t a n c e e l i m i n a t e d p r i m a r i l y by t h e l i v e r , t h a t i s by 
m e t a b o l i s m a n d / o r b i l i a r y e x c r e t i o n , t h e h e p a t i c c l e a r a n c e e s t i m a t e s t o t a l 
b ody c l e a r a n c e (Morgan and S m a l l w o o d , 1 9 9 0 ) . T h u s , h e p a t i c c l e a r a n c e ( C l ^ ) 
r e f e r s t o t h e e f f i c i e n c y o f t h e l i v e r t o e l i m i n a t e a s u b s t a n c e f r o m t h e 
body by t h e l i v e r and i s e q u a l t o t h e p r o d u c t o f l i v e r b l o o d f l o w (Q^) and 



e x t r a c t i o n r a t i o ( E ^ ) : 

C I H = QH EH 

E^ o f a s u b s t a n c e c a n be c a l c u l a t e d as ( C ^ - Z\)/Z^, t h e h e p a t i c 
a r t e r i a l p l u s p o r t a l v e n o u s (C^) and h e p a t i c v e n o u s ( C y ) c o n c e n t r a t i o n 
d i f f e r e n c e a c r o s s t h e l i v e r ( W i l k i n s o n and S h a n d , 1 9 7 5 ) . S i n c e E^ i s 
d e p e n d e n t on t h e b l o o d f l o w t o t h e l i v e r ( Q ^ ) , t h e unbound f r a c t i o n o f 
s u b s t a n c e i n t h e b l o o d {f^) and t h e h e p a t i c i n t r i n s i c c l e a r a n c e o f t h e 
s u b s t a n c e ( C l ^ j ^ j - ) t h e p r e v i o u s e q u a t i o n 1 has been e x t e n d e d as f o l l o w s 
( R o w l a n d e t al., 1 9 7 6 ) : 

1H + f b C l i n t 

T h i s i s t h e most f r e q u e n t l y a p p l i e d model o f h e p a t i c d r u g c l e a r a n c e w h i c h 
c o n s i d e r s t h e l i v e r as a " w e l l - s t i r r e d " c o m p a r t m e n t a s s u m i n g t h a t t h e d r u g 
i n t h e l i v e r c o m p a r t m e n t i s i n e q u i l i b r i u m w i t h b l o o d l e a v i n g t h e l i v e r 
( N i e s e t al., 1 9 7 6 ) . T h i s model d e s c r i b e s q u a n t i t a t i v e l y t h e i n f l u e n c e o f 
p h y s i o l o g i c a l f a c t o r s s u c h as l i v e r b l o o d f l o w , enzyme a c t i v i t y and p r o t e i n 
b i n d i n g on t h e h e p a t i c c l e a r a n c e o f d r u g s ( W i l k i n s o n and S h a n d , 1 9 7 5 ) . 

1.4.3. E f f e c t s o f L i v e r B l o o d F l o w on H e p a t i c C l e a r a n c e 

B a s e d on t h e p r e v i o u s l y m e n t i o n e d model o f h e p a t i c c l e a r a n c e , when t h e 
l i v e r e x h i b i t s v e r y i n e f f i c i e n t e l i m i n a t i o n o f t h e d r u g {i.e. e x t r a c t i o n 
r a t i o i s l o w and no c h a n g e i n t h e p r o t e i n b i n d i n g o f t h e d r u g assumed ( C l ^ ^ ^ 
« QH^^' h e p a t i c c l e a r a n c e o f t h e d r u g d e p e n d s on t h e i n t r i n s i c a b i l i t y 



o f t h e l i v e r t o e l i m i n a t e t h e d r u g ( C l ^ ~ C l ^ ^ ^ ) ( R o w l a n d et al., 1 9 7 6 ) . 
C o n v e r s e l y , when t h e l i v e r e f f i c i e n t l y e l i m i n a t e s d r u g s {i.e. e x t r a c t i o n 

r a t i o i s h i g h ) and p l a s m a p r o t e i n b i n d i n g o f t h e d r u g r e m a i n s unchanged 
( C l ^ ^ ^ » Q^), t h e n h e p a t i c c l e a r a n c e o f t h e d r u g d e p e n d s e n t i r e l y on l i v e r 
b l o o d f l o w ( C l | ^ =K Q^) ( R o w l a n d et al., 1 9 7 6 ) . F o r t h e s e d r u g s , an i n c r e a s e 
i n h e p a t i c b l o o d f l o w w i l l c a u s e a p r o p o r t i o n a l i n c r e a s e i n h e p a t i c 
c l e a r a n c e s ( W i l k i n s o n and S h a n d , 1 9 7 5 ) . E x p e r i m e n t a l e v i d e n c e has been 
p r o v i d e d i n t h e dog t o s u b s t a n t i a t e t h i s r e l a t i o n s h i p between h e p a t i c b l o o d 
f l o w and d r u g c l e a r a n c e u s i n g t h e h i g h - c l e a r a n c e d r u g p r o p r a n o l o l ( N i e s et 

al., 1 9 7 6 ) . S e v e r a l d r u g s , a c t i n g on t h e c a r d i o v a s c u l a r s y s t e m , have been 
shown t o e x h i b i t h e p a t i c b l o o d f l o w d e p e n d e n t k i n e t i c s i n man, f o r e x a m p l e , 
t h e a n t i a r r h y t h m i c d r u g l i d o c a i n e and t h e l i p o p h i l i c ) 8 - a d r e n o r e c e p t o r 
a n t a g o n i s t s viz. m e t o p r o l o l , l a b e t o l o l and p r o p r a n o l o l ( G e o r g e , 1 9 7 9 ) . 
P r o p r a n o l o l has been d e m o n s t r a t e d t o u n d e r g o e x t e n s i v e p r e s y s t e m i c ( f i r s t -
p a s s ) m e t a b o l i s m a f t e r o r a l a d m i n i s t r a t i o n , as a r e s u l t o f t h e h i g h h e p a t i c 
e x t r a c t i o n p a s s i n g t h r o u g h t h e l i v e r ( R o u t l e d g e and S h a n d , 1 9 7 9 ) . A l s o , t h e 
b i o a v a i l a b i l i t y o f p r o p r a n o l o l has been shown t o i n c r e a s e by 6 1 % i n h e a l t h y 
s u b j e c t s when a d m i n i s t e r e d t o g e t h e r w i t h t h e v a s o d i l a t o r y a g e n t h y d r a l a z i n e 
(McLean e t al., 1980; S c h n e c k and V a r y , 1 9 8 4 ) . The i n c r e a s e i n t h e o r a l 
b i o a v a i l a b i l i t y o f p r o p r a n o l o l by h y d r a l a z i n e has been a t t r i b u t e d t o t h e 
t r a n s i e n t i n c r e a s e i n l i v e r b l o o d f l o w c a u s e d by t h e v a s o d i l a t o r y a c t i o n o f 
h y d r a l a z i n e (McLean e t al., 1980; S c h n e c k and V a r y , 1 9 8 4 ) . 



1.4.4. I n d o c y a n i n e G r e e n 

1.4.4.1. P h a r m a c o k i n e t i c s o f ICG 

I n d o c y a n i n e g r e e n ( I C G ) , i s a s u l f o n i c a c i d d y e , w h i c h has been 
e x t e n s i v e l y u s e d t o e v a l u a t e h e p a t i c f u n c t i o n and e s t i m a t e l i v e r b l o o d f l o w 
i n man and a n i m a l s ( C e a s a r e t al., 1961; S v e n s s o n e t al., 1982; H e i n t z e t 
al., 1986; Modi e t al., 1988; B u r n s e t al., 1989; D o r r e t al., 1989; Wynne 
e t al., 1 9 9 0 ) . A r e v i e w o f ICG i n r e l a t i o n t o t h e l i v e r has been made by 
P a u m g a r t n e r ( 1 9 7 5 ) . ICG has a h i g h m o l e c u l a r w e i g h t o f 775 and i s r a p i d l y 
and c o m p l e t e l y bound t o p l a s m a p r o t e i n s and d i s t r i b u t e d i n t o t h e v a s c u l a r 
s y s t e m ( P a u m g a r t n e r 1 9 7 5 ) . M e i j e r e t a 7 . ( 1 9 8 8 ) r e p o r t e d a l m o s t c o m p l e t e 
( 8 5 % ) r e c o v e r y o f u n c h a n g e d ICG i n t h e b i l e o f humans. ICG i s removed f r o m 
t h e c i r c u l a t i o n s p e c i f i c a l l y by t h e l i v e r and t h e r e d o e s n o t a p p e a r t o be 
any s i g n i f i c a n t e n t e r o h e p a t i c r e c i r c u l a t i o n o r e x t r a h e p a t i c e l i m i n a t i o n o f 
t h e d y e ( C a e s a r e t al., 1961; P a u m g a r t n e r , 1 9 7 5 ) . The h e p a t i c e x t r a c t i o n 
r a t i o o f ICG i s o v e r 0.70 o b t a i n e d by d i r e c t measurement i n h e a l t h y man 
( C a e s a r e t al., 1 9 6 1 ; Wynne e t al., 1990; G r a i n g e r e t al., 1 9 8 3 ) . I n 
a d d i t i o n , ICG i s r e l a t i v e l y s a f e ( H u e t e t al., 1981) and s e n s i t i v e 
a n a l y t i c a l methods a r e a v a i l a b l e t o measure i t s c o n c e n t r a t i o n i n p l a s m a o r 
serum ( C a e s a r e t al., 1961; R a p p a p o r t and T h i e s s e n 1982; S v e n s s o n e t al., 

1 9 8 2 ) . T h e s e c h a r a c t e r i s t i c s make ICG a s u i t a b l e t e s t s u b s t a n c e t o e s t i m a t e 
l i v e r b l o o d f l o w i n man, p a r t i c u l a r l y , t o a s s e s s r e l a t i v e c h a n g e s i n l i v e r 
b l o o d f l o w i n p a t i e n t s w i t h no l i v e r d i s e a s e ( S o o n s et al., 1 9 9 0 ) . 



1.4.4.2. A n a l y s i s o f ICG i n Human Serum 

T r a d i t i o n a l l y , ICG has been m e a s u r e d i n human p l a s m a by a b s o r b a n c e 
s p e c t r o p h o t o m e t r y a t 800-805 nm ( C a e s a r e t a / . , 1 9 5 1 ; G r a i n g e r e t al., 1 9 8 3 ; 
H o l l i n s e t al., 1 9 8 7 ) . T h i s method has been w i d e l y a c c e p t e d due t o t h e f a c t 
t h a t i t i s s i m p l e , f a s t and r e l a t i v e l y s e n s i t i v e . R e c e n t l y , t h e s p e c i f i c i t y 
o f t h e s p e c t r o p h o t o m e t r i c a s s a y has been q u e s t i o n e d due t o an i n t e r f e r i n g 
compound w h i c h a b s o r b s l i g h t a t t h e same w a v e l e n g t h as t h e p a r e n t compound 
( R a p p a p o r t and T h i e s s e n , 1 9 8 2 ) . T h i s i m p u r i t y a n d / o r d e g r a d a t i o n p r o d u c t 
f o r m e d t h e b a s i s t o d e v e l o p s e v e r a l h i g h - p e r f o r m a n c e l i q u i d c h r o m a t o g r a p h i c 
(HPLC) a s s a y s w h i c h c i r c u m v e n t t h e p o s s i b l e n o n s p e c i f i c i t y o f t h e 
s p e c t r o p h o t o m e t r i c a s s a y . T h e s e HPLC methods e m p l o y e i t h e r f l u o r e s e n c e 
d e t e c t i o n ( D o r r e t al., 1989; H o l l i n s e t al., 1987;) o r UV d e t e c t i o n 
( R a p p a p o r t and T h i e s s e n , 1982; H e i n t z e t al., 1986) and t h e i r s p e c i f i c i t y 
f o r p a r e n t ICG has been d e m o n s t r a t e d . 

S e v e r a l s t u d i e s were c o n d u c t e d t o compare t h e s p e c t r o p h o t o m e t r i c and 
HPLC a n a l y s i s o f ICG i n p l a s m a ( S v e n s s o n e t al., 1982; O ' R e i l l y e t al., 

1987; G r a s e l a e t al., 1 9 8 7 ) . T h e s e c o m p a r i s o n s r e v e a l e d t h a t t h e 
d i f f e r e n c e s i n ICG p l a s m a c o n c e n t r a t i o n s d e t e r m i n e d by HPLC and 
s p e c t r o p h o t o m e t r y a r e a p p a r e n t o n l y a t l a t e t i m e p o i n t s (>20 m i n ) and t h e 
two methods h a v e been shown t o g i v e s i m i l a r r e s u l t s i f b l o o d s a m p l i n g f o r 
ICG were r e s t r i c t e d b e t w e e n 2 and 15 m i n u t e s ( H e i n t z e t al., 1 9 8 6 ) . G r a s e l a 
e t al., ( 1 9 8 7 ) f o u n d t h a t t h e s p e c t r o p h o t o m e t r i c method o v e r e s t i m a t e d ICG 
p l a s m a c o n c e n t r a t i o n c ompared t o t h e HPLC m e t h o d , h o w e v e r , t h e s t a t i s t i c a l 
i n f e r e n c e s made f r o m t h e c l i n i c a l s t u d y w e r e i d e n t i c a l r e g a r d l e s s w h i c h 
method was u s e d f o r ICG a n a l y s i s . S v e n s s o n e t al., ( 1 9 8 2 ) r e p o r t e d no 



d e t e c t a b l e l e v e l s o f ICG i n human p l a s m a 1 h o u r a f t e r t h e a d m i n i s t r a t i o n o f 
m u l t i p l e i . v . d o s e s o f 0.5 mg/kg ICG i n two h e a l t h y s u b j e c t s . 

1.5. U p r i g h t P o s t u r e : A P h y s i o l o g i c a l S t i m u l u s t o A l t e r L i v e r B l o o d F l o w 

S e v e r a l f a c t o r s , i n c l u d i n g e x e r c i s e , h e a t , f o o d , age and u p r i g h t p o s t u r e 
a r e known t o a l t e r h e p a t i c b l o o d f l o w ( N i e s et al., 1976; G e o r g e , 1 9 7 9 ) . In 
a d d i t i o n , many d i s e a s e s t a t e s s u c h as c o n g e s t i v e h e a r t f a i l u r e , l i v e r and 
t h y r o i d d i s e a s e and h a e m o r r h a g i c s h o c k may c a u s e c h a n g e s i n l i v e r b l o o d f l o w 
( N i e s et al., 1976; G e o r g e , 1 9 7 9 ) . S p l a n c h n i c b l o o d f l o w has been r e p o r t e d 
t o be s i g n i f i c a n t l y r e d u c e d ( 1 5 % ) i n p a t i e n t s w i t h h y p e r t e n s i o n , 
p a r t i c u l a r l y i n t h o s e w i t h r e n a l s t e n o s i s ( M e s s e r l i e t al., 1 9 7 5 ) . 

A c h a n g e i n p o s t u r e t o s t a n d i n g i s a w e l l known p h y s i o l o g i c a l f a c t o r 
a l t e r i n g l i v e r b l o o d f l o w ( W i l k i n s o n , 1 9 7 6 ) . Due t o t h e r e d i s t r i b u t i o n o f 
b l o o d f r o m t h e u p p e r p o r t i o n o f t h e body ( h e a r t and l u n g s ) t o t h e l e g s , 
r e f l e x v a s o c o n s t r i c t i o n o c c u r i n t h e s p l a n c h n i c v a s c u l a r bed t o c o m p e n s a t e 
f o r t h e d e c r e a s e i n c a r d i a c o u t p u t and t o m a i n t a i n b l o o d p r e s s u r e ( S h e p h e r d 
and V a n h o u t t e , 1 9 8 0 ) . T h e s e r e f l e x c h a n g e s c a u s e a s i g n i f i c a n t d e c r e a s e i n 
l i v e r b l o o d f l o w and an i n c r e a s e i n h e a r t r a t e ( S h e p h e r d and V a n h o u t t e , 
1 9 8 0 ) . The v a s o c o n s t r i c t i o n i s m e d i a t e d t h r o u g h t h e s y m p a t h e t i c n e r v o u s 
s y s t e m , s i n c e t h e r e s p o n s e i s a b o l i s h e d by s p l a n c h n i c s y m p a t h e c t o m y i n 
h y p e r t e n s i v e s u b j e c t s ( W i l k i n s e t al., 1 9 5 1 ) . The i n c r e a s e d h y d r o s t a t i c 
p r e s s u r e i n t h e l e g s f a c i l i t a t e s t h e u l t r a f i l t r a t i o n o f p l a s m a t o t h e 
i n t e r s t i t i a l s p a c e , hence d e c r e a s e s p l a s m a v o l u m e and i n c r e a s e s t h e 
c o n c e n t r a t i o n s o f b l o o d c o n s t i t u e n t s s u c h as h e m a t o c r i t , h a e m o g l o b i n and 
p r o t e i n s (Hagan e t al., 1978; D i x o n and P a t e r s o n 1 9 7 8 ) . The s t a b i l i z a t i o n 
o f p l a s m a v o l u m e r e q u i r e s a b o u t 40-60 m i n u t e s i n t h e assumed p o s t u r e (Hagan 



e t al., 1 9 7 8 ) . The d e c r e a s e i n l i v e r b l o o d f l o w upon s t a n d i n g has been 
d e m o n s t r a t e d i n a number o f s t u d i e s i n v o l v i n g h e a l t h y s u b j e c t s (Daneshmend 
e t al., 1 9 8 1 ; Modi e t al., 1988) and p a t i e n t s w i t h h y p e r t e n s i o n ( C u l b e r t s o n 
e t al., 1 9 5 1 ) . The m a g n i t u d e o f c h a n g e i n l i v e r b l o o d f l o w due t o u p r i g h t 
p o s t u r e i n h e a l t h y s u b j e c t s has been f o u n d t o be 30 t o 4 0 % (Daneshmend e t 
al., 1 9 8 1 ; Modi e t al., 1988; C u l b e r t s o n e t al., 1951) and 3 0 % i n p a t i e n t s 
w i t h e s s e n t i a l h y p e r t e n s i o n ( C u l b e r t s o n e t al., 1 9 5 1 ) . 

P o s s i b l e i n t e r f e r e n c e o f t h e i n h i b i t i o n o f ACE w i t h t h e r e f l e x 
c a r d i o v a s c u l a r r e s p o n s e s t o u p r i g h t p o s t u r e h ave been i n v e s t i g a t e d i n a 
number o f s t u d i e s ( S t a d e a g e r e t al., 1989; V a n d e n b u r g e t al., 1983; M u i e s a n 
e t al., 1982; T a r a z i e t al., 1 9 8 0 ) . M o s t o f t h e s t u d i e s c o n d u c t e d i n 
p a t i e n t s w i t h e s s e n t i a l h y p e r t e n s i o n and u s i n g c a p t o p r i l an ACE i n h i b i t o r 
a g r e e d t h a t c a p t o p r i l d o es n o t seem t o i n t e r f e r e w i t h t h e c i r c u l a t o r y 
r e f l e x e s i n d u c e d by s t a n d i n g and m e d i a t e d t h r o u g h t h e s y m p a t h e t i c n e r v o u s 
s y s t e m ( V a n d e n b u r g e t al., 1983; M u i e s a n e t al., 1 9 8 2 ) . 

1.6. R a t i o n a l e and O b j e c t i v e s 

1.6.1. R a t i o n a l e 

T h e r e a r e a number o f s t u d i e s w h i c h e x a m i n e d t h e p h a r m a c o l o g i c a l e f f e c t s 
o f c a p t o p r i l i n p a t i e n t s w i t h e s s e n t i a l h y p e r t e n s i o n . However, v e r y few 
s t u d i e s m e a s u r e d t h e c h a n g e s i n l i v e r b l o o d f l o w a f t e r c a p t o p r i l 
a d m i n i s t r a t i o n i n p a t i e n t s w i t h m i l d t o m o d e r a t e h y p e r t e n s i o n . In t h e s e 
s t u d i e s , most o f t e n t h e a c u t e e f f e c t s o f c a p t o p r i l on l i v e r b l o o d f l o w have 
been i n v e s t i g a t e d and o n l y a few s t u d i e s w e r e c o n d u c t e d t o e x a m i n e i t s 
e f f e c t s a f t e r p r o l o n g e d t h e r a p y . S i n c e h y p e r t e n s i o n i s a c h r o n i c d i s e a s e 



and t h e c o n t r o l o f m i l d / m o d e r a t e h y p e r t e n s i o n r e q u i r e s l o n g - t e r m t h e r a p y , t o 
s t u d y t h e e f f e c t s o f c a p t o p r i l on l i v e r b l o o d f l o w a f t e r r e p e a t e d 
a d m i n i s t r a t i o n may be more i m p o r t a n t t h a n a f t e r a c u t e d o s i n g . C a p t o p r i l has 
been f r e q u e n t l y u s e d i n c o m b i n a t i o n w i t h o t h e r d r u g s , f o r e x a m p l e , t h e -̂
a d r e n o r e c e p t o r b l o c k e r p r o p r a n o l o l ( M c A r e a v e y and R o b e r t s o n , 1990) i n w h i c h 
h e p a t i c and s y s t e m i c c l e a r a n c e i s l a r g e l y d e p e n d e n t on t h e r a t e o f d r u g 
d e l i v e r y t o t h e l i v e r ( R o u t l e d g e and Sh a n d , 1 9 7 9 ) . A c l e a n u n d e r s t a n d i n g o f 
c a p t o p r i l i n d u c e d a l t e r a t i o n s i n l i v e r b l o o d f l o w w o u l d be e x p e c t e d t o 
c l a r i f y t h e p o t e n t i a l f o r d r u g / d r u g i n t e r a c t i o n s when f l o w d e p e n d e n t d r u g s 
a r e c o a d m i n i s t e r e d w i t h c a p t o p r i l . C l i n i c a l l y , c a p t o p r i l i n d u c e d c h a n g e s i n 
h e p a t i c b l o o d f l o w may l e a d t o a c h a n g e i n h e p a t i c c l e a r a n c e n e c e s s i t a t i n g a 
c h a n g e i n d r u g d o s a g e i n o r d e r t o m a i n t a i n s t e a d y - s t a t e b l o o d c o n c e n t r a t i o n . 

The a s s e s s m e n t o f ICG c l e a r a n c e a f t e r an i n t r a v e n o u s b o l u s o f 0,5 mg/kg 
has been w i d e l y u s e d t o e s t i m a t e r e l a t i v e c h a n g e s i n l i v e r b l o o d f l o w i n man 
( O h n h a u s , 1 9 7 9 ) , I t has been d e m o n s t r a t e d t h a t r e p e a t e d measurement o f ICG 
c l e a r a n c e i n t h e same s u b j e c t u n d e r t h e same c o n d i t i o n s has been 
r e p r o d u c i b l e w i t h a c o e f f i c i e n t o f v a r i a t i o n 5% (Daneshmend et al., 1 9 8 1 ) , 
The s p e c t r o p h o t o m e t r i c method u s e d f o r t h e a n a l y s i s o f ICG i n human serum 
has b e en p r o v e d t o p r o v i d e s i m i l a r r e s u l t s t o t h a t o f t h e HPLC method, i f 
b l o o d s a m p l i n g was r e s t r i c t e d t o 2 t o 15 m i n u t e s ( S v e n s s o n et al., 1982; 
G r a s e l a e t al., 1 9 8 7 ) , 

1,6,2, O b j e c t i v e s 

1, To e x a m i n e t h e a c u t e e f f e c t s o f c a p t o p r i l on ICG c l e a r a n c e and l i v e r 
b l o o d f l o w i n m i l d t o m o d e r a t e h y p e r t e n s i v e p a t i e n t s . 

2. To i n v e s t i g a t e t h e p r o l o n g e d e f f e c t s o f c a p t o p r i l on ICG c l e a r a n c e and 



l i v e r b l o o d f l o w i n m i l d t o m o d e r a t e h y p e r t e n s i v e p a t i e n t s . 
3. To r e p r o d u c e t h e w e l l e s t a b l i s h e d d e c r e a s e i n l i v e r b l o o d f l o w d u r i n g 

p o s t u r a l c h a n g e f r o m s i t t i n g t o s t a n d i n g and use t h i s as g u i d e i n 
i n t e r p r e t i n g any c h a n g e s i n ICG c l e a r a n c e o r l i v e r b l o o d f l o w s e e n 
w i t h c a p t o p r i l t r e a t m e n t . 

4. To e x a m i n e t h e e f f e c t s o f two-weeks c a p t o p r i l t r e a t m e n t on l i v e r b l o o d 
f l o w d u r i n g p o s t u r a l c h a n g e . 

5. To s t u d y t h e c h a n g e s i n t h e haemodynamic p a r a m e t e r s ( b l o o d p r e s s u r e , 
h e a r t r a t e , s p l a n c h n i c v a s c u l a r r e s i s t a n c e ) o f p a t i e n t s a f t e r a c u t e and 
s h o r t - t e r m a d m i n i s t r a t i o n o f c a p t o p r i l . 



2. EXPERIMENTAL 

2.1 M a t e r i a l s and S u p p l i e s 

2.1.1. D r u g s 

C a p t o p r i l t a b l e t s (CAPOTEN'^) (50 mg) were p u r c h a s e d f r o m B r i s t o l - M y e r s 
S q u i b b C a n a d a I n c . , M o n t r e a l , C a n a d a . 

S t e r i l e I n d o c y a n i n e G r e e n , USP (CARDIO-GREEN"^ ( C G ) ) (50 mg v i a l ) was 
p u r c h a s e d f r o m B e c t o n D i c k i n s o n M i c r o b i o l o g y S y s t e m s , C o c k e y s v i l l e , 
M a r y l a n d , U.S.A. 

S o d i u m C h l o r i d e I n j e c t i o n USP (30 m l , 0.9%) was p u r c h a s e d f r o m A b b o t t 
L a b o r a t o r i e s L t d . , M o n t r e a l , C a n a d a . 

H e p a r i n S o d i u m I n j e c t i o n USP (10 m l , 1000 U/ml) was o b t a i n e d f r o m A l l a n 
and H a n b u r y , G l a x o Canada L t d . , T o r o n t o , O n t a r i o , C a n a d a . 

2.1.2. C h e m i c a l s and R e a g e n t s 

C a p t o p r i l was d o n a t e d by B r i s t o l - M y e r s S q u i b b Canada I n c . , M o n t r e a l , 
Quebec, C a n a d a . ACS r e a g e n t g r a d e d i s o d i u m e t h y l e n e d i a m i n e t e t r a a c e t i c a c i d 
d i h y d r a t e (EDTA) and L - A s c o r b i c A c i d ( V i t a m i n C) were o b t a i n e d f r o m S i g m a 
C h e m i c a l Company, S t . L o u i s , M o n t a n a , U.S.A.; N - ( 3 - P y r e n y l ) m a l e i m i d e (NPM) 
was p u r c h a s e d f r o m F l u k a , Hauppauge, New Y o r k , U.S.A. and was p u r i f i e d i n 
t h e l a b o r a t o r y o f Dr. Y.K.Tam ( U n i v e r s i t y o f A l b e r t a , F a c u l t y o f Pharmacy 
and P h a r m a c e u t i c a l S c i e n c e s , Edmonton, A l b e r t a , C a n a d a ) . ACS r e a g e n t g r a d e 
m o n o p o t a s s i u m p h o s p h a t e , d i s o d i u m p h o s p h a t e were p u r c h a s e d f r o m BDH 



C h e m i c a l s , T o r o n t o , O n t a r i o , C a n a d a . 

2.1.3. S o l v e n t s 

ACS r e a g e n t g r a d e m e t h a n o l was o b t a i n e d f r o m BOH C h e m i c a l s , T o r o n t o , 
O n t a r i o , C a n a d a . E t h a n o l ( 9 5 % ) was s u p p l i e d by StanChem, V a n c o u v e r , B.C., 
Ca n a d a . D e i o n i z e d w a t e r was p r o d u c e d on s i t e via a M i l l i - R o ' ^ s y s t e m , 
M i l l i p o r e C o r p . , B e d f o r d , MA., U.S.A. HPLC g r a d e a c e t o n i t r i l e ( u l t r a v i o l e t 
(UV) c u t o f f 190 nm) was p u r c h a s e d f r o m C a l e d o n L a b o r a t o r i e s L t d . , 
G e o r g e t o w n , O n t a r i o , C a n a d a . 

2.1.4. S u p p l i e s f o r Human E x p e r i m e n t s 

I n d o c y a n i n e g r e e n was a d m i n i s t e r e d i n t r a v e n o u s l y ( i . v . ) t h r o u g h a 
s t e r i l e t h r e e way s t o p c o c k o b t a i n e d f r o m Medex I n c . , H i l l i a r d , O h i o , U.S.A. 
The s t e r i l e J e l c o S t r i p e d i . v . c a t h e t e r n e e d l e s (20 g, 32 mm) were o b t a i n e d 
f r o m C r i t i c o n , Canada I n c . , Markham, O n t a r i o , C a n a d a . P l a s t i c 5 ml 
s y r i n g e s , 22 and 19 gauge n e e d l e s and V a c u t a i n e r * ^ b l o o d c o l l e c t i o n t u b e s 
( w i t h o u t a d d i t i v e ) were o b t a i n e d f r o m B e c t o n D i c k i n s o n Canada I n c . , 
M i s s i s s a u g a , O n t a r i o , Canada. F o l l o w i n g c e n t r i f u g a t i o n t h e serum was s t o r e d 
f r o z e n i n amber v i a l s (4 ml) w i t h p o l y t e t r a f l u o r o e t h y l e n e (PTFE) l i n e d s c r e w 
c a p s ( K i m b l e , D i v i s i o n o f O w e n s - I l l i n o i s , U.S.A. 

C a p t o p r i l serum s a m p l e s were s t o r e d f r o z e n i n c o n i c a l t i p p e d 
p o l y p r o p y l e n e t u b e s (15 ml) w i t h s c r e w c a p s w h i c h were p u r c h a s e d f r o m 
S a r s t e d t C a n a d a , S t . L a u r e n t , Quebec, Canada. 



2.1.5. O t h e r S u p p l i e s 

S l i c k S e a l ' ^ m i c r o - c e n t r i f u g e p o l y p r o p y l e n e t u b e s w i t h f l a t , p e r m e a b l e 
c a p s ( 1 . 7 m l ) were o b t a i n e d f r o m I s l a n d S c i e n t i f i c , B a i n b r i d g e I s l a n d , 
W a s h i n g t o n , U.S.A. M a p l e Leaf'^ d i s p o s a b l e g l a s s c u l t u r e t u b e s (3 m l ) , were 
o b t a i n e d f r o m J o h n s S c i e n t i f i c I n c . , T o r o n t o , O n t a r i o , C a n a d a . 

2.2 E q u i p m e n t 

2.2.1. S p e c t r o p h o t o m e t e r 

A H e w l e t t P a c k a r d (HP) 8452 A d i o d e - a r r a y u l t r a v i o l e t / v i s i b l e (UV) 
s p e c t r o p h o t o m e t e r e q u i p p e d w i t h a HP V e c t r a ' ^ c o m p u t e r i n t e r f a c e was u s e d t o 
m e a s u r e i n d o c y a n i n e g r e e n i n human serum. 

2.2.2. H i g h - P e r f o r m a n c e L i q u i d C h r o m a t o g r a p h 

The l i q u i d c h r o m a t o g r a p h i c a n a l y s i s o f u n c h a n g e d c a p t o p r i l was c a r r i e d 
o u t i n t h e l a b o r a t o r y o f D r . Y.K. Tarn, D i v i s i o n o f P h a r m a c e u t i c s , F a c u l t y o f 
Pharmacy and P h a r m a c e u t i c a l S c i e n c e s , U n i v e r s i t y o f A l b e r t a , Edmonton, 
A l b e r t a . A h i g h - p e r f o r m a n c e l i q u i d c h r o m a t o g r a p h e q u i p p e d w i t h P a r t i s i l ' ^ 5 
ODS-3 C j g col u m n (5 nm, 100 mm x 4.6 mm I.D., Whatman, C l i f t o n , N J , U.S.A.), 
a Model U6K s a m p l e i n j e c t o r and an FS 970 f l u o r o m e t e r ( S c h o e f f e l , O a k v i l l e , 
C anada) w i t h e x c i t a t i o n and emission w a v e l e n g t h o f 340 and 389 nm, 
r e s p e c t i v e l y , was u s e d . 



2.2.3. M i s c e l l a n e o u s 

O t h e r e q u i p m e n t u s e d i n c l u d e d : V o r t e x - G e n i e ' ^ m i x e r ( F i s h e r S c i e n t i f i c 
Co., S p r i n g f i e l d , MA, U.S.A).; F i s h e r Accumet'^ Model 912 pH m e t e r and 
e l e c t r o d e ( F i s h e r S c i e n t i f i c Co., S p r i n g f i e l d , MA, U . S . A . ) ; a W r i s t A c t i o n ' ^ 
l a b o r a t o r y s h a k e r a t a b o u t 1400 rpm ( B u r r e l C o r p . , P i t t s b u r g , PA, U.S.A.); a 
F i s h e r * ^ Model 235C m i c r o - c e n t r i f u g e a t 13,000 x g, ( F i s h e r S c i e n t i f i c Co., 
S p r i n g f i e l d , MA, U . S .A.); a S i l e n c e r ' ^ t a b l e t o p g e n e r a l p u r p o s e c e n t r i f u g e 
w i t h t e m p e r a t u r e c o n t r o l s e t a t 4''C ( W e s t e r n S c i e n t i f i c L t d . , L ondon, 
O n t a r i o , C a n a d a ) ; a C r i t i c o n ' ^ 1900 Dinamap 845 x T v i t a l s i g n s m o n i t o r w i t h 
h e a r t r a t e , s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e ( B P ) , mean a r t e r i a l 
p r e s s u r e measurement c a p a b i l i t y ; a C a n l a b lEc'^ Model CR m i c r o - c a p i l l a r y 
r e a d e r and lEC MB c e n t r i f u g e , (Damon/IEC D i v i s i o n , I n t e r n a t i o n a l E q u i p m e n t 
C o r p . , Needham, H e i g h t s , MA., U.S.A.) f o r h e m a t o c r i t m e a s u r e m e n t ; SpeedVac'^ 
a u t o m a t i c s a m p l e c o n c e n t r a t o r and d r y e r . Model A 2 9 0, ( S a v a n t I n s t r u m e n t s , 
I n c . , F a r m i n g d a l e , NY., U.S.A.). 

2.3. P r e p a r a t i o n o f S t o c k and R e a g e n t S o l u t i o n s 

2.3.1. I n d o c y a n i n e G r e e n 

I n d o c y a n i n e g r e e n was a c c u r a t e l y w e i g h e d and d i s s o l v e d i n m e t h a n o l t o 
o b t a i n a f i n a l c o n c e n t r a t i o n o f « 10 /zg/ml. T h i s s o l u t i o n was p r o t e c t e d 
f r o m l i g h t by w r a p p i n g t h e v o l u m e t r i c f l a s k i n a l u m i n i u m f o i l and s t o r a g e a t 
4°C f o r up t o 48 h o u r s . 



2.3.2. C a p t o p r i l 

A p p r o x i m a t e l y 5 mg o f c a p t o p r i l was a c c u r a t e l y w e i g h e d and t r a n s f e r r e d 
t o a 50 ml v o l u m e t r i c f l a s k and d i s s o l v e d i n an aque o u s 1 mM s o l u t i o n o f 
d i s o d i u m EDTA. A 2.5 ml a l i q u o t o f t h i s s o l u t i o n was d i l u t e d t o 50 ml i n a 
v o l u m e t r i c f l a s k w i t h a q u e o u s 1 mM d i s o d i u m EDTA s o l u t i o n ( f i n a l 
c o n c e n t r a t i o n 5 /xg/ml), C a p t o p r i l s t o c k s o l u t i o n was p r e p a r e d d a i l y f o r 
a n a l y s i s . 

2.3.3. R e a g e n t S o l u t i o n s 

D i s o d i u m EDTA s o l u t i o n (1 mM) was p r e p a r e d by d i s s o l v i n g ~ 37.22 mg 
d i s o d i u m EDTA i n d e i o n i z e d w a t e r i n a 100 ml v o l u m e t r i c f l a s k . 

D i s o d i u m EDTA ( 3 7 . 2 2 mg/ml) and a s c o r b i c a c i d ( 1 9 . 8 0 mg/ml) s o l u t i o n was 
p r e p a r e d by d i s s o l v i n g 186.12 mg and 99.05 mg d i s o d i u m EDTA and a s c o r b i c 
a c i d , r e s p e c t i v e l y , i n d e i o n i z e d w a t e r i n a 5 ml v o l u m e t r i c f l a s k . T h i s 
s o l u t i o n was f r e s h l y p r e p a r e d on t h e d a y o f a n a l y s i s . 

S o r e n s e n p h o s p h a t e b u f f e r (pH 7.0) was p r e p a r e d u s i n g t h e f o l l o w i n g 
p r o c e d u r e s . M o n o p o t a s s i u m p h o s p h a t e (KH2PO4, 1.81 g) was a c c u r a t e l y w e i g h e d 
and d i s s o l v e d i n d e i o n i z e d w a t e r t o a f i n a l v o l u m e o f 200 ml ( s o l u t i o n 1 ) . 
D i s o d i u m p h o s p h a t e (Na2HP04, 1.90 g) was a c c u r a t e l y w e i g h e d and d i s s o l v e d i n 
d e i o n i z e d w a t e r t o a f i n a l v olume o f 200 ml ( s o l u t i o n 2 ) . An a c c u r a t e 
v o l u m e ( 4 1 . 3 0 m l ) o f s o l u t i o n 1 was t r a n s f e r r e d t o a 100 ml v o l u m e t r i c f l a s k 
and was a d j u s t e d t o t h e f i n a l volume w i t h s o l u t i o n 2 t o y i e l d a b u f f e r 



s o l u t i o n o f 0.067 M. The pH o f t h e f i n a l s o l u t i o n was m e a s u r e d and 
a d j u s t e d , i f n e c e s s a r y , t o 7.0 w i t h a l i q u o t s o f s o l u t i o n 1 o r 2. 

N - ( 3 - P y r e n y l ) m a l e i m i d e (NPM) s o l u t i o n was p r e p a r e d by d i s s o l v i n g 7.5 mg 
p u r i f i e d NPM i n HPLC g r a d e a c e t o n i t r i l e . T h i s s o l u t i o n was s t o r e d a t 4°C 
a f t e r p r e p a r a t i o n f o r up t o 24 h o u r s . 

2.4. UV S p e c t r o p h o t o m e t r i c A n a l y s i s o f I n d o c y a n i n e G r e e n ( I C G ) i n Human 
Serum 

2.4.1. P r e l i m i n a r y E x p e r i m e n t s 

2 .4.1.1. S t a b i l i t y o f ICG i n D e i o n i z e d W a t e r 

The d e g r a d a t i o n o f ICG i n d e i o n i z e d w a t e r was d e t e r m i n e d as f o l l o w s : 
ICG was d i s s o l v e d i n d e i o n i z e d w a t e r t o p r o d u c e a c o n c e n t r a t i o n o f 10 / i g / m l . 
The a b s o r b a n c e o f t h e ICG s o l u t i o n was r e p e a t e d l y m e a s u r e d a t t h e w a v e l e n g t h 
o f 778 nm o v e r 24 h o u r s f o l l o w i n g p r e p a r a t i o n . ICG s a m p l e s were s t o r e d a t 
4°C i n a g l a s s c o n t a i n e r w r a p p e d i n a l u m i n i u m f o i l t o p r o t e c t f r o m l i g h t 
c a t a l y z e d d e g r a d a t i o n . 

2.4.1.2. S t a b i l i t y o f ICG i n Human Serum 

A m e t h a n o l i c s o l u t i o n o f ICG was p r e p a r e d t o o b t a i n a c o n c e n t r a t i o n o f 
0.01 mg/ml. Volumes ( 0 . 0 2 and 0.6 ml) o f t h i s s o l u t i o n , w i t h c o n c e n t r a t i o n s 
o f 0.2 and 6 /ig/ml were e v a p o r a t e d t o d r y n e s s a t 40°C u n d e r a g e n t l e s t r e a m 
o f n i t r o g e n (N=7 f o r e a c h c o n c e n t r a t i o n ) . The ICG r e s i d u e was r e c o n s t i t u t e d 



by a d d i n g 0.4 ml b l a n k human serum t o t h e s a m p l e s and by a l l o w i n g them t o 
s t a n d 30 m i n u t e s w i t h i n t e r m i t t e n t v o r t e x m i x i n g . A l l s a m p l e s were s t o r e d 
a t - S T and w e r e p r o t e c t e d f r o m l i g h t . I m m e d i a t e l y p r i o r t o a n a l y s i s , 0.6 
ml v o l u m e o f d o u b l e d i s t i l l e d w a t e r was added t o t h e s a m p l e s t o o b t a i n ICG 
c o n c e n t r a t i o n s o f 0.2 and 6.0 ^ig/m^. T h e s e s a m p l e s w e r e a n a l y z e d 
s p e c t r o p h o t o m e t r i c a l l y a t 0, 4, 8, 14, 24, 36 and 48 h o u r s f o l l o w i n g 
p r e p a r a t i o n as f o l l o w s . S a m p l e s were s t o r e d a t -5°C u n t i l a n a l y s i s and were 
p r o t e c t e d f r o m l i g h t . A l l s a m p l e s w e r e a n a l y z e d a g a i n s t b l a n k serum a t t h e 
w a v e l e n g t h o f 800 nm. S t a n d a r d s a m p l e s were p r e p a r e d a t t h e t i m e o f t h e 
a n a l y s i s , i d e n t i c a l t o t h e ICG s a m p l e s , t o p r o v i d e a c o n c e n t r a t i o n r a n g e 
f r o m 0.2 t o 6.0 /ig/ml o f ICG. The t i m e d e p e n d e n t c h a n g e o f ICG i n human 
se r u m was e s t i m a t e d by p l o t t i n g t h e m e a s u r e d c o n c e n t r a t i o n s o f t h e two 
s a m p l e s a g a i n s t t i m e and by c a l c u l a t i n g t h e c o e f f i c i e n t o f v a r i a t i o n f o r 
e a c h c o n c e n t r a t i o n . 

2.4.2. Q u a n t i t a t i v e S p e c t r o p h o t o m e t r i c A n a l y s i s o f ICG i n P a t i e n t Serum 

2.4.2.1. P r e p a r a t i o n o f S a m p l e s f o r S t a n d a r d C u r v e 

F o r t h e p r e p a r a t i o n o f s t a n d a r d s a m p l e s t h e m o d i f i e d methods o f 
R a p p a p o r t T h i e s s e n ( 1 9 8 2 ) and D o r r e t . al. ( 1 9 8 9 ) were u s e d as f o l l o w s . 
A l i q u o t s o f 0.02, 0.06, 0.1, 0.2, 0.3 and 0.5 ml o f m e t h a n o l i c ICG s t o c k 
s o l u t i o n ( 0 .01 Mg/ml) were p i p e t t e d i n t o c l e a n amber v i a l s . Each v i a l was 
made up t o a volume o f 0.5 ml w i t h m e t h a n o l . Each s a m p l e was e v a p o r a t e d t o 
d r y n e s s u s i n g t h e Savant*^ (40°C x 15 m i n ) . V i a l s were c a p p e d w i t h t e f l o n 
l i n e d s c r e w c a p s and were s t o r e d i n a vacuum d e s i c c a t o r a t -20°C u n t i l 
a n a l y s i s f o r up t o 48 h o u r s . I m m e d i a t e l y p r i o r t o a n a l y s i s , a s e t o f 



s t a n d a r d s a m p l e s was s e l e c t e d and t h e ICG r e s i d u e s were r e c o n s t i t u t e d w i t h 
50 n^ e t h a n o l ( 9 5 % ) and w e r e g e n t l y v o r t e x m i x e d f o r 5 s e c o n d s t o e n s u r e 
c o m p l e t e d i s s o l u t i o n o f ICG. To e a c h v i a l , 0.95 ml b l a n k human serum was 
p i p e t t e d t o o b t a i n c o n c e n t r a t i o n s o f 0.2, 0.6, 1.0, 2.0, 3.0 and 5.0 Mg/ml. 
S a m p l e s w e r e g e n t l y v o r t e x m i x e d f o r 15 s e c o n d s . A s i m i l a r l y p r e p a r e d serum 
b l a n k was u s e d as r e f e r e n c e . A l l s t a n d a r d s were p r o t e c t e d f r o m l i g h t . A 
s t a n d a r d c u r v e was c o n s t r u c t e d by p l o t t i n g t h e a b s o r b a n c e a g a i n s t t h e 
c o n c e n t r a t i o n o f ICG u s i n g l i n e a r r e g r e s s i o n . F o r e a c h a n a l y s i s a new 
s t a n d a r d c u r v e was p r e p a r e d . 

2.4.2.2. S p e c t r o p h o t o m e t r i c A n a l y s i s 

ICG i n s e r u m was a n a l y z e d by t h e m o d i f i e d UV s p e c t r o p h o t o m e t r i c method 
d e s c r i b e d by C a e s a r e t al. ( 1 9 6 1 ) . The a b s o r b a n c e o f ICG i n p a t i e n t s a m p l e s 
was m e a s u r e d a t t h e w a v e l e n g t h o f maximum a b s o r b a n c e ( 8 06 nm). The 
t e m p e r a t u r e o f t h e s a m p l e s was c o n t r o l l e d by u s i n g t e m p e r a t u r e c o n t r o l l e d 
s a m p l e c e l l h o l d e r . P a t i e n t s a m p l e s w e r e p r e p a r e d i m m e d i a t e l y p r i o r t o 
a n a l y s i s i n a s i m i l a r manner t o t h e b l a n k and s t a n d a r d s a m p l e s . The 
a n a l y s i s o f t h e s a m p l e s was c a r r i e d o u t w i t h i n 30 m i n u t e s f o l l o w i n g 
p r e p a r a t i o n . A l l s t a n d a r d s and p a t i e n t s a m p l e s were m e a s u r e d i n d u p l i c a t e . 
The unknown c o n c e n t r a t i o n s o f ICG i n p a t i e n t s a m p l e s were d e t e r m i n e d by 
f i t t i n g t h e a b s o r b a n c e s t o t h e r e g r e s s i o n l i n e o f t h e s t a n d a r d c u r v e . 

2.4.3 I n t e r - d a y R e p r o d u c i b i l i t y o f t h e S p e c t r o p h o t o m e t r i c A s s a y 

The i n t e r - d a y r e p r o d u c i b i l i t y o f t h e s p e c t r o p h o t o m e t r i c method was 
e s t i m a t e d by p r e p a r i n g f o u r s e t s o f ICG s o l u t i o n i n human serum w i t h 



d i f f e r e n t c o n c e n t r a t i o n s ( 0 . 2 , 0.6, 1.0, 2.0, 3.0 and 5.0 ng/m]) on f o u r 
c o n s e c u t i v e d a y s . P r e p a r a t i o n o f t h e s a m p l e s was as was o u t l i n e d i n s e c t i o n 
2.4.1.2. On t h e d a y o f a n a l y s i s t h e a b s o r b a n c e o f one s e t o f t h e s a m p l e s 
was m e a s u r e d a g a i n s t a s i m i l a r l y p r e p a r e d s erum b l a n k and t h e c o n c e n t r a t i o n 
o f ICG d e t e r m i n e d . The p r e c i s i o n o f t h e s p e c t r o p h o t o m e t r i c method was 
e s t i m a t e d a s t h e r e l a t i v e s t a n d a r d d e v i 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 ) . 
The r e l a t i o n s h i p b e t w e e n t h e a c t u a l and c a l c u l a t e d ICG serum c o n c e n t r a t i o n s 
was e s t a b l i s h e d by p l o t t i n g t h e mean c a l c u l a t e d ICG c o n c e n t r a t i o n s versus 

t h e mean a c t u a l ICG c o n c e n t r a t i o n s . 

2.4.4. I n t r a - d a y R e p r o d u c i b i l i t y o f t h e S p e c t r o p h o t o m e t r i c M e t h o d 

The i n t r a - d a y p r e c i s i o n o f t h e s p e c t r o p h o t o m e t r i c a s s a y was d e t e r m i n e d 
by p r e p a r i n g ICG s o l u t i o n s i n human serum w i t h c o n c e n t r a t i o n s o f 0.2, 1.0 
and 5.0 fig/m]. P r e p a r a t i o n o f t h e s a m p l e s was t h e same as o u t l i n e d i n 
S e c t i o n 2 . 4 .2.1. F o u r r e p l i c a t e m e a s u r e m e n t s w e r e p e r f o r m e d f o r e a c h ICG 
c o n c e n t r a t i o n u s i n g s t a n d a r d s a m p l e s and serum b l a n k as r e f e r e n c e . The 
c o e f f i c i e n t o f v a r i a t i o n f o r e a c h o f t h e t h r e e ICG c o n c e n t r a t i o n s u s e d was 
c a l c u l a t e d . 

2.5. H i g h - P e r f o r m a n c e L i q u i d C h r o m a t o g r a p h i c A n a l y s i s o f Unchanged 
C a p t o p r i l i n Serum 

B l o o d s a m p l e s (3 ml) w i t h d r a w n f o r t h e measurement o f unchanged 
c a p t o p r i l w e r e i m m e d i a t e l y m i x e d w i t h 50 //I o f a s o l u t i o n o f EDTA (0.1 M) 
and a s c o r b i c a c i d (0.1 M) ( J a r r o t t et al. 1 9 8 1 ) . A f t e r c e n t r i f u g a t i o n a t 
13000 X g f o r 2 min a 0.5 ml a l i q u o t o f t h e s u p e r n a t a n t was m i x e d w i t h 2 ml 



o f 0.1 M p h o s p h a t e b u f f e r (pH 7) and 0.2 ml o f t h e d e r i v a t i z i n g a g e n t , NPM. 
T h i s m i x t u r e was s h a k e n a t room t e m p e r a t u r e f o r 15 min a t !=1400 rpm on a 
l a b o r a t o r y s h a k e r . S a m p l e s w e r e k e p t f r o z e n a t -20°C and t h e n s e n t p a c k e d 
i n d r y i c e t o Dr.Y. K. Tam, ( U n i v e r s i t y o f A l b e r t a ) f o r e x t r a c t i o n and 
a n a l y s i s by a method d e v e l o p e d i n t h e i r l a b o r a t o r y ( P e r e i r a et al. 1 9 8 8 ) . 
A l l s a m p l e s w e r e p r e p a r e d i n d u p l i c a t e . B l a n k s a m p l e s w e r e w i t h d r a w n p r i o r 
t o c a p t o p r i l a d m i n i s t r a t i o n and were p r e p a r e d s i m i l a r l y t o t h e s a m p l e s 
f o l l o w i n g c a p t o p r i l t r e a t m e n t . 

2.6. Human S u b j e c t s 

S e v e n n o n - s m o k i n g m a l e p a t i e n t s ( a g e 42-58 y e a r s , w e i g h t 84-118 kg) w i t h 
m i l d t o m o d e r a t e h y p e r t e n s i o n ( d i a s t o l i c b l o o d p r e s s u r e >90 mm Hg) gave 
t h e i r w r i t t e n c o n s e n t p r i o r t o t h e i n i t i a t i o n o f t h e s t u d y . The r e c r u i t m e n t 
o f t h e p a t i e n t s was made by t h e c o l l a b o r a t i n g p h y s i c i a n ( D r . R.E. R a n g n o ) . 
The p r o t o c o l and p r o c e d u r e s o f t h e p r e s e n t s t u d y w e r e a p p r o v e d by t h e 
U n i v e r s i t y Human E t h i c s C o m m i t t e e , U.B.C. and by t h e Human E t h i c s C o m m i t t e e 
o f S t . P a u l ' s H o s p i t a l . A l l p a t i e n t s were i n s t r u c t e d n o t t o t a k e c a p t o p r i l 
f o r 1 month o r any o t h e r m e d i c a t i o n f o r a t l e a s t 2 weeks p r i o r t o t h e s t u d y . 
T h i s was v a l i d a t e d t h r o u g h measurement o f t h e b l a n k s a m p l e . A l l p a t i e n t s 
w e r e r e q u i r e d t o a b s t a i n f r o m a l c o h o l o r c a f f e i n e f o r a t l e a s t 48 h o u r s 
p r i o r t o t h e s t u d y . None o f t h e p a t i e n t s had a h i s t o r y o f h e p a t i c o r r e n a l 
d i s e a s e , o r c a r d i a c d y s f u n c t i o n ( e . g . CHF) and a l l p a t i e n t s had norm a l ECG 
and b i o c h e m i c a l / h a 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 a t t h e t i m e o f t h e s t u d y . 
P a t i e n t s w e r e p r o h i b i t e d f r o m c o n s u m p t i o n o f f o o d f o r 12 h o u r s p r i o r t o t h e 
s t u d y and d u r i n g e a c h s t u d y d a y , b u t were a l l o w e d t o d r i n k w a t e r ( S p r i n g 
Water'^) a n d / o r a p p l e j u i c e ( u n s w e e t e n e d and w i t h o u t p r e s e r v a t i v e s ) ad 



libitum. Room t e m p e r a t u r e was m a i n t a i n e d a t 24°C and body t e m p e r a t u r e s were 
r e c o r d e d t w i c e a f t e r a r r i v a l t o t h e h o s p i t a l and 1 h o u r a f t e r c a p t o p r i l 
a d m i n i s t r a t i o n d u r i n g e a c h s t u d y d a y . 

2.7. S t u d y P r o t o c o l 

Scheme 1 shows a s y n o p s i s o f t h e s t u d y p r o t o c o l . T h e r e were two s t u d y 
d a y s two-weeks a p a r t . D u r i n g b o t h s t u d y d a y s ( d a y 1 and d a y 14) t h e p a t i e n t 
was g i v e n i n d o c y a n i n e g r e e n (CARDIO-GREEN'^, 0.45 mg/kg i . v . b o l u s ) f o u r 
t i m e s i n s e a t e d ( s i ) , u p r i g h t ( u p ) , r e s e a t e d ( s 2 ) p o s i t i o n s and a f t e r t h e 
100 mg o r a l d o s e o f c a p t o p r i l ( C A ) . D u r i n g t h e two-weeks c a p t o p r i l 
t r e a t m e n t p e r i o d b e t w e e n t h e s t u d y d a y s , t h e p a t i e n t s r e c e i v e d 100 mg 
c a p t o p r i l ( 2 CAPOTEN'^ 50 mg t a b l e t s ) once d a i l y . The s e c o n d l a s t d o s e was 
t a k e n a b o u t 20 h o u r s b e f o r e t h e b a s e l i n e m e a s u r e m e n t s o f t h e s e c o n d s t u d y 
d a y were p e r f o r m e d . B l o o d p r e s s u r e s and h e a r t r a t e were r e c o r d e d p r i o r t o 
and f o l l o w i n g t h e i n j e c t i o n o f ICG and a f t e r c a p t o p r i l d o s i n g . The 
p r o c e d u r e s and s t u d y c o n d i t i o n s o f day 1 were r e p e a t e d on d a y 14. D u r i n g 
t h e e n t i r e s t u d y p e r i o d a l l p a t i e n t s were u n d e r t h e s u p e r v i s i o n o f Dr. R. E. 
Rangno ( D i v i s i o n o f C l i n i c a l P h a r m a c o l o g y , S t . P a u l ' s H o s p i t a l ) . 

2.7.1. Dye and Drug A d m i n i s t r a t i o n , B l o o d Sample C o l l e c t i o n 

Scheme 2 shows t h e d e t a i l e d s t u d y p r o t o c o l o f d a y s 1 and 14. On e a c h 
s t u d y d a y an i n d w e l l i n g t e f l o n c a t h e t e r was p l a c e d i n a l a r g e f o r e a r m v e i n 
o f t h e p a t i e n t . A t h r e e - w a y s t o p c o c k was a t t a c h e d t o f a c i l i t a t e b l o o d 
s a m p l i n g and d r u g a d m i n i s t r a t i o n . B l a n k b l o o d s a m p l e s were c o l l e c t e d p r i o r 
t o t h e f i r s t i . v . i n j e c t i o n o f ICG. The p a t e n c y o f t h e c a t h e t e r and b l o o d 
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s a m p l i n g d e v i c e was m a i n t a i n e d d u r i n g t h e e x p e r i m e n t by u s i n g h e p a r i n i z e d 
s a l i n e ( 5 0 U/ml) t o f l u s h t h e c a t h e t e r . To m i n i m i z e a l t e r a t i o n s i n h e p a t i c 
b l o o d f l o w c a u s e d by p o s t u r a l c h a n g e s a l l p a t i e n t s were r e q u i r e d t o r e m a i n 
s e a t e d f o r a minimum o f 6 0 m i n u t e s p r i o r t o t h e i n j e c t i o n o f ICG e x c e p t when 
ICG was i n j e c t e d t o e s t i m a t e h e p a t i c b l o o d f l o w d u r i n g t h e u p r i g h t p o s i t i o n . 
The s t e r i l e ICG s o l u t i o n (CARDIO-GREEN'^) f o r i n t r a v e n o u s i n j e c t i o n was 
p r e p a r e d i m m e d i a t e l y p r i o r t o i n j e c t i o n by a d d i n g t h e s u p p l i e d aqueous 
s o l v e n t ( 1 0 m l ) t o t h e s t e r i l e ICG powder. Each p a t i e n t r e c e i v e d t h e same 
ICG d o s e on day 1 and d a y 14. The 0.45 mg/kg ICG d o s e was g i v e n as an i . v . 
b o l u s o v e r 1 5 s e c o n d s . B l o o d s a m p l e s ( 7 ml) were drawn f r o m t h e c a t h e t e r , 
a f t e r t h e r e m o v a l o f h e p a r i n i z e d s a l i n e , i n t o V a c u t a i n e r * ^ t u b e s a t - 2 , 2, 4, 
6, 8, 10 , 1 2 , 14 m i n u t e s f o l l o w i n g t h e i n j e c t i o n o f ICG . A f t e r t h e i . v . 
i n j e c t i o n o f ICG t h e s t o p - c o c k was t h o r o u g h l y r i n s e d w i t h a b o u t 20 ml o f 
norm a l s a l i n e o r g l u c o s e ( 2 0 % ) . B l o o d s a m p l e s were a l l o w e d t o c l o t a t room 
t e m p e r a t u r e and serum was s e p a r a t e d by c e n t r i f u g a t i o n a t 3 0 0 0 rpm f o r 30 

m i n u t e s a t 4''C. The serum was t r a n s f e r r e d i n t o amber g l a s s v i a l s w i t h 
t e f l o n l i n e d s c r e w c a p s and k e p t f r o z e n a t - 2 0 ° C u n t i l a n a l y s i s (maximum o f 
36 h o u r s ) . The 100 mg c a p t o p r i l d o s e was t a k e n w i t h a b o u t 2 0 0 ml w a t e r . 
B l o o d s a m p l e s ( 3 m l ) f o r t h e c a p t o p r i l a n a l y s i s w e r e drawn f r o m t h e 
c a t h e t e r , f o l l o w i n g t h e r e m o v a l o f h e p a r i n i z e d s a l i n e , i n t o s t e r i l e , 
d i s p o s a b l e s y r i n g e s a t - 5 , 3 0 , 6 0 , 9 0 , 1 2 0 , 1 5 0 , 180 m i n u t e s f o l l o w i n g t h e 
a d m i n i s t r a t i o n o f c a p t o p r i l . B l o o d s a m p l e s (~ 1.5 m l ) wer e i m m e d i a t e l y 
t r a n s f e r r e d i n t o two 1.5 ml Eppendorf'^ v i a l s c o n t a i n i n g t h e 5 0 / i l m i x t u r e o f 
EDTA ( 0 . 1 M) and a s c o r b i c a c i d ( 0 . 1 M). A f t e r c e n t r i f u g a t i o n a t 1 3 0 0 0 g f o r 
2 m i n u t e s t h e s u p e r n a t a n t was p r o c e s s e d as o u t l i n e d i n S e c t i o n 2.5. Serum 
s a m p l e s f o r c a p t o p r i l measurement were k e p t f r o z e n (-20°C) i n p o l y p r o p y l e n e 
t u b e s u n t i l a n a l y s i s . In a d d i t i o n , b l o o d s a m p l e s ( 2 ml) were drawn i n t o 



V a c u t a i n e r ' ^ t u b e s c o n t a i n i n g l i t h i u m h e p a r i n and t h e h e m a t o c r i t was me a s u r e d 
a t t h e t i m e i n d i c a t e d i n Scheme 2. 

2.7.2. B l o o d P r e s s u r e and H e a r t R a t e M e a s u r e m e n t 

B a s e l i n e b l o o d p r e s s u r e s and h e a r t r a t e w e r e m e a s u r e d a t t h e b e g i n n i n g 
o f e a c h s t u d y d a y a f t e r t h e p a t i e n t s w e r e s e a t e d p o s i t i o n f o r ~ 60 m i n u t e s . 
F o u r t o s i x b l o o d p r e s s u r e and h e a r t r a t e r e c o r d i n g s were p e r f o r m e d a t 2 
m i n u t e i n t e r v a l s b e f o r e and f o l l o w i n g t h e i n j e c t i o n s o f ICG. S u b s e q u e n t t o 
t h e a d m i n i s t r a t i o n o f c a p t o p r i l , b l o o d p r e s s u r e and h e a r t r a t e m e a surements 
w e r e made a t 10 m i n u t e i n t e r v a l s u n t i l t h e end o f t h e s t u d y d a y . E x c e p t 
d u r i n g t h e u p r i g h t p o s i t i o n , b l o o d p r e s s u r e and h e a r t r a t e w e r e m e a s u r e d i n 
t h e s e a t e d p o s i t i o n . 

2.8. D a t a A n a l y s i s 

2.8.1. K i n e t i c P a r a m e t e r s o f ICG and L i v e r B l o o d F l o w 

The serum c o n c e n t r a t i o n versus t i m e d a t a o f ICG we r e f i t t o a 
c o m p a r t m e n t a l p h a r m a c o k i n e t i c model u s i n g t h e c o m p u t e r programme AUTOAN 
(Sedman and Wagner, 1 9 7 8 ) . The e s t i m a t e d e l i m i n a t i o n r a t e c o n s t a n t (K^) and 
t h e e s t i m a t e d z e r o t i m e serum c o n c e n t r a t i o n o f ICG were u s e d f o r t h e 
c a l c u l a t i o n o f t h e k i n e t i c p a r a m e t e r s o f ICG. F o r m u l a e u s e d i n t h 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 c a l c u l a t i o n were o b t a i n e d f r o m G i b a l d i and P e r r i e r 
( 1 9 7 5 ) . 

The a r e a u n d e r t h e serum c o n c e n t r a t i o n vs t i m e c u r v e f r o m t i m e z e r o t o 
i n f i n i t y (AUCQ") was c a l c u l a t e d by u s i n g t h e t r a p e z o i d a l a p p r o x i m a t i o n and 



t h e f o l l o w i n g e q u a t i o n : 

AUCQ" = AUCQ^ + AUC^* ( 1 ) 

w h e r e AUCQ* i s t h e a r e a u n d e r t h e serum c o n c e n t r a t i o n vs t i m e c u r v e f r o m 
z e r o t o t h e l a s t drawn s a m p l e . AUC^" was c a l c u l a t e d by d i v i d i n g t h e l a s t 
ICG s e r u m c o n c e n t r a t i o n (Cp) d a t a by K^. 
The a p p a r e n t e l i m i n a t i o n h a l f - l i f e ( t i / 2 ) ^ ^ s c a l c u l a t e d by d i v i d i n g 0.693 

by K^. 

The p l a s m a c l e a r a n c e ( C l p j Q g ) was o b t a i n e d by t h e f o l l o w i n g e q u a t i o n : 

DOSE 

AUCQ 

L i v e r b l o o d f l o w (Qy) was e s t i m a t e d a s : 

^ ^ I C G 
QH = ( 3 ) 

EH ( 1 - H c t ) 

w h e r e Ey i s t h e h e p a t i c e x t r a c t i o n r a t i o ( a s s u m e d t o be 1) and H c t i s t h e 
m e a s u r e d h e m a t o c r i t . 

P e a k u n c h a n g e d c a p t o p r i l s erum c o n c e n t r a t i o n ( C ^ ^ ^ ) and t h e t i m e o f 
maximum c a p t o p r i l c o n c e n t r a t i o n ( t j ^ ^ ^ j were o b t a i n e d f r o m e a c h p a t i e n t ' s 
s erum d a t a . 

2.8.2. P h y s i o l o g i c a l C a l c u l a t i o n s 

Mean a r t e r i a l p r e s s u r e (MAP) was c a l c u l a t e d by t h e a u t o m a t e d d e v i c e a s : 



S y s t o l i c BP + 2 ( D i a s t o l i c BP) 
MAP = (4) 

Body s u r f a c e a r e a (BSA) o f e a c h p a t i e n t was c a l c u l a t e d f r o m t h e f o r m u l a o f 
D u b o i s and D u b o i s ( 1 9 1 5 ) : 

BSA = W °-425 * H 0.725 * 71^4 c o n s t a n t ) (5) 

w h e r e BSA i s t h e body s u r f a c e a r e a i n cm^, W i s t h e body w e i g h t i n 
k i l o g r a m s , and H i s t h e h e i g h t i n cm. 

S p l a n c h n i c v a s c u l a r r e s i s t a n c e (SVR) was c a l c u l a t e d as f o l l o w s : 

MAP 
SVR = (6) 

QH 

w h e r e MAP i s t h e mean a r t e r i a l p r e s s u r e i n mm Hg, i s t h e e s t i m a t e d l i v e r 
b l o o d f l o w i n m l / s e c . 

The s t u d y p r o t o c o l was d e s i g n e d so t h a t e a c h p a t i e n t s e r v e d as h i s own 
c o n t r o l . The p e r c e n t c h a n g e (% c h a n g e ) i n t r e a t e d v a l u e (T) f r o m t h e 
a p p r o p r i a t e b a s e l i n e (B) was c a l c u l a t e d as f o l l o w s : 

T - B 
% change= x 100 (7) 

B 

The p e r c e n t c h a n g e (% c h a n g e ) i n t h e a b s o l u t e d e c r e a s e i n t r e a t e d v a l u e 
(T) f r o m b a s e l i n e (B) on d a y 1 and d a y 14 was c a l c u l a t e d by t h e f o l l o w i n g 



e q u a t i o n : 

(Day 14 B - Day 14 T) - (Day 1 B - Day 1 T) 
% change= x 100 (8) 

(Day 1 B - Day 1 T) 

2.8.3. S t a t i s t i c a l A n a l y s e s 

S t a t i s t i c a l c o m p a r i s o n s w e r e made by m u l t i v a r i a t e a n a l y s i s o f v a r i a n c e 
(MANOVA) w i t h r e p e a t e d m e a s u r e s u s i n g t h e S o f t w a r e P a c k a g e f o r S o c i a l 
S c i e n c e s c o m p u t e r p r o g r a m (SPSS-X, SPSS I n c . , C h i c a g o , I l l i n o i s , U.S.A.), 
a n a l y s i s o f v a r i a n c e (ANOVA) and t w o - t a i l e d o r o n e - t a i l e d p a i r e d s a m p l e t-

t e s t , w h e r e a p p r o p r i a t e . The l e v e l o f s i g n i f i c a n c e c h o s e n f o r a l l 
s t a t i s t i c a l a n a l y s e s was a = 0.05. 



3. RESULTS 

3.1. S p e c t r o p h o t o m e t r i c A n a l y s i s o f I n d o c y a n i n e G r e e n ( I C G ) 

3.1.1. S t a b i l i t y o f ICG i n D i s t i l l e d W a t e r 

In vitro s t u d i e s p r e v i o u s l y d e m o n s t r a t e d t h e i n s t a b i l i t y o f ICG i n 
d i s t i l l e d w a t e r ( G a t h j e et. al. 1 9 7 0 ) . I n o u r e x p e r i m e n t s t h e UV a b s o r p t i o n 
o f ICG, m e a s u r e d a t 778 nm d e c r e a s e d by 23 % d u r i n g t h e f i r s t 7 h o u r s a f t e r 
p r e p a r a t i o n and by 63 % by t h e end o f 24 h o u r s , i n d i c a t i n g s i g n i f i c a n t 
i n s t a b i l i t y i n w a t e r . The r a t e o f d e c l i n e was a p p a r e n t l y f a s t e r d u r i n g t h e 
f i r s t 7 h o u r s t h a n b e t w e e n 7-24 h o u r s . 

3.1.2. S t a b i l i t y o f ICG i n Human Serum 

The s t a b i l i t y o f ICG i n human serum i n l o w ( 0 . 2 /zg/ml ) and h i g h (6.0 
/ig/ml) c o n c e n t r a t i o n s was d e t e r m i n e d by m e a s u r i n g t h e c h a n g e i n 
c o n c e n t r a t i o n as a f u n c t i o n o f t i m e . The a b s o r b a n c e was m e a s u r e d a t 806 nm. 
The r e s u l t s a r e shown i n F i g u r e 3. The b e s t f i t t h r o u g h t h e d a t a p o i n t s was 
o b t a i n e d by l i n e a r r e g r e s s i o n and was d e s c r i b e d by Y = 0.00003X + 0.197 f o r 
t h e 0.2 /ig/ml and Y = - 0.0005X + 5.772 f o r t h e 6.0 /tg/ml ICG c o n c e n t r a t i o n . 
The p v a l u e s o f t h e two r e g r e s s i o n l i n e s w ere l a r g e r t h a n 0.25 s u g g e s t i n g 
t h a t t h e s l o p e s were n o t 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 z e r o and t h e ICG 
c o n c e n t r a t i o n s were s t a b l e w i t h t i m e i n serum (ANOVA) u n l i k e i n d i s t i l l e d 
w a t e r . The mean (± SD, n=7) ICG c o n c e n t r a t i o n s were f o u n d t o be 0.197 ± 
0.025 and 5.762 ± 0.225 /ig/ml f o r t h e 0.2 and 6.0 /ig/ml ICG s e r u m s o l u t i o n s , 
r e s p e c t i v e l y . The c o e f f i c i e n t s o f v a r i a t i o n w e r e 1 2 . 8 % and 3.8% f o r t h e l o w 
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F i g u r e 3. S t a b i l i t y t e s t o f ICG i n human serum a t h i g h ( 6.0 liq/m^) and l o w 
(0.2 /xg/ml) c o n c e n t r a t i o n s . 



and h i g h ICG c o n c e n t r a t i o n s , r e s p e c t i v e l y . The s l o p e s o f t h e two r e g r e s s i o n 
l i n e s w ere 0.00003 and - 0.0005 (/ig/ml/hour) f o r ICG c o n c e n t r a t i o n s 0.2 and 
6.0 / i g / m l , r e s p e c t i v e l y . T h e s e r e s u l t s i n d i c a t e t h a t ICG s a m p l e s p r e p a r e d 
i n human serum were s t a b l e f o r 48 h o u r s w i t h o u t any s i g n i f i c a n t d e c l i n e i n 
ICG c o n c e n t r a t i o n when s t o r e d a t -20''C. 

3.1.3. R e p r o d u c i b i l i t y o f S t a n d a r d C u r v e s 

The d a y t o d a y r e p r o d u c i b i l i t y o f t h e s t a n d a r d c u r v e s u s e d f o r t h e 
q u a n t i t a t i o n o f ICG i n serum d u r i n g t h e s t a b i l i t y t e s t i s i l l u s t r a t e d i n 
F i g u r e 4. I n t h i s f i g u r e , t h e s l o p e s o f t h e s e v e n s t a n d a r d c u r v e s (0.2 -
6.0 /ig/ml) w e r e p l o t t e d a g a i n s t t h e t i m e o f t h e i r p r e p a r a t i o n . The l i n e a r 
r e g r e s s i o n l i n e f i t t e d t h r o u g h t h e d a t a p o i n t s i s d e s c r i b e d by Y = -0.0002 + 
1.007. The s i g n i f i c a n c e o f r e g r e s s i o n was t e s t e d by ANOVA and t h e p v a l u e 
was f o u n d t o be l a r g e r t h a n 0.25 s u g g e s t i n g t h a t t h e s l o p e s do n o t change 
w i t h t i m e . The c o e f f i c i e n t s o f v a r i a t i o n f o r t h e s l o p e s was f o u n d t o be 
1.6%. The a b s o r b a n c e s p e c t r a o f t h e s t a n d a r d c u r v e s a m p l e s o f ICG i n serum, 
i n t h e c o n c e n t r a t i o n r a n g e f r o m 0.2-6.0 /zg/ml a r e shown i n F i g u r e 5. 

3.1.4. S t a n d a r d C u r v e s f o r t h e Q u a n t i t a t i o n o f ICG i n P a t i e n t S a m p l e s 

T a b l e 1 p r e s e n t s t h e d a t a o f a r e p r e s e n t a t i v e s t a n d a r d c u r v e u s e d f o r 
t h e q u a n t i t a t i o n o f ICG i n p a t i e n t s a m p l e s . The r e l a t i o n s h i p between 
a b s o r b a n c e and c o n c e n t r a t i o n o f ICG was l i n e a r i n t h e r a n g e o f 0.2-5.0 /ig/ml 
w i t h a c o r r e l a t i o n c o e f f i c i e n t o f r ^ = 0.999 ( F i g u r e 6 ) . C o e f f i c i e n t s o f 
v a r i a t i o n w e r e l e s s t h a n 10% f o r a l l c o n c e n t r a t i o n s . The Y - i n t e r c e p t was 
l e s s t h a n 1 0 % o f t h e h i g h e s t a b s o r b a n c e . 
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F i g u r e 4. V a r i a b i l i t y i n t h e s l o p e s o f t h e r e g r e s s i o n l i n e s o f s t a n d a r d 
c u r v e s u s e d i n t h e s t a b i l i t y t e s t o f ICG i n human serum. 
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F i g u r e 5. S p e c t r o p h o t o m e t r i c s c a n s o f ICG s t a n d a r d s a m p l e s i n human serum. 
C o n c e n t r a t i o n r a n g e f r o m 0.2 t o 5.0 / i g / m l . 



T a b l e 1. S t a n d a r d c u r v e d a t a o f ICG f o r p a t i e n t serum s a m p l e s 

Number o f s a m p l e s , n = 4 
C o n c e n t r a t i o n A b s o r b a n c e C o e f f i c i e n t o f 
o f ICG (Mg/ml) (mean ± SD) v a r i a t i o n % 

0.2 0.0592 ± 0.002 3.6 
0.6 0.1660 ± 0.003 1.8 
1.0 0.2820 ± 0.007 2.6 
2.0 0.5823 ± 0.011 1.9 
3.0 0.8910 ± 0.016 1.8 
5.0 1.4873 ± 0.009 0.6 

L i n e a r r e g r e s s i o n : Y = 0.300X - 0.013 r ^ = 0.999 
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F i g u r e 6. R e p r e s e n t a t i v e s t a n d a r d c u r v e i n t h e c o n c e n t r a t i o n r a n g e f r o m 
t o 5.0 /ig/ml ( n=4). 



3.1.5. I n t e r - D a y and I n t r a - D a y R e p r o d u c i b i l i t y o f t h e S p e c t r o p h o t o m e t r i c 
M e t h o d 

F i g u r e 7 shows t h a t t h e r e i s a l i n e a r r e l a t i o n s h i p b e t w e e n t h e mean (± 
SD, n=4) f o u n d and a c t u a l ICG c o n c e n t r a t i o n s w i t h a c o r r e l a t i o n c o e f f i c i e n t 
r ^ = 0.999. T a b l e 2 p r e s e n t s t h e r e s u l t s o f t h e i n t e r - d a y r e c o v e r y o f ICG 
and t h e c o e f f i c i e n t s o f v a r i a t i o n i n ICG c o n c e n t r a t i o n s . The r e c o v e r y o f 
ICG was f o u n d t o be b e t w e e n 93.3 and 102.7%. The h i g h e s t c o e f f i c i e n t o f 
v a r i a t i o n ( 9 . 8 %) was f o u n d f o r t h e ICG c o n c e n t r a t i o n o f 0.2 /zg/ml. 
S i m i l a r l y , t h e i n t r a - d a y c o e f f i c i e n t s o f v a r i a t i o n f o r ICG c o n c e n t r a t i o n s 
0.2, 1.0 and 5.0 jiig/ml w e r e 8.4%, 4.9% and 2.1%, r e s p e c t i v e l y . 

3.2. Human S u b j e c t s 

T a b l e 3 shows t h e c h a r a c t e r i s t i c s o f human s u b j e c t s who p a r t i c i p a t e d i n 
t h e s t u d y . The c o e f f i c i e n t s o f v a r i a t i o n f o r t h e age, body w e i g h t and body 
s u r f a c e a r e a w e r e 13.6%, 1 2 . 6 % and 4.5%, r e s p e c t i v e l y . The c o e f f i c i e n t s o f 
v a r i a t i o n f o r t h e s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s w e r e 8.4 and 2.2 mm 
Hg, r e s p e c t i v e l y . One p a t i e n t (R.S.) was w i t h d r a w n a f t e r t h e f i r s t s t u d y 
d a y due t o h i s l o w h e m a t o c r i t , C a p t o p r i l was w e l l t o l e r a t e d i n t h e p a t i e n t s 
s t u d i e d . A m i l d i r r i t a t i n g s e n s a t i o n i n t h e t h r o a t d e v e l o p e d i n one p a t i e n t 
a f t e r 7 d a y s o f t r e a t m e n t w i t h c a p t o p r i l , b u t i t d i d n o t r e q u i r e a s t o p p a g e 
i n t h e r a p y . H y p o t e n s i o n w i t h o u t any symptoms was o b s e r v e d i n one p a t i e n t 
a f t e r t h e f i r s t d o s e o f c a p t o p r i l , b u t r e s o l v e d w i t h o u t d i s c o n t i n u a t i o n o f 
t h e d r u g . Body t e m p e r a t u r e s were i n t h e r a n g e f r o m 35.8 t o 36.7°C. 



Linear regression: Y = 1.01 IX - 0.041 

ACTUAL ICG CONCENTRATION /^g/ml 

F i g u r e 7. R e l a t i o n s h i p between t h e a c t u a l and f o u n d ICG c o n c e n t r a t i o n s . 
D a t a a r e p r e s e n t e d as mean ± SD, n=4. 



T a b l e 2. R e s u l t s o f t h e i n t e r - d a y r e p r o d u c i b i l i t y t e s t o f t h e 
s p e c t r o p h o t o m e t r i c method f o r m e a s u r i n g ICG i n human serum. 

A c t u a l Found R e c o v e r y ^ C o e f f i c i e n t s o f 
ICG c o n e . ICG c o n e . v a r i a t i o n 

/ig/ml /ig/ml ( % ) ( % ) 

(mean ± SD, n = 4) 

0.2 0.205 ± 0.020 102.7 + 10.1 9.8 
0.6 0.592 + 0.017 98.6 ± 2.8 2.9 
1.0 1.002 ± 0.031 100.2 ± 3.1 3.1 
2.0 1.866 + 0.088 93.3 + 4.4 4.7 
3.0 2.952 + 0.087 98.4 + 2.9 3.0 
5.0 5.074 + 0.082 101.5 + 1.6 1.6 

L i n e a r r e g r e s s i o n : Y = l . O l l X - 0.041 r"^ = 0.999 

SD s t a n d a r d d e v i a t i o n 
^ C a l c u l a t e d f r o m t h e r a t i o o f f o u n d and a c t u a l ICG c o n c e n t r a t i o n 

m u l t i p l y i n g by 100 



T a b l e 3. C h a r a c t e r i s t i c s o f Human S u b j e c t s . 

P a t i e n t Age BW H e i g h t BSA BP B a s e l i n e 
( y e a r s ) ( k g ) (cm) (m2) (mm Hg) H e m a t o c r i t 

OW 52 93 179 2.1 182 / 103 0.43 
MO 44 119 188 2.4 162 / 102 0.44 
MS 42 96 185 2.2 145 / 104 0.46 
BH 58 92 173 2.1 152 / 104 0.50 
DA 55 85 188 2.1 155 / 107 0.47 
CB 58 84 173 2.0 168 / 100 0.41 
RS^ 44 101 180 2.1 143 / 102 0.38 

Mean 51.5 95 181 2.2 160 / 103 
± SD: ± 7.0 + 12 ± 7 ± 0.1 ± 13.5 / ± 2.3 
C.V.% 13.6 12.6 3.9 4.5 8.4 / 2.2 

BW body w e i g h t 
BSA body s u r f a c e a r e a 
BP p r e t r e a t m e n t b l o o d p r e s s u r e 
SD s t a n d a r d d e v i a t i o n 
C.V. c o e f f i c i e n t o f v a r i a t i o n 

P a t i e n t was w i t h d r a w n a f t e r d a y 1; d a t a a r e e x c l u d e d f r o m t h e c a l c u l a t i o n 
o f mean v a l u e s 



3.3. Changes i n t h e K i n e t i c P a r a m e t e r s o f ICG 

3.3.1. Serum C o n c e n t r a t i o n D a t a o f I n d o c y a n i n e G r e e n 

R e p r e s e n t a t i v e s e m i - l o g a r i t h m i c p l o t s o f t h e serum c o n c e n t r a t i o n versus 

t i m e c u r v e s o f ICG o b t a i n e d f r o m a p a t i e n t on d a y 1 and d a y 14 a r e shown i n 
F i g u r e 8. The s e m i - l o g a r i t h m i c p l o t s o f t h e serum c o n c e n t r a t i o n versus t i m e 
c u r v e s f r o m f i v e p a t i e n t s a r e shown i n A p p e n d i x 1. The f o u r c u r v e s o f e a c h 
g r a p h r e p r e s e n t t h e f o u r p h a s e s o f d a y 1 and 14, s u c h as s e a t e d ( s i ) , 
u p r i g h t ( u p ) , r e s e a t e d ( s 2 ) p o s i t i o n s and a f t e r c a p t o p r i l d o s i n g ( C A ) . F o r 
d e s c r i b i n g t h e c h a n g e s i n ICG serum c o n c e n t r a t i o n s w i t h t i m e a f t e r i . v . 
d o s e s o f 0.45 mg/kg o f ICG a one co m p a r t m e n t model was u s e d as d e t e r m i n e d by 
AUTOAN. The m o n o e x p o n e n t i a l e q u a t i o n w h i c h d e s c r i b e s t h e d i s p o s i t i o n o f ICG 
i n s e r u m was as f o l l o w s : 

C p ( t ) = C p ( 0 ) e - V 

w h e r e C p ( t ) and C p ( 0 ) a r e t h e serum c o n c e n t r a t i o n s o f ICG a t t i m e t and t i m e 
z e r o , r e s p e c t i v e l y and K^ i s t h e e l i m i n a t i o n r a t e c o n s t a n t . In some 
i n s t a n c e s , t h e d e c a y o f ICG serum l e v e l s was b e t t e r f i t t o a two- c o m p a r t m e n t 
model s u g g e s t i n g an i n i t i a l d i s t r i b u t i o n p h a s e o f ICG a f t e r i . v . 
a d m i n i s t r a t i o n . 

3.3.2. K i n e t i c P a r a m e t e r s o f ICG (ti/2» AUCg" and C l p j ^ Q ) 

The e l i m i n a t i o n h a l f - l i f e ( t 2 / 2 ) o f ICG has been f o u n d t o be 4.03 ± 0.68 



F i g u r e 8. R e p r e s e n t a t i v e serum c o n c e n t r a t i o n versus t i m e c u r v e o f ICG 
o b t a i n e d i n a p a t i e n t on day I and d a y 14 i n s e a t e d ( o p e n 
c i r c l e ) , u p r i g h t ( c l o s e d c i r c l e ) , r e s e a t e d (open t r i a n g l e ) 
p o s i t i o n s and 1 h o u r a f t e r c a p t o p r i l ( c l o s e d t r i a n g l e s ) . 



m i n u t e s (mean ± SD, n = 2 4 ) , on day 1 and 3.98 ± 0.52 m i n u t e s (mean ± SD, 
n = 2 4 ) , on d a y 14. 

The t o t a l a r e a u n d e r t h e serum c o n c e n t r a t i o n vs t i m e c u r v e (AUCQ°°, 

r e f e r r e d t o as AUC i n t h e t e x t ) and p l a s m a c l e a r a n c e ( C l p j ^ g ) d a t a o f ICG 
f o r t h e s i x p a t i e n t s b e f o r e and a f t e r c a p t o p r i l t r e a t m e n t on d a y 1 and 14 
a r e shown i n T a b l e 4 and T a b l e 5, r e s p e c t i v e l y . I n t h e s e t a b l e s , t h e 
a b s o l u t e and p e r c e n t a g e d i f f e r e n c e s f r o m b a s e l i n e ( s i ) v a l u e s d u r i n g u p r i g h t 
( u p ) , r e s e a t e d ( s 2 ) p o s i t i o n and 1 h o u r a f t e r c a p t o p r i l a d m i n i s t r a t i o n (CA) 
f o r t h e s i x p a t i e n t s , on day 1 and 14 a r e a l s o p r e s e n t e d . The a b s o l u t e and 
p e r c e n t a g e d i f f e r e n c e s f r o m r e s e a t e d ( s 2 ) v a l u e s a f t e r c a p t o p r i l d o s i n g (CA) 
a r e shown i n t h e l a s t c o l u m n s o f t h e t a b l e s . I n a d d i t i o n , t h e l a s t p a r t s o f 
T a b l e 4 and T a b l e 5 show t h e s h o r t - t e r m e f f e c t s o f c a p t o p r i l on AUC and 
C l p j Q Q , r e s p e c t i v e l y , f o r t h e s i x p a t i e n t s , c a l c u l a t e d as t h e a b s o l u t e and 
p e r c e n t a g e d i f f e r e n c e s f r o m da y 1 d a t a . F i g u r e 9 i l l u s t r a t e s t h e c h a n g e s i n 
C l p j Q g , e x p r e s s e d i n a b s o l u t e t e r m s and p e r u n i t body w e i g h t and body 
s u r f a c e a r e a , f o r t h e s i x p a t i e n t s d u r i n g t h e s e a t e d ( s i ) , u p r i g h t ( u p ) , 
r e s e a t e d ( s 2 ) and p o s t - c a p t o p r i l (CA) s t u d y p h a s e s , on d a y 1 and 14. D a t a 
o f C l p j Q Q n o r m a l i z e d t o body w e i g h t and body s u r f a c e a r e a a r e p r e s e n t e d i n 
A p p e n d i x 2. 

3 . 3.2.1. E f f e c t s o f P o s t u r a l Change on AUC and C l p j Q g B e f o r e and A f t e r 
C a p t o p r i l T r e a t m e n t 

The r e s u l t s o f t h e c o m p a r i s o n s o f mean (± SEM, n=6) AUC and C l p j Q Q d a t a 
d u r i n g p o s t u r a l c h a n g e f r o m s e a t e d ( s i ) t o u p r i g h t (up) and r e s e a t e d ( s 2 ) 
p o s i t i o n s b e f o r e and a f t e r t h e a d m i n i s t r a t i o n o f c a p t o p r i l on d a y 1 and 14 
a r e shown on T a b l e 6. S t a t i s t i c a l c o m p a r i s o n s were n o t p e r f o r m e d f o r t h e 



T a b l e 4. Changes i n AUCg" o f ICG b e f o r e and a f t e r c a p t o p r i l t r e a t m e n t i n 
s i x m i l d / m o d e r a t e h y p e r t e n s i v e p a t i e n t s 

D A Y 1 
AUCQ" ( m i n - / i g / m l ) D i f f e r e n c e f r o m s i D i f f e r e n c e 

P a t i e n t f r o m s2 
s i up s2 CA up s2 CA CA 

MO 65.9 92.1 68.2 57.3 26.2 . 
39.8%1 

2.3 
3.5% 

-8.6 
- 1 3 . 0 % 

-10.9 
- 1 6 . 0 % 

OW 71.3 85.3 74.3 78.7 14.0 
1 9 . 6 % 

3.0 
4.2% 

7.4 
1 0 . 4 % 

4.4 
5.9% 

MS 57.3 77.2 74.8 73.5 19.9 
3 4 . 7 % 

17.5 
3 0 . 6 % 

16.2 
2 8 . 3 % 

-1.3 
- 1 . 8 % 

BH 84.7 119.2 100.2 106.9 34.5 
4 0 . 7 % 

15.5 
1 8 . 3 % 

22.2 
2 6 . 2 % 

6.7 
6.7% 

DA 67.4 98.6 64.3 80.4 31.2 
4 6 . 2 % 

-3.1 
- 4 . 6 % 

13.0 
1 9 . 2 % 

16.1 
2 5 . 0 % 

CB 65.6 79.5 55.7 72.5 13.9 
2 1 . 2 % 

-9.9 
- 1 5 . 1 % 

6.9 
1 0 . 5 % 

16.8 
3 0 . 3 % 

D A Y 1 4 
AUCQ" ( m i n - / i g / m l ) D i f f e r e n c e f r o m s i D i f f e r e n c e 

P a t i e n t f r o m s2 
s i up s2 CA up s2 CA CA 

MO 48.5 59.5 57.6 54.7 11.1 9.2 6.2 -2.9 
2 2 . 9 % 1 8 . 9 % 1 2 . 9 % - 5 . 1 % 

OW 42.6 65.0 47.5 55.3 22.3 4.8 12.7 7.8 
5 2 . 3 % 1 1 . 4 % 2 9 . 7 % 1 6 . 5 % 

MS 45.4 58.5 49.1 61.3 13.1 3.7 15.9 12.1 
2 8 . 8 % 8.2% 3 5 . 0 % 2 4 . 7 % 

BH 68.7 104.4 94.6 80.6 35.7 25.9 11.9 -14.0 
5 1 . 9 % 3 7 . 7 % 1 7 . 3 % - 1 4 . 8 % 

DA 61.1 69.3 45.2 46.0 8.2 -15.9 -15.2 0.7 
1 3 . 4 % - 2 6 . 0 % - 2 4 . 8 % 1.6% 

CB 62.6 102.3 77.5 81.8 39.8 14.9 19.3 4.3 
6 3 . 6 % 2 3 . 9 % 3 0 . 8 % 5.6% 



T a b l e 4. C o n t ' d 
D A Y 1 4 D I F F E R E N C E F R O M D A Y 1 

P a t i e n t 
AUCQ"" (min •/zg/ml) 

P a t i e n t 
s i up s2 CA 

MO -17.4 -32.5 -10.5 -2.6 
- 2 6 . 4 % - 3 5 . 3 % - 1 5 . 5 % - 4 . 5 % 

OW -28.7 -20.4 -26.8 -23.4 
- 4 0 . 2 % - 2 3 . 9 % - 3 6 . 1 % - 2 9 . 7 % 

MS -11.9 -18.7 -25.7 -12.2 
- 2 0 . 8 % - 2 4 . 3 % - 3 4 . 3 % - 1 6 . 7 % 

BH -16.0 -14.8 -5.6 -26.3 
- 1 8 . 9 % - 1 2 . 4 % - 5 . 6 % - 2 4 . 6 % 

DA -6.3 -29.3 -19.1 -34.5 
- 9 . 4 % - 2 9 . 7 % - 2 9 . 7 % - 4 2 . 9 % 

CB -3.1 22.8 21.8 9.3 
- 4 . 6 % 2 8 . 7 % 3 9 . 2 % 1 2 . 8 % 

^ % c h a n g e i n AUC 
s i d a t a o b t a i n e d i n s e a t e d p o s i t i o n 
up d a t a o b t a i n e d i n u p r i g h t p o s i t i o n 
s2 d a t a o b t a i n e d i n r e s e a t e d p o s i t i o n 
CA d a t a o b t a i n e d 1 h o u r a f t e r c a p t o p r i l d o s i n g 
SEM s t a n d a r d e r r o r o f t h e mean 



T a b l e 5. C h a n g e s i n Clpjçg b e f o r e and a f t e r c a p t o p r i l t r e a t m e n t i n s i x 
p a t i e n t s w i t h m i l d t o m o d e r a t e h y p e r t e n s i o n . 

1 

P a t i e n t 
C l p I C G ( m l / m i n ) 

s i up s2 CA 
D i f f e r e n c e f r o m s i 
up s2 CA 

D i f f e r e n c e 
f r o m s2 

CA 

MO 683.4 488.8 660.1 785 .6 -194.5 . 
-28.5%^ 

-23.2 
- 3 . 4 % 

102.3 
1 5 . 0 % 

125.5 
'19.0% 

OW 649.0 542.7 586.5 553 .8 -106.3 
- 1 6 . 4 % 

-62.4 
- 9 . 6 % 

-95.2 
- 1 4 . 7 % 

-32.7 
- 5 . 6 % 

MS 785.3 583.1 601.3 612, .1 -202.2 
- 2 5 . 8 % 

-184.0 
- 2 3 . 4 % 

-173.2 
- 2 2 . 1 % 

10.7 
1.8% 

BH 531.1 377.5 449.1 421, .0 -153.6 
- 2 8 . 9 % 

-82.0 
- 1 5 . 4 % 

-110.1 
- 2 0 . 7 % 

-28.1 
- 6 . 3 % 

DA 519.1 355.0 544.1 435. .3 -164.1 
- 3 1 . 6 % 

25.0 
4.8% 

-83.8 
- 1 6 . 1 % 

-108.8 
- 2 0 . 0 % 

CB 533.5 440.3 628.7 482, ,7 -93.2 
- 1 7 . 5 % 

95.2 
1 7 . 9 % 

-50.8 
- 9 . 5 % 

-146.1 
- 2 3 . 2 % 

1 4 
D i f f e r e n c e f r o m s i 
up s2 CA 

P a t i e n t ^"•pICG ( m l / m i n ) 
s i up s2 CA 

D i f f e r e n c e 
f r o m s2 

CA 

MO 928 .6 755 .9 780 .8 822.6 -172.7 
- 1 8 . 6 % 

-147.9 
- 1 5 . 9 % 

-106.1 
- 1 1 . 4 % 

41.8 
5.4% 

OW 1055 .2 692 .8 947 .5 813.4 -362.3 
- 3 4 . 3 % 

-107.6 
- 1 0 . 2 % 

-241.8 
- 2 2 . 9 % 

-134.2 
- 1 4 . 2 % 

MS 991 .3 769 .9 915 .8 734.3 -221.4 
- 2 2 . 3 % 

-75.5 
- 7 . 6 % 

-257.0 
- 2 5 . 9 % 

-181.5 
- 1 9 . 8 % 

BH 654, .9 431 .2 475, .6 558.3 -223.7 
- 3 4 . 2 % 

-179.3 
- 2 7 . 4 % 

-96.6 
- 1 4 . 8 % 

82.7 
1 7 . 4 % 

DA 572, .8 505 .1 773, .7 761.7 -67.7 
- 1 1 . 8 % 

200.9 
3 5 . 1 % 

188.9 
3 3 . 0 % 

-12.0 
- 1 . 6 % 

CB 559. ,5 342, .0 451. ,7 427.8 -217.5 
- 3 8 . 9 % 

-107.8 
- 1 9 . 3 % 

-131.7 
- 2 3 . 5 % 

-23.9 
- 5 . 3 % 



T a b l e 5. C o n t ' d 
D A Y 1 4 D I F F E R E N C E F R O M D A Y 1 

P a t i e n t C^pICG ( m l / m i n ) 
P a t i e n t 

s i up s2 CA 

MO 245.3 
3 5 . 9 % 

267.1 
5 4 . 6 % 

120.7 
1 8 . 3 % 

36.9 
4.7% 

OW 406.2 
6 2 . 6 % 

150.1 
2 7 . 7 % 

361.0 
6 1 . 6 % 

259.5 
4 6 . 9 % 

MS 206.0 
2 6 . 2 % 

186.8 
3 2 . 0 % 

314.5 
5 2 . 3 % 

122.2 
2 0 . 0 % 

BH 123.8 
2 3 . 3 % 

53.7 
1 4 . 2 % 

26.5 
5.9% 

137.3 
3 2 . 6 % 

DA 53.7 
1 0 . 3 % 

150.1 
4 2 . 3 % 

229.6 
4 2 . 2 % 

326.4 
7 5 . 0 % 

CB 26.0 
4.9% 

-98.3 
- 2 2 . 3 % 

-177.0 
- 2 8 . 2 % 

-54.9 
- 1 1 . 4 % 

% c h a n g e i n C l p j Q g 
s i d a t a o b t a i n e d i n s e a t e d p o s i t i o n 
up d a t a o b t a i n e d i n u p r i g h t p o s i t i o n 
s2 d a t a o b t a i n e d i n r e s e a t e d p o s i t i o n 
CA d a t a o b t a i n e d 1 h o u r a f t e r c a p t o p r i l d o s i n g 
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 9. C l pTCG ( n o r m a l i z e d t o body w e i g h t and body s u r f a c e a r e a ) i n t h e 
. j & t e d ( s i ) , u p r i g h t ( u p ) , r e s e a t e d ( s 2 ) and p o s t - c a p t o p r i l (CA) 
p h a s e s o b t a i n e d i n s i x p a t i e n t s on d a y 1 and d a y 14. 



T a b l e 6. Changes i n t h e mean AUCQ" and C K J ^ Q b e f o r e and a f t e r c a p t o p r i l 
t r e a t m e n t on d a y 1 and day 14. 

Mean ± SEM, n = 6 
s i up s2 CA 

D i f f e r e n c e 
f r o m s i 

up s2 CA 

D i f f e 
r e n c e 

f r o m s2 
CA 

DAY 1 , 
AUCQ" 68.7 92.0 72.9 78.2 2 3 . 3 ^ 4.2 9.5 5.3 
min.Mg/ml ±3.7 ±6.3 ±6.2 ±6.6 ±3.6 ±4.3 ±4.3 ±4.3 

33 . 9 % 6.1% 1 3 . 8 % 7.3% 
DAY 14 
AUCQ" 54.8 76.5 61.9 63.3 21.7^ 7.1 8.5 1.3 
min.Mg/ml ±4.4 ±8.6 ±8.1 ±6.0 ±5.5 ±5.7 ±5.0 ±3.8 

3 9 . 5 % 1 3 . 0 % 1 5 . 4 % 2.2% 
DAY 1 — -- — -
C l p 616.9 464.6 578.3 548.4 -152.3 -38.6 -68.5 -29.9 
ml / m i n ±43.9 ±36.9 ±30.4 55.9 ±18.3 ±39.1 ±37.9 ±39.0 

- 2 4 . 7 % - 6 . 3 % - 1 1 . 1 % - 5 . 2 % 
DAY 14 
C l p 793.7 582.8 724.2 686.3 -210.9 -69.5 -107.4 -37.8 
ml/ m i n ±91.0 ±74.0 ±87.2 ±64.8 ±38.8 ±56.1 ±65.6 ±41.5 

-2 6 . 6 % - 8 . 8 % - 1 3 . 5 % - 5 . 2 % 
DAY 1 
Clp/BW 6.5 4.9 6.2 5.7 -1.6 -0.4 -0.8 -0.4 
ml/mi n/kg ±0.4 ±0.4 ±0.4 ±0.3 ±0.2 ±0.4 ±0.4 ±0.4 

-2 4 . 5 % - 5 . 7 % - 1 2 . 2 % - 6 . 5 % 
DAY 14 
Clp/BW 8.3 6.1 7.7 7.2 -2.2 -0.7 -1.1 -0.4 
ml / m i n / k g ±0.8 ±0.6 ±0.9 ±0.6 ±0.4 ±0.6 ±0.7 ±0.4 

-2 7 . 0 % - 8 . 1 % - 1 3 . 1 % - 5 . 5 % 
DAY 1 
C l p / B S A 286.4 216.3 269.7 253.2 -70.4 -17.1 -33.5 -16.4 
ml/min/m^ ±16.3 ±15.8 ±13.0 ±18.2 ±7.3 ±18.5 ±16.7 ±17.9 

-2 4 . 6 % - 6 . 0 % - 1 1 . 7 % - 6 . 1 % 
DAY 14 
C l p / B S A - 367.6 268.6 335.7 318.0 -99.0 -31.9 -49.6 -17.7 
ml/min/m^ ±37.7 ±29.0 ±37.8 ±25.6 ±18.8 ±26.6 ±30.9 ±19.2 

-2 6 . 9 % - 8 . 7 % - 1 3 . 5 % - 5 . 3 % 

^ no s t a t i s t i c a l c o m p a r i s o n s were made f o r AUC d a t a 
s i d a t a o b t a i n e d i n f i r s t s e a t e d p o s i t i o n 
up d a t a o b t a i n e d i n u p r i g h t p o s i t i o n 
s2 d a t a o b t a i n e d i n r e s e a t e d p o s i t i o n 
CA d a t a o b t a i n e d 1 h o u r a f t e r c a p t o p r i l d o s i n g 
SEM s t a n d a r d e r r o r o f t h e mean 
BW body w e i g h t 
BSA body s u r f a c e a r e 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 (p < 0.005) c o m p a r e d t o s i , MANOVA 



AUC d a t a . T a b l e 6 shows t h a t p o s t u r a l c hange f r o m s i t t i n g t o u p r i g h t 
i n c r e a s e d AUC (mean ± SEM, n=6) f r o m 68.7 ± 3.7 t o 92.0 ± 6.3 min'/xg/ml on 
day 1 and f r o m 54.8 ± 4.4 t o 76.5 ± 8.6 min-jug/ml on day 14. The a b s o l u t e 
i n c r e a s e i n AUC upon s t a n d i n g was 23.3 ± 3.6 min-/ig/ml o r 3 3 . 9 % o f c o n t r o l 
v a l u e b e f o r e c a p t o p r i l t r e a t m e n t on d a y 1 and 21.7 ± 5.5 min'/ig/ml o r 3 9 . 5 % 
o f c o n t r o l v a l ue on d a y 14. S i m i l a r l y , C l p j ^ Q (mean ± SEM, n-6) d e c r e a s e d 
i n u p r i g h t p o s i t i o n f r o m 616.9 ± 43.9 t o 464.6 ± 36.9 m l / m i n ( 2 4 . 7 % ) on day 
1 and f r o m 793.7 ± 91.0 t o 582.8 ± 74.0 m l / m i n ( 2 6 . 6 % ) on d a y 14. T h i s 
d e c r e a s e i n C l p j f ^ Q i n u p r i g h t p o s i t i o n was s t a t i s t i c a l l y s i g n i f i c a n t (p = 
0 . 0 0 1 ) , as c o m p a r e d t o s e a t e d v a l u e and d e t e r m i n e d by MANOVA. When t h e d a t a 
o f C l p j Q Q n o r m a l i z e d t o body w e i g h t and body s u r f a c e a r e a w e r e u s e d t o 
a s s e s s t h e e f f e c t s o f p o s t u r a l s h i f t f r o m s i t t i n g t o u p r i g h t , C l p j ^ g (mean ± 
SEM, n=6) n o r m a l i z e d t o body w e i g h t and body s u r f a c e a r e a d e c r e a s e d f r o m 6.5 
± 0.4 t o 4.9 ± 0.4 m l / m i n / k g ( 2 4 . 5 % , p = 0.002, MANOVA) and 286.7 ± 16.3 t o 
216.3 ± 15.8 ml/min/m^ ( 2 4 . 6 % , p = 0.003, MANOVA), r e s p e c t i v e l y , on day 1 
and f r o m 8.3 ± 0.8 t o 6.1 ± 0.6 m l / m i n / k g ( 2 7 . 0 % , p = 0.002, MANOVA) and 
367.6 ± 37.7 t o 268.6 ± 29.0 ml/min/m^ ( 2 6 . 9 % , p = 0.002, MANOVA), 
r e s p e c t i v e l y , on d a y 14. T h e s e r e s u l t s show, t h a t t h e p e r c e n t d e c r e a s e s 
f r o m s e a t e d v a l u e s i n C l p j Q g (mean ± SEM, n=6) n o r m a l i z e d t o body w e i g h t and 
body s u r f a c e a r e a d u r i n g u p r i g h t p o s t u r e on d a y 1 and 14 we r e a l m o s t 
i d e n t i c a l t o t h o s e o f t h e a b s o l u t e C l p j ^ g v a l u e s . F u r t h e r , t h e r e was no 
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 t h e AUC v a l u e s (mean ± SEM, n=6) o b t a i n e d i n 
t h e f i r s t s e a t e d ( s i ) and r e s e a t e d ( s 2 ) p e r i o d s o f t h e s t u d y e i t h e r on day 1 
o r d a y 14. The d i f f e r e n c e s i n AUC (± SEM, n=6) f r o m s e a t e d ( s i ) v a l u e s when 
p a t i e n t s were r e s e a t e d were f o u n d t o be 4.2 ± 4.3 min'/^g/ml ( 6 . 1 % ) on d a y 1 
and 7.1 ± 5.7 ( 1 3 . 0 % ) min-/ig/ml on d a y 14. However, t h e r e was a t e n d e n c y 
f o r an i n c r e a s e i n AUC i n r e s e a t e d p o s i t i o n s on b o t h s t u d y d a y s . S i m i l a r l y , 



C^pICG ^^pICG n o r m a l i z e d t o body w e i g h t and body s u r f a c e a r e a o b t a i n e d 
d u r i n g t h e r e s e a t e d ( s 2 ) p e r i o d were n o t s t a t i s t i c a l l y d i f f e r e n t f r o m t h e 
f i r s t s e a t e d ( s i ) v a l u e s e i t h e r on day 1 o r day 14, as d e t e r m i n e d by MANOVA 
(p = 0.904, p = 0.964 and p = 0.985, r e s p e c t i v e l y , on d a y 1 and p = 0.685, p 
= 0.759 and p = 0.698, r e s p e c t i v e l y , on d a y 1 4 ) . T h e r e was, however, a 
s l i g h t d e c r e a s e i n mean C l p j Q Q (± SEM, n=6) f r o m 616.9 ± 43.9 t o 578.3 ± 
30.4 m l / m i n ( 6 . 3 % ) on d a y 1 and f r o m 793.7 ± 91.0 t o 724.2 ± 87.2 ml/min 
( 8 . 8 % ) on d a y 14. The p e r c e n t d e c r e a s e i n C l p j Q Q i n r e s e a t e d p o s i t i o n s were 
s i m i l a r i n m a g n i t u d e when C l p j ^ g n o r m a l i z e d t o body w e i g h t and body s u r f a c e 
a r e a w e r e u s e d f o r t h e c o m p a r i s o n ( 5 . 7 % and 6.0%, r e s p e c t i v e l y , on day 1 and 
8 . 1 % and 8.7%, r e s p e c t i v e l y , on d a y 1 4 ) . 

F i g u r e 9 shows t h e i n d i v i d u a l d a t a o f C l p j Q Q , e x p r e s s e d i n a b s o l u t e 
t e r m s and p e r u n i t body w e i g h t and body s u r f a c e a r e a , d u r i n g t h e s e a t e d 
( s i ) , u p r i g h t ( u p ) , r e s e a t e d ( s 2 ) p o s i t i o n s and a f t e r c a p t o p r i l d o s i n g (CA) 
on d a y 1 and 14. D a t a , f o r F i g u r e 9 a r e p r e s e n t e d i n T a b l e 5. The a b s o l u t e 
d e c r e a s e s i n C l p j Q Q f r o m s e a t e d ( s i ) v a l u e s upon s t a n d i n g w e r e i n t h e r a n g e 
f r o m -93.2 t o -202.2 m l / m i n ( 2 . 1 f o l d d i f f e r e n c e ) on d a y 1 and f r o m -67.7 t o 
-362.3 m l / m i n ( 5 . 3 f o l d d i f f e r e n c e ) on d a y 14. The d e c r e a s e s i n C l p j Q Q i n 
u p r i g h t p o s t u r e f r o m s e a t e d ( s i ) v a l u e s , e x p r e s s e d i n p e r c e n t a g e , were i n 
t h e r a n g e f r o m 1 6 . 4 % t o 3 1 . 6 % ( 1 . 9 f o l d d i f f e r e n c e ) on d a y 1 and 1 1 . 8 % t o 
3 8 . 9 % ( 3 . 3 f o l d d i f f e r e n c e ) on d a y 14. A l l s i x p a t i e n t s r e s p o n d e d t o 
u p r i g h t p o s t u r e w i t h a d e c r e a s e i n C l p j Q Q , w h e t h e r i t e x p r e s s e d i n a b s o l u t e 
t e r m s o r p e r u n i t body w e i g h t o r body s u r f a c e a r e a . I n e x a m i n i n g t h e 
i n d i v i d u a l d a t a o f t h e s i x p a t i e n t s on d a y 1, a d e c r e a s e i n C l p j Q Q d u r i n g 
t h e r e s e a t e d ( s 2 ) p e r i o d w e r e o b s e r v e d i n 4 o f t h e 6 p a t i e n t s s t u d i e d ( r a n g e 
f r o m 3.4% t o 2 3 . 4 % ) , when co m p a r e d t o t h e s e a t e d ( s i ) v a l u e s and an 
i n c r e a s e i n 2 p a t i e n t s ( 4 . 8 % and 1 7 . 9 % ) . On d a y 14, C l p j Q Q d e c r e a s e d i n 5 



o f t h e 6 p a t i e n t s d u r i n g t h e r e s e a t e d ( s 2 ) p e r i o d ( r a n g e f r o m 7.6 t o 2 7 . 4 % ) , 
as c o m p a r e d t o t h e s e a t e d ( s i ) v a l u e s . In one p a t i e n t a 3 5 . 1 % i n c r e a s e i n 
C l p j Q Q was n o t e d when p a t i e n t r e a s s u m e d s e a t e d p o s i t i o n a f t e r s t a n d i n g . 
T h e s e r e s u l t s show l a r g e i n t e r p a t i e n t v a r i a t i o n i n C l p j ^ Q d u r i n g t h e 
r e s e a t e d ( s 2 ) p e r i o d as compared t o s e a t e d ( s i ) v a l u e . 

F i g u r e 10 ( u p r i g h t , n a r r o w c r o s s h a t c h e d b a r s ) shows t h e a b s o l u t e d e c r e a s e 
f r o m s e a t e d ( s i ) v a l u e s i n C l p j Q Q and C l p j ^ g n o r m a l i z e d t o body w e i g h t and 
body s u r f a c e a r e a (± SEM, n = 6) i n u p r i g h t p o s i t i o n on day 1 and 14. The 
a b s o l u t e d e c r e a s e i n C l p j Q g was -152.3 ± 18.3 o r 2 4 . 7 % on d a y 1 and -210.9 ± 
38.8 o r 2 6 . 6 % on d a y 14, as compared t o t h e s e a t e d ( s i ) v a l u e s . T h e s e d a t a 
s u g g e s t a 3 8 . 5 % g r e a t e r a b s o l u t e d e c r e a s e i n C l p j ^ g d u r i n g u p r i g h t p o s i t i o n 
a f t e r two-weeks c a p t o p r i l t r e a t m e n t , when compared t o t h e s e a t e d ( s i ) v a l u e 
and c a l c u l a t e d by e q u a t i o n ( 8 ) ( S e c t i o n 2 . 8 . 2 . ) . However, t h e a p p a r e n t l y 
g r e a t e r r e s p o n s e t o u p r i g h t p o s t u r e on day 14 i s due t o t h e h i g h e r c o n t r o l 
( s i ) C l p j Q g v a l u e s a f t e r two-weeks t r e a t m e n t w i t h c a p t o p r i l . T h i s c a n be 
shown by t h e a l m o s t s i m i l a r r e s u l t s when t h e d e c r e a s e i n C l p j ^ g upon 
s t a n d i n g on d a y 1 and 14 were e x p r e s s e d by t h e p e r c e n t d e c r e a s e f r o m c o n t r o l 
( s i ) v a l u e s ( 2 4 . 7 % vs 2 6 . 6 % , r e s p e c t i v e l y ) . F u r t h e r , t h e mean (± SEM, n=6) 
a b s o l u t e d e c r e a s e i n C l p j Q Q i n r e s e a t e d ( s 2 ) p o s i t i o n ( w i d e l e f t d i a g o n a l 
b a r s ) was -38.6 ± 39.1 m l / m i n o r 6.3% on d a y 1 and -69.5 ± 56.1 ml/min o r 
8.8% on d a y 14, as c o m p a r e d t o t h e s e a t e d ( s i ) v a l u e . 

3.3.2.2. A c u t e E f f e c t s o f C a p t o p r i l on AUC and C l p j ^ g 

To e v a l u a t e t h e a c u t e e f f e c t s o f c a p t o p r i l on AUC and C l p j Q Q , t h e d a t a 
o b t a i n e d 1 h o u r a f t e r t h e a d m i n i s t r a t i o n o f t h e i n i t i a l ( d a y 1) and t e r m i n a l 
( d a y 14) d o s e o f c a p t o p r i l on day 1 and 14 were c o m p a r e d t o t h o s e o f t h e 
r e s e a t e d ( s 2 ) m e a s u r e m e n t s . T a b l e 6 shows ( l a s t c o l u m n , CA) t h a t t h e r e was 
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F i g u r e 10. E f f e c t s o f p o s t u r a l change and t h e i n i t i a l ( d a y 1) and t e r m i n a l 
( d a y 14) d o s e o f c a p t o p r i l on C l p j ^ g (mean ± SEM, n=6). 
* * i n d i c a t e 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 s e a t e d ( s i ) , MANOVA, 
p < 0.005. 



no s i g n i f i c a n t c h ange i n AUC (mean ± SEM, n=6) o f ICG 1 h o u r a f t e r t h e 
a d m i n i s t r a t i o n o f t h e i n i t i a l and t e r m i n a l d o s e o f c a p t o p r i l on day 1 and 
14, when com p a r e d t o t h e r e s e a t e d ( s 2 ) v a l u e s . The mean AUC (± SEM, n = 6) 
i n c r e a s e d s l i g h t l y f r o m 72.9 ± 6.2 t o 78.2 ± 6.6 min-/zg/ml ( 7 . 3 % ) and f r o m 
61.9 ± 8.1 t o 63.3 ± 6.0 min'/ig/ml ( 2 . 2 % ) on d a y 1 and 14, r e s p e c t i v e l y . 
S i m i l a r l y , t h e r e was no s i g n i f i c a n t c h a n g e i n C l p j ^ Q (± SEM, n=6) 60 m i n u t e s 
a f t e r c a p t o p r i l d o s i n g e i t h e r on d a y 1 o r 14, as compared t o r e s e a t e d 
v a l u e s . However, C l p j Q Q (mean ± SEM, n=6) d e c r e a s e d s l i g h t l y f r o m 578.3 ± 
30.4 t o 548.4 ± 55.9 m l / m i n ( 5 . 2 % ) a f t e r t h e i n i t i a l d o s e and f r o m 724.2 ± 
87.2 t o 686.3 ± 64.8 m l / m i n ( 5 . 2 % ) a f t e r t h e t e r m i n a l c a p t o p r i l d o s e on day 
1 and 14, r e s p e c t i v e l y , as com p a r e d t o t h e r e s e a t e d ( s 2 ) v a l u e s . The 
a b s o l u t e d e c r e a s e s f r o m s2 i n C l p j ^ g (mean ± SEM, n=6) were f o u n d t o be -
29.9 ± 39.0 m l / m i n and -37,8 ± 41.5 m l / m i n on d a y 1 and 14, r e s p e c t i v e l y . 
The p e r c e n t c h a n g e s f r o m s 2 i n C l p j Q g w e r e s i m i l a r w h e t h e r e x p r e s s e d i n 
a b s o l u t e t e r m s o r p e r u n i t body w e i g h t and body s u r f a c e a r e a ( 6 . 5 % and 5.5 
% on d a y 1 and 6.1 % and 5.3 % on d a y 14, r e s p e c t i v e l y ) . 

In e x a m i n i n g t h e i n d i v i d u a l C l p j Q Q d a t a , l a r g e i n t e r i n d i v i d u a ! 
v a r i a t i o n s w e r e o b s e r v e d i n t h e r e s p o n s e s t o t h e a c u t e d o s e s o f c a p t o p r i l 
( p o s t - C A ) , when d a t a were compared t o t h e r e s e a t e d ( s 2 ) v a l u e s ( F i g u r e 9 ) . 
In two p a t i e n t s C l p j Q Q i n c r e a s e d by 1 9 . 0 % and 1.8% and 5.4% and 1 7 . 4 % on day 
1 and d a y 14, r e s p e c t i v e l y , and d e c r e a s e d i n f o u r o t h e r s i n t h e r a n g e f r o m 
5.6% t o 2 3 . 2 % and f r o m 1.6% t o 1 9 . 8 % on d a y 1 and 14, r e s p e c t i v e l y , when 
d a t a were co m p a r e d t o r e s e a t e d ( s 2 ) v a l u e s . 

In o r d e r t o d e t e r m i n e how t h e t i m e d i f f e r e n c e b e t w e e n t h e s e a t e d ( s i ) 
and 1 h o u r p o s t - c a p t o p r i l m e a s u r e m e n t s a f f e c t e d t h e k i n e t i c p a r a m e t e r s o f 
ICG, c o m p a r i s o n s between t h e s e two m e a s u r e m e n t s were made. T a b l e 6 shows 



t h a t , when AUC d a t a o b t a i n e d 1 h o u r a f t e r t h e i n i t i a l d o s e o f c a p t o p r i l (CA, 
d a y 1) w e r e compared w i t h t h o s e o f t h e s e a t e d ( s i ) v a l u e s , an i n c r e a s e i n 
AUC (mean ± SEM, n=6) o c c u r r e d f r o m 68.7 ± 3.7 t o 78.2 ± 6.6 min - j U g/ml 
( 1 3 . 8 % ) . A s i m i l a r i n c r e a s e i n AUC f r o m 54.8 ± 4.4 t o 63.3 ± 6.0 min'/ig/ml 
( 1 5 . 5 % ) was o b s e r v e d 1 h o u r a f t e r t h e t e r m i n a l d o s e o f c a p t o p r i l (CA, day 
14) when d a t a were compared t o t h e f i r s t s e a t e d ( s i ) measurement o f day 14. 
L i k e w i s e , C l p j Q g d e c l i n e d f r o m 616.9 ± 43.9 t o 548.4 ± 55.9 m l / m i n (11.1 %) 
and f r o m 793.7 ± 91.0 t o 686.3 ± 64.8 m l / m i n ( 1 3 . 5 % ) , 1 h o u r a f t e r t h e 
a d m i n i s t r a t i o n o f t h e i n i t i a l and t e r m i n a l d o s e o f c a p t o p r i l on d a y 1 and 
d a y 14, r e s p e c t i v e l y , as c o m p a r e d t o t h e C l p j ^ ^ g v a l u e o b t a i n e d i n t h e s e a t e d 
( s i ) p e r i o d o f t h e s t u d y . The d e c r e a s e i n C l p j Q Q a f t e r t h e i n i t i a l and 
t e r m i n a l d o s e s o f c a p t o r i l w ere s t a t i s t i c a l l y n o t s i g n i f i c a n t , as compared 
t o s e a t e d ( s i ) (p = 0.131 and p = 0.162, MANOVA). S i m i l a r d e c r e a s e s i n 
C l p j Q Q were n o t e d when d a t a o f C l p j f ^ g n o r m a l i z e d t o body w e i g h t and body 
s u r f a c e a r e a were u s e d f o r t h e c o m p a r i s o n ( 6 . 5 ± 0.4 vs. 5.7 ± 0.3 
m l / m i n / k g , 12.2 % and 286.7 ± 16.3 vs. 253.2 ± 18.2 ml/min/m^, 11.7 %, 
r e s p e c t i v e l y ) . The d i f f e r e n c e f r o m f i r s t s e a t e d ( s i ) i n C l p j ^ Q n o r m a l i z e d 
t o b ody w e i g h t and body s u r f a c e a r e a i s c l o s e t o , b u t d o e s n o t r e a c h t h e 
e s t a b l i s h e d p < 0.05 l e v e l o f s i g n i f i c a n c e (p = 0.083 and p = 0.101, 
r e s p e c t i v e l y ) . 

F i g u r e 10 i l l u s t r a t e s t h e a b s o l u t e d e c r e a s e i n C l p j ^ g a f t e r t h e i n i t i a l 
c a p t o p r i l d o s e ( p o s t - C A , day 1, w i d e c r o s s h a t c h e d b a r s ) and a f t e r t h e 
t e r m i n a l d o s e o f two-weeks t r e a t m e n t w i t h c a p t o p r i l ( p o s t - C A , d a y 14) as 
c o m p a r e d t o s e a t e d s i v a l u e s . The a b s o l u t e d e c r e a s e (± SEM, n=6) i n Clpj(^Q 
was -68.5 ± 37.9 m l / m i n o r 1 1 . 1 % on d a y 1 and -107.4 ± 65.6 m l / m i n o r 1 3 . 5 % 
on d a y 14 as compared t o t h e s e a t e d ( s i ) v a l u e s . T h i s s u g g e s t s a 5 5 . 8 % 
g r e a t e r a b s o l u t e d e c r e a s e i n C K J ^ Q on d a y 14 as c o m p a r e d t o day 1. 



However, t h i s a p p a r e n t l y g r e a t e r d e c r e a s e i n C l p j Q Q a f t e r t h e t e r m i n a l d o s e 
o f c a p t o p r i l c o r r e s p o n d s t o t h e h i g h e r b a s e l i n e v a l u e on d a y 14. 

The d e c r e a s e s i n C l p j Q Q 1 h o u r a f t e r t h e a d m i n i s t r a t i o n o f t h e i n i t i a l 
and t e r m i n a l d o s e o f CA t r e a t m e n t (CA d a y 1 and d a y 14) as compared t o 
s e a t e d ( s i ) v a l u e s were c o n s i s t e n t i n 5 o f t h e 6 p a t i e n t s s t u d i e d ( F i g u r e 
9 ) . I n t h e 5 p a t i e n t s who r e s p o n d e d s i m i l a r l y t h e r a n g e was f o u n d t o be 
f r o m 9.5% and 2 2 . 1 % on d a y 1 and 1 1 . 4 % and 2 5 . 9 % on d a y 14 ( T a b l e 5 ) . 

3.3.2.3. S h o r t - T e r m E f f e c t s o f C a p t o p r i l on AUC and C l p j Q Q 

The e f f e c t s o f two-weeks c a p t o p r i l t r e a t m e n t on AUC and C l p j Q Q were 
e s t i m a t e d by c o m p a r i n g t h e AUC and C l p j Q Q v a l u e s o b t a i n e d d u r i n g t h e f o u r 
p h a s e s o f d a y 14 ( s e a t e d , u p r i g h t , r e s e a t e d and p o s t - C A ) w i t h t h e 
a p p r o p r i a t e p h a s e s o f d a y 1. T a b l e 7 shows t h e c o m p a r i s o n s o f mean (± SEM, 
n=6) AUC, C l p j Q Q , e x p r e s s e d i n a b s o l u t e t e r m s and n o r m a l i z e d t o body w e i g h t 
and body s u r f a c e a r e a o f d a y 14 w i t h t h e same d a t a o f d a y 1. As compared t o 
day 1, AUC d e c r e a s e d by 13.9 ± 3.7 min . / z g/ml ( 2 0 . 2 % ) i n s e a t e d ( s i ) , 15.5 ± 
8.1 min - j L t g/ml ( 1 6 . 8 % ) i n u p r i g h t ( u p ) , 11.1 ± 7.4 min-/ig/ml ( 1 5 . 1 % ) i n 
r e s e a t e d ( s 2 ) p o s i t i o n s and 14.9 ± 6.7 min-jug/ml ( 1 9 . 1 % ) 1 h o u r a f t e r 
c a p t o p r i l a d m i n i s t r a t i o n ( C A ) . S i m i l a r l y , C l p j Q Q i n c r e a s e d i n a l l f o u r 
p h a s e s o f d a y 14, as compared t o d a y 1. The a b s o l u t e i n c r e a s e s (± SEM, n=6) 
i n C l p j Q Q f r o m d a y 1 i n s e a t e d ( s i ) , u p r i g h t ( u p ) , r e s e a t e d ( s 2 ) p o s i t i o n s 
and p o s t - c a p t o p r i l (CA) were 176.8 ± 57.4 m l / m i n ( 2 8 . 7 % ) , 118.2 + 51.6 
m l / m i n ( 2 5 . 5 % ) , 145.9 ± 81.8 m l / m i n ( 2 5 . 2 % ) and 137.9 ± 57.1 m l / m i n ( 2 5 . 2 % ) , 
r e s p e c t i v e l y . 

F i g u r e I I i l l u s t r a t e s t h e c h a n g e s i n C l p j Q Q , e x p r e s s e d i n a b s o l u t e t e r m s 
and n o r m a l i z e d t o body w e i g h t and body s u r f a c e a r e a . The o v e r a l l i n c r e a s e 



T a b l e 7. C o m p a r i s o n o f t h e mean AUCQ" and C l p j Q Q d a t a ( n o r m a l i z e d t o body 
w e i g h t and body s u r f a c e a r e a ) o b t a i h e d i n t h e f o u r s t u d y p h a s e s o f 
d a y 14 w i t h t h o s e o f d a y 1. 

D A Y 1 4 D I F F E R E N C E F R O M D A Y 1 
Mean ± SEM, n = 6 

s i up s2 CA 

AUCQ"^ 
min./ig/ml 

-13.9 
±3.7 

-15.5 
±8.1 

-11.0 
±7.4 

-14.9 
±6.7 

% c h a n g e 
i n AUCQ*" -20.2 -16.8 -15.1 -19.1 

m l / m i n 
176.8 
±57.4 

118.2 
±51.6 

145.9 
±81.8 

137.9 
±57.1 

% c h a n g e 
i n C l p 28.7 25.5 25.2 25.2 

CI /BW* 
m l / m i n / k g 

1.8 
±0.6 

1.2 
±0.5 

1.5 
±0.9 

1.5 
±0.7 

% c h a n g e 
i n Clp/BW 27.8 23.7 24.6 26.3 

C l p / B S A * 
ml/min/m*^ 

80.9 
±26.4 

52.3 
±23.2 

66.0 
±39.2 

64.8 
±27.6 

% c h a n g e 
i n C l p / B S A 28.2 24.2 24.5 25.6 

no s t a t i s t i c a l c o m p a r i s o n s were made f o r AUC d a t a 
s i d a t a o b t a i n e d i n f i r s t s e a t e d p o s i t i o n 
up d a t a o b t a i n e d i n u p r i g h t p o s i t i o n 
s2 d a t a o b t a i n e d i n r e s e a t e d p o s i t i o n 
CA d a t a o b t a i n e d 1 h o u r a f t e r c a p t o p r i l d o s i n g 
SEM s t a n d a r d e r r o r o f t h e mean 
BW body w e i g h t 
BSA body s u r f a c e a r e 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 (p < 0.05) compared t o c o m b i n e d d a y 1, 
MANOVA 
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F i g u r e 11. C o m p a r i s o n o f C l p j Q g ( n o r m a l i z e d t o body w e i g h t and body s u r f a c e 
a r e a ) ( m e a n + SEM, n=6) b e f o r e and a f t e r two-weeks c a p t o p r i l . * 
i n d i c a t e 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 d a y 1, MANOVA, p < 0.05. 



i n C l p j Q Q a f t e r two-weeks c a p t o p r i l t r e a t m e n t was s t a t i s t i c a l l y s i g n i f i c a n t , 
w h e t h e r e x p r e s s e d i n a b s o l u t e t e r m s o r p e r u n i t body w e i g h t and body s u r f a c e 
a r e a (p=0.039, p=0.048, p=0.044, MANOVA). 

In e x a m i n i n g t h e i n d i v i d u a l d a t a o f t h e s i x p a t i e n t s t h e i n c r e a s e i n 
C l p j Q Q was c o n s i s t e n t i n f i v e o f t h e s i x p a t i e n t s s t u d i e d ( T a b l e 5, F i g u r e 
9 ) . The m a g n i t u d e o f i n c r e a s e , h o w e v e r , showed l a r g e i n t e r i n d i v i d u a l 
v a r i a b i l i t y . The p e r c e n t i n c r e a s e i n C l p j Q Q a f t e r two-weeks c a p t o p r i l 
t r e a t m e n t was i n t h e r a n g e f r o m 1 0 . 3 % t o 6 2 . 6 % ( 6 . 1 f o l d d i f f e r e n c e ) i n 
s e a t e d ( s i ) , f r o m 1 4 . 2 % t o 5 4 . 6 % ( 3 . 8 f o l d d i f f e r e n c e ) i n u p r i g h t ( u p ) , f r o m 
5.9% t o 6 1 . 6 % ( 1 0 . 4 f o l d d i f f e r e n c e ) i n r e s e a t e d ( s 2 ) and f r o m 4.7% t o 7 5 . 0 % 
( 1 5 . 9 f o l d d i f f e r e n c e ) a f t e r CA a d m i n i s t r a t i o n ( C A ) . One p a t i e n t (C.B.) 
e x h i b i t e d a d e c r e a s e r a t h e r t h a n i n c r e a s e i n C l p j Q Q i n 3 o f t h e f o u r p h a s e s 
o f t h e s t u d y ( u p r i g h t , r e s e a t e d and p o s t - C A ) , as c o m p a r e d t o t h e d a y 1 
v a l u e s . 

3.4. Changes i n L i v e r B l o o d F l o w (Qy) 

3 . 4.1. H e m a t o c r i t D a t a 

As i t i s shown by e q u a t i o n ( 8 ) i n S e c t i o n 2.8.1., i n o r d e r t o e s t i m a t e 
Qy f r o m C l p j Q Q d a t a t h e h e p a t i c e x t r a c t i o n r a t i o ( E y ) o f ICG and v a l u e s o f 
t h e h e m a t o c r i t a r e r e q u i r e d . I n t h e p r e s e n t s t u d y , Ey was c o n s i d e r e d t o be 
1 a s s u m i n g 1 0 0 % h e p a t i c e x t r a c t i o n f o r ICG. T h u s , - u n l e s s l a r g e c h a n g e s i n 
p a t i e n t s ' h e m a t o c r i t o c c u r d u r i n g t h e s t u d y - t h e c h a n g e s i n C l p j Q Q r e f l e c t s 
t h e c h a n g e s a l s o i n Qy 

In t h e p r e s e n t s t u d y , t h e h e m a t o c r i t was m e a s u r e d i n s e a t e d p o s i t i o n 
b e f o r e t h e f i r s t ICG i n j e c t i o n ( s i ) , d u r i n g t h e s a m p l i n g p e r i o d s o f u p r i g h t 



p o s i t i o n s ( u p ) and c a p t o p r i l d o s i n g ( C A ) . T a b l e 8 shows t h e h e m a t o c r i t 
v a l u e s o f t h e s i x p a t i e n t s o b t a i n e d d u r i n g t h e two s t u d y d a y s . P o s t u r a l 
s h i f t f r o m s i t t i n g t o u p r i g h t r e s u l t e d i n an i n c r e a s e i n h e m a t o c r i t by 3.8% 
and 5.2% d a y 1 and 14, r e s p e c t i v e l y . A l t h o u g h t h i s i n c r e a s e i n h e m a t o c r i t 
upon s t a n d i n g i s r e l a t i v e l y s m a l l i t was s t a t i s t i c a l l y s i g n i f i c a n t on b o t h 
s t u d y d a y s , d a y 1 and 14 (p < 0.005 and p < 0.05, r e s p e c t i v e l y , p a i r e d 
s a m p l e t - t e s t ) . T h e r e was no s i g n i f i c a n t c h a n g e i n h e m a t o c r i t (mean ± SD, 
n=6) d u r i n g t h e p o s t - c a p t o p r i l (CA) p e r i o d , as c o m p a r e d t o t h e b a s e l i n e 
v a l u e ( s i ) e i t h e r on d a y 1 o r d a y 14. However, 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 e c r e a s e i n mean h e m a t o c r i t was o b s e r v e d a f t e r two-weeks t r e a t m e n t w i t h 
c a p t o p r i l when b a s e l i n e ( s i ) and u p r i g h t (up) v a l u e s o f d a y 14 w e r e compared 
t o t h a t o f d a y 1 (- 5.4%, p < 0.05 and - 4.3%, p < 0.01, r e s p e c t i v e l y , 
p a i r e d s a m p l e t - t e s t ) . A l t h o u g h , h e m a t o c r i t v a l u e s were s i g n i f i c a n t l y 
h i g h e r d u r i n g s t a n d i n g and l o w e r on d a y 14 as c o m p a r e d t o t h a t o f day 1, 
t h e y a p p a r e n t l y d i d n o t a f f e c t t h e e s t i m a t e d c h a n g e s i n Qy. 

3.4.2. Qy D a t a 

A p p e n d i x 3 p r e s e n t s t h e i n d i v i d u a l Qy d a t a , e x p r e s s e d i n a b s o l u t e t e r m s 
and n o r m a l i z e d t o body w e i g h t and body s u r f a c e a r e a f o r s i x p a t i e n t s d u r i n g 
t h e s e a t e d ( s i ) , u p r i g h t ( u p ) , r e s e a t e d ( s 2 ) and p o s t - c a p t o p r i l p e r i o d s o f 
t h e s t u d y on d a y 1 and 14. B a s e d on t h e s e d a t a , t h e c h a n g e s i n Qy and Qy 
n o r m a l i z e d t o body w e i g h t and body s u r f a c e a r e a d u r i n g t h e f o u r s t u d y p h a s e s 
( s e a t e d ( s i ) , u p r i g h t ( u p ) , r e s e a t e d ( s 2 ) and p o s t - c a p t o p r i l ( C A ) ) o f day 1 
and d a y 14 a r e shown i n F i g u r e 12. 



T a b l e 8. Changes i n h e m a t o c r i t i n s i x p a t i e n t s w i t h m i l d / m o d e r a t e 
h y p e r t e n s i o n d u r i n g p o s t u r a l c h a n g e and b e f o r e and a f t e r c a p t o p r i l 
t r e a t m e n t . 

D A Y 1 D A Y 14 

P a t i e n t 
s i up CA s i up CA 

P a t i e n t 
OW 0.430 0.453 0.452 0.400 0.430 0.400 
MO 0.436 0.450 0.428 0.420 0.430 0.430 
MS 0.440 0.460 0.430 0.440 0.458 0.440 
BH 0.500 0.510 0.490 0.440 0.470 0.443 
DA 0.465 0.480 0.455 0.449 0.458 0.420 
CB 0.405 0.425 0.395 0.380 0.410 0.380 

Mean 
± SD: 

0.446 
±0.03 

0.463 
±0.03 

0.442 
±0.03 

0.421 
±0.03 

0.443 
±0.02 

0.419 
±0.03 

% c h a n g e 
u p r i g h t ^ 3 . 8 1 * * 5.0** 
% c h a n g e 
p o s t - C A ^ -O.9NS -0.6NS 

7o c h a n g e 
d a y 14^ - 5 . 5 * - 4 . 4 * -5.1NS 

s i d a t a o b t a i n e d i n f i r s t s e a t e d p o s i t i o n 
up d a t a o b t a i n e d i n u p r i g h t p o s i t i o n 
s2 d a t a o b t a i n e d i n r e s e a t e d p o s i t i o n 
CA d a t a o b t a i n e d 1 h o u r a f t e r c a p t o p r i l d o s i n g 
SEM S t a n d a r d e r r o r o f t h e mean 

7c c h a n g e d u r i n g u p r i g h t p o s i t i o n , as compared t o t h e s e a t e d ( s i ) 
v a l u e s o f d a y 1 and 14 
% c h a n g e a f t e r two-weeks c a p t o p r i l t r e a t m e n t , as c o m p a r e d t o d a y 1 
s t a t i s t i c a l l y s i g n i f i c a n t (p < 0.005) co m p a r e d t o s i , p a i r e d 
s a m p l e t - t e s t 
s t a t i s t i c a l l y s i g n i f i c a n t (p < 0.05) compared t o s i , p a i r e d s a m p l e 
t - t e s t 
s t a t i s t i c a l l y n o t s i g n i f i c a n t (p > 0 . 0 5 ) , compared t o s i , p a i r e d 
s a m p l e t - t e s t 



2000 

F i g u r e 12. Qy ( n o r m a l i z e d t o body w e i g h t and body s u r f a c e a r e a ) i n s e a t e d 
( s i ) , u p r i g h t ( u p ) , r e s e a t e d ( s 2 ) and p o s t - c a p t o p r i l (CA) p h a s e s 
o b t a i n e d i n s i x p a t i e n t s on day 1 and d a y 14. 



3.4.2.1. E f f e c t s o f P o s t u r a l Change on B e f o r e and A f t e r C a p t o p r i l 
T r e a t m e n t 

A summary o f c h a n g e s i n and Q^, n o r m a l i z e d t o body w e i g h t and body 
s u r f a c e a r e a (mean ± SEM, n=6) d u r i n g t h e f o u r s t u d y p h a s e s on d a y 1 and day 
14 a r e shown i n T a b l e 9. Mean (± SEM, n=6) d e c r e a s e d f r o m 1114 ± 74 t o 
863 ± 62 m l / m i n ( 2 2 . 5 % ) and f r o m 1389 ± 164 t o 1045 ± 132 m l / m i n ( 2 4 . 7 % ) , 
r e s p e c t i v e l y , upon s t a n d i n g on d a y 1 and 14, as compared t o t h e s e a t e d ( s i ) 
v a l u e s . When Q^ d a t a were n o r m a l i z e d t o body w e i g h t and body s u r f a c e a r e a 
t h e m a g n i t u d e o f d e c r e a s e s i n u p r i g h t p o s i t i o n were s i m i l a r t o t h o s e o f t h e 
a b s o l u t e v a l u e s ( 2 2 . 3 % and 2 5 . 2 % on d a y 1 and 2 2 . 3 % and 2 3 . 9 % on day 14, 
r e s p e c t i v e l y ) . The o b s e r v e d d e c r e a s e i n and i n Q^ n o r m a l i z e d t o body 
w e i g h t and body s u r f a c e a r e a d u r i n g p o s t u r a l c h a n g e f r o m s i t t i n g t o u p r i g h t 
was s t a t i s t i c a l l y s i g n i f i c a n t , as d e t e r m i n e d by MANOVA (p = 0.008, p = 0.004 
p = 0.005, r e s p e c t i v e l y , on d a y 1 and p = 0.003, p = 0.005 and p = 0.004, 
r e s p e c t i v e l y , on d a y 1 4 ) . F u r t h e r , mean (± SEM, n=6) i n c r e a s e d f r o m 863 
± 62 t o 1043 ± 34 m l / m i n on d a y 1 and f r o m 1045 ± 132 t o 1271 ± 160 ml/min 
on d a y 14 when p a t i e n t s r e a s s u m e d s e a t e d ( s 2 ) p o s i t i o n , as c o m p a r e d t o t h o s e 
o f t h e u p r i g h t ( u p ) v a l u e s . When r e s e a t e d ( s 2 ) Q^ v a l u e s w e r e compared t o 
t h o s e o f s e a t e d ( s i ) v a l u e s , t h e r e s e a t e d ( s 2 ) v a l u e s (mean ± SEM, n=6) were 
l o w e r t h a n s e a t e d ( s i ) v a l u e s by -71 ± 69 ( 6 . 3 % ) and -118 ± 100 ml/min 
( 8 . 5 % ) on d a y 1 and d a y 14, r e s p e c t i v e l y ( F i g u r e 13, w i d e l e f t d i a g o n a l 
b a r s ) . T h e s e d i f f e r e n c e s f r o m s i v a l u e s , w h e t h e r Q^ was e x p r e s s e d i n 
a b s o l u t e t e r m s o r p e r u n i t body w e i g h t o r body s u r f a c e a r e a , were 
s t a t i s t i c a l l y n o t s i g n i f i c a n t (p = 0.949, p = 0.910, and p = 0.968, 
r e s p e c t i v e l y , on day 1 and p = 0.860, p = 0.862 and p = 0.921, r e s p e c t i v e l y , 



T a b l e 9. Changes i n Qy and Qy n o r m a l i z e d t o body w e i g h t and body s u r f a c e 
a r e a (mean ± SEM, n=6) b e f o r e and a f t e r c a p t o p r i l t r e a t m e n t . 

D i f f e r e n c e D i f f e -
Mean ± SEM, n=6 f r o m s i r e n c e 

fyom s2 
s i up s2 CA up s2 CA CA 

_ _ 
Qy 1114 863 1043 980 -250 -71 -134 -63 
mT/min ±74 ±62 ±34 ±92 ±36 ±69 ±68 ±70 

- 2 2 . 5 % - 6 . 3 % - 1 2 . 0 % - 6 . 0 % 
DAY 14 
Qy 1389 1045 1271 1193 -344 -118 -196 -78 
mT/min ±164 ±132 ±160 ±119 ±68 ±100 ±107 ±73 

- 2 4 . 7 % - 8 . 5 % - 1 4 . 1 % - 6 . 1 % 
DAY 1 
Qy/BW 11.8 9.2 11.1 10.3 -2.6 -0.7 -1.5 -0.8 
m l / m i n / k g ±0.6 ±0.6 ±0.5 ±0.4 ±0.3 ±0.8 ±0.7 ±0,7 

- 2 2 . 3 % - 5 . 8 % - 1 3 . 0 % - 7 . 6 % 
DAY 14 
Qy/BW 14.6 10.9 13.4 12.6 -3.7 -1.1 -2.0 -0.9 
mT/min/kg ±1.5 ±1.2 ±1.7 ±1.1 ±0.8 ±1.1 ±1.2 ±0.8 

- 2 5 . 2 % - 7 . 8 % - 1 3 . 8 % - 6 . 5 % 
DAY 1 
Qy/BSA - 517.8 402.1 486.4 452.7 -115.7 -31.3 -65.1 -33.7 
mT/min/m^ ±27.2 ±26.1 ±13.0 ±28.4 ±15.3 ±32.6 ±30.2 ±32.2 

- 2 2 . 3 % - 6 . 0 % - 1 2 . 6 % - 6 . 9 % 
DAY 14 
Qy/BSA - 632.8 481.9 588.7 552.2 -150.9 -44.1 -80.5 -36.5 
ml/min/m'^ ±72.7 ±52.6 ±70.1 ±47.7 ±40.2 ±57.2 ±59.1 ±33.8 

- 2 3 . 9 % - 7 . 0 % - 1 2 . 7 % - 6 . 2 % 

s i d a t a o b t a i n e d i n f i r s t s e a t e d p o s i t i o n 
up d a t a o b t a i n e d i n u p r i g h t p o s i t i o n 
s2 d a t a o b t a i n e d i n r e s e a t e d p o s i t i o n 
CA d a t a o b t a i n e d 1 h o u r a f t e r c a p t o p r i l d o s i n g 
SEM s t a n d a r d e r r o r o f t h e mean 
BW body w e i g h t 
BSA body s u r f a c e a r e 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 (p < 0 . 0 5 ) , c o m p a r e d t o s i , MANOVA. 
** s t a t i s t i c a l l y s i g n i f i c a n t (p < 0 . 0 0 5 ) , c o m p a r e d t o s i , MANOVA. 



on d a y 14, MANOVA). T h e r e was, h o w e v e r , a t e n d e n c y f o r r e d u c t i o n i n 
d u r i n g t h e r e s e a t e d ( s 2 ) p o s i t i o n , as co m p a r e d t o t h e s e a t e d ( s i ) 
m e a s u r e m e n t s . 

F i g u r e 12 shows t h a t t h e d e c r e a s e i n d u r i n g p o s t u r a l c h a n g e f r o m 
s i t t i n g t o s t a n d i n g (up) was c o n s i s t e n t i n t h e s i x p a t i e n t , w h e t h e r Q^ was 
e x p r e s s e d i n a b s o l u t e t e r m s o r p e r u n i t body w e i g h t o r body s u r f a c e a r e a . 
The p e r c e n t d e c r e a s e i n Q^ upon s t a n d i n g was i n t h e r a n g e f r o m 1 2 . 9 % t o 
2 9 . 7 % ( 2 . 3 f o l d d i f f e r e n c e ) on d a y 1 and 1 0 . 4 % t o 3 5 . 8 % (3.4 f o l d 
d i f f e r e n c e ) on d a y 14. As c o n t r a s t , l a r g e i n t e r i n d i v i d u a l v a r i a b i l i t y i n Q^ 
we r e o b s e r v e d on d a y 1 and 14, when d i f f e r e n c e s ( e x p r e s s e d i n p e r c e n t a g e ) 
b e t w e e n t h e r e s e a t e d ( s 2 ) and s e a t e d ( s i ) v a l u e s were c a l c u l a t e d . R e s e a t e d 
( s 2 ) Q|,| v a l u e s w e r e l o w e r i n f o u r p a t i e n t s i n t h e r a n g e f r o m - 4 . 8 % t o 2 3 . 4 % 
( 4 . 9 f o l d d i f f e r e n c e ) and were h i g h e r i n two p a t i e n t s by 4.8% and 1 7 . 9 % (3.7 
f o l d d i f f e r e n c e ) on d a y 1, as compared t o t h e f i r s t s e a t e d ( s i ) measurement. 
A f t e r two-weeks c a p t o p r i l t r e a t m e n t t h e Q^ v a l u e s w e r e s m a l l e r i n f i v e o f 
t h e s i x p a t i e n t s s t u d i e d by 7.6% t o 27.4 % and Qj.̂  was h i g h e r i n one p a t i e n t 
by 3 5 . 1 % , as co m p a r e d t o s e a t e d ( s i ) v a l u e s . 

F i g u r e 13 shows t h a t t h e a b s o l u t e d e c r e a s e (mean ± SEM, n = 6) i n 
upon s t a n d i n g was -250 ± 36 m l / m i n o r on d a y 1 and -344 ± 68 m l / m i n on day 
14, as co m p a r e d t o t h e s e a t e d v a l u e . T h i s s u g g e s t s a 3 7 . 3 % g r e a t e r a b s o l u t e 
d e c r e a s e i n a f t e r two-weeks c a p t o p r i l t r e a t m e n t i n u p r i g h t p o s i t i o n as 
c o m p a r e d t o d a y 1. However, t h e a p p a r e n t l y g r e a t e r r e s p o n s e t o u p r i g h t 
p o s t u r e i s due t o t h e h i g h e r c o n t r o l v a l u e ( s e a t e d s i ) v a l u e on day 14. 
When t h e d e c r e a s e i n Q^ f r o m c o n t r o l v a l u e upon s t a n d i n g was e x p r e s s e d i n 
p e r c e n t a g e , t h e d e c r e a s e i n were s i m i l a r on b o t h s t u d y d a y s ( 2 2 . 5 % vs 

2 4 . 7 % ) . 
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F i g u r e 13. E f f e c t s o f p o s t u r a l change and t h e i n i t i a l ( d a y 1) and t e r m i n a l 
( d a y 14) d o s e o f c a p t o p r i l on (mean ± SEM, n=6). * and * * 
i n d i c a t e 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 s e a t e d ( s i ) , MANOVA, 
p < 0.05 and p < 0.005, r e s p e c t i v e l y . 



3.4.2.2. A c u t e E f f e c t s o f C a p t o p r i l on 

The p u r p o s e o f i n c l u d i n g t h e r e s e a t e d ( s 2 ) measurement i n t h e s t u d y 
p r o t o c o l was t o s t a b i l i z e a f t e r s t a n d i n g and b e f o r e t h e a d m i n i s t r a t i o n o f 
c a p t o p r i l . T h e r e f o r e , t h e a c u t e e f f e c t s o f c a p t o p r i l on w e r e e s t i m a t e d 
by c o m p a r i n g t h e c h a n g e s 1 h o u r a f t e r t h e i n i t i a l and t e r m i n a l d o s e o f 
c a p t o p r i l t o t h o s e o b t a i n e d i n t h e r e s e a t e d ( s 2 ) p o s i t i o n . T a b l e 9 ( l a s t 
c o l u m n , CA) d e p i c t s t h e c h a n g e s i n and n o r m a l i z e d t o body w e i g h t and 
body s u r f a c e a r e a (mean ± SEM, n=6) when v a l u e s , o b t a i n e d 1 h o u r a f t e r 
t h e a d m i n i s t r a t i o n o f t h e i n i t i a l c a p t o p r i l d o s e ( d a y 1, CA) and t h e 
t e r m i n a l c a p t o p r i l d o s e ( d a y 14, C A ) , were compared t o t h o s e o f t h e r e s e a t e d 
( s 2 ) m e a s u r e m e n t s . Mean (± SEM, n=6) s l i g h t l y d e c r e a s e d f r o m 1043 ± 34 
t o 980 ± 92 m l / m i n ( 6 . 0 % ) and f r o m 1271 ± 160 t o 1193 ± 119 m l / m i n ( 6 . 1 % ) 
a f t e r t h e i n i t i a l and t e r m i n a l d o s e o f c a p t o p r i l . The a b s o l u t e d e c r e a s e i n 
Q^ (mean ± SEM, n=6) a f t e r t h e i n i t i a l and t e r m i n a l d o s e o f c a p t o p r i l were 
f o u n d t o be -63 ± 70 ( 6 . 0 % ) and -78 ± 73 ( 6 . 1 % ) m l / m i n , r e s p e c t i v e l y . T h i s 
c h a n g e i n a f t e r t h e a c u t e d o s e s o f c a p t o p r i l was s t a t i s t i c a l l y n o t 
s i g n i f i c a n t . T h e r e was, however a t e n d e n c y f o r d e c r e a s e i n Q^, a f t e r t h e 
a c u t e d o s e s o f c a p t o p r i l , as compared t o t h e r e s e a t e d ( s 2 ) v a l u e s on b o t h 
s t u d y d a y s , w h e t h e r Q^ d a t a were e x p r e s s e d i n a b s o l u t e t e r m s o r p e r u n i t 
b ody w e i g h t and body s u r f a c e a r e a . The m a g n i t u d e o f d e c r e a s e i n was, 
h o w e v e r , s i m i l a r t o t h a t o b s e r v e d when t h e two s e a t e d ( s i and s 2 ) v a l u e s 
w e r e c o m p a r e d . 

By c o m p a r i n g t h e i n d i v i d u a l r e s p o n s e s o f Q̂ ^ i n t h e r e s e a t e d ( s 2 ) p e r i o d s 
t o t h e i n i t i a l and t e r m i n a l d o s e o f c a p t o p r i l (CA) i t i s a p p a r e n t t h a t i n 
two p a t i e n t s t h e r e was no c h a n g e (O.W.and M.S.), i n one p a t i e n t (M.O.) t h e r e 
was an i n c r e a s e and i n two p a t i e n t s (D.A. and C.B.) t h e r e was a d e c r e a s e i n 



QH ( F i g u r e 1 2 ) . T h e s e r e s u l t s s u g g e s t l a r g e i n t e r p a t i e n t v a r i a b i l i t y i n t h e 
r e s p o n s e s t o t h e a c u t e d o s e s o f c a p t o p r i l . 

T h e r e was a b o u t a 5 h o u r t i m e d i f f e r e n c e b e t w e e n t h e m e a s u r e m e n t s o f Q|̂  
i n t h e f i r s t s e a t e d ( s i ) p o s i t i o n and a f t e r c a p t o p r i l a d m i n i s t r a t i o n . In 
o r d e r t o e v a l u a t e how t h i s t i m e d i f f e r e n c e a f f e c t e d e s t i m a t e d Q^, d a t a 
o b t a i n e d 1 h o u r a f t e r c a p t o p r i l d o s i n g were c o m p a r e d t o t h e Q^ d a t a m easured 
d u r i n g t h e f i r s t s e a t e d ( s i ) p h a s e o f t h e s t u d y ( T a b l e 9, C A ) . As a r e s u l t 
o f t h i s c o m p a r i s o n , a r e d u c t i o n i n Q^ (mean ± SEM, n=6) f r o m 1114 ± 74 t o 
980 ± 92 m l / m i n and f r o m 1389 ± 164 t o 1193 ± 119 m l / m i n was n o t e d on b o t h 
s t u d y d a y s , d a y 1 and 14, r e s p e c t i v e l y . 

F i g u r e 13 shows t h a t t h e a b s o l u t e d e c r e a s e i n Q^ (mean ± SEM, n=6) 1 
h o u r a f t e r c a p t o p r i l d o s i n g was -134 ± 68 o r 1 2 . 0 % on d a y 1 and -196 ± 107 
o r 1 4 . 1 % on d a y 14, as c o m p a r e d t o t h e s e a t e d ( s i ) v a l u e s ( w i d e c r o s s h a t c h e d 
b a r s ) . T h e s e d a t a s u g g e s t a 4 6 . 6 % g r e a t e r a b s o l u t e d e c r e a s e i n Q^ on day 14 
t h a n on day 1. However, t h e a p p a r e n t l y g r e a t e r d e c r e a s e i n Q[^ a f t e r t h e 
t e r m i n a l d o s e o f c a p t o p r i l on d a y 14, as c o m p a r e d t o t h e d a y 1 v a l u e s i s 
a t t r i b u t e d t o t h e h i g h e r b a s e l i n e v a l u e ( s i ) o f d a y 14. T h i s i s shown by 
t h e f a c t t h a t t h e m a g n i t u d e o f r e d u c t i o n i n Q^ e x p r e s s e d i n p e r c e n t a g e were 
a l m o s t s i m i l a r on d a y 1 and 14 ( 1 2 . 0 % vs 1 4 . 1 % , r e s p e c t i v e l y ) . The 
r e d u c t i o n i n Q^ a f t e r t h e i n i t i a l and t e r m i n a l d o s e o f c a p t o p r i l , as 
c o m p a r e d t o t h e s e a t e d ( s i ) v a l u e was s t a t i s t i c a l l y n o t s i g n i f i c a n t , w h e t h e r 
Q^ was e x p r e s s e d i n a b s o l u t e t e r m s o r p e r u n i t body w e i g h t o r body s u r f a c e 
a r e a (p=0.107, p= 0.070 and p=0.084, r e s p e c t i v e l y on d a y 1 and p=0.126, 
p=0.150 and p=0.231, r e s p e c t i v e l y on d a y 14, MANOVA). 



3.4.2.3. S h o r t - T e r m E f f e c t s o f C a p t o p r i l on Qy 

The r e s u l t s o f t h e c o m p a r i s o n s o f mean Qy and Qy n o r m a l i z e d t o body 
w e i g h t and body s u r f a c e a r e a o b t a i n e d d u r i n g t h e f o u r p h a s e s ( s i , up, s2 and 
CA) o f d a y 14 t o t h a t o f t h e same p h a s e s o f d a y 1 a r e p r e s e n t e d i n T a b l e 10. 
The Qy v a l u e s a f t e r two-weeks t h e r a p y w i t h c a p t o p r i l w e r e g r e a t e r i n a l l 
f o u r p h a s e s o f d a y 14, as c ompared t o t h e same p h a s e s o f d a y 1. The 
a b s o l u t e i n c r e a s e (± SEM, n=6) i n Qy was 275.0 ± 107.3 m l / m i n ( 2 4 . 7 % ) i n 
s e a t e d ( s i ) , 182.0 ± 90.6 m l / m i n ( 2 1 . 1 % ) i n u p r i g h t ( u p ) , 227.8 ± 147.8 
m l / m i n ( 2 1 . 8 % ) i n r e s e a t e d ( s 2 ) p o s i t i o n s and 212.8 ± 92.5 m l / m i n ( 2 1 . 7 % ) 
a f t e r c a p t o p r i l d o s i n g ( C A ) . F i g u r e 14 shows t h e c h a n g e s i n mean Qy and Qy 
n o r m a l i z e d t o body w e i g h t and body s u r f a c e a r e a on d a y 1 and a f t e r s h o r t -
t e r m t r e a t m e n t w i t h c a p t o p r i l , on day 14. The s t a t i s t i c a l t e s t (MANOVA) 
j u s t f a i l e d t h e l e v e l o f s i g n i f i c a n c e , w i t h p v a l u e s o f 0.062, 0.075 and 
0.074 f o r t h e a b s o l u t e v a l u e s o f Qy and Qy n o r m a l i z e d t o body w e i g h t and 
body s u r f a c e a r e a , r e s p e c t i v e l y . The m a g n i t u d e o f t h e a b s o l u t e i n c r e a s e i n 
Qy, e x p r e s s e d i n p e r c e n t a g e were s i m i l a r i n a l l p h a s e s o f t h e s t u d y ( r a n g e 
f r o m 1 9 . 8 % t o 2 4 . 7 % ) . T h i s i s i l l u s t r a t e d on F i g u r e 15 w h i c h shows t h a t t h e 
i n c r e a s e i n Qy a f t e r two-weeks c a p t o p r i l t r e a t m e n t f o l l o w s an a l m o s t 
p a r a l l e l p a t t e r n w i t h t h e d a y 1 d a t a . The m a g n i t u d e o f t h e c h a n g e i n Qy 
n o r m a l i z e d t o body w e i g h t and body s u r f a c e a r e a were s l i g h t l y s m a l l e r , b u t 
s i m i l a r t o t h o s e o f t h e a b s o l u t e Qy v a l u e s . 

I n e x a m i n i n g t h e d a t a o f i n d i v i d u a l s u b j e c t s ( F i g u r e 12) i t i s a p p a r e n t 
t h a t t h e i n c r e a s e i n Qy a f t e r two-weeks c a p t o p r i l t r e a t m e n t was o b s e r v e d i n 
f i v e o f t h e s i x p a t i e n t s s t u d i e d . One p a t i e n t (C.B.) e x h i b i t e d a d e c r e a s e 
i n Qy a f t e r p r o l o n g e d a d m i n i s t r a t i o n o f c a p t o p r i l . When t h e r e s u l t s o f t h i s 



T a b l e 10. C o m p a r i s o n o f d a t a ( n o r m a l i z e d t o body w e i g h t and body s u r f a c e 
a r e a ) o b t a i n e d i n t h e f o u r s t u d y p h a s e s o f d a y 14 w i t h t h o s e o f 
d a y 1. 
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s t a t i s t i c a l l y n o t s i g n i f i c a n t ( 0 . 0 5 < p < 0 . 1 ) , co m p a r e d t o c o m b i n e d 
day 1, MANOVA 
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F i g u r e 14. C o m p a r i s o n o f Qy ( n o r m a l i z e d t o body w e i g h t and body s u r f a c e 
a r e a ) ( m e a n ± SEM, n=5) b e f o r e and a f t e r two-weeks c a p t o p r i l . 
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F i g u r e 15. I n c r e a s e i n (mean + SEM, n=6) f r o m d a y 1 (open c i r c l e s ) 
d a y 14 ( c l o s e d c i r c l e s ) . 



p a t i e n t w e r e e x c l u d e d f r o m t h e s t a t i s t i c a l c o m p a r i s o n , 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 i n c r e a s e i n ( e x p r e s s e d i n a b s o l u t e t e r m s and p e r u n i t body 
w e i g h t o r body s u r f a c e a r e a ) was o b t a i n e d a f t e r two-weeks c a p t o p r i l t h e r a p y , 
as c o m p a r e d t o t h e d a y 1 v a l u e s (p=0.011, p=0.014 and p=0.014, 
r e s p e c t i v e l y ) . 

3.5. C h a n g e s i n B l o o d P r e s s u r e and H e a r t R a t e 

B a s e l i n e ( p r e t r e a t m e n t ) s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e , mean 
a r t e r i a l p r e s s u r e (MAP) and h e a r t r a t e were r e c o r d e d on b o t h s t u d y d a y s 
a f t e r t h e p a t i e n t a r r i v a l t o t h e h o s p i t a l ( a v e r a g e t i m e ± SD, n=12 8:20 am ± 
25 m i n u t e s ) i n s e a t e d p o s i t i o n (mean t i m e o f s i t t i n g ± SD, n=12 66.9 ± 22.5 
m i n u t e s ) b e f o r e any t r e a t m e n t was a p p l i e d . The mean (± SEM, n=6) b a s e l i n e 
s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e , MAP and h e a r t r a t e o b t a i n e d on day 1 
were f o u n d t o be 160.5 ± 5.3, 103.3 ± SEM, 118.0 ± 3.0 and 72.6 ± 4.1 mm Hg, 
r e s p e c t i v e l y ( T a b l e 3 ) . I n o r d e r t o e v a l u a t e t h e a c u t e e f f e c t s o f t h e 
i n i t i a l ( d a y 1) and t e r m i n a l d o s e ( d a y 14) o f two-weeks c a p t o p r i l t h e r a p y on 
b l o o d p r e s s u r e and h e a r t r a t e c o m p a r i s o n s were made between t h e b a s e l i n e 
m e a s u r e m e n t s ( p r e t r e a t m e n t , d a y 1 and t r e a t e d , d a y 14) and t h o s e r e c o r d e d 1 
and 3 h o u r s f o l l o w i n g t h e a d m i n i s t r a t i o n o f c a p t o p r i l . The e f f e c t s o f 
s h o r t - t e r m c a p t o p r i l t h e r a p y on b l o o d p r e s s u r e and h e a r t r a t e w e r e e v a l u a t e d 
by c o m p a r i n g t h e t r e a t e d b a s e l i n e b l o o d p r e s s u r e and h e a r t r a t e v a l u e s 
o b t a i n e d on d a y 14 t o t h e p r e - t r e a t m e n t b a s e l i n e b l o o d p r e s s u r e and h e a r t 
r a t e d a t a o f d a y 1. 



3.5.1. E f f e c t s o f P o s t u r a l Change on B l o o d P r e s s u r e and H e a r t R a t e 

F i g u r e 16 and F i g u r e 17 show t h e c h a n g e s i n s y s t o l i c and d i a s t o l i c b l o o d 
p r e s s u r e , r e s p e c t i v e l y , d u r i n g d a y 1 and 14. T h e r e was no s i g n i f i c a n t 
c h a n g e i n mean s y s t o l i c b l o o d p r e s s u r e b e f o r e c a p t o p r i l t r e a t m e n t . A s l i g h t 
b u t n o t s i g n i f i c a n t i n c r e a s e i n mean d i a s t o l i c b l o o d p r e s s u r e (~ 5-7 mm Hg) 
was o b s e r v e d d u r i n g s t a n d i n g , as compared t o t h e s e a t e d v a l u e s . 

F i g u r e 18 shows t h a t mean (± SEM, n=6) h e a r t r a t e i n c r e a s e d b e f o r e and 
a f t e r c a p t o p r i l t r e a t m e n t f r o m 73 ± 4 t o 77 ± 5 b e a t s / m i n u t e s and f r o m 71 ± 
4 t o 77 ± 4 b e a t s / m i n u t e s upon s t a n d i n g . The i n c r e a s e i n h e a r t r a t e d u r i n g 
t h e u p r i g h t p o s i t i o n was s t a t i s t i c a l l y s i g n i f i c a n t on b o t h s t u d y d a y s (p < 
0.025 and p < 0.025 f o r d a y 1 and day 14, r e s p e c t i v e l y , p a i r e d t t e s t ) . 

3.5.2. A c u t e E f f e c t s o f C a p t o p r i l on B l o o d P r e s s u r e and H e a r t R a t e 

The c h a n g e s i n s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e 1 and 3 h o u r s a f t e r 
t h e i n i t i a l c a p t o p r i l d o s e ( d a y 1) o f t h e s i x p a t i e n t s a r e shown i n T a b l e 
11, F i g u r e 19, r e s p e c t i v e l y . I n e x a m i n i n g t h e i n d i v i d u a l b l o o d p r e s s u r e 
c h a n g e s i n t h e s i x p a t i e n t s i t i s a p p a r e n t t h a t s y s t o l i c and d i a s t o l i c b l o o d 
p r e s s u r e d e c r e a s e d i n t h e r a n g e f r o m -7.0 t o -53 mm Hg and f r o m -9.5 t o -
28.8 mm Hg, r e s p e c t i v e l y , 1 h o u r a f t e r t h e a d m i n i s t r a t i o n o f t h e i n i t i a l 
c a p t o p r i l d o s e i n f i v e o f t h e s i x p a t i e n t s s t u d i e d . In one p a t i e n t (B.H.) 
an e x t e n s i v e f a l l i n s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s was n o t e d 1 h o u r 
a f t e r t h e i n i t i a l d o s e o f c a p t o p r i l ( 53.0 and 28.8 mm Hg, r e s p e c t i v e l y ) . 
Mean s y s t o l i c , as w e l l as d i a s t o l i c b l o o d p r e s s u r e s were f u r t h e r d e c r e a s e d 3 
h o u r s a f t e r c a p t o p r i l d o s i n g , h o w e v e r , t h e a b s o l u t e d e c r e a s e f r o m b a s e l i n e 



F i g u r e 16. S y s t o l i c b l o o d p r e s s u r e (mean ± SEM, n=6) i n s e a t e d ( s i ) , 
u p r i g h t ( u p ) , r e s e a t e d ( s 2 ) p o s i t i o n and p o s t - c a p t o p r i l (CA) 
day 1 and d a y 14. 



T i m e ( h o u r s ) 

F i g u r e 17. D i a s t o l i c b l o o d p r e s s u r e (mean ± SEM, n=6) i n s e a t e d ( s i ) , 
u p r i g h t ( u p ) , r e s e a t e d ( s 2 ) p o s i t i o n and p o s t - c a p t o p r i l (CA) on 
day 1 and d a y 14. 
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F i g u r e 18. H e a r t r a t e (mean ± SEM, n=6) i n s e a t e d ( s i ) , u p r i g h t ( u p ) , 
r e s e a t e d ( s 2 ) p o s i t i o n and p o s t - c a p t o p r i l (CA) on d a y 1 and day 
14. * i n d i c a t e 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 s e a t e d ( s i ) , 
p a i r e d s a m p l e t - t e s t , p < 0.05. 



T a b l e 11. Change i n s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e 1 and 3 h o u r s 
a f t e r t h e i n i t i a l d o s e o f c a p t o p r i l i n s i x m i l d / m o d e r a t e 
h y p e r t e n s i v e p a t i e n t s 

I N I T I A L DGSE EFFECT ( DAY 1 ) 

P a t i e n t 

P r e 
t r e a t m e n t 
b a s e l i n e 

A f t e 
1 Hr 

r CA 
3 Hr 

D i f f e r e n c e f r o m 
b a s e l i n e 

1 Hr 3 Hr 
% change 

f r o m b a s e l i n e 
1 Hr 3 Hr 

P a t i e n t 
( mm Hg ) 

MO S 
D 

162.3 
102.3 

146.0 
82.0 

129.0 
78.0 

-16.3 
-20.3 

-33.3 
-24.3 

- 1 0 . 1 % 
- 1 9 . 9 % 

- 2 0 . 5 % 
-23.8% 

OW S 
D 

181.5 
103.0 

174.5 
105.5 

165.0 
107.5 

-7.0 
2.5 

-16.5 
4.5 

- 3 . 9 % 
2.4% 

- 9 . 1 % 
4.4% 

MS S 
D 

145.0 
104.0 

128.0 
90.5 

129.5 
85.0 

-17.0 
-13.5 

-15.5 
-19.0 

- 1 1 . 7 % 
- 1 3 . 0 % 

-10.7% 
- 1 8 . 3 % 

BH S 
D 

151.5 
104.3 

98.5 
75.5 

94.3 
63.0 

-53.0 
-28.8 

-57.2 
-41.3 

- 3 5 . 0 % 
- 2 7 . 6 % 

-37.7 
-39.6% 

DA S 
D 

154.6 
106.5 

139.0 
97.0 

140.0 
97.0 

-15.7 
-9.5 

-14.7 
-9.5 

- 1 0 . 1 % 
- 8 . 9 % 

- 9 . 5 % 
- 8 . 9 % 

CB S 
D 

167.8 
99.5 

147.5 
88.5 

136.3 
89.3 

-20.3 
-11.0 

-31.4 
-11.1 

- 1 2 . 1 % 
- 1 1 . 1 % 

- 1 8 . 7 % 
-10.2% 

CA c a p t o p r i l 
S s y s t o l i c b l o o d p r e s s u r e 
D d i a s t o l i c b l o o d p r e s s u r e 



F i g u r e 19. Changes i n s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e 1 and 3 h o u r s 
a f t e r t h e i n i t i a l d o s e o f c a p t o p r i l ( d a y 1) i n s i x m i l d / m o d e r a t e 
h y p e r t e n s i v e p a t i e n t s . 



was n o t g r e a t e r t h a n a f t e r 1 h o u r o f c a p t o p r i l d o s i n g i n two p a t i e n t s (D.A. 
and M.S.). The a b s o l u t e d e c r e a s e i n s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s 
3 h o u r s a f t e r t h e i n i t i a l c a p t o p r i l d o s e were i n t h e r a n g e f r o m 14.7 t o 57.2 
mm Hg and f r o m 9.5 t o 41.3 mm Hg, r e s p e c t i v e l y , f o r t h e s i x p a t i e n t s . In 
t h e c a s e o f (O.W.) no d e c r e a s e i n d i a s t o l i c b l o o d p r e s s u r e was n o t e d 3 h o u r s 
a f t e r t h e i n i t i a l d o s e o f c a p t o r i l . 

The r e s u l t s o f t h e c h a n g e s i n mean (± SEM, n=6) s y s t o l i c and d i a s t o l i c 
b l o o d p r e s s u r e s , mean a r t e r i a l p r e s s u r e and h e a r t r a t e a f t e r t h e i n i t i a l 
d o s e o f c a p t o p r i l a r e s u m m a r i z e d i n T a b l e 12. S y s t o l i c and d i a s t o l i c b l o o d 
p r e s s u r e s d e c r e a s e d f r o m 160.5 ± 5.3 t o 138.9 ± 10.2 mm Hg and f r o m 103.3 ± 
1.0 t o 89.8 ± 6.3 mm Hg, r e s p e c t i v e l y , 1 h o u r a f t e r t h e f i r s t d o s e o f 
c a p t o p r i l . S y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s were f u r t h e r d e c r e a s e d 
w i t h a n a d i r 3 h o u r s a f t e r c a p t o p r i l (132.4 ± 9.3 and 86.6 ± 6.3 mm Hg, 
r e s p e c t i v e l y ) . 

F i g u r e 20 shows t h a t 1 and 3 h o u r s a f t e r t h e i n i t i a l c a p t o p r i l d o s e t h e 
a b s o l u t e d e c r e a s e i n s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s (mean ± SEM, 
n=6) was -21.5 ± 6.5 mm Hg o r 13.4% (p < 0.025, p a i r e d s a m p l e t - t e s t ) and -
28.1 ± 6.7 mm Hg o r 1 7 . 5 % (p < 0.005, p a i r e d s a m p l e t - t e s t ) f o r s y s t o l i c and 
-13.4 ± 4.3 mm Hg o r 1 3 . 0 % (p < 0.025, p a i r e d s a m p l e t - t e s t ) and -16.6 ± 6.4 
mm Hg o r 1 6 . 1 % (p < 0.025, p a i r e d s a m p l e t - t e s t , f o r d i a s t o l i c b l o o d 
p r e s s u r e , r e s p e c t i v e l y , as compared t o b a s e l i n e v a l u e . 

The c h a n g e s i n s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s 1 and 3 h o u r s 
a f t e r t h e t e r m i n a l c a p t o p r i l d o s e ( d a y 14) o f t h e s i x p a t i e n t s a r e shown i n 
T a b l e 13, F i g u r e 2 1 , r e s p e c t i v e l y . In one p a t i e n t (O.W.) t h e r e was no 
d e c r e a s e i n s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s 1 h o u r a f t e r t h e t e r m i n a l 
c a p t o p r i l d o s e . The a b s o l u t e r e d u c t i o n i n s y s t o l i c and d i a s t o l i c b l o o d 
p r e s s u r e s f o r t h e s i x p a t i e n t were i n t h e r a n g e f r o m -2.2 t o -13.5 mm Hg 



T a b l e 12. C h a n g e s i n mean (± SEM, n=6) s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e , 
mean a r t e r i a l p r e s s u r e and h e a r t r a t e a f t e r t h e i n i t i a l d o s e o f 
c a p t o p r i l i n p a t i e n t s w i t h m i l d / m o d e r a t e h y p e r t e n s i o n . 

I N I T I A L DOSE EFFECT ( DAY 1) 
A f t e r CA D i f f e r e n c e f r o m 

b a s e l i n e 
B a s e l i n e ^ 1 Hr 3 Hr 1 Hr 3 Hr 

S y s t o l i c BP 
(mm Hg) 

160.5±5. .3 138, .9±10.2 132 .4±9 .3 - 2 1 . 5 ± 6 
- 1 3 . 4 % 

. 5 * - 2 8 . 1 ± 6 . 7 * * 
- 1 7 . 5 % 

D i a s t o l i c BP 
(mm Hg) 

1 0 3 . 3 ± 1 . .0 89, .8±4.3 8 6 .6±6 .3 - 1 3 . 4 ± 4 
- 1 3 . 0 % 

. 3 * - 1 6 . 6 ± 6 . 4 * 
- 1 6 . 1 % 

MAP^ 
(mm Hg) 

118.0±3. .0 104. .9±5.4 101 .0±6 .6 - 1 3 . 1 ± 4 
- 1 1 . 1 % 

.3 - 1 7 . 0 ± 4 . 9 
- 1 4 . 4 % 

H e a r t r a t e 
( b e a t s / m i n ) 

72.6±4. .1 72, .2±4.5 73 .6±3 .5 - 0 . 4 ± 1 
- 0 . 5 % 

QNS 1.011.3^5 
1.4% 

CA c a p t o p r i l 
SEM s t a n d a r d e r r o r o f t h e mean 

U n t r e a t e d b a s e l i n e b l o o d p r e s s u r e and h e a r t r a t e w e r e o b t a i n e d i n 
s i t t i n g p o s i t i o n on day 1 a f t e r t h e p a t i e n t s ' a r r i v a l a t t h e 
h o s p i t a l . 
T r e a t e d b a s e l i n e b l o o d p r e s s u r e and h e a r t r a t e were o b t a i n e d i n 
s i t t i n g p o s i t i o n on day 14 a f t e r t h e p a t i e n t s ' r e t u r n t o t h e 
h o s p i t a l . 
no s t a t i s t i c a l c o m p a r i s o n s were made f o r MAP d a t 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 (p < 0 . 0 0 5 ) , compared t o b a s e l i n e , p a i r e d 
s a m p l e t - t e s t 
s t a t i s t i c a l l y s i g n i f i c a n t (p < 0 . 0 5 ) , compared t o b a s e l i n e , p a i r e d 
s a m p l e t - t e s t 
s t a t i s t i c a l l y n o t s i g n i f i c a n t (p > 0 . 5 ) , c ompared t o b a s e l i n e , 
p a i r e d s a m p l e t - t e s t 
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F i g u r e 20. D e c r e a s e i n s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e (mean ± SEM, 
n=6), as compared t o t h e p r e t r e a t m e n t v a l u e s , 1 and 3 h o u r s 
a f t e r t h e i n i t i a l d o s e o f c a p t o p r i l . * and * * i n d i c a t e 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 b a s e l i n e , p a i r e d s a m p l e t - t e s t , p < 
0.05 and p < 0.005, r e s p e c t i v e l y . 



T a b l e 13. Change i n s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e 1 and 3 h o u r s 
a f t e r t h e t e r m i n a l d o s e o f c a p t o p r i l i n s i x m i l d / m o d e r a t e 
h y p e r t e n s i v e p a t i e n t s 

TERMINAL DOSE EFFECT ( DAY H ) 

P a t i e n t • 
T r e a t e d 
B a s e l i n e 

A f t e 
1 H r 

r CA 
3 Hr 

D i f f e r e n c e f r o m 
b a s e l i n e 

1 Hr 3 Hr 
% c h a n g e 

f r o m b a s e l i n e 
1 Hr 3 Hr 

P a t i e n t • 
( mm Hg ) 

MO S 
D 

161.0 
102.7 

147.7 
103.0 

138.7 
94.3 

-13.3 
0.3 

-22.3 
-8.3 

- 8 . 3 % -13.9% 
0.3% - 8 . 1 % 

OW S 
D 

161.7 
94.1 

169.3 
101.0 

149.0 
91.7 

7.6 
6.9 

-12.7 
-2.5 

4.7% - 7 . 9 % 
7.3% - 2 . 6 % 

MS S 
D 

130.8 
92.8 

123.5 
91.0 

112.5 
77.5 

-7.3 
-1.8 

-18.3 
-15.3 

- 5 . 5 % -14.0% 
- 1 . 9 % -16.4% 

BH S 
D 

134.2 
86.4 

125.0 
86.5 

122.5 
80.0 

-9.2 
0.1 

-11.7 
-6.4 

- 6 . 9 % - 8.7% 
0.1% -7.4% 

DA S 
D 

128.7 
88.3 

126.5 
86.5 

127.0 
84.0 

-2.2 
-1.8 

-1.7 
-4.3 

- 1 . 7 % - 1 . 3 % 
- 2 . 1 % - 4 . 9 % 

CB S 
D 

156.8 
92.5 

143.3 
82.0 

123.0 
69.5 

-13.5 
-10.5 

-33.8 
-23.0 

- 8 . 6 % - 2 1 . 5 % 
- 1 1 . 4 % -24.9% 

CA c a p t o p r i l 
S s y s t o l i c b l o o d p r e s s u r e 
D d i a s t o l i c b l o o d p r e s s u r e 



F i g u r e 2 1 . Changes i n s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e 1 and 3 h o u r s 
a f t e r t h e t e r m i n a l d o s e o f c a p t o p r i l ( d a y H ) i n s i x m i I d / m o d e r a t e 
h y p e r t e n s i v e p a t i e n t s . 



( 1 . 7 - 8 . 6 % ) and f r o m -1.8 t o -10.5 mm Hg ( 1 . 9 - 1 1 . 4 % ) , r e s p e c t i v e l y , a f t e r 1 
h o u r and f r o m -1.7 t o 33.8 mm Hg ( 1 . 3 - 2 1 . 5 % ) and f r o m -2.5 t o -23.0 mm Hg 
( 2 . 6 - 2 4 . 9 % ) , r e s p e c t i v e l y , a f t e r 3 h o u r s o f c a p t o p r i l a d m i n i s t r a t i o n , as 
com p a r e d t o t h e b a s e l i n e b l o o d p r e s s u r e o f d a y 14. 

T a b l e 14 s u m m a r i z e s t h e c h a n g e s i n s y s t o l i c and d i a s t o l i c b l o o d 
p r e s s u r e s , mean a r t e r i a l p r e s s u r e and h e a r t r a t e (mean ± SEM, n=6) as 
com p a r e d t o t h e t r e a t e d b a s e l i n e b l o o d p r e s s u r e and h e a r t r a t e o f day 14. 
The mean (± SEM, n=6) d i f f e r e n c e s o r r e l a t i v e c h a n g e s i n s y s t o l i c and 
d i a s t o l i c b l o o d p r e s s u r e s 1 and 3 h o u r s f o l l o w i n g t h e t e r m i n a l c a p t o p r i l 
d o s e were -6.3 ± 7.3 mm Hg o r 4.3% and -16.7 ± 9.9 mm Hg o r 1 1 . 5 % f o r 
s y s t o l i c and -1.1 ± 2.3 mm Hg o r 1.2% and -10.0 ± 3.2 mm Hg o r 1 0 . 7 % f o r 
d i a s t o l i c b l o o d p r e s s u r e , r e s p e c t i v e l y , as c o m p a r e d t o t h e t r e a t e d b a s e l i n e 
o f d a y 14. The d e c r e a s e i n b l o o d p r e s s u r e 1 h o u r a f t e r t h e t e r m i n a l d o s e o f 
c a p t o p r i l was s t a t i s t i c a l l y n o t s i g n i f i c a n t , as co m p a r e d t o t h e t r e a t e d 
b a s e l i n e v a l u e s , h o w e v e r , t h e d e c r e a s e i n b l o o d p r e s s u r e r e a c h e d t h e l e v e l 
o f s i g n i f i c a n c e 3 h o u r s f o l l o w i n g c a p t o p r i l d o s i n g (p < 0.05, p a i r e d s a m p l e 
t - t e s t ) ( F i g u r e 2 2 ) . 

The c h a n g e s i n mean a r t e r i a l p r e s s u r e 1 and 3 h o u r s a f t e r t h e i n i t i a l 
( d a y 1) and t e r m i n a l d o s e ( d a y 14) o f c a p t o p r i l f o r s i x p a t i e n t s a r e 
p r e s e n t e d i n F i g u r e 2 3 . 

F i g u r e 24 shows t h a t h e a r t r a t e d i d n o t c h a n g e o r s l i g h t l y i n c r e a s e d 1 
and 3 h o u r s a f t e r t h e i n i t i a l d o s e o f c a p t o p r i l i n t h e s i x p a t i e n t s s t u d i e d , 
as c ompared t o t h e c o n t r o l v a l u e s ( b a s e l i n e , d a y 1 ) . However, 3 h o u r s a f t e r 
t h e t e r m i n a l c a p t o p r i l d o s e h e a r t r a t e d e c r e a s e d i n f o u r o f t h e s i x p a t i e n t s 
s t u d i e d ( r a n g e f r o m 3 t o 6 b e a t s / m i n u t e s ) and i n c r e a s e d i n two p a t i e n t s by 2 
and 8 b e a t s / m i n u t e s . T h e r e was no s i g n i f i c a n t c h a n g e i n h e a r t r a t e (mean ± 
SEM, n=6) 1 and 3 h o u r s f o l l o w i n g t h e i n i t i a l and t e r m i n a l d o s e o f c a p t o p r i l 



T a b l e 14. Changes i n mean (± SEM, n=6) s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e , 
mean a r t e r i a l p r e s s u r e and h e a r t r a t e a f t e r t h e t e r m i n a l d o s e o f 
c a p t o p r i l i n p a t i e n t s w i t h m i l d / m o d e r a t e h y p e r t e n s i o n 

TERMINAL DOSE EFFECT (DAY 14) 
A f t e r CA D i f f e r e n c e f r o m 

T r e a t e d b a s e l i n e 
B a s e l i n e ' ^ 1 Hr 3 Hr 1 Hr 3 Hr 

S y s t o l i c BP 
(mm Hg) 

145 .5±14.5 139, .2±16.4 128 .8±11.9 -6.3±7, 
- 4 . 3 % 

3NS -16.7±9.9* 
- 1 1 . 5 % 

D i a s t o l i c BP 
(mm Hg) 

92 .8±2.3 91, .7±3.5 82 .8±3.8 -1.1±2, 
- 1 . 2 % 

.3NS -10.0±3.2* 
- 1 0 . 7 % 

MAp3 
(mm Hg) 

111 .0±2.6 104, .5±5.1 97, .3+3.3 -6.4±3, 
- 5 . 8 % 

.1 -13.7±2.9 
- 1 2 . 3 % 

H e a r t r a t e 
( b e a t s / m i n ) 

71 .0±3.2 69. .2+3.7 69, ,8±3.5 -1.8±1, 
- 2 . 5 % 

3NS -1.2±2.1^S 
-1 . 7 % 

CA c a p t o p r i l 
SEM s t a n d a r d e r r o r o f t h e mean 
MAP mean a r t e r i a l p r e s s u r e 

U n t r e a t e d b a s e l i n e b l o o d p r e s s u r e and h e a r t r a t e w e r e o b t a i n e d i n 
s i t t i n g p o s i t i o n on d a y 1 a f t e r t h e p a t i e n t s ' a r r i v a l a t t h e 
h o s p i t a l . 
T r e a t e d b a s e l i n e b l o o d p r e s s u r e and h e a r t r a t e w e r e o b t a i n e d i n 
s i t t i n g p o s i t i o n on d a y 14 a f t e r t h e p a t i e n t s ' r e t u r n t o t h e 
h o s p i t a l . 
no s t a t i s t i c a l c o m p a r i s o n s w e r e made f o r MAP d a t 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 (p < 0 , 0 0 5 ) , c o m p a r e d t o b a s e l i n e , p a i r e d 
s a m p l e t - t e s t 
s t a t i s t i c a l l y s i g n i f i c a n t (p < 0 . 0 5 ) , c o m p a r e d t o b a s e l i n e , p a i r e d 
s a m p l e t - t e s t 
s t a t i s t i c a l l y n o t s i g n i f i c a n t (p > 0 . 5 ) , c o m p a r e d t o b a s e l i n e , 
p a i r e d s a m p l e t - t e s t 
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22. D e c r e a s e i n s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e (mean ± SEM, 
n=6), as compared t o t h e t r e a t e d b a s e l i n e o f d a y 14, 1 and 3 h o u r s 
a f t e r t h e t e r m i n a l d o s e o f c a p t o p r i l . * i n d i c a t e 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 b a s e l i n e , p a i r e d s a m p l e t - t e s t , p < 0.05. 
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F i g u r e 23. Changes i n mean a r t e r i a l p r e s s u r e 1 and 3 h o u r s a f t e r t h e i n i t i a l 
( d a y 1) and t e r m i n a l ( d a y 14) d o s e o f c a p t o p r i l i n s i x 
m i l d / m o d e r a t e h y p e r t e n s i v e p a t i e n t s . 



F i g u r e 24. Changes i n h e a r t r a t e 1 and 3 h o u r s a f t e r t h e i n i t i a l ( d a y 1) a -
t e r m i n a l ( d a y 14) d o s e c a p t o p r i l i n s i x m i l d / m o d e r a t e h y p e r t e n s i . ^ 
p a t i e n t s . 



( T a b l e 12 and 1 4 ) . 

3.5.3. S h o r t - T e r m E f f e c t s o f C a p t o p r i l on B l o o d P r e s s u r e and H e a r t R a t e 
The e f f e c t s o f s h o r t - t e r m c a p t o p r i l t h e r a p y on b l o o d p r e s s u r e and h e a r t 

r a t e w e r e e v a l u a t e d by c o m p a r i n g t h e t r e a t e d b a s e l i n e b l o o d p r e s s u r e and 
h e a r t r a t e ( d a y 14) t o t h e p r e t r e a t m e n t b a s e l i n e b l o o d p r e s s u r e and h e a r t 
r a t e o f day 1. 

T a b l e 15 shows t h a t s y s t o l i c , as w e l l a s , d i a s t o l i c b l o o d p r e s s u r e s were 
l o w e r i n f i v e o f t h e s i x p a t i e n t s s t u d i e d , as co m p a r e d t o p r e t r e a t m e n t b l o o d 
p r e s s u r e , when t h e y r e t u r n e d t o t h e h o s p i t a l a f t e r 14 d a y s c a p t o p r i l 
t h e r a p y . The b a s e l i n e b l o o d p r e s s u r e r e c o r d i n g s on day 14 w e r e p e r f o r m e d 
a b o u t 20 h o u r s a f t e r t h e l a s t c a p t o p r i l d o s i n g . The t r e a t e d b a s e l i n e 
s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s were l o w e r t h a n t h e p r e t r e a t m e n t 
b l o o d p r e s s u r e , i n t h e r a n g e f r o m -1.3 t o -26 mm Hg f o r s y s t o l i c and f r o m -
7.0 t o -18.2 mm Hg f o r d i a s t o l i c b l o o d p r e s s u r e . I n one p a t i e n t (M.O.) t h e 
t r e a t e d b a s e l i n e b l o o d p r e s s u r e was s i m i l a r t o t h e p r e t r e a t m e n t b a s e l i n e 
b l o o d p r e s s u r e . The B l a c k p a t i e n t (O.W.) r e s p o n d e d s i m i l a r l y t o s h o r t - t e r m 
c a p t o p r i l t r e a t m e n t a s t h e C a u c a s i a n s u b j e c t s . When i n d i v i d u a l s y s t o l i c 
b l o o d p r e s s u r e s , r e c o r d e d a f t e r t h e t e r m i n a l d o s e o f c a p t o p r i l , were 
c o m p a r e d t o t h e p r e t r e a t m e n t b a s e l i n e v a l u e s t h e a b s o l u t e d e c r e a s e s i n 
s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s were i n t h e r a n g e f r o m -14.2 t o -28.2 
mm Hg and -2.0 t o -20.0 mm Hg, r e s p e c t i v e l y , a f t e r 1 h o u r and f r o m -23.7 t o 
-44.8 mm Hg and -8.0 t o -30.0 mm Hg a f t e r 3 h o u r s o f c a p t o p r i l 
a d m i n i s t r a t i o n . 

T a b l e 16 shows t h a t mean (± SEM, n=6) t r e a t e d b a s e l i n e s y s t o l i c and 
d i a s t o l i c b l o o d p r e s s u r e s , r e c o r d e d on d a y 14, were s i g n i f i c a n t l y l o w e r t h a n 
p r e t r e a t m e n t v a l u e s by -14.9 ± 7.7 mm Hg ( 9 . 3 % , p < 0.005, p a i r e d s a m p l e t-



T a b l e 15. D e c r e a s e i n s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e a f t e r 
two-weeks c a p t o p r i l t r e a t m e n t , as c o m p a r e d t o t h e p r e t r e a t m e n t 
b a s e l i n e i n s i x m i l d / m o d e r a t e h y p e r t e n s i v e p a t i e n t s 

SHORT-TERM EFFECT 

P a t i e n t 

D i f f e r e n c e f r o m b a s e l i n e ( d a y 1) 
% c h a n g e 

f r o m b a s e l i n e 
1 Hr 3 Hr 

P a t i e n t 
T r e a t e d 
B a s e l i n e 

A f t e r 
1 Hr 

CA 
3 H r 

% c h a n g e 
f r o m b a s e l i n e 

1 Hr 3 Hr 
P a t i e n t 

( mm Hg ) 

MO S -1.3 -14.7 -23.7 - 9 . 0 % - 1 4 . 6 % 
D 0.3 0.7 -8.0 0.7% - 7 . 8 % 

OW S -19.7 -12.2 -32.5 - 6 . 7 % - 1 7 . 9 % 
D -8.9 -2.0 -11.3 - 1 . 9 % - 1 1 . 0 % 

MS S -14.2 -21.5 -32.5 - 1 4 . 8 % -22.4% 
D -11.3 -13.0 -26.5 - 1 2 . 5 % - 2 5 . 5 % 

BH S -17.3 -26.5 -29.0 - 1 7 . 5 % - 1 9 . 1 % 
D -17.8 -17.8 -24.3 - 1 7 . 0 % - 2 3 . 3 % 

DA S -26.0 -28.2 -27.7 - 1 8 . 2 % - 1 7 . 9 % 
D -18.2 -20.0 -22.5 - 1 8 . 8 % - 2 1 . 1 % 

CB S -11.0 -24.5 -44.8 - 1 4 . 6 % - 2 6 . 7 % 
D -7.0 -17.5 -30.0 - 1 7 . 6 % - 3 0 . 2 % 

CA c a p t o p r i l 
S s y s t o l i c b l o o d p r e s s u r e 
D d i a s t o l i c b l o o d p r e s s u r e 



T a b l e 16. C o m p a r i s o n o f mean (± SEM, n=6) s y s t o l i c and d i a s t o l i c b l o o d 
p r e s s u r e , mean a r t e r i a l p r e s s u r e and h e a r t r a t e o b t a i n e d a f t e r 
two-weeks c a p t o p r i l t r e a t m e n t w i t h t h e u n t r e a t e d v a l u e o f d a y 1. 

SHORT-TERM EFFECT 

D i f f e r e n c e f r o m b a s e l i n e ^ ( d a y 1) 

T r e a t e d ^ 
B a s e l i n e 1 Hr 

A f t e r CA 
3 Hr 

S y s t o l i c BP -14.9 ± 7 -21.3 ± 5.9** -31.7 ± 6. .6** 
(mm Hg) - 9.3% - 1 3 . 2 % - 1 9 . 7 % 
D i a s t o l i c BP -10.5 ± 6 .4* -11.6 ± 8.0* -20.4 ± 8. .0** 
(mm Hg) - 1 0 . 1 % - 1 1 . 2 % - 1 9 . 8 % 
MAP - 7.0 ± 4 .1 -13.4 ± 5.2 -20.7 ± 2. .7 
(mm Hg) - 1 1 . 4 % - 1 7 . 5 % - 5.9% 
H e a r t r a t e - 1.6 ± 1 .3 - 3.4 ± 0.9 - 2.8 ± 1, .6^5 
( b e a t s / m i n ) - 4.7% - 3.9% - 2.3% 

CA c a p t o p r i l 
SEM s t a n d a r d e r r o r o f t h e mean 
MAP mean a r t e r i a l p r e s s u r e 

U n t r e a t e d b a s e l i n e b l o o d p r e s s u r e and h e a r t r a t e w e r e o b t a i n e d 
i n s i t t i n g p o s i t i o n on d a y 1 a f t e r t h e p a t i e n t s ' a r r i v a l a t t h e 
h o s p i t a l . 
T r e a t e d b a s e l i n e b l o o d p r e s s u r e and h e a r t r a t e w e r e o b t a i n e d i n 
s i t t i n g p o s i t i o n on d a y 14 a f t e r t h e p a t i e n t s ' r e t u r n t o t h e 
h o s p i t a l . 
A l l d i f f e r e n c e s w e r e c a l c u l a t e d by s u b t r a c t i n g mean b a s e l i n e 
b l o o d p r e s s u r e and h e a r t r a t e f r o m t h e a p p r o p r i a t e mean v a l u e s 
o f d a y 14. 
S t a t i s t i c a l l y s i g n i f i c a n t (p < 0 . 0 0 5 ) , c o m p a r e d t o p r e t r e a t m e n t 
b a s e l i n e , p a i r e d s a m p l e t - t e s t . 
S t a t i s t i c a l l y s i g n i f i c a n t (p < 0 . 0 5 ) , c o m p a r e d t o p r e t r e a t m e n t 
b a s e l i n e , p a i r e d s a m p l e t - t e s t . 



t e s t ) and by -10.5 ± 6.4 mm Hg ( 1 0 . 1 % , p < 0.01, p a i r e d s a m p l e t - t e s t ) , 
r e s p e c t i v e l y . T r e a t e d b a s e l i n e MAP was l o w e r t h a n day 1 b a s e l i n e by 11.4%. 
The a b s o l u t e d e c r e a s e (± SEM, n=6) i n s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s 
a f t e r t h e t e r m i n a l d o s e o f two-weeks c a p t o p r i l t h e r a p y w e r e -21.3 ± 5.9 mm 
Hg ( 1 3 . 2 % ) and -11.6 ± 8.0 mm Hg ( 1 1 . 2 % ) , r e s p e c t i v e l y , a f t e r 1 h o u r and -
31.7 ± 6.6 mm Hg ( 1 9 . 7 % ) and -20.4 ± 8.0 mm Hg ( 1 9 . 8 % ) a f t e r 3 h o u r s , 
r e s p e c t i v e l y . The d e c r e a s e i n s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s 3 
h o u r s a f t e r t h e t e r m i n a l d o s e o f two-weeks c a p t o p r i l t h e r a p y were 
s t a t i s t i c a l l y s i g n i f i c a n t (p < 0.005 f o r b o t h b l o o d p r e s s u r e s , p a i r e d s a m p l e 
t - t e s t ) . The a b s o l u t e d e c r e a s e (± SEM, n=6) i n h e a r t r a t e was -2.8 ± 1 . 6 
( 2 . 3 % ) b e a t s / m i n u t e s 3 h o u r s a f t e r t h e t e r m i n a l d o s e o f c a p t o p r i l , as 
c o m p a r e d t o t h e p r e t r e a t m e n t v a l u e s . T h i s d e c r e a s e i n h e a r t r a t e was 
s t a t i s t i c a l l y n o t s i g n i f i c a n t , as d e t e r m i n e d by p a i r e d s a m p l e t - t e s t . 

F i g u r e s 25 and F i g u r e 26 s u m m a r i z e t h e o v e r a l l c h a n g e s i n s y s t o l i c and 
d i a s t o l i c b l o o d p r e s s u r e s , r e s p e c t i v e l y , d u r i n g t h e two-weeks c a p t o p r i l 
t h e r a p y . T h e r e was a g r e a t e r a b s o l u t e d e c r e a s e i n s y s t o l i c and d i a s t o l i c 
b l o o d p r e s s u r e s a f t e r 3 h o u r s t h a n a f t e r 1 h o u r o f t h e a d m i n i s t r a t i o n o f t h e 
i n i t i a l o r t e r m i n a l d o s e o f c a p t o p r i l , as c ompared t o p r e t r e a t m e n t v a l u e s (-
22 vs -28 mm Hg and -21 vs 32 mm Hg f o r s y s t o l i c b l o o d p r e s s u r e and -13 vs -

17 mm Hg and -12 vs -20 mm Hg f o r d i a s t o l i c b l o o d p r e s s u r e , r e s p e c t i v e l y ) . 
However, t h e a b s o l u t e o f d e c r e a s e i n s y s t o l i c b l o o d p r e s s u r e f r o m b a s e l i n e , 
1 and 3 h o u r s a f t e r t h e t e r m i n a l d o s e o f c a p t o p r i l was s i m i l a r t o t h a t 
o b s e r v e d 1 and 3 h o u r s a f t e r t h e i n i t i a l d o s e (-21 vs -22 mm Hg and -32 vs -

28 mm Hg, r e s p e c t i v e l y ) . S i m i l a r l y , t h e e x t e n t o f r e d u c t i o n i n d i a s t o l i c 
b l o o d p r e s s u r e 1 and 3 h o u r s f o l l o w i n g t h e t e r m i n a l and i n i t i a l d o s e o f 
c a p t o p r i l w e r e s i m i l a r , as compared t o t h e p r e t r e a t m e n t v a l u e s (-12 vs -13 
mm Hg and -20 v s -17 mm Hg, r e s p e c t i v e l y ) . 



F i g u r e 25. D e c r e a s e i n s y s t o l i c b l o o d p r e s s u r e (mean ± SEM, n=6) f r o m 
p r e t r e a t m e n t v a l u e s a f t e r two-weeks c a p t o p r i l i n m i l d / m o d e r a t e 
h y p e r t e n s i v e p a t i e n t s . * and * * i n d i c a t e 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 b a s e l i n e , p a i r e d s a m p l e t - t e s t , p < 0.05 and 
p < 0.005, r e s p e c t i v e l y . 



F i g u r e 26. D e c r e a s e i n d i a s t o l i c b l o o d p r e s s u r e (mean ± SEM, n=6) f r o m 
p r e t r e a t m e n t v a l u e s a f t e r two-weeks c a p t o p r i l i n m i l d / m o d e r a t e 
h y p e r t e n s i v e p a t i e n t s . * and * * i n d i c a t e 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 b a s e l i n e , p a i r e d s a m p l e t - t e s t , p < 0.05 and 
p < 0.005, r e s p e c t i v e l y . 



F i g u r e 27 shows t h a t t h e r e was a s l i g h t d e c r e a s e i n h e a r t r a t e when 
t r e a t e d b a s e l i n e h e a r t r a t e , m easured on d a y 14 was c o m p a r e d t o t h e 
p r e t r e a t m e n t v a l u e s . The mean d i f f e r e n c e (± SEM, n=6) f r o m b a s e l i n e was -
1.6 ± 1.3 b e a t s / m i n u t e s , ( 2 . 3 % ) , p < 0.25, p a i r e d s a m p l e t - t e s t ) . T h e r e 
was, a l s o , a t e n d e n c y f o r a d e c r e a s e i n h e a r t r a t e 3 h o u r s a f t e r t h e 
t e r m i n a l d o s e o f c a p t o p r i l , as compared t o t h e p r e t r e a t m e n t v a l u e s (mean 
d i f f e r e n c e ± SEM, n=6 -2.8 ± 1.6 b e a t s / m i n u t e s , 2.3%, p < 0.1) p a i r e d s a m p l e 
t - t e s t ) . 

3.6. C h a n g e s i n S p l a n c h n i c V a s c u l a r R e s i s t a n c e 

3.6.1. E f f e c t s o f U p r i g h t P o s t u r e 

T a b l e 17 shows t h e c h a n g e s i n SVR d u r i n g p o s t u r a l c h a n g e f r o m s i t t i n g t o 
s t a n d i n g b e f o r e and a f t e r c a p t o p r i l t r e a t m e n t . Mean SVR (± SEM, n=6) 
i n c r e a s e d on d a y 1 and 14 upon s t a n d i n g f r o m 6.58 ± 0.54 t o 8.62 ± 0.66 mm 
H g-sec/ml ( 3 1 . 0 % ) and f r o m 5.34 ± 0.8 t o 7.12 ± 1.09 mm H g - sec/ml ( 3 3 . 3 % ) , 
r e s p e c t i v e l y . The i n c r e a s e i n SVR o b s e r v e d on d a y 1 was s t a t i s t i c a l l y 
s i g n i f i c a n t (p < 0.05, p a i r e d s a m p l e t - t e s t ) . However, t h e i n c r e a s e on d a y 
14 was s l i g h t l y b e l o w t h e b o r d e r l i n e s i g n i f i c a n c e ( 0 . 0 5 < p < 0.1, p a i r e d 
s a m p l e t - t e s t ) . A d e c r e a s e i n SVR f r o m 8.62 ± 0.66 t o 6.65 ± 0.27 mm 
H g.sec/ml on d a y 1 and f r o m 7.12 ± 1.09 t o 5.65 ± 0.98 mm H g . sec/ml on day 
14 o c c u r r e d when p a t i e n t s r e a s s u m e d s e a t e d p o s i t i o n ( s 2 ) a f t e r s t a n d i n g . 
The v a l u e s o f SVR o b t a i n e d i n t h e f i r s t s e a t e d ( s i ) and r e s e a t e d ( s 2 ) 
p e r i o d s w e r e s i m i l a r ( 6 . 5 8 v s 6.65 mm H g . s e c / m l ) . F i g u r e 28 i l l u s t r a t e s t h e 
c h a n g e s i n SVR d u r i n g p o s t u r a l c hange b e f o r e and a f t e r c a p t o p r i l t h e r a p y . 
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F i g u r e 27. A c u t e e f f e c t s o f c a p t o p r i l on h e a r t r a t e (mean ± SEM, n=6), 1 and 
3 h o u r s a f t e r c a p t o p r i l on day 1 and day 14. 



T a b l e 17. Changes i n s p l a n c h n i c v a s c u l a r r e s i s t a n c e f r o m s i x p a t i e n t s 
w i t h m i l d / m o d e r a t e h y p e r t e n s i o n d u r i n g p o s t u r a l c h a n g e and b e f o r e 
and a f t e r c a p t o p r i l t r e a t m e n t . 

S p 1 a n c h n i c 

( 

V a s c u 1 a 
mm Hg s e c / m l 

r R e 

) 

s i s t a n c e 

D A Y 1 D A Y 14 

P a t i e n t 
s i up s2 CA s i up s2 CA 

P a t i e n t 
OW 6.27 8.04 7.10 7.48 3.99 6.17 4.41 4.54 
MO 6.23 8.24 5.93 4.45 4.49 5.71 5.35 4.95 
MS 4.83 6.50 6.54 5.64 3.42 4.46 3.56 4.30 
BH 6.33 8.96 7.08 5.45 5.64 8.26 7.42 5.72 
DA 7.54 10.99 7.32 8.11 6.18 6.76 4.06 4.43 
CB 8.29 9.01 5.96 7.59 8.31 11.38 9.14 7.57 

Mean 
± SEM: 

6.58 
±0.54 

8.62* 
±0.66 

6.65 
±0.27 

6.46 
±0.66 

5.34 
±0.80 

7.12 
±1.09 

5.65 
±0.98 

5.25 
±0.56 

% c h a n g e 
u p r i g h t ^ 31.0 33.3 
% c h a n g e 
d a y •18.8 -17.4 -15.0 -23.0 

s i d a t a o b t a i n e d i n f i r s t s e a t e d p o s i t i o n 
up d a t a o b t a i n e d i n u p r i g h t p o s i t i o n 
s2 d a t a o b t a i n e d i n r e s e a t e d p o s i t i o n 
CA d a t a o b t a i n e d i n 1 h o u r a f t e r c a p t o p r i l d o s i n g 
SEM s t a n d a r d e r r o r o f t h e mean 

s t a t i s t i c a l l y s i g n i f i c a n t (p < 0.05) co m p a r e d t o s i , MANOVA 
% c h a n g e d u r i n g u p r i g h t , as c o m p a r e d t o s i 
% c h a n g e a f t e r two-weeks c a p t o p r i l t r e a t m e n t , as co m p a r e d t o day 1 
v a l u e s 



3.6.2. A c u t e E f f e c t s o f C a p t o p r i l on SVR 

F i g u r e 28 shows t h a t SVR (mean (± SEM, n=6) a f t e r t h e i n i t i a l (CA, day 
1) and t e r m i n a l (CA, d a y 14) d o s e o f c a p t o p r i l was s i g n i f i c a n t l y n o t 
d i f f e r e n t f r o m r e s e a t e d ( s 2 ) v a l u e s (6.46 ± 0.66 v s 6.65 ± 0.27 mm Hg.sec/ml 
and 5.25 ± 0.56 v s 5.65 ± 0.98 mm H g . s e c / m l , r e s p e c t i v e l y ) . 

I n e x a m i n i n g t h e i n d i v i d u a l d a t a i n T a b l e 17 o b t a i n e d on d a y 1 i t i s 
a p p a r e n t , t h a t SVR d i d n o t c h a n g e a f t e r c a p t o p r i l a d m i n i s t r a t i o n i n one 
p a t i e n t (O.W.) i n c r e a s e d and d e c r e a s e d i n two (D.A. and C.B.) and t h r e e 
p a t i e n t s (M.O., M.S. and B.H.), r e s p e c t i v e l y , as c o m p a r e d t o t h e r e s e a t e d 
( s 2 ) v a l u e s . S i m i l a r l y , on d a y 14 t h e i n d i v i d u a l r e s p o n s e s o f SVR t o t h e 
t e r m i n a l d o s e o f c a p t o p r i l were v a r i a b l e , as c o m p a r e d t o t h e r e s e a t e d ( s 2 ) 
v a l u e s . A l s o , F i g u r e 28 shows t h a t t h e r e i s no s i g n i f i c a n t c h a n g e i n SVR 
(mean ± SEM, n=6) when d a t a o b t a i n e d a f t e r t h e i n i t i a l and t e r m i n a l d o s e o f 
c a p t o p r i l w e r e c o m p a r e d t o t h e s e a t e d ( s i ) v a l u e s ( 6 . 4 6 ± 0.66 v s 6.58 ± 
0.54 mm Hg s e c / m l and 5.25 ± 0.56 v s 5.34 ± 0.8 mm H g . s e c / m l , r e s p e c t i v e l y ) . 
T h e s e d a t a s u g g e s t no s i g n i f i c a n t c h a n g e s i n t h e r e s i s t a n c e s i t e s o f t h e 
h e p a t i c v a s c u l a t u r e a f t e r t h e a c u t e d o s e s o f c a p t o p r i l , as compared t o t h e 
s e a t e d ( s i ) o r r e s e a t e d ( s 2 ) v a l u e s . 

3.6.3. S h o r t - t e r m E f f e c t s o f C a p t o p r i l on SVR 

T a b l e 17 and F i g u r e 28 show t h e c h a n g e s i n SVR a f t e r two-weeks t r e a t m e n t 
w i t h c a p t o p r i l ( d a y 1 4 ) , as compared t o t h e d a y 1 v a l u e s . I n e x a m i n i n g t h e 
d a t a o f d a y 1 and 14 o b t a i n e d i n t h e f o u r s t u d y p e r i o d s ( s i , up, s2 and CA) 
i t i s a p p a r e n t t h a t t h e v a l u e s o f t h e SVR (mean ± SEM, n=6) were l o w e r 
d u r i n g e a c h m e a s u r e m e n t s o f day 14 t h a n t h o s e o f d a y 1. The m a g n i t u d e o f 
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F i g u r e 28. S p l a n c h n i c v a s c u l a r r e s i s t a n c e (SVR)(mean ± SEM, n=6) i n s e a t e d 
( s i ) , u p r i g h t ( u p ) , r e s e a t e d ( s 2 ) p o s i t i o n s and p o s t - c a p t o p r i l 
(CA) on d a y 1 and day 14. * i n d i c a t e 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 s e a t e d ( s i ) , MANOVA, p < 0.05. 



t h e d e c r e a s e i n SVR, i n s e a t e d ( s i ) , u p r i g h t ( u p ) , r e s e a t e d ( s 2 ) and p o s t - C A 
(CA) p e r i o d s was 18.8%, 17.4%, 1 5 . 0 3 % and 23.04%, r e s p e c t i v e l y (mean 1 8 . 6 % ) , 
as c o m p a r e d t o d a y 1. T h i s d e c r e a s e was c o n s i s t e n t i n f i v e o f t h e s i x 
p a t i e n t s s t u d i e d . The o v e r a l l d e c r e a s e i n SVR a f t e r two-weeks c a p t o p r i l 
t r e a t m e n t was, h o w e v e r , s t a t i s t i c a l l y n o t d i f f e r e n t f r o m t h e v a l u e s o f day 1 
(p = 0.125, MANOVA). 

3.7. Serum C o n c e n t r a t i o n D a t a o f C a p t o p r i l 

Serum c o n c e n t r a t i o n versus t i m e p l o t s o f un c h a n g e d c a p t o p r i l f r o m t h e 
s i x p a t i e n t s f o r d a y 1 and d a y 14 a r e p r e s e n t e d i n F i g u r e 29. 

T a b l e 18 p r e s e n t s t h 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 u n c h a n g e d c a p t o p r i l 
s u c h a s t h e AUCQ^, t h e pea k serum c o n c e n t r a t i o n s ( C ^ ^ ^ ) ' t h e t i m e t o r e a c h 
p e a k s e r u m c o n c e n t r a t i o n (t^^g^) t h e ser u m c o n c e n t r a t i o n s o f unchanged 
c a p t o p r i l a t t h e end o f b l o o d s a m p l i n g ( C p 3 h ) , f r o m s i x p a t i e n t s on day 1 
and d a y 14, The mean v a l u e s (± SEM, n=6) and t h e c h a n g e s i n AUCQ^ and C^^^^, 
e x p r e s s e d i n p e r c e n t a g e , a r e a l s o p r e s e n t e d i n T a b l e 18. The mean serum 
c o n c e n t r a t i o n versus t i m e p r o f i l e s o f u n c h a n g e d c a p t o p r i l on d a y 1 and day 
14 a r e shown i n F i g u r e 3 0 . On d a y 1, mean (± SEM, n=6) Cj^g^ °^ S97.2 ± 

192.8 ng/ml was r e a c h e d b e t w e e n 30 and 180 m i n u t e s (mean ± SEM; 75.9 ± 22.2 
m i n u t e s ) a f t e r d o s i n g . T h e r e a f t e r , t h e r e was an e x p o n e n t i a l d i s a p p e a r a n c e 
o f c a p t o p r i l f r o m s e r u m , s o t h a t by t h e end o f 180 m i n u t e 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 i n i t i a l d o s e o f c a p t o p r i l , s erum c o n c e n t r a t i o n o f 
u n c h a n g e d c a p t o p r i l ( Cp3^) was i n t h e r a n g e f r o m 16.4 t o 276.7 n g / m l . The 
AUCg^ (mean ± SEM, n=6) f o r u n c h a n g e d c a p t o p r i l was 802.73 ± 197.7 ng-h/ml 
a f t e r a s i n g l e d o s e o f c a p t o p r i l on d a y 1. T h e r e was l a r g e i n t e r i n d i v i d u a l 
v a r i a b i l i t y i n AUCQ* i n t h e r a n g e f r o m 190.4 t o 1379.5 ng-h/ml (7 f o l d 
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F i g u r e 29. Serum c o n c e n t r a t i o n versus t i m e p r o f i l e o f u n c h a n g e d c a p t o p r i l 
f r o m s i x p a t i e n t s w i t h m i l d / m o d e r a t e h y p e r t e n s i o n a f t e r t h e 
i n i t i a l ( d o t t e d l i n e ) and t e r m i n a l d o s e ( s o l i d l i n e ) o f c a p t o p r i l 



T a b l e 18. The d a t a o f AUCg , C^ax' W x serum c o n c e n t r a t i o n a f t e r 180 
m i n u t e s o f d o s i n g ( C p 3 ^ \ o f u n c h a n g e d c a p t o p r i l f o r s i x p a t i e n t s 
on d a y 1 and d a y 14 

AU^O ^max *max ^p3h 
P a t i e n t ng*h/ml ( n g / m l ) ( m i n u t e s ) ( n g / m l ) 

OW Day 1 279.0 184.3 37.5 16.4 
Day 14 773.6 582.2 64.0 31.3 

MO Day 1 190.4 276.7 180.0 276.7 
Day 14 910.4 963.2 62.0 58.2 

MS Day 1 756.5 588.8 56.5 105.8 
Day 14 843.6 748.9 55.5 55.1 

BH Day 1 1153.3 866.7 70.5 156.5 
Day 14 887.7 785.8 64.0 52.4 

DA Day 1 1057.8 776.5 81.0 98.7 
Day 14 1187.5 1187.0 31,0 50.7 

CB Day 1 1379.5 1490.3 30.0 60.2 
Day 14 1236.1 955.7 36.5 62.3 

Mean Day 1 
± SEM: 

802.7 
±197.7 

697.2 
±192.8 

75.9 
±22.2 

119.1 
±36.8 

Mean Day 14 
± SEM 

973.1^^5 
±78.1 

870.5^^5 
±85.9 

52.2 
±6.0 

51.7 
±4,4 

% i n c r e a s e 
i n AUCQ^ 21.2 
% i n c r e a s e 

24.9 

SEM s t a n d a r d e r r o r o f t h e mean 
NS s t a t i s t i c a l l y n o t s i g n i f i c a n t (p > 0.05) compared t o d a y 1, p a i r e d t 

t e s t 



F i g u r e 30. Serum c o n c e n t r a t i o n versus t i m e p r o f i l e o f u n c h a n g e d c a p t o p r i l 
(mean ± SEM, n=6) a f t e r a s i n g l e d o s e (open c i r c l e ) and t h e l a s t 
d o s e ( c l o s e d c i r c l e ) o f two-weeks c a p t o p r i l t r e a t m e n t . 



d i f f e r e n c e ) . S i m i l a r l y , C^g^ i^anged f r o m 184.3 t o 1490.3 ng/ml (8 f o l d 
d i f f e r e n c e ) , w h i c h i n d i c a t e s l a r g e i n t e r i n d i v i d u a l v a r i a t i o n i n t h i s k i n e t i c 
p a r a m e t e r . On day 14, a f t e r t h e t e r m i n a l c a p t o p r i l d o s e , t h e t i m e c o u r s e o f 
seru m c o n c e n t r a t i o n f o r u n c h a n g e d c a p t o p r i l was s i m i l a r t o d a y 1, e x c e p t , 
t h a t C^gj^ o f 870.5 ± 85.9 ng/ml (mean ± SEM, n=6) was o b s e r v e d a t 52.2 ± 2.5 
min and was 2 4 . 9 % h i g h e r t h a n on day 1. However, t h i s h i g h e r C^g^ on day 14 
was s t a t i s t i c a l l y n o t d i f f e r e n t f r o m t h a t o f d a y 1. The i n d i v i d u a l v a l u e s 
o f C^gj^ w e r e l e s s v a r i a b l e t h a n on day 1, r a n g e f r o m 582.2 t o 1187.0 ng/ml 
(2 f o l d d i f f e r e n c e ) . S i m i l a r l y , t h e AUCQ^S o f u n c h a n g e d c a p t o p r i l f o r t h e 
s i x p a t i e n t s w e r e i n t h e r a n g e f r o m 773.6 t o 1236.1 ng-h/ml (1.6 f o l d 
d i f f e r e n c e ) , s u g g e s t i n g l e s s i n d i v i d u a l v a r i a b i l i t y i n t h i s k i n e t i c 
p a r a m e t e r a f t e r two-weeks t r e a t m e n t , as compared t o d a y 1. The AUCQ^ (mean 
± SEM, n=6) on day 14 was 973.1 ± 78.1 ng'h/ml w h i c h i s 2 1 . 2 % l a r g e r t h a n on 
day 1. A d e c r e a s e , r a t h e r t h a n an i n c r e a s e i n AUCg^ was o b s e r v e d i n two 
p a t i e n t s (B.H. and C . B . ) . Due t o t h i s l a r g e v a r i a t i o n i n t h e r e s p o n s e s o f 
AUCQ*, t h e o b s e r v e d i n c r e a s e i n AUCQ*, a f t e r 14 d a y s c a p t o p r i l 
a d m i n i s t r a t i o n , as compared t o t h e d a y 1 v a l u e s , d i d n o t r e a c h t h e l e v e l o f 
s i g n i f i c a n c e , as d e t e r m i n e d by p a i r e d s a m p l e t - t e s t (p < 0 . 5 ) . A b o u t 180 
m i n u t e s f o l l o w i n g t h e a d m i n i s t r a t i o n o f t h e t e r m i n a l d o s e o f c a p t o p r i l 
( 1 8 1 . 8 ± 3.4 m i n u t e s , mean ± SEM, n=6), u n c h a n g e d c a p t o p r i l was i n t h e r a n g e 
f r o m 31.3 t o 62.3 n g / m l ) . 



4. DISCUSSION 

4.1. S p e c t r o p h o t o m e t r i c A n a l y s i s o f I n d o c y a n i n e G r e e n i n Human Serum 

U l t r a v i o l e t a b s o r p t i o n s p e c t r o p h o t o m e t r i c methods have been w i d e l y u s e d 
t o m e a s u r e ICG i n human p l a s m a f o l l o w i n g i n t r a v e n o u s i n j e c t i o n ( S o o n s e t 
al., 1990; R o bson e t al., 1990; R o c c i e t al., 1989; G r a s e l a e t al., 1987; 
S v e n s s o n e t al., 1982) ICG p l a s m a c o n c e n t r a t i o n s have t r a d i t i o n a l l y been 
d e t e r m i n e d by m e a s u r e m e n t s o f a b s o r b a n c e o f u n e x t r a c t e d p l a s m a s a m p l e s a t 
8 00-805 nm ( G r a s e l a e t al., 1987; H o l l i n s e t al., 1987; G r a i n g e r e t al., 

1 9 8 3 ) . T h i s method i s p a r t i c u l a r l y s u i t a b l e f o r c l i n i c a l s t u d i e s s i n c e i t 
i s s i m p l e , r a p i d and r e l a t i v e l y s e n s i t i v e . A l t h o u g h a d e q u a t e s e n s i t i v i t y o f 
t h e a s s a y methods have been shown, t h e i r s p e c i f i c i t y h ave been q u e s t i o n e d , 
due t o an i n t e r f e r i n g s u b s t a n c e w h i c h a b s o r b s a t t h e same w a v e l e n g t h as t h e 
p a r e n t compound ( D o r r and P o l l a c k 1989, G r a s e l a e t al., 1987; H e i n t z e t al., 

1 9 8 5 ) . I t has been d e m o n s t r a t e d t h a t t h e i n t e r f e r i n g c o m p o u n d ( s ) has 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 t h a n ICG, c a u s i n g t h e " f l a t t e n i n g " o f t h e e l i m i n a t i o n 
p h a s e o f ICG p l a s m a c o n c e n t r a t i o n versus t i m e c u r v e b e y o n d 15 m i n u t e s 
( M e i j e r e t al., 1 9 8 8 ) . R e c e n t l y , s e v e r a l h i g h - p e r f o r m a n c e l i q u i d 
c h r o m a t o g r a p h i c (HPLC) methods were d e v e l o p e d t o i m p r o v e a s s a y s e n s i t i v i t y 
and s p e c i f i c i t y ( D o r r and P o l l a c k e t al., 1989; R a p p a p o r t and T h i e s s e n , 
1982, S v e n s s o n e t al., 1 9 8 2 ) . T h e s e HPLC methods have been d e m o n s t r a t e d t o 
be a b l e t o d i s t i n g u i s h between t h e i n t e r f e r i n g s u b s t a n c e and p a r e n t dye 
t h e r e f o r e w e r e shown t o be more s p e c i f i c t h a n t h e s p e c t r o p h o t o m e t r i c method. 
However, when t h e s p e c t r o p h o t o m e t r i c and HPLC methods f o r m e a s u r i n g ICG i n 



a n i m a l s p e c i e s ( H e i n t z et al., 1986) and human p l a s m a ( S v e n s s o n et al., 

1982) were c o m p a r e d , i t was c o n f i r m e d , t h a t t h e two a n a l y t i c a l methods g a v e 
s i m i l a r e s t i m a t i o n s o f C l p j Q Q and Qy i f b l o o d s a m p l i n g was l i m i t e d t o 15-20 
m i n u t e s . F u r t h e r , G r a s e l a et al., ( 1 9 8 7 ) i n v e s t i g a t e d t h e e f f e c t s o f 
p o s t u r e and c i m e t i d i n e on Qy i n human s u b j e c t s and compared t h e c h a n g e s i n 
t h 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 ICG and Qy by u s i n g b o t h , 
s p e c t r o p h o t o m e t r i c and HPLC a s s a y m e t h o d s . I t was f o u n d t h a t , a l t h o u g h 
e s t i m a t e d Qy v a l u e s w e r e c o n s i s t e n t l y l o w e r when ICG was a s s a y e d 
s p e c t r o p h o t o m e t r i c a l l y , t h e s t a t i s t i c a l i n f e r e n c e s were s i m i l a r r e g a r d l e s s 
o f t h e a s s a y m e t h o d o l o g y ( G r a s e l a e t al., 1 9 8 7 ) . T h e s e f i n d i n g s were 
s u b s t a n t i a t e d by t h e s t u d i e s o f Soons e t al., ( 1 9 9 0 ) who f o u n d t h a t d e s p i t e 
t h e d i f f e r e n c e s i n t h e h a l f - l i f e and v o l u m e o f d i s t r i b u t i o n o f ICG, t h e 
e f f e c t s o f n i f e d i p i n e on ICG c l e a r a n c e and e s t i m a t e d Qy were s i m i l a r when 
ICG p l a s m a c o n c e n t r a t i o n s w e r e m e a s u r e d by s p e c t r o p h o t o m e t r i c o r HPLC 
m e t h o d s . B a s e d on t h e s e o b s e r v a t i o n s and t h e f a c t t h a t t h e p r e s e n t l y 
a v a i l a b l e , UV d e t e c t o r e q u i p p e d HPLC s y s t e m i n o u r l a b o r a t o r y d i d n o t have 
t h e a p p r o p r i a t e w a v e l e n g t h (700 nm) t o p e r m i t t h e measurement o f t h e l o w ICG 
c o n c e n t r a t i o n s i n human p l a s m a (Wang, 1 9 9 1 ) ; t h e r e f o r e , i n t h e p r e s e n t 
s t u d y , t h e m o d i f i e d s p e c t r o p h o t o m e t r i c method ( C a e s a r e t al., 1961) has been 
u s e d t o a s s e s s ICG c o n c e n t r a t i o n s i n human p l a s m a . 

4.1.1. V a l i d a t i o n o f t h e S p e c t r o p h o t o m e t r i c M e t h o d 

The s t a b i l i t y o f ICG i s a f f e c t e d by v a r i o u s f a c t o r s s u c h as l i g h t , 
t e m p e r a t u r e and n a t u r e o f t h e s o l v e n t ( G a t h j e e t al., 1 9 7 0 ) . I t has been 
shown i n p r e v i o u s s t u d i e s t h a t t h e r a t e o f d e c a y o f t h e s p e c t r a l a b s o r p t i o n 
o f ICG i n d i s t i l l e d w a t e r was r a p i d a t ICG c o n c e n t r a t i o n o f 1.25 mg/ml and 



l i g h t e x p o s u r e i n c r e a s e d t h e r a t e o f d e c a y ( G a t h j e et al., 1 9 7 0 ) . A l s o , t h e 
r a t e o f d e t e r i o r a t i o n i n aqueous s o l u t i o n s o c c u r s more r a p i d l y i n d i l u t e 
t h a n i n c o n c e n t r a t e d s o l u t i o n s ( F o x , 1 9 6 0 ) . The r e s u l t s o f t h e p r e s e n t 
s t u d y r e g a r d i n g t h e s t a b i l i t y o f ICG i n d e i o n i z e d w a t e r c o n f i r m s t h e s e 
f i n d i n g s . The s t a b i l i t y o f ICG i n human p l a s m a i s g r e a t l y i m p r o v e d m a i n l y 
due t o t h e p r e s e n c e o f a l b u m i n w h i c h f o r m s c o m p l e x e s w i t h t h e l a r g e 
m o l e c u l e s o f ICG, t h e r e b y p r e v e n t i n g f u r t h e r d e c o m p o s i t i o n ( P a u m g a r t n e r , 
1975; G a t h j e et al., 1 9 7 0 ) . A s h i f t i n t h e a b s o r p t i o n s p e c t r u m t o h i g h e r 
w a v e l e n g t h s f r o m 790 t o 805 nm p r o v i d e s e v i d e n c e t h a t ICG b i n d s t o p l a s m a 
p r o t e i n s ( m a i n l y a l b u m i n ) ( P a u m g a r t n e r , 1 9 7 5 ) . I n t h e p r e s e n t s t u d y , t h e 
r a t e o f d e c a y o f ICG i n human s e r u m was v e r y l o w ( F i g u r e 3) a t ICG 
c o n c e n t r a t i o n s 0.2 and 6.0 [ig/ml d u r i n g t h e o b s e r v a t i o n p e r i o d o f 48 h o u r s . 
T h i s was i n d i c a t e d by t h e f a c t t h a t t h e s l o p e s o f t h e two r e g r e s s i o n l i n e s 
w e r e c l o s e t o z e r o . T h e s e r e s u l t s s u g g e s t t h a t ICG i s s t a b l e i n human serum 
f o r 48 h o u r s when s t o r e d a t -20°C and p r o t e c t e d f r o m l i g h t . A l l p a t i e n t 
s e r u m s a m p l e s i n t h i s s t u d y were a n a l y z e d w i t h i n 48 h o u r s . 

The r e s u l t s o f t h e a s s a y v a l i d a t i o n p r o c e d u r e s o f t h e p r e s e n t s t u d y 
showed a d e q u a t e a c c u r a c y i n t h e q u a n t i t a t i o n o f ICG i n p a t i e n t serum. The 
i n t e r - d a y c o e f f i c i e n t s o f v a r i a t i o n r a n g e d f r o m 9.8% ( 0 . 2 /ig/ml) and 1.6% 
( 5 . 0 /ig/ml) ( T a b l e 2 ) . The i n t r a - d a y c o e f f i c i e n t s o f v a r i a t i o n f o r 
c o n c e n t r a t i o n s 0.2, 1.0 and 5.0 {ig/ml w e r e 8.4%, 4.9% and 2.1%, 
r e s p e c t i v e l y . S t a n d a r d c u r v e s were r e p r o d u c i b l e f r o m d a y t o day w i t h 
c o e f f i c i e n t s o f v a r i a t i o n o f 1.6% f o r t h e s l o p e s ( F i g u r e 4 ) . 

A l i n e a r r e l a t i o n s h i p between a b s o r b a n c e and c o n c e n t r a t i o n o f ICG i n 
human b i l e and 0.5% human a l b u m i n was o b s e r v e d o n l y up t o 7.5 /ig/ml and i n 
human d u o d e n a l f l u i d up t o 5 ng/ml ( B j o r n s s o n et al., 1 9 8 2 ) . I n t h e p r e s e n t 
s t u d y , a l i n e a r r e l a t i o n s h i p was o b s e r v e d between a b s o r b a n c e and ICG 



c o n c e n t r a t i o n i n t h e r a n g e f r o m 0.2 t o 5.0 ng/m} ( F i g u r e 6 ) . 

4.2. E s t i m a t i o n o f Qy by ICG C l e a r a n c e 

The e s t i m a t i o n o f Qy u s i n g ICG c l e a r a n c e has been v a l i d a t e d i n b o t h 
a n i m a l s and humans ( G r a i n g e r et al., 1 9 8 3 ) . A t l o w d o s e s u s e d i n t h i s s t u d y 
t h e h e p a t i c c l e a r a n c e o f ICG i s l i m i t e d by t h e r a t e o f i t s d e l i v e r y t o t h e 
l i v e r ( P a u m g a r t n e r , 1 9 7 5 ) . E s t i m a t i o n o f Qy by ICG c l e a r a n c e was b a s e d on 
c e r t a i n a s s u m p t i o n s ( R o b s o n et al., 1 9 9 0 ) . F i r s t , i t was assumed t h a t no 
c h a n g e i n t h e h e p a t i c e x t r a c t i o n o f ICG o c c u r r e d d u r i n g t h e s t u d y . Hence, 
t h e d e t e r m i n e d ICG c l e a r a n c e w o u l d be e x p e c t e d t o r e f l e c t c h a n g e s i n Qy and 
n o t an a l t e r e d h e p a t i c e x t r a c t i o n r a t i o due t o c a p t o p r i l t h e r a p y . To 
e s t a b l i s h t h a t c a p t o p r i l d o e s n o t i n t e r f e r e w i t h t h e h e p a t i c e x t r a c t i o n o f 
ICG r e q u i r e s t h e c a t h e t e r i z a t i o n o f t h e h e p a t i c v e i n . S i n c e , t h i s i s a 
h i g h l y i n v a s i v e t e c h n i q u e , i t c o u l d n o t be j u s t i f i e d i n t h i s s t u d y ( S o o n s et 

al., 1 9 9 0 ) . However, d i r e c t m e a s u r e m e n t s o f t h e h e p a t i c e x t r a c t i o n o f ICG 
have shown no c h a n g e s a f t e r s i n g l e o r a l d o s e s o f c a p t o p r i l i n p a t i e n t s w i t h 
e s s e n t i a l h y p e r t e n s i o n ( C r o s s l e y et al., 1 9 8 4 ) , o r l i v e r c i r r h o s i s ( E r i k s s o n 
et al., 1 9 8 4 ) . F u r t h e r , t h e a s s u m p t i o n o f 1 0 0 % h e p a t i c e x t r a c t i o n o f ICG 
has been f r e q u e n t l y made, p a r t i c u l a r l y i n t h o s e s t u d i e s w h i c h m e a s u r e d 
r e l a t i v e c h a n g e s i n Qy ( S o o n s et al., 1990; Modi et al., 1 9 8 8 ) . However, 
h e p a t i c e x t r a c t i o n r a t i o i n h e a l t h y s u b j e c t s has been f o u n d t o be i n t h e 
r a n g e f r o m 0.70 t o 0.78 (Wynne et al., 1990; C e a s a r e t al., 1961; C r o s s l e y 
e t al., 1984; G r a i n g e r e t al., 1 9 8 3 ) . S i n c e , i n t h e p r e s e n t s t u d y t h e ICG 
c l e a r a n c e method was u s e d t o e s t i m a t e r e l a t i v e c h a n g e s i n Qy, t h e h e p a t i c 
e x t r a c t i o n r a t i o was c o n s i d e r e d t o be 1 ( S o o n s et al., 1 9 9 0 ) . S e c o n d , i t 
was assumed t h a t ICG r a p i d l y d i s t r i b u t e d i n t o t h e p l a s m a c o m p a r t m e n t where 



i t c o m p l e t e l y bound t o p l a s m a p r o t e i n s . T h i s has been p r e v i o u s l y 
d e m o n s t r a t e d by C h e r r i c k et al., ( 1 9 6 0 ) i n n o r m a l s u b j e c t s . 

I n humans, t h e r e s t i n g t o t a l l i v e r b l o o d f l o w i s a b o u t 800-1200 m l / m i n 
( R i c h a r d s o n and W i t h r i n g t o n , 1 9 8 1 ) . G e o r g e , ( 1 9 7 9 ) r e p o r t e d v a l u e s i n 
t h e r a n g e f r o m 1090-1790 m l / m i n i n h e a l t h y man. I n e s s e n t i a l h y p e r t e n s i o n 
and i n p a t i e n t s w i t h r e n a l a r t e r y s t e n o s i s was s i g n i f i c a n t l y l o w e r by 
- 1 0 % and - 1 6 % , r e s p e c t i v e l y , t h a n i n c o n t r o l s u b j e c t s ( M e s s e r l i et al., 

1 9 7 5 ) . Daneshmend et al., ( 1 9 8 1 ) n o t e d o f 1214 ± 146 ml/ m i n i n h e a l t h y 
s u b j e c t s a s s e s s e d by ICG c l e a r a n c e . C r o s s l e y et al., ( 1 9 8 4 ) r e p o r t e d (± 
SEM) o f 1127 ± 115 m l / m i n i n p a t i e n t s w i t h e s s e n t i a l h y p e r t e n s i o n u s i n g t h e 
ICG c l e a r a n c e m e t h o d . I n t h e p r e s e n t s t u d y , p r e t r e a t m e n t (± SEM, n = 6) 
was 1114 ± 74 m l / m i n w h i c h i s c o m p a t i b l e w i t h t h e v a l u e s r e p o r t e d i n 
p r e v i o u s s t u d i e s . When t h e a b s o l u t e v a l u e was e x p r e s s e d p e r u n i t body 
w e i g h t o r body s u r f a c e a r e a , r e s t i n g b a s e l i n e (± SEM) v a l u e s were 11.8 ± 
0.6 m l / m i n / k g and 517.8 ± 27.2 ml/min/m^, r e s p e c t i v e l y ( T a b l e 9 ) . 

4.3. Serum C o n c e n t r a t i o n D a t a o f ICG 

Serum c o n c e n t r a t i o n versus t i m e d a t a o f ICG w e r e f i t by t h e c o m p u t e r 
p r o g r a m AUTOAN (Sedman and Wagner, 1976) and t h e k i n e t i c p a r a m e t e r s and t h e 
p h a r m a c o k i n e t i c model o b t a i n e d . The d i s a p p e a r a n c e o f ICG f r o m serum was f i t 
t o a s i n g l e c o m p a r t m e n t m o d e l , b u t , o f t e n f i t b e t t e r t o a two c o m p a r t m e n t 
m o d e l . P r e v i o u s s t u d i e s a l s o r e p o r t e d b i e x p o n e n t i a l d e c a y f o r ICG, when 
b l o o d s a m p l i n g was e x t e n d e d a f t e r 15-20 m i n u t e s ( G r a i n g e r et al., 1 9 8 3 ) . 
However, i n t h e p r e s e n t s t u d y , when ICG d e c a y i n serum was f i t as a 
b i e x p o n e n t i a l f u n c t i o n , o n l y 2 d a t a p o i n t s were u s e d t o c a l c u l a t e t h e 
k i n e t i c p a r a m e t e r s . T h u s , p a r a m e t e r e s t i m a t e s b a s e d on t h e t w o - c o m p a r t m e n t 



f i t a r e l e s s s t a t i s t i c a l l y r e l i a b l e t h a n t h o s e o f t h e o n e - c o m p a r t m e n t m o d e l . 
T h e r e f o r e , i n t h i s s t u d y f o r t h e e s t i m a t i o n o f k i n e t i c p a r a m e t e r s t h e s i n g l e 
c o m p a r t m e n t model was u s e d . T h i s i s c o n s i s t e n t w i t h p r e v i o u s l y r e p o r t e d 
s t u d i e s (Wynne et al., 1990 and 1989; Robson et al., 1 9 9 0 ) . T h e r e was no 
c h a n g e i n t h e t e r m i n a l e l i m i n a t i o n t j / 2 °f ^^G a f t e r two-weeks o f c a p t o p r i l 
t h e r a p y ( 4 . 0 3 ± 0.68 vs 3.97 ± 0.52 m i n u t e s , mean ± SD, n = 2 4 ) . The v a l u e s 
o f t2/2» " i " p r e s e n t s t u d y , a r e i n a g r e e m e n t w i t h t h e f i n d i n g s o f 
S h e p h e r d et al., ( 1 9 8 5 ) who has r e p o r t e d 3.37 ± 0.51 and 3.89 ± 0.94 m i n u t e s 
f o r t j ^ 2 o f ^CG, b e f o r e and a f t e r c a p t o p r i l t r e a t m e n t , i n h e a l t h y s u b j e c t s . 
G r a s e l a et al., ( 1 9 8 7 ) has n o t e d h i g h e r and Geneve et al., ( 1 9 9 0 ) l o w e r t j ^ 2 
v a l u e s f o r ICG i n h e a l t h y s u b j e c t s ( 5 . 6 and 3.0 m i n u t e s , r e s p e c t i v e l y ) . 

I n c o n t r a s t t o S v e n s s o n et al., ( 1 9 8 6 ) who r e p o r t e d no d e t e c t a b l e l e v e l s 
o f ICG i n t h e p l a s m a o f two h e a l t h y s u b j e c t s f o l l o w i n g f i v e i n j e c t i o n s o f 
0.5 mg/kg i . v . b o l u s d o s e s o f ICG a t ^ 1 h o u r i n t e r v a l s , i n t h e p r e s e n t 
s t u d y , t r a c e amounts o f ICG were d e t e c t e d i n t h e s erum p r i o r t o t h e s e c o n d , 
t h i r d and f o u r t h ICG i n j e c t i o n s . However, t h e amount o f ICG was a l w a y s l e s s 
t h a n 0.2 ng/ml, t h e l o w e r l i m i t o f d e t e c t i o n o f t h e HPLC method u s e d i n t h e 
s t u d i e s o f S v e n s s o n et al., ( 1 9 8 6 ) . I n t h e p r e s e n t s t u d y , i n one p a t i e n t 
(M.O.) t h e r e was no d e t e c t a b l e l e v e l o f ICG p r i o r t o t h e n e x t ICG i n j e c t i o n 
on any o f t h e s t u d y d a y s . S i n c e t h e r e s i d u a l ICG c o n c e n t r a t i o n was o n l y ~ 
1.6% o f t h e h i g h e s t m e a s u r e d ICG c o n c e n t r a t i o n and t h e t e r m i n a l t 2 ^ 2 ~ -̂̂  
m i n u t e s , i t s c o n t r i b u t i o n t o t h e t o t a l AUC was n o t s i g n i f i c a n t . 



4.4. C hanges i n C l p j ^ e and 

4.4.1. E f f e c t s o f P o s t u r a l Change on C l p j ^ g and B e f o r e and A f t e r 
C a p t o p r i l 

Numerous s t u d i e s have d e m o n s t r a t e d a d e c r e a s e i n Qp| due t o p o s t u r a l 
c h a n g e f r o m s u p i n e ( C u l b e r t s o n et al., 1951, Daneshmend et al., 1981) o r 
s e a t e d ( M o d i et al., 1988) t o s t a n d i n g . The d e c r e a s e i n i s assumed t o be 
m a i n l y due t o a c t i v e v a s o c o n s t r i c t i o n i n t h e s p l a n c h n i c c i r c u l a t i o n m e d i a t e d 
t h r o u g h t h e a c t i v a t i o n o f t h e s y m p a t h e t i c n e r v o u s s y s t e m ( W i l k i n s et al., 

1 9 5 1 ) . 
I n h e a l t h y s u b j e c t s s t a n d i n g f o r 15 m i n u t e s a f t e r l y i n g c a u s e d a 

d e c r e a s e i n ICG b l o o d c l e a r a n c e {i.e. e s t i m a t e d l i v e r b l o o d f l o w ) by 3 7 % 
(Daneshmend et al., 1 9 8 1 ) . Modi et al., ( 1 9 8 8 ) o b s e r v e d a s i g n i f i c a n t (« 15 
t o 40%) d e c r e a s e i n Q^, a s s e s s e d by t h e ICG c l e a r a n c e m e t h o d , a f t e r 2 h o u r s 
s t a n d i n g i n h e a l t h y s u b j e c t s , as compared t o s e a t e d . I n an e a r l i e r r e p o r t 
by C u l b e r t s t o n e e t al., ( 1 9 5 1 ) , d e c r e a s e d on t h e a v e r a g e = 3 8 % i n 
n o r m o t e n s i v e and ~ 2 9 % i n h y p e r t e n s i v e s u b j e c t s when body p o s t u r e was 
ch a n g e d f r o m s u p i n e t o t h e u p r i g h t (Q^ was e s t i m a t e d by t h e BSP e x t r a c t i o n 
m e t h o d ) . 

I t i s w e l l e s t a b l i s h e d , t h a t s t a n d i n g i s a c o n v e n i e n t p h y s i o l o g i c a l 
s t i m u l u s w h i c h c a u s e s a r e p r o d u c i b l e d e c r e a s e i n (Daneshmend e t al., 

1 9 8 1 ) . Daneshmend e t al., ( 1 9 8 1 ) u s e d p o s t u r a l c h a n g e as a p h y s i o l o g i c a l 
v a r i a b l e a f f e c t i n g Q^ and s u g g e s t e d i t s use t o s t u d y t h e c h a n g e s i n k i n e t i c s 
o f h i g h c l e a r a n c e d r u g s . Modi e t a / . , ( 1 9 8 8 ) a p p l i e d p o s t u r a l s h i f t f r o m 
s e a t e d t o u p r i g h t t o p r o d u c e t r a n s i e n t c h a n g e s i n Q^ and s i m u l a t e t h e e f f e c t 



o f f o o d on Qy. The p u r p o s e f o r i n c l u d i n g m e a s u r e m e n t s o f Qy i n t h e u p r i g h t 
p o s t u r e i n t h e p r e s e n t s t u d y was as f o l l o w s : 

1. To r e p r o d u c e t h e w e l l e s t a b l i s h e d d e c r e a s e i n Qy, a f t e r p o s t u r a l 
s h i f t f r o m s i t t i n g t o u p r i g h t , i n o r d e r t o d e m o n s t r a t e , t h a t t h e ICG 
c l e a r a n c e method i s s e n s i t i v e enough t o d e t e c t c h a n g e s i n Qy, i n t h e 
m a g n i t u d e o f t h a t i n d u c e d by p o s t u r a l c h a n g e i n p a t i e n t s w i t h m i l d t o 
m o d e r a t e h y p e r t e n s i o n . 

2. To e s t a b l i s h w h e t h e r a two-week t r e a t m e n t s c h e d u l e w i t h c a p t o p r i l 
a l t e r s t h e m a g n i t u d e o f r e s p o n s e t o p o s t u r a l c h a n g e . 

3. To r e l a t e t h e m a g n i t u d e o f c h a n g e s i n Qy upon s t a n d i n g t o t h o s e 
o b s e r v e d a f t e r c a p t o p r i l t r e a t m e n t . 

I n t h e p r e s e n t s t u d y , i n u n t r e a t e d p a t i e n t s a c h a n g e i n p o s t u r e f r o m 
s e a t e d t o u p r i g h t r e s u l t e d i n a s i g n i f i c a n t d e c r e a s e i n C l p j ^ g and Qy. The 
a b s o l u t e d e c r e a s e (± SEM) i n C l p j Q g and Qy upon s t a n d i n g was 152.3 ± 18.3 
m l / m i n ( 2 4 . 7 % ) and 250 ± 36 m l / m i n ( 2 2 . 5 % ) , r e s p e c t i v e l y , as c o m p a r e d t o t h e 
s e a t e d v a l u e s (Day 1, F i g u r e 10 and F i g u r e 1 3 ) . G r a s e l a e t al., (1987) 
r e p o r t e d a ~ 2 3 % d e c r e a s e i n t h e s y s t e m i c c l e a r a n c e o f ICG when h e a l t h y 
s u b j e c t s moved f r o m l y i n g t o s t a n d i n g p o s i t i o n w h i c h i s s i m i l a r t o t h e ~ 2 5 % 
r e d u c t i o n i n C l p j Q g i n u p r i g h t p o s t u r e f o u n d i n t h e c u r r e n t s t u d y . The 
o b s e r v e d ==23% d e c r e a s e i n Qy, i n t h e p r e s e n t s t u d y , b e f o r e c a p t o p r i l 
t r e a t m e n t i s l o w e r t h a n t h e d e c r e a s e i n Qy on s t a n d i n g r e p o r t e d i n h e a l t h y 
s u b j e c t s ( 3 7 % and 3 2 % Daneshmend e t al., 1981 and Modi e t al., 1988, 
r e s p e c t i v e l y ) , b u t c o m p a t i b l e w i t h t h e p r e v i o u s l y r e p o r t e d 2 9 % d e c r e a s e i n 
Qy i n h y p e r t e n s i v e s u b j e c t s ( C u l b e r t s o n e t al., 1 9 5 1 ) . A t e n d e n c y f o r 
s l i g h t l y s m a l l e r d e c r e a s e i n Qy i n h y p e r t e n s i v e s u b j e c t s c o m p a r e d t o t h e 
n o r m o t e n s i v e s , i n s t a n d i n g p o s i t i o n , was a l s o o b s e r v e d i n t h e s t u d y by 
C u l b e r t s o n e t al., ( 1 9 5 1 ) , i n w h i c h Qy d e c r e a s e d by 3 8 % i n n o r m o t e n s i v e s and 



2 9 % i n h y p e r t e n s i v e s u b j e c t s . 
A f t e r two-weeks c a p t o p r i l t r e a t m e n t t h e a b s o l u t e d e c r e a s e (± SEM) i n 

C l p j Q Q and upon s t a n d i n g was 210.9 ± 38.8 m l / m i n ( 2 6 . 6 % ) and 344 ± 68 
ml / m i n ( 2 4 . 7 % ) , r e s p e c t i v e l y , as compared t o t h e s e a t e d v a l u e (Day 14, 
F i g u r e 10 and F i g u r e 1 3 ) . A l t h o u g h t h e a b s o l u t e d e c r e a s e i n C l p j Q Q and Q^ 
when s u b j e c t s move f r o m s e a t e d t o t h e u p r i g h t p o s i t i o n was g r e a t e r by 3 8 . 5 % 
and 3 7 . 3 % a f t e r two-weeks c a p t o p r i l t h e r a p y , t h e d e c r e a s e , e x p r e s s e d as a 
p e r c e n t a g e o f t h e s e a t e d v a l u e , was s i m i l a r b e f o r e and a f t e r c a p t o p r i l 
t r e a t m e n t ( 2 4 . 7 % vs 2 6 . 6 % and 2 2 . 5 % vs 2 4 . 7 % , r e s p e c t i v e l y ) ( T a b l e 6 and 
T a b l e 9 ) . The a p p a r e n t l y g r e a t e r d e c r e a s e i n C l p j Q Q and upon s t a n d i n g 
a f t e r s h o r t - t e r m c a p t o p r i l t r e a t m e n t i s a t t r i b u t e d t o t h e h i g h e r s e a t e d 
C l p j Q Q and 0^ v a l u e o b s e r v e d a f t e r two-weeks c a p t o p r i l t r e a t m e n t , as 
co m p a r e d t o t h e u n t r e a t e d v a l u e s ( 6 1 6 . 9 vs 793.7 m l / m i n f o r C l p j Q Q and 1389 
vs 1114 m l / m i n f o r Q^). T h e r e f o r e , i t c a n be c o n c l u d e d t h a t t h e two-weeks 
t r e a t m e n t w i t h c a p t o p r i l , i n d o s e s , w h i c h p r o d u c e d s i g n i f i c a n t r e d u c t i o n i n 
b l o o d p r e s s u r e d i d n o t a l t e r t h e m a g n i t u d e o f h o m e o s t a t i c r e s p o n s e i n 
a s s o c i a t e d w i t h p o s t u r a l c h a n g e f r o m s e a t e d t o u p r i g h t i n m i l d / m o d e r a t e 
h y p e r t e n s i v e p a t i e n t s . When C l p j Q Q and w e r e n o r m a l i z e d t o body w e i g h t 
and body s u r f a c e a r e a t h e r e s u l t s were s i m i l a r t o t h o s e o f a b s o l u t e v a l u e s 
( T a b l e 6 and 9, F i g u r e 10 and 1 3 ) . 

T h e r e i s e v i d e n c e t o s u p p o r t t h e r e s u l t s o f t h e p r e s e n t s t u d y . 
V a n d e n b u r g et al., ( 1 9 8 3 ) s t u d i e d t h e e f f e c t s o f two and f o u r - w e e k s 
c a p t o p r i l t r e a t m e n t on t h e r e s p o n s e s o f t h e s y m p a t h e t i c n e r v o u s s y s t e m t o 
p o s t u r a l c h a n g e s f r o m s u p i n e t o s t a n d i n g and s i t t i n g i n p a t i e n t s w i t h 
e s s e n t i a l h y p e r t e n s i o n . They f o u n d t h a t w h i l e o r a l d o s e s o f c a p t o p r i l ( 2 5 -
150 mg t.i.d.) s i g n i f i c a n t l y d e c r e a s e d b l o o d p r e s s u r e , t h e a c u t e c h a n g e s i n 
h e a r t r a t e , b l o o d p r e s s u r e , p l a s m a n o r a d r e n a l i n e c a u s e d by p o s t u r a l change 



were n o t a l t e r e d by p r o l o n g e d c a p t o p r i l t h e r a p y . S i m i l a r l y , M u i e s a n e t al., 

(1982) r e p o r t e d no c h a n g e i n t h e a c u t e r e s p o n s e s o f h e a r t r a t e and p l a s m a 
c a t e c h o l a m i n e s t o p o s t u r a l change a f t e r o r a l c a p t o p r i l d o s e s o f 300-600 
mg/day f o r 8 weeks i n s u b j e c t s w i t h e s s e n t i a l h y p e r t e n s i o n . T h e s e r e s u l t s , 
s u p p o r t e d by t h e p r e s e n t s t u d y , s u g g e s t t h a t t h e a c t i v i t y o f t h e s y m p a t h e t i c 
n e r v o u s s y s t e m i s n o t a l t e r e d a f t e r p r o l o n g e d t h e r a p y w i t h c a p t o p r i l . The 
f a c t t h a t t h e d e c r e a s e i n Qy upon s t a n d i n g , as c o m p a r e d t o t h e s e a t e d ( s i ) 
v a l u e was s i m i l a r b e f o r e and a f t e r two-weeks c a p t o p r i l t h e r a p y s u g g e s t s t h a t 
t h e s y m p a t h e t i c n e r v o u s s y s t e m m e d i a t e d r e s p o n s e o f Qy, c a u s e d by p o s t u r a l 
c h a n g e , i s n o t a l t e r e d by p r o l o n g e d c a p t o p r i l . 

S i x t y m i n u t e s a f t e r r e a s s u m i n g t h e s e a t e d p o s i t i o n ( s 2 ) , t h e C l p j Q Q 
and Qy i n c r e a s e d by ~ 2 5 % and « 2 1 % , r e s p e c t i v e l y , b e f o r e c a p t o p r i l 
t r e a t m e n t and by « 2 4 % and =22%, r e s p e c t i v e l y , a f t e r two-weeks c a p t o p r i l 
t h e r a p y , as c o m p a r e d t o t h e v a l u e s o b t a i n e d i n t h e u p r i g h t p o s i t i o n . T h e s e 
r e s u l t s s u g g e s t t h a t t h e m a g n i t u d e o f i n c r e a s e i n C l p j Q Q and Qy d u r i n g t h e 
r e s e a t e d p e r i o d s w e r e s i m i l a r b e f o r e and a f t e r c a p t o p r i l t h e r a p y , as 
com p a r e d t o t h e u p r i g h t v a l u e s . T h e r e was no s i g n i f i c a n t d i f f e r e n c e between 
t h e mean C l p j Q Q and Qy v a l u e s o b t a i n e d i n t h e s e a t e d ( s i ) and r e s e a t e d ( s 2 ) 
p o s i t i o n s ( T a b l e 6 and T a b l e 9 ) . However, i n d i v i d u a l d a t a showed g r e a t e r 
v a r i a b i l i t y d u r i n g t h e r e s e a t e d p e r i o d t h a n i n t h e u p r i g h t p o s t u r e when 
com p a r e d t o t h e s e a t e d v a l u e s ( F i g u r e 9 and F i g u r e 1 2 ) . A l t h o u g h no 
e x p l a n a t i o n f o r t h i s v a r i a b i l i t y i n Qy i n t h e r e s e a t e d p o s i t i o n was f o u n d , 
i t was a l s o o b s e r v e d d u r i n g t h e r e c o v e r y p e r i o d when n o r m o t e n s i v e p a t i e n t s 
r e a s s u m e d l y i n g p o s i t i o n a f t e r b e i n g u p r i g h t ( C u l b e r t s o n e t al. 1 9 5 1 ) . 



4.4.2. A c u t e E f f e c t s o f C a p t o p r i l on C l p j Q g and 

S e v e r a l s t u d i e s h ave a t t e m p t e d t o d e t e r m i n e t h e e f f e c t s o f c a p t o p r i l on 
a f t e r s i n g l e - d o s e a d m i n i s t r a t i o n i n human s u b j e c t s . M o s t o f t h e s e 

s t u d i e s h a v e been c a r r i e d o u t i n e i t h e r h e a l t h y s u b j e c t s ( S h e p h e r d et al., 

1 9 8 5 ) , i n p a t i e n t s w i t h c o n g e s t i v e h e a r t f a i l u r e ( F a x o n et al., 1984; L e v i n e 
e t al., 1 9 8 4 ) , i n p a t i e n t s w i t h l i v e r c i r r h o s i s ( E r i k s s o n e t al., 1 9 8 4 ) , o r 
i n p a t i e n t s w i t h e s s e n t i a l h y p e r t e n s i o n ( C r o s s l e y e t al., 1 9 8 4 ) . T h e r e a r e 
c o n f l i c t i n g r e p o r t s r e g a r d i n g t h e a c u t e e f f e c t s o f c a p t o p r i l on Q^. T h i s 
may p a r t i a l l y be e x p l a i n e d by e i t h e r t h e d i f f e r e n t d o s e s o f c a p t o p r i l 
a d m i n i s t e r e d ( G e neve e t al., 1 9 9 0 ) , t h e d i f f e r e n t t e c h n i q u e s u s e d t o 
e s t i m a t e ( B r a d l e y , 1 9 7 4 ) , a n d / o r t h e d i f f e r e n t d i s e a s e s t a t e s o f t h e 
p a t i e n t s ( G a s i c e t al., 1 9 8 9 ) . 

S h e p h e r d et al., ( 1 9 8 5 ) e x a m i n e d t h e e f f e c t s o f c a p t o p r i l , n i t r a t e s and 
p r o p r a n o l o l on i n h e a l t h y s u b j e c t s . I n t h i s s t u d y a s i n g l e 25 mg o r a l 
d o s e o f c a p t o p r i l was u s e d and was e s t i m a t e d by t h e ICG c l e a r a n c e method 
100 m i n f o l l o w i n g c a p t o p r i l a d m i n i s t r a t i o n . The r e a s o n t o e s t i m a t e a t 
t h i s t i m e p o i n t was t h a t c a p t o p r i l e x h i b i t e d m a x i m a l b l o o d p r e s s u r e l o w e r i n g 
e f f e c t a f t e r s i n g l e - d o s e a d m i n i s t r a t i o n i n h e a l t h y s u b j e c t s b e t w e e n 90 and 
120 m i n u t e s ( S h e p h e r d e t al., 1 9 8 5 ) . I t was n o t e d , t h a t w h i l e p r o p r a n o l o l 
and g l y c e r y l t r i n i t r a t e s i g n i f i c a n t l y r e d u c e d Q^, c a p t o p r i l c a u s e d no 
c h a n g e , d e s p i t e t h e s i g n i f i c a n t f a l l i n b l o o d p r e s s u r e . I t has been n o t e d 
( G a s i c e t al., 1 9 8 9 ) , t h a t u n d e r n o r m a l p h y s i o l o g i c a l c o n d i t i o n s RAS may n o t 
p l a y a m a j o r r e g u l a t o r y r o l e w i t h i n t h e s p l a n c h n i c v a s c u l a r b e d , b u t may 
o b t a i n i m p o r t a n c e i n c o n d i t i o n s w i t h c o m p r o m i s e d h a e m o d y n a m i c s , f o r e x a m p l e , 
c o n g e s t i v e h e a r t f a i l u r e . C r e a g e r e t al., ( 1 9 8 1 ) s t u d i e d t h e a c u t e e f f e c t s 



o f 100 mg o r a l d o s e o f c a p t o p r i l on r e g i o n a l b l o o d f l o w i n human s u b j e c t s 
w i t h c o n g e s t i v e h e a r t f a i l u r e . I n t h e 11 p a t i e n t s s p l a n c h n i c b l o o d f l o w 
( a s s e s s e d by ICG c l e a r a n c e ) d e c r e a s e d f r o m 1.8 ± 0.4 t o 1.5 ± 0.3 m l / m i n / k g 
( 1 7 % , p=0.051) and r e n a l b l o o d f l o w i n c r e a s e d by 60 % b e t w e e n 60 t o 120 
m i n u t e s a f t e r a s i n g l e o r a l d o s e o f c a p t o p r i l . A l s o , t o t a l s y s t e m i c 
v a s c u l a r r e s i s t a n c e d e c r e a s e d by 27%. I t has been c o n c l u d e d ( C r a e g e r et 

al., 1 9 8 1 ) , t h a t s e l e c t i v e p e r i p h e r a l v a s o d i l a t i o n o c c u r r e d a f t e r a s i n g l e 
d o s e o f c a p t o p r i l ; t h a t i s , b l o o d f l o w t o t h e k i d n e y s i n c r e a s e d and t o t h e 
l i v e r and l i m b s d e c r e a s e d , i n p a t i e n t s w i t h c o n g e s t i v e h e a r t f a i l u r e . 
L e v i n e et al., ( 1 9 8 4 ) r e p o r t e d no s t a t i s t i c a l l y s i g n i f i c a n t c h a n g e i n Qy 
( e s t i m a t e d ICG b l o o d c l e a r a n c e ) and h e p a t i c v a s c u l a r r e s i s t a n c e , 90 m i n u t e s 
f o l l o w i n g t h e a d m i n i s t r a t i o n o f 25 t o 100 mg o r a l d o s e o f c a p t o p r i l i n 
p a t i e n t s w i t h c o n g e s t i v e h e a r t f a i l u r e . However, i n t h e 11 p a t i e n t s mean Qy 
d e c r e a s e d f r o m by ~ 3 0 % , a s s e s s e d by t h e ICG c l e a r a n c e method and h e p a t i c 
v a s c u l a r r e s i s t a n c e d e c r e a s e d by 1 1 % ( L e v i n e et al., 1 9 8 4 ) . L a r g e 
i n t e r p a t i e n t v a r i a b i l i t y was o b s e r v e d i n t h i s s t u d y , w h i c h r e s u l t e d i n no 
s t a t i s t i c a l l y s i g n i f i c a n t c h a n g e i n Qy. The l a r g e i n t e r p a t i e n t v a r i a t i o n 
may be e x p l a i n e d by t h e g r e a t d i f f e r e n c e s r e g a r d i n g t h e age o f t h e p a t i e n t s 
e x a m i n e d i n t h i s s t u d y ( 2 1 - 7 1 y e a r s ) . I t i s w e l l r e c o g n i z e d , t h a t Qy 
d e c l i n e s s i g n i f i c a n t l y w i t h a d v a n c i n g age (Wynne e t al., 1989 and 1 9 9 0 ) . 
Wynne e t al., ( 1 9 8 9 ) r e p o r t e d a s i g n i f i c a n t n e g a t i v e c o r r e l a t i o n between age 
and Qy ( I C G c l e a r a n c e method) i n 65 h e a l t h y s u b j e c t s b e t w e e n 24 and 91 y e a r s 
o f a g e . T h e r e f o r e , t h e r e s p o n s e s t o c a p t o p r i l t r e a t m e n t may be more 
v a r i a b l e when p a t i e n t s w i t h w i d e age r a n g e a r e s e l e c t e d t o s t u d y c h a n g e s i n 

QH-

E r i k s s o n e t al., ( 1 9 8 4 ) i n v e s t i g a t e d t h e a c u t e e f f e c t s o f 12.5 and 25 mg 
o r a l d o s e o f c a p t o p r i l on Qy i n s e v e n p a t i e n t s w i t h l i v e r c i r r h o s i s and 



p o r t a l h y p e r t e n s i o n . was e s t i m a t e d by t h e c o n s t a n t i n f u s i o n o f ICG u s i n g 
h e p a t i c v e n o u s c a t h e t e r i z a t i o n . I t was n o t e d , t h a t w h i l e mean a r t e r i a l 
p r e s s u r e s i g n i f i c a n t l y d e c r e a s e d 3 0 , 60 and 90 m i n u t e s f o l l o w i n g c a p t o p r i l 
a d m i n i s t r a t i o n , r e m a i n e d u n a l t e r e d . However, a d e c r e a s e i n mean a r t e r i a l 
p r e s s u r e and an u n c h a n g e d s u g g e s t a d e c r e a s e i n SVR {i.e. SVR = MAP / 
0 ^ ) . An i m p o r t a n t f i n d i n g o f t h i s s t u d y was t h a t t h e h e p a t i c e x t r a c t i o n 
r a t i o o f ICG was u n a f f e c t e d by c a p t o p r i l t h e r a p y . 

A l t h o u g h a l a r g e number o f s t u d i e s have i n v e s t i g a t e d t h e p h a r m a c o l o g i c a l 
e f f e c t s o f c a p t o p r i l i n p a t i e n t s w i t h e s s e n t i a l h y p e r t e n s i o n , v e r y few 
s t u d i e s have e x a m i n e d i t s i n f l u e n c e on Q^. I n t h e s t u d i e s o f C r o s s l e y et 

al., ( 1 9 8 4 ) t h e a c u t e e f f e c t s o f 50 t o 100 mg o r a l d o s e o f c a p t o p r i l on 
was e x a m i n e d i n s i x p a t i e n t s w i t h e s s e n t i a l h y p e r t e n s i o n . I n t h i s s t u d y , Q^ 
was d e t e r m i n e d by t h e c o n s t a n t i n f u s i o n o f ICG and t h e c a t h e t e r i z a t i o n o f 
t h e h e p a t i c v e i n . A b o u t 50 m i n u t e s f o l l o w i n g c a p t o p r i l a d m i n i s t r a t i o n , a 
u n i f o r m and s i g n i f i c a n t r e d u c t i o n i n f r o m 1127 ± 115 t o 841 ± 93 ml/min 
( 2 5 % , p < 0.001) was n o t e d . C o n c o m i t a n t l y , mean a r t e r i a l p r e s s u r e d e c r e a s e d 
s i g n i f i c a n t l y ( 8 % ) and t o t a l s y s t e m i c v a s c u l a r r e s i s t a n c e d e c r e a s e d by 1 3 % 
( n o n - s i g n i f i c a n t ) . T h e r e was no s i g n i f i c a n t c h a n g e i n c a r d i a c o u t p u t 
d e s p i t e t h e l a r g e ( 2 7 % ) i n c r e a s e i n one p a t i e n t w i t h c o n g e s t i v e h e a r t 
f a i l u r e and a s l i g h t i n c r e a s e i n two o t h e r s . 

I n t h e p r e s e n t s t u d y , t h e a c u t e e f f e c t s o f c a p t o p r i l w ere e v a l u a t e d 1 
h o u r a f t e r t h e i n i t i a l c a p t o p r i l d o s e on d a y 1 and t h e t e r m i n a l d o s e o f two-
weeks c a p t o p r i l t h e r a p y , on day 14. C a p t o p r i l has been p r e v i o u s l y shown t o 
e x h i b i t i t s m a ximal b l o o d p r e s s u r e l o w e r i n g e f f e c t w i t h i n 0.5 t o 1.5 h o u r s 
i n h y p e r t e n s i v e p a t i e n t s ( T a r a z i e t al., 1 9 8 0 ) . T h e r e was no s i g n i f i c a n t 
c h a n g e i n C l p j ^ g and 1 h o u r a f t e r t h e a d m i n i s t r a t i o n o f t h e i n i t i a l d o s e 
o f c a p t o p r i l i n p a t i e n t s w i t h m i l d t o m o d e r a t e h y p e r t e n s i o n , w h e t h e r 



e x p r e s s e d i n a b s o l u t e t e r m s o r p e r u n i t body w e i g h t o r body s u r f a c e a r e a , as 
c o m p a r e d t o t h e c o n t r o l v a l u e s ( r e s e a t e d , s 2 ) v a l u e s (Day 1, T a b l e 6 and 
T a b l e 9 ) . However, a s l i g h t 5.2% and ~ 6.0% d e c r e a s e i n C l p j Q g and Qy, 
r e s p e c t i v e l y , was o b s e r v e d when d a t a o b t a i n e d 1 h o u r a f t e r c a p t o p r i l d o s i n g 
w ere c o m p a r e d t o t h e c o n t r o l v a l u e s (Day 1, T a b l e 6 and T a b l e 9 ) . However, 
t h i s d e c r e a s e i n ICG c l e a r a n c e and Qy a f t e r c a p t o p r i l a d m i n i s t r a t i o n i s 
s i m i l a r o r e v e n s m a l l e r i n m a g n i t u d e t h a n t h e d i f f e r e n c e s b e t w e e n t h e two 
s e a t e d p o s i t i o n s b e f o r e c a p t o p r i l t r e a t m e n t ( 6 . 3 % vs 5.2% f o r C l p j Q Q and 
6.3% vs 6.0% f o r Qy) ( T a b l e 6 and 9 ) . S i m i l a r l y , t h e t e r m i n a l d o s e o f two-
weeks c a p t o p r i l t h e r a p y c a u s e d no s i g n i f i c a n t c h a n g e s i n C l p j Q Q and Qy, as 
c o m p a r e d t o t h e r e s e a t e d v a l u e s (Day 14, T a b l e 6 and 9 ) . T h e r e was a 
s l i g h t , 5.2% and 6.1% d e c r e a s e i n C l p j Q Q and Qy, r e s p e c t i v e l y , 1 h o u r a f t e r 
c a p t o p r i l d o s i n g , as compared t o t h e r e s e a t e d ( s 2 ) v a l u e s , s i m i l a r t o t h a t 
o b s e r v e d a f t e r t h e i n i t i a l d o s e o f c a p t o p r i l on d a y 1 (Day 14, T a b l e 6 and 
9 ) . The f a c t t h a t t h e r e s p o n s e t o t h e t e r m i n a l d o s e o f c a p t o p r i l was 
s i m i l a r t o t h a t a f t e r t h e i n i t i a l d o s e s u g g e s t s t h a t two-weeks c a p t o p r i l 
t h e r a p y d o e s n o t i n t e r f e r e w i t h t h e a c u t e r e s p o n s e s o f Qy t o c a p t o p r i l 
a d m i n i s t r a t i o n i n p a t i e n t s w i t h m i l d - m o d e r a t e h y p e r t e n s i o n . 

T h e s e r e s u l t s a g r e e w i t h t h e f i n d i n g s o f S h e p h e r d e t al., ( 1 9 8 5 ) , 
E r i k s s o n e t al., ( 1 9 8 4 ) and L e v i n e e t al., ( 1 9 8 4 ) , who o b s e r v e d no 
s i g n i f i c a n t c h a n g e i n Qy a f t e r a s i n g l e c a p t o p r i l d o s e . However, t h e 
r e s u l t s o f t h e p r e s e n t s t u d y a r e d i f f e r e n t f r o m t h e s t u d i e s o f C r o s s l e y e t 
al., ( 1 9 8 4 ) and C r a e g e r e t al., ( 1 9 8 1 ) who o b s e r v e d a s i g n i f i c a n t d e c r e a s e 
i n Qy i n p a t i e n t s w i t h h y p e r t e n s i o n and c o n g e s t i v e h e a r t f a i l u r e , 
r e s p e c t i v e l y . 

The l a c k o f r e s p o n s e i n Qy a f t e r an a c u t e d o s e o f c a p t o p r i l o b s e r v e d i n 
t h i s s t u d y c o u l d n o t be c a u s e d by p o o r a b s o r p t i o n o f t h e d r u g , s i n c e t h e 



s e r u m c o n c e n t r a t i o n s o f c a p t o p r i l i n c r e a s e d r a p i d l y a f t e r a d m i n i s t r a t i o n and 
w e r e s i m i l a r t o t h e c o n c e n t r a t i o n s r e p o r t e d i n o t h e r s t u d i e s ( J a r r o t t e t 
al., 1982; K r i p a l a n i e t al., 1980) ( F i g u r e 2 9 ) . I n a d d i t i o n , s i g n i f i c a n t 
r e d u c t i o n s i n b o t h , s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s w e r e o b s e r v e d 1 
h o u r a f t e r t h e f i r s t d o s e o f c a p t o p r i l s u g g e s t i n g a p h a r m a c o l o g i c a l l y a c t i v e 
l e v e l o f t h e d r u g . D i f f e r e n c e s f r o m t h e s t u d i e s o f C r o s s l e y e t al., (1984) 
may a r i s e s f r o m t h e d i f f e r e n t body p o s i t i o n s o f t h e s u b j e c t s i n w h i c h was 
e s t i m a t e d ( l y i n g vs s i t t i n g ) . S h e p h e r d e t al., ( 1 9 8 5 ) , h o w e v e r , o b s e r v e d no 
s i g n i f i c a n t c h a n g e s i n a s s e s s e d by t h e ICG c l e a r a n c e method i n normal 
s u b j e c t s when p a t i e n t s w e r e s i t t i n g o r l y i n g . D i r e c t c o m p a r i s o n between t h e 
p r e s e n t s t u d y and t h a t p e r f o r m e d by C r o s s l e y e t al., ( 1 9 8 4 ) i s d i f f i c u l t due 
t o t h e d i f f e r e n t methods u s e d f o r t h e e s t i m a t i o n o f Q^. The c a t h e t e r i z a t i o n 
o f t h e h e p a t i c v e i n u s e d i n t h e s t u d y o f C r o s s l e y e t al., ( 1 9 8 4 ) has t h e 
a d v a n t a g e t h a t t h e h e p a t i c e x t r a c t i o n r a t i o o f ICG c a n be d e t e r m i n e d , b u t i s 
an i n v a s i v e t e c h n i q u e ( G e o r g e , 1 9 7 9 ) . The p l a c e m e n t o f t h e c a t h e t e r i n t h e 
h e p a t i c v e i n may c a u s e v e n o u s spasm ( B r a d l e y e t al., 1945) w h i c h may a f f e c t 
t h e r e s u l t s o f t h e s t u d y . A n o t h e r l i m i t a t i o n o f t h e method i s t h a t t h e 
c o n c e n t r a t i o n s o f ICG i n t h e b l o o d s a m p l e s o b t a i n e d f r o m t h e h e p a t i c v e i n 
a r e i n f l u e n c e d by t h e p o s i t i o n o f t h e c a t h e t e r (Ohnhaus, 1979; G e o r g e , 
1 9 7 9 ) . 

The l a c k o f c h a n g e i n Q|.̂, d e s p i t e a s i g n i f i c a n t f a l l i n a r t e r i a l b l o o d 
p r e s s u r e may be e x p l a i n e d by t h e " h y d r o d y n a m i c " i n t e r a c t i o n between t h e 
h e p a t i c a r t e r y and p o r t a l v e i n ( S h e p h e r d e t al., 1 9 8 5 ) . A c c o r d i n g t o t h i s 
t h e o r y s i m u l t a n e o u s d i l a t i o n o f b o t h , h e p a t i c a r t e r y and p o r t a l v e i n 
p r o d u c e s an i n c r e a s e i n one f l o w and a r e d u c t i o n i n t h e o t h e r , t h u s , a 
c o n s t a n t b l o o d f l o w m a i n t a i n e d i n t h e l i v e r ( R i c h a r d s o n and W i t h r i n g t o n , 
1 9 8 1 ) . I t has been d e m o n s t r a t e d , t h a t c a p t o p r i l c a u s e s d i l a t a t i o n i n t h e 



v e i n s ( S i m o n et al., 1 9 8 5 ) , as w e l l a s , i n t h e a r t e r i e s ( T a r a z i et al., 

1 9 8 0 ) . 
M o s t r e c e n t l y , s i g n i f i c a n t d a i l y v a r i a t i o n i n e s t i m a t e d Qy has been 

r e p o r t e d i n h e a l t h y s u b j e c t s when Qy was e s t i m a t e d by t h e ICG c l e a r a n c e 
method f o u r t i m e s a d a y (2:00 am, 8:00 am, 2:00 pm and 8:00 pm) (Lemmer and 
N o l d , 1 9 9 1 ) . The p l a s m a c l e a r a n c e o f ICG and Qy d e c r e a s e d by 2 4 % and 26%, 
r e s p e c t i v e l y , when v a l u e s , e s t i m a t e d i n t h e m o r n i n g ( 8 : 0 0 am), w e r e compared 
t o t h o s e m e a s u r e d i n t h e e a r l y a f t e r n o o n ( 2 : 0 0 pm). F i g u r e 31 shows t h e 
c i r c a d i a n r h y t h m i n e s t i m a t e d Qy o b t a i n e d f r o m t h e s t u d i e s o f Lemmer and 
N o l d , ( 1 9 9 1 ) t o g e t h e r w i t h t h e Qy d a t a o b t a i n e d i n t h e p r e s e n t s t u d y on d a y 
1 and 14. The s l i g h t =; 5-6% and 1 1 - 1 4 % d e c r e a s e s i n Qy o b s e r v e d when 
r e s e a t e d ( s 2 ) and p o s t - c a p t o p r i l (CA) d a t a , r e s p e c t i v e l y , were compared t o 
t h e f i r s t s e a t e d ( s i ) v a l u e s a r e s i m i l a r t o t h e d e c r e a s e i n Qy when 
e x t r a p o l a t e d d a t a o f Lemmer and N o l d , ( 1 9 9 1 ) a r e u s e d f o r t h e c o m p a r i s o n 
( 1 7 % ) . S i n c e t h e f o u r ICG i n j e c t i o n s f o r t h e e s t i m a t i o n o f Qy i n t h e 
c u r r e n t s t u d y w e r e p e r f o r m e d b e t w e e n « 8:30 am and 2:00 pm ( s t e e p p h a s e o f 
t h e c i r c a d i a n v a r i a t i o n c u r v e ) , a d e c r e a s e i n Qy v a l u e s d u r i n g t h e c o u r s e o f 
t h e s t u d y m i g h t be e x p e c t e d . B a s e d on t h e r e p o r t s o f Lemmer and N o l d , 
( 1 9 9 1 ) t h e a p p a r e n t d e c r e a s e i n Qy a f t e r t h e a c u t e d o s e o f c a p t o p r i l when 
com p a r e d t o t h e s e a t e d ( s i ) v a l u e s may be due t o t h e c i r c a d i a n v a r i a t i o n i n 
Qy, r a t h e r t h a n a d i r e c t e f f e c t o f c a p t o p r i l . M o r e o v e r , t h e d e c r e a s e i n 
e s t i m a t e d Qy a f t e r p o s t u r a l c h a n g e f r o m s i t t i n g t o u p r i g h t were ~ 2 3 % and ~ 
2 5 % b e f o r e and a f t e r c a p t o p r i l t h e r a p y , r e s p e c t i v e l y . T h i s c hange i n Qy i s 
much g r e a t e r i n m a g n i t u d e t h a n t h a t a f t e r t h e a c u t e d o s e s o f c a p t o p r i l 
w h e t h e r c o m p a r e d t o t h e r e s e a t e d ( s 2 ) o r s e a t e d ( s i ) v a l u e s . S t a t i s t i c a l 
c o m p a r i s o n s b e t w e e n t h e e f f e c t s o f p o s t u r a l c h a n g e and a c u t e d o s e s o f 
c a p t o p r i l on Qy s u g g e s t , t h a t u p r i g h t p o s i t i o n has more p r o n o u n c e d e f f e c t on 
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F i g u r e 3 1 . Changes i n d u r i n g t h e c o u r s e o f day 1 (open t r i a n g l e s ) and day 
14 (open c i r c l e s ) , as compared t o t h e c h a n g e s i n Qu due t o 
c i r c a d i a n v a r i a t i o n ( b a s e d on Lemmer and N o l d , 1 9 9 1 ) . 



Qy t h a n t h e a c u t e a d m i n i s t r a t i o n o f c a p t o p r i l (p < 0.05, p a i r e d s a m p l e t -
t e s t ) . T h e r e f o r e , t h e b i o l o g i c a l s i g n i f i c a n c e o f t h i s s m a l l c h a n g e i n Qy i s 
u n c e r t a i n . 

I n c o n c l u s i o n , t h e r e was no a p p a r e n t a c u t e c h a n g e i n C l p j ^ g and Qy a f t e r 
c a p t o p r i l a d m i n i s t r a t i o n . The d e c r e a s e i n Qy d u r i n g t h e c o u r s e o f day 1 and 
day 14 may be e x p l a i n e d by t h e c i r c a d i a n v a r i a t i o n i n Qy. 

4.4.3. S h o r t - t e r m E f f e c t s o f C a p t o p r i l on C l p j g g and Qy 

T h e r e i s l i t t l e i n f o r m a t i o n r e g a r d i n g t h e e f f e c t s o f c a p t o p r i l on Qy 
a f t e r l o n g - t e r m a d m i n i s t r a t i o n e i t h e r i n human o r a n i m a l s p e c i e s . 
C o n s i d e r i n g t h e c o m p l e x haemodynamic c h a n g e s a s s o c i a t e d w i t h c a p t o p r i l 
t h e r a p y , t h e r e s u l t s o f s i n g l e - d o s e s t u d i e s m i g h t be s u b s t a n t i a l l y d i f f e r e n t 
f r o m t h o s e a f t e r p r o l o n g e d c a p t o p r i l t h e r a p y ( B r o g d e n e t a / . , 1988; C r o s s l e y 
e t al., 1984) 

S t u d i e s i n a n e s t h e t i z e d , n o r m o t e n s i v e and s p o n t a n e o u s l y h y p e r t e n s i v e 
r a t s h ave d e m o n s t r a t e d a s i g n i f i c a n t « 2 5 % and ~ 3 4 % i n c r e a s e i n Qy, 
r e s p e c t i v e l y , a f t e r o r a l t r e a t m e n t s w i t h 100 mg c a p t o p r i l f o r s i x weeks 
( R o z s a e t al., 1 9 9 1 ) . S i m i l a r l y , R i c h e r e t al., ( 1 9 8 4 ) have r e p o r t e d a 
s i g n i f i c a n t 2 - f o l d i n c r e a s e i n Qy and 5 6 % d e c r e a s e i n h e p a t i c v a s c u l a r 
r e s i s t a n c e a f t e r 8 d a y s t r e a t m e n t w i t h 100 mg/kg o r a l d o s e o f c a p t o p r i l i n 
a n e s t h e t i z e d , s p o n t a n e o u s l y h y p e r t e n s i v e r a t s . I n c o n t r a s t , i n a s t u d y 
i n v o l v i n g human s u b j e c t s w i t h m i l d t o m o d e r a t e h y p e r t e n s i o n ( V e n t u r a e t al., 

1985) no s i g n i f i c a n t c h a n g e i n Qy, e s t i m a t e d by t h e ICG c l e a r a n c e method, 
have been o b s e r v e d a f t e r 90 m i n u t e s and 12-weeks o f t r e a t m e n t w i t h 50 mg 
d a i l y o r a l d o s e o f c a p t o p r i l . T h e r e was, h o w e v e r , a s l i g h t ( 7 % ) d e c r e a s e i n 
SVR a f t e r 12 weeks t r e a t m e n t w i t h c a p t o p r i l . 



The r e s u l t s o f t h e p r e s e n t s t u d y d e m o n s t r a t e 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 
i n c r e a s e i n C l p j Q g by ~ 2 5 - 2 9 % (p = 0 . 0 3 9 ) a f t e r two-weeks c a p t o p r i l 
t r e a t m e n t , i n a l l f o u r p h a s e s o f t h e s t u d y , as comp a r e d t o t h e d a y 1 v a l u e s 
( T a b l e 7 ) . S i m i l a r l y , i n c r e a s e d a l m o s t u n i f o r m l y by ~ 2 1 - 2 5 % a f t e r two-
weeks c a p t o p r i l t h e r a p y , i n t h e f o u r p h a s e s o f t h e s t u d y , as compared t o day 
1 ( F i g u r e 1 4 ) . The m a g n i t u d e o f i n c r e a s e i n was s i m i l a r when d a t a were 
n o r m a l i z e d t o body w e i g h t and body s u r f a c e a r e a ; h o w e v e r , t h e p e r c e n t 
i n c r e a s e r e l a t i v e t o d a y 1 v a l u e s were s l i g h t l y l o w e r t h a n t h o s e o f t h e 
a b s o l u t e v a l u e s (~ 1 9 - 2 4 % , and « 2 0 - 2 2 % , r e s p e c t i v e l y ) ( F i g u r e 1 4 ) . These 
r e s u l t s c o n f i r m t h e f i n d i n g s o f R o z s a e t al., ( 1 9 9 1 ) who o b s e r v e d a ~ 3 4 % 

i n c r e a s e i n a f t e r s i x weeks t r e a t m e n t w i t h c a p t o p r i l i n s p o n t a n e o u s l y 
h y p e r t e n s i v e r a t s , b u t d i f f e r e n t f r o m t h e f i n d i n g s o f V e n t u r a e t al., ( 1 9 8 5 ) 

i n p a t i e n t s w i t h e s s e n t i a l h y p e r t e n s i o n . The l a c k o f c h a n g e i n a f t e r 12-
weeks t r e a t m e n t w i t h c a p t o p r i l may be due t o t h e l o w e r c a p t o p r i l d o s e u s e d 
i n t h i s s t u d y ( 2 5 mg t w i c e d a i l y t o a maximum o f 75 mg). 

F i g u r e 1 5 shows t h a t t h e d i f f e r e n c e s b e t w e e n t h e two s t u d y d a y s ( b e f o r e 
and a f t e r two-weeks c a p t o p r i l t h e r a p y ) were t h e same r e g a r d l e s s w h i c h s t u d y 
p h a s e s w e r e c o m p a r e d . The s t a t i s t i c a l t e s t , h o w e v e r , j u s t f a i l e d t o a c h i e v e 
t h e l e v e l o f s i g n i f i c a n c e when t h e e f f e c t s o f s h o r t - t e r m c a p t o p r i l t r e a t m e n t 
on QH were c o m p a r e d t o t h o s e o f day 1 (p = 0 . 0 6 2 , p = 0.075 and p = 0.074 

f o r a b s o l u t e Q^ and p e r u n i t body w e i g h t and body s u r f a c e a r e a , 
r e s p e c t i v e l y ) . The l a c k o f s t a t i s t i c a l s i g n i f i c a n c e i s a t t r i b u t e d t o t h e 
one p a t i e n t (C.B.) who e x h i b i t e d a d e c r e a s e i n Q^ a f t e r s h o r t - t e r m c a p t o p r i l 
t h e r a p y . When t h e s t a t i s t i c a l t e s t was r e p e a t e d by e x c l u d i n g t h e d a t a o f 
t h i s p a t i e n t , t h e i n c r e a s e s i n Q^ a f t e r two-weeks c a p t o p r i l t h e r a p y , w h e t h e r 
e x p r e s s e d i n a b s o l u t e v a l u e s o r p e r u n i t body w e i g h t o r body s u r f a c e a r e a , 
w e r 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 , as compared t o t h e d a y 1 v a l u e s (p = 0 . 0 1 1 , 



p = 0.014 and p = 0.014, r e s p e c t i v e l y ) . I n p a t i e n t C.B. b a s e l i n e s y s t o l i c 
and d i a s t o l i c b l o o d p r e s s u r e s on day 14 were b e l o w p r e t r e a t m e n t v a l u e s by 11 
and 7 mm Hg, r e s p e c t i v e l y , i n d i c a t i n g good p a t i e n t c o m p l i a n c e ( T a b l e 1 5 ) . 
To f i n d e x p l a n a t i o n t h e s e d i v e r g e n t r e s u l t i s d i f f i c u l t w i t h o u t t h e 
measurements o f c h a n g e s i n p a r a m e t e r s s u c h as c a r d i a c o u t p u t and t o t a l 
p e r i p h e r a l r e s i s t a n c e . A s i g n i f i c a n t r e d u c t i o n i n t o t a l p e r i p h e r a l 
r e s i s t a n c e and an i n c r e a s e i n SVR, f o r e x a m p l e , w o u l d s u g g e s t t h a t o t h e r 
v a s c u l a r beds were p r e f e r e n t i a l l y p e r f u s e d a f t e r c a p t o p r i l t h e r a p y i n t h i s 
p a t i e n t ( C r o s s l e y et al., 1 9 8 4 ) . F u r t h e r , a s i g n i f i c a n t d e c r e a s e i n c a r d i a c 
o u t p u t w o u l d e x p l a i n a d e c r e a s e i n Qy i n t h i s p a t i e n t ( L e v i n e et al., 1 9 8 4 ) . 

Greenway and L a u t t , ( 1 9 7 2 ) p r o p o s e d t h a t t h e a n g i o t e n s i n I I i n d u c e d 
v a s o c o n s t r i c t i o n i n t h e c a p a c i t a n c e v e s s e l s o f t h e s p l a n c h n i c c i r c u l a t i o n 
r e s u l t s i n t h e m o b i l i z a t i o n o f s p l a n c h n i c b l o o d p o o l and a d e c r e a s e i n b l o o d 
v olume by a maximum o f 2 0 % . C o n v e r s e l y , a r e d u c t i o n i n a n g i o t e n s i n I I , and 
d i l a t a t i o n o f t h e s p l a n c h n i c c a p a c i t a n c e v e s s e l s , as a r e s u l t o f c a p t o p r i l 
t r e a t m e n t may i n c r e a s e l i v e r b l o o d v o l u m e by p o o l i n g o f b l o o d t o t h e 
s p l a n c h n i c c i r c u l a t i o n . T h i s has been s u g g e s t e d by S t a d e a g e r et al., (1989) 
who o b s e r v e d an a p p r o x i m a t e 2 5 - 2 8 % i n c r e a s e i n Qy a f t e r a c u t e e n a l a p r i l 
a d m i n i s t r a t i o n . A s i g n i f i c a n t c o r r e l a t i o n b e t w e e n l i v e r b l o o d v o l u m e and Qy 
has been r e p o r t e d by Wynne e t al., ( 1 9 8 9 ) , s u g g e s t i n g t h a t e n h a n c e d l i v e r 
b l o o d v o l u m e r e s u l t s i n an i n c r e a s e i n Qy. 

T h e r e i s e x p e r i m e n t a l and c l i n i c a l e v i d e n c e t h a t t h e l o n g - t e r m b l o o d 
p r e s s u r e r e d u c i n g e f f e c t s o f ACE i n h i b i t o r s c o r r e l a t e b e t t e r w i t h t h e 
i n h i b i t i o n o f ACE i n c e r t a i n t i s s u e s t h e n t h e i n h i b i t i o n o f ACE i n p l a s m a 
( D z a u , 1988; Waeber e t al., 1 9 8 9 ) . S i n c e ACE i s i d e n t i c a l t o t h e k i n i n a s e 
I I w h i c h d e g r a d e s t h e v a s o d i l a t o r y b r a d y k i n i n , ACE i n h i b i t i o n may l e a d t o 
t h e a c c u m u l a t i o n o f t h e p o t e n t v a s o d i l a t o r b r a d y k i n i n i n d i f f e r e n t t i s s u e s 



( A n t o n a c c i o et al., 1981) w h i c h may c o n t r i b u t e t o t h e l o n g - t e r m e f f e c t s o f 
t h e s e d r u g s . C a p t o p r i l has been shown t o i n c r e a s e t h e l e v e l s o f v a s o d i l a t o r 
p r o s t a g l a n d i n s e i t h e r d i r e c t l y o r t h r o u g h t h e i n c r e a s e o f b r a d y k i n i n ( S w a r t z 
and W i l l i a m s , 1 9 8 2 ) . F u r t h e r , some o f t h e d i s u l f i d e m e t a b o l i t e s o f 
c a p t o p r i l have been shown t o be more p o t e n t i n h i b i t o r s o f ACE t h a n t h e 
p a r e n t d r u g (Drummer et al., 1 9 8 5 ) . A l s o , t h e s e d i s u l f i d e m e t a b o l i t e s may 
s e r v e as a " d e p o t " f o r m o f c a p t o p r i l f r o m w h i c h c a p t o p r i l may be r e g e n e r a t e d 
( O n d e t t i 1 9 8 8 ) . I t has been s u g g e s t e d , t h a t t h i s i n t e r c o n v e r s i o n between 
d i s u l f i d e m e t a b o l i t e s c o n t r i b u t e s t o t h e l o n g - t e r m h y p e r t e n s i v e e f f e c t s o f 
c a p t o p r i l . W h e t h e r t h e s e v a s o d i l a t o r y e f f e c t s o f c a p t o p r i l c o n t r i b u t e t o 
t h e o b s e r v e d i n c r e a s e i n and d e c r e a s e d SVR a f t e r two-weeks c a p t o p r i l 
t r e a t m e n t r e m a i n s t o be d e t e r m i n e d . 

4.5. Changes i n S p l a n c h n i c V a s c u l a r R e s i s t a n c e 

4.5.1. C a l c u l a t i o n o f S p l a n c h n i c V a s c u l a r R e s i s t a n c e 

SVR i s d e t e r m i n e d by t h e d i f f e r e n c e b e t w e e n mean a r t e r i a l p r e s s u r e a-d 
h e p a t i c v e n o u s p r e s s u r e d i v i d e d by t o t a l ( G a s i c et al., 1 9 8 9 ) . I n t - e 
p r e s e n t s t u d y , h o w e v e r , b e c a u s e o f t h e d i f f i c u l t i e s o f m e a s u r i n g h e p a t ' c 
v e n o u s p r e s s u r e a n d , s i n c e h e p a t i c v e n o u s p r e s s u r e i s s m a l l c o m p a r e d t o t - e 
mean a r t e r i a l p r e s s u r e (= 1 0 % ) , f o r t h e c a l c u l a t i o n o f t o t a l h e p a t i c a-d 
p o r t a l r e s i s t a n c e , t h e h e p a t i c v e n o u s p r e s s u r e has been i g n o r e d ( E c h t e n k c - p 
et al., 1983; M e s s e r l i et al., 1975; C u l b e r t s o n e t al. 1951; W i l k i n s et a l . . 

1 9 5 1 ) . F u r t h e r , p r e v i o u s c l i n i c a l s t u d i e s r e p o r t e d no s i g n i f i c a n t change 'n 
h e p a t i c v e n o u s p r e s s u r e a f t e r c a p t o p r i l a d m i n i s t r a t i o n i n p a t i e n t s wi:h 
l i v e r c i r r h o s i s ( E r i k s s o n e t al., 1 9 8 4 ) . S i n c e ICG c l e a r a n c e methrd 



d e t e r m i n e s t o t a l l i v e r b l o o d f l o w , w h i c h i s t h e sum o f h e p a t i c a r t e r i a l and 
p o r t a l v e n o u s f l o w , t h e t e r m SVR r e f e r s t o t h e t o t a l h e p a t i c v a s c u l a r 
r e s i s t a n c e p l u s t h e r e s i s t a n c e o f t h e v e s s e l s i n t h e s p l a n c h n i c r e g i o n ( 
7 . e . s p l e e n , p a n c r e a s , i n t e s t i n e and s t o m a c h ) ( E c h t e n k a m p e t al., ( 1 9 8 3 ) . 

4.5.2. E f f e c t s o f P o s t u r a l Change on SVR B e f o r e and A f t e r C a p t o p r i l 
T r e a t m e n t 

I t h as been r e p o r t e d by C u l b e r t s o n e t al., ( 1 9 5 1 ) t h a t t h e s i g n i f i c a n t 
r e d u c t i o n i n e s t i m a t e d Qy o b s e r v e d i n t h e i r s t u d y when s u b j e c t s were t i l t e d 
f r o m l y i n g t o s t a n d i n g was n o t a s s o c i a t e d w i t h a s i g n i f i c a n t c h a n g e i n mean 
a r t e r i a l p r e s s u r e . S i n c e SVR, i n t h e s t u d i e s o f C u l b e r t s o n e t al. ( 1 9 5 1 ) , 
was c a l c u l a t e d as t h e r a t i o o f mean a r t e r i a l p r e s s u r e and e s t i m a t e d l i v e r 
b l o o d f l o w , a s i g n i f i c a n t ~ 3 9 % and ~ 4 5 % i n c r e a s e i n SVR was n o t e d i n t h e 
h y p e r t e n s i v e and n o r m o t e n s i v e p a t i e n t s , r e s p e c t i v e l y . The r e s u l t s o f t h e 
p r e s e n t s t u d y r e a f f i r m t h e s e f i n d i n g s . T h u s , a s i g n i f i c a n t i n c r e a s e i n SVR 
(± SEM) f r o m 6.6 ± 0.54 t o 8.6 ± 0.66 mm Hg-sec/ml ( 3 1 . 0 % ) was o b s e r v e d upon 
s t a n d i n g i n t h e u n t r e a t e d p a t i e n t s on d a y 1, as a r e s u l t o f t h e s i g n i f i c a n t 
i n c r e a s e i n Qy and s m a l l c h a n g e i n mean a r t e r i a l p r e s s u r e ( T a b l e 17, F i g u r e 
2 8 ) . T h i s i s ~ 8% l e s s t h a n t h e i n c r e a s e i n SVR r e p o r t e d by C u l b e r t s o n e t 
al., ( 1 9 5 1 ) i n h y p e r t e n s i v e p a t i e n t s . The s m a l l e r i n c r e a s e i n SVR upon 
s t a n d i n g , as co m p a r e d t o t h e v a l u e s r e p o r t e d by C u l b e r t s o n e t al., (1951) 
may be due t o t h e d i f f e r e n t p o s t u r e s u s e d i n t h e s e s t u d i e s ( s u p i n e t o 
u p r i g h t versus s e a t e d t o s u p i n e ) . The i n c r e a s e i n SVR on s t a n d i n g was 
c o n s i s t e n t among t h e s i x p a t i e n t s s t u d i e d . 

F o l l o w i n g two-weeks o f c a p t o p r i l t h e r a p y , a v e r a g e SVR (± SEM) i n c r e a s e d 
f r o m 5.3 ± 0.8 t o 7.1 ± 1.1 mm Hg-sec/ml ( 3 3 . 3 % ) i n u p r i g h t p o s i t i o n , as 



c o m p a r e d t o t h e s e a t e d v a l u e s ( T a b l e 17, F i g u r e 2 8 ) . The i n c r e a s e i n SVR 
was c o n s i s t e n t among t h e s i x p a t i e n t s s t u d i e d , h o w e v e r , t h e o v e r a l l i n c r e a s e 
d u r i n g s t a n d i n g was n o t s t a t i s t i c a l l y s i g n i f i c a n t a f t e r two-weeks o f 
c a p t o p r i l t h e r a p y . A l t h o u g h , SVRs a f t e r two-weeks o f c a p t o p r i l t r e a t m e n t 
w ere l o w e r by ~ 1 9 % and 1 7 % i n s e a t e d and u p r i g h t p o s i t i o n s , r e s p e c t i v e l y , 
as c o m p a r e d t o t h o s e b e f o r e c a p t o p r i l t r e a t m e n t ( F i g u r e 2 8 ) , t h e m a g n i t u d e 
o f i n c r e a s e i n SVR upon s t a n d i n g was s i m i l a r b e f o r e and a f t e r c a p t o p r i l 
t h e r a p y ( 3 3 . 3 % v s 3 1 . 0 % ) . T h e s e r e s u l t s s u g g e s t t h a t two-weeks o f c a p t o p r i l 
t h e r a p y d i d n o t a l t e r t h e r e f l e x r e s p o n s e s o f SVR t o p o s t u r a l c h a n g e i n m i l d 
t o m o d e r a t e h y p e r t e n s i v e p a t i e n t s . 

4.5.3. A c u t e E f f e c t s o f C a p t o p r i l on SVR 

D e s p i t e t h e s i g n i f i c a n t r e d u c t i o n i n s y s t o l i c and d i a s t o l i c b l o o d 
p r e s s u r e s ( 1 3 . 4 % and 13.0%, r e s p e c t i v e l y , p < 0.05) 1 h o u r a f t e r t h e 
a d m i n i s t r a t i o n o f t h e i n i t i a l c a p t o p r i l d o s e ( T a b l e 12) t h e r e was no 
s i g n i f i c a n t c h a n g e i n SVR (Day 1, T a b l e 1 7 ) . I n c o n t r a s t t o t h e i n i t i a l 
c a p t o p r i l d o s e , t h e t e r m i n a l d o s e o f c a p t o p r i l d i d n o t c h a n g e s i g n i f i c a n t l y 
t h e s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s 1 h o u r a f t e r a d m i n i s t r a t i o n 
( F i g u r e 22) and SVR r e m a i n e d u n a l t e r e d . The a b s e n c e o f a r e d u c t i o n i n SVR 
i s s i m i l a r t o t h e f i n d i n g s o f L e v i n e e t al., ( 1 9 8 4 ) who o b s e r v e d s i g n i f i c a n t 
r e d u c t i o n i n t o t a l s y s t e m i c v a s c u l a r r e s i s t a n c e 90 m i n u t e s a f t e r c a p t o p r i l 
d o s i n g w i t h o u t a c h a n g e i n SVR i n p a t i e n t s w i t h c o n g e s t i v e h e a r t f a i l u r e . 

4.5.4. S h o r t - T e r m E f f e c t s o f C a p t o p r i l on SVR 

I t i s w e l l e s t a b l i s h e d , t h a t t h e h y p e r t e n s i v e e f f e c t s o f c a p t o p r i l a f t e r 



a c u t e , as w e l l as p r o l o n g e d a d m i n i s t r a t i o n a r e a s s o c i a t e d w i t h a d e c r e a s e i n 
t o t a l p e r i p h e r a l r e s i s t a n c e ( T a r a z i e t al., 1980; W e n t i n g e t al., 1 9 8 2 ) . 
The ~ 1 5 - 2 3 % r e d u c t i o n i n SVR a f t e r two-weeks c a p t o p r i l t h e r a p y , o b s e r v e d i n 
t h e p r e s e n t s t u d y s u g g e s t s t h a t v a s o d i l a t i o n o c c u r i n t h e a r t e r i o l e s o f t h e 
s p l a n c h n i c a r e a ( F i g u r e 2 8 ) . T h i s d e c r e a s e i n SVR may r e f l e c t a r e d u c t i o n 
i n t o t a l p e r i p h e r a l r e s i s t a n c e a f t e r c o n t i n u o u s t h e r a p y w i t h c a p t o p r i l . 
P r e v i o u s c l i n i c a l s t u d i e s r e p o r t e d 1 1 % and 1 8 % d e c r e a s e i n t o t a l p e r i p h e r a l 
r e s i s t a n c e a f t e r 4-weeks and 1-week c a p t o p r i l t r e a t m e n t i n p a t i e n t s w i t h 
e s s e n t i a l h y p e r t e n s i o n ( W e n t i n g e t al., 1982; T a r a z i e t al., 1 9 8 0 ) , w h i c h 
a r e s i m i l a r i n m a g n i t u d e t o t h a t o b s e r v e d i n t h e p r e s e n t s t u d y f o r SVR. 
However, l a r g e r d e c r e a s e s o f up t o 3 0 % i n t o t a l p e r i p h e r a l r e s i s t a n c e have 
a l s o been r e p o r t e d a f t e r a c u t e o r c h r o n i c t r e a t m e n t w i t h c a p t o p r i l ( B r o g d e n 
e t al., 1 9 8 8 ) . W h e t h e r t h e o b s e r v e d i n c r e a s e i n Qy and d e c r e a s e i n SVR a r e 
c o n s e q u e n c e s o f e i t h e r a d i r e c t i n t e r a c t i o n o f c a p t o p r i l w i t h t h e r e n i n -
a n g i o t e n s i n s y s t e m i n t h e s p l a n c h n i c v a s c u l a r s y s t e m , an enhancement o f a 
s y m p a t h e t i c m o d u l a t i n g e f f e c t ( S t a d e a g e r e t al., 1989) o r a r e s u l t o f 
c o m p l e x haemodynamic c h a n g e s ( L e v i n e e t al., 1984) i s d i f f i c u l t t o 
e s t a b l i s h . S t a t i s t i c a l s i g n i f i c a n c e , a t t h e 0.05 p r o b a b i l i t y l e v e l , was n o t 
o b s e r v e d when t h e SVR d a t a o f s i x p a t i e n t s were c a l c u l a t e d (MANOVA, p = 
0 . 1 2 ) . T h e s e d a t a , h o w e v e r , s u g g e s t t h a t a s u b s t a n t i a l r e d u c t i o n i n SVR 
o c c u r r e d a f t e r 14 d a y s c a p t o p r i l t h e r a p y , i n c o n t r a s t t o t h e e f f e c t s o f a 
s i n g l e - d o s e o f c a p t o p r i l , w h e r e no c h a n g e i n SVR was n o t e d . A s s u m i n g t h a t 
t h e c h a n g e s i n SVR r e f l e c t c h a n g e s i n t o t a l p e r i p h e r a l r e s i s t a n c e , t h e 
r e s u l t s o f t h e p r e s e n t s t u d y a r e i n a g r e e m e n t w i t h t h e s t u d i e s o f Simon e t 
al., ( 1 9 8 5 ) who o b s e r v e d a more p r o n o u n c e d d e c r e a s e i n t o t a l p e r i p h e r a l 
r e s i s t a n c e a f t e r 5 d a y s t r e a t m e n t w i t h c a p t o p r i l t h a n a f t e r s i n g l e d o s e 
a d m i n i s t r a t i o n i n p a t i e n t s w i t h e s s e n t i a l h y p e r t e n s i o n . I t has been 



s u g g e s t e d ( S i m o n et al., 1985) t h a t t h e e f f e c t s o f ACE i n h i b i t i o n a p p e a r e d 
e a r l i e r i n t h e l a r g e a r t e r i e s t h a n i n t h e a r t e r i o l e s . S i n c e t h e a r t e r i o l e s 
p r o v i d e t h e l a r g e s t r e s i s t a n c e t o b l o o d f l o w ( S h e p h e r d and V a n h o u t t e , 1980) 
t h e l a c k o f c h a n g e s i n a f t e r a c u t e d o s i n g w i t h c a p t o p r i l and i n c r e a s e d 
a f t e r two-weeks t r e a t m e n t may be e x p l a i n e d by t h e f i n d i n g s o f Simon e t al., 

( 1 9 8 5 ) . An i n c r e a s e i n QH i n t h e p r e s e n c e o f s i g n i f i c a n t r e d u c t i o n i n 
a r t e r i a l b l o o d p r e s s u r e may o c c u r when t o t a l p e r i p h e r a l r e s i s t a n c e 
( i n c l u d i n g t h e r e s i s t a n c e i n t h e s p l a n c h n i c r e g i o n ) d e c r e a s e s more t h a n 
a r t e r i a l p r e s s u r e . I n t h e p r e s e n t s t u d y , SVR d e c r e a s e d an a v e r a g e o f - 1 9 % 
a f t e r two-weeks c a p t o p r i l t h e r a p y ( F i g u r e 28) and s y s t o l i c and d i a s t o l i c 
b l o o d p r e s s u r e d e c l i n e d by =13% and ==11%, r e s p e c t i v e l y , ( T a b l e 16) 1 h o u r 
a f t e r t h e t e r m i n a l d o s e o f c a p t o p r i l . T h e r e f o r e , t h e r e l a t i v e l y s m a l l 
d e c r e a s e i n b l o o d p r e s s u r e , as compared t o t h e SVR, s u g g e s t s an i n c r e a s e i n 
QH u n d e r t h e s e d e s c r i b e d e x p e r i m e n t a l c o n d i t i o n s . 

4.6. C hanges i n B l o o d P r e s s u r e 

4.6.1. E f f e c t s o f P o s t u r a l Change on B l o o d P r e s s u r e B e f o r e and A f t e r 
C a p t o p r i l 

The h y d r o s t a t i c c h a n g e s t h a t o c c u r d u r i n g p o s t u r a l s h i f t f r o m s u p i n e t o 
s t a n d i n g a r e w e l l e s t a b l i s h e d ( S h e p h e r d and V a n h o u t t e , 1 9 8 0 ) . The 
r e d i s t r i b u t i o n o f b l o o d t o t h e l e g s r e s u l t s i n a d e c r e a s e i n c a r d i a c o u t p u t 
w h i c h i s c o u n t e r a c t e d by t h e r e f l e x c o n s t r i c t i o n o f t h e p e r i p h e r a l v e s s e l s 
i n o r d e r t o m a i n t a i n a r t e r i a l p r e s s u r e ( S h e p h e r d and V a n h o u t t e , 1 9 8 0 ) . 
Hence, t h e o b s e r v e d d e c r e a s e i n Q^ d u r i n g s t a n d i n g i s a r e s u l t o f t h i s 
c o m p e n s a t o r y m e c h a n i s m t o m a i n t a i n s y s t e m i c a r t e r i a l b l o o d p r e s s u r e . I t has 



been r e p o r t e d e a r l i e r ( C u l b e r t s o n e t al., 1951) t h a t when n o r m o t e n s i v e o r 
h y p e r t e n s i v e p a t i e n t s w e r e t i l t e d t o u p r i g h t p o s i t i o n , t h e l a r g e r e d u c t i o n 
i n Qy was n o t a s s o c i a t e d w i t h l a r g e c h a n g e s i n mean a r t e r i a l p r e s s u r e . I n 
c o n t r a s t , V a n d e n b e r g et al., ( 1 9 8 3 ) , r e p o r t e d s i g n i f i c a n t i n c r e a s e i n 
d i a s t o l i c and s l i g h t i n c r e a s e i n s y s t o l i c b l o o d p r e s s u r e s upon s t a n d i n g . 
T h i s s u g g e s t t h a t mean a r t e r i a l p r e s s u r e c a n be m i s l e a d i n g c o n s i d e r i n g t h e 
c h a n g e s i n s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s . T h i s i s due t o t h e f a c t 
t h a t mean a r t e r i a l p r e s s u r e i s n o t e x a c t l y e q u a l t o t h e a v e r a g e s y s t o l i c and 
d i a s t o l i c p r e s s u r e s , b e c a u s e p r e s s u r e u s u a l l y r e m a i n s f o r a s h o r t e r p e r i o d 
o f t i m e a t t h e h i g h e s t p r e s s u r e d u r i n g c o n t r a c t i o n o f t h e v e n t r i c l e 
( s y s t o l i c ) , t h a n on t h e l o w e r p r e s s u r e d u r i n g r e f i l l i n g t h e v e n t r i c l e 
( d i a s t o l i c ) ( G u y t o n , 1 9 8 4 ) . The r e s u l t i n g mean p r e s s u r e i s c l o s e r t o t h e 
d i a s t o l i c t h a n t o t h e s y s t o l i c p r e s s u r e . However, mean a r t e r i a l p r e s s u r e i s 
i m p o r t a n t s i n c e i t d e t e r m i n e s t h e a v e r a g e b l o o d f l o w r a t e t h r o u g h t h e 
s y s t e m i c v e s s e l s ( G u y t o n , 1 9 8 4 ) . I n t h e p r e s e n t s t u d y , d i a s t o l i c b l o o d 
p r e s s u r e i n c r e a s e d s l i g h t l y by = 7 and 5 mm Hg when s u b j e c t s were i n 
s t a n d i n g p o s i t i o n , b e f o r e and a f t e r 14 d a y s c a p t o p r i l t h e r a p y , r e s p e c t i v e l y . 
S y s t o l i c b l o o d p r e s s u r e , h o w e v e r , r e m a i n e d u n a l t e r e d ( F i g u r e 16 and 1 7 ) . 
The o b s e r v e d i n c r e a s e i n d i a s t o l i c b l o o d p r e s s u r e i n s t a n d i n g p o s i t i o n i s i n 
a g r e e m e n t w i t h t h e s t u d i e s o f V a n d e n b e r g et al., ( 1 9 8 3 ) . 

4.6.2. A c u t e E f f e c t s o f C a p t o p r i l on B l o o d P r e s s u r e 

The e f f i c a c y o f c a p t o p r i l i n d e c r e a s i n g b l o o d p r e s s u r e has been amply 
d e m o n s t r a t e d i n p a t i e n t s w i t h h y p e r t e n s i o n ( B r o g d e n e t al., 1988; T a r a z i e t 
al., 1980; M c A r e a v e y and R o b e r t s o n 1990; W e n t i n g e t al., 1 9 8 2 ) . 

A r e d u c t i o n i n s u p i n e o r s t a n d i n g s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s 



by a b o u t 10 t o 2 0 % a f t e r a s i n g l e d o s e o f c a p t o p r i l i n p a t i e n t s w i t h 
h y p e r t e n s i o n was r e p o r t e d by B r o g d e n e t al., ( 1 9 8 8 ) . Mean a r t e r i a l p r e s s u r e 
d e c r e a s e d f r o m 141.9 ± 6.9 t o 130.2 ± 6.7 mm Hg, 1 h o u r a f t e r t h e 
a d m i n i s t r a t i o n o f 50-100 mg o r a l d o s e o f c a p t o p r i l i n h y p e r t e n s i v e p a t i e n t s 
( C r o s s l e y e t al., 1 9 8 4 ) . I n a n o t h e r s t u d y , when a 50 mg c a p t o p r i l d o s e was 
a d m i n i s t e r e d t o p a t i e n t s w i t h e s s e n t i a l h y p e r t e n s i o n mean a r t e r i a l p r e s s u r e 
d e c r e a s e d f r o m 141 ± 6 t o 119 ± 7 mm Hg ( 1 5 . 6 % ) 2 h o u r s a f t e r d r u g 
a d m i n i s t r a t i o n ( W e n t i n g e t al., 1 9 8 2 ) . T a r a z i e t al., ( 1 9 8 0 ) r e p o r t e d a 
d e c r e a s e i n mean a r t e r i a l p r e s s u r e f r o m 139,0 ± 4.7 t o 120.0 ± 5.9 mm Hg, 30 
m i n u t e s a f t e r c a p t o p r i l t r e a t m e n t i n p a t i e n t s w i t h e s s e n t i a l h y p e r t e n s i o n . 

In t h e p r e s e n t s t u d y , mean a r t e r i a l p r e s s u r e d e c r e a s e d f r o m 118.0 ± 3.0 
t o 104.9 ± 5.4 mm Hg ( 1 1 . 1 % ) 1 h o u r a f t e r a s i n g l e d o s e o f c a p t o p r i l ( T a b l e 
1 2 ) . T h i s = 1 1 % r e d u c t i o n i n mean a r t e r i a l p r e s s u r e i s i n a g r e e m e n t w i t h 
p r e v i o u s s t u d i e s o f C r o s s l e y e t al., ( 1 9 8 4 ) and T a r a z i e t al., (1980) who 
r e p o r t e d a 8% and ~ 1 4 % d e c r e a s e i n mean a r t e r i a l p r e s s u r e , r e s p e c t i v e l y , 
a f t e r c a p t o p r i l a d m i n i s t r a t i o n . S y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s were 
s i g n i f i c a n t l y r e d u c e d f r o m 160.5 ± 5.3 t o 138.9 ± 10.2 mm Hg ( 1 3 . 4 % ) and 
f r o m 103.3 ± 1.0 t o 89.8 ± 4.3 mm Hg ( 1 3 . 0 % ) , r e s p e c t i v e l y 1 h o u r a f t e r t h e 
i n i t i a l d o s e o f c a p t o p r i l ( T a b l e 12 and F i g u r e 2 0 ) . The mean d i f f e r e n c e 
f r o m p r e t r e a t m e n t v a l u e s 1 h o u r a f t e r t h e i n i t i a l c a p t o p r i l d o s e was ~ 22 mm 
Hg f o r s y s t o l i c and 13 mm Hg f o r d i a s t o l i c b l o o d p r e s s u r e . I n c o n t r a s t t o 
t h e r e p o r t s o f B r o g d e n e t al., ( 1 9 8 8 ) maximal b l o o d p r e s s u r e r e d u c t i o n was 
o b s e r v e d a f t e r 3 h o u r s o f c a p t o p r i l a d m i n i s t r a t i o n when s y s t o l i c and 
d i a s t o l i c b l o o d p r e s s u r e s and mean a r t e r i a l p r e s s u r e (mean ± SEM) were f o u n d 
t o be 132.4 ± 9.3 mm Hg, 86.6 ± 6.3 mm Hg, and 101.0 ± 6.6 mm Hg, 
r e s p e c t i v e l y , ( T a b l e 12, F i g u r e 2 0 ) . Th e s e b l o o d p r e s s u r e v a l u e s 3 h o u r s 
a f t e r t h e i n i t i a l d o s e o f c a p t o p r i l were l o w e r t h a n t h e p r e t r e a t m e n t v a l u e s 



by ~ 18%, ~ 16% and ~ 14%, r e s p e c t i v e l y . The a b s o l u t e r e d u c t i o n s i n 
s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s 3 h o u r s a f t e r t h e i n i t i a l d o s e o f 
c a p t o p r i l w e r e ^ 28 mm Hg and 17 mm Hg, r e s p e c t i v e l y , as c ompared t o t h e 
p r e t r e a t m e n t b l o o d p r e s s u r e s ( F i g u r e 2 0 ) . P a r a t i e t a / . , ( 1 9 8 9 ) f o u n d t h a t 
t h e t i m e r e q u i r e d f o r m a x i m a l r e d u c t i o n i n s y s t o l i c and d i a s t o l i c b l o o d 
p r e s s u r e was between 2 and 4 h o u r s a f t e r t h e a d m i n i s t r a t i o n o f a s i n g l e 100 
mg o r a l d o s e o f c a p t o p r i l . The r e s u l t s o f t h e p r e s e n t s t u d y s u b s t a n t i a t e 
t h e s e f i n d i n g s . 

A l l p a t i e n t s r e s p o n d e d w e l l t o t h e f i r s t d o s e o f c a p t o p r i l 3 h o u r s a f t e r 
a d m i n i s t r a t i o n , i n c l u d i n g t h e one b l a c k p a t i e n t (O.W.). A l e s s e r r e s p o n s e 
t o c a p t o p r i l i n b l a c k p a t i e n t s , as c ompared t o t h e w h i t e s u b j e c t s , has been 
r e p o r t e d p r e v i o u s l y ( V e t e r a n s A d m i n i s t r a t i o n C o o p e r a t i v e S t u d y G r o u p , 1 9 8 4 ) . 
However, t h i s r e d u c e d r e s p o n s e t o c a p t o p r i l c o u l d n o t be s u b s t a n t i a t e d i n 
t h e one b l a c k p a t i e n t i n t h e p r e s e n t s t u d y . The h i g h e s t p r e t r e a t m e n t 
s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s w e r e r e c o r d e d i n p a t i e n t O.W. (181.5 
mm Hg) and p a t i e n t D.A. ( 1 0 6 . 5 mm H g ) , r e s p e c t i v e l y ( T a b l e 3 ) . The l a r g e s t 
a b s o l u t e r e d u c t i o n i n b l o o d p r e s s u r e 1 h o u r and 3 h o u r a f t e r t h e 
a d m i n i s t r a t i o n o f a s i n g l e d o s e o f c a p t o p r i l was o b s e r v e d i n p a t i e n t B.H.: 
53 mm Hg ( 3 5 % ) and 57 mm Hg ( 3 8 % ) f o r s y s t o l i c , 29 mm Hg ( 2 8 % ) and 41 mm Hg 
( 4 0 % ) f o r d i a s t o l i c b l o o d p r e s s u r e , r e s p e c t i v e l y ( T a b l e 1 1 ) . T h i s p r o f o u n d 
b l o o d p r e s s u r e r e d u c t i o n may be a m i l d c a s e o f f i r s t d o s e h y p o t e n s i o n as 
r e p o r t e d by s e v e r a l i n v e s t i g a t o r s (Hodsman e t a / . , 1983; B r o g d e n e t a/., 
1988; L e e s e t a/., 1 9 9 0 ) . F i r s t d o s e h y p o t e n s i o n ( a d e c r e a s e i n s u p i n e 
s y s t o l i c b l o o d p r e s s u r e > 50 mm Hg) (Hodsman e t a / . , 1983) most o f t e n 
d e v e l o p e d i n p a t i e n t s w i t h e i t h e r h i g h p r e t r e a t m e n t p l a s m a r e n i n and 
a n g i o t e n s i n I I c o n c e n t r a t i o n s o r s e c o n d a r y h y p e r t e n s i o n . In a d d i t i o n , i t 
may o c c u r i n t h o s e p a t i e n t s who were p r e v i o u s l y t r e a t e d w i t h an ACE 



i n h i b i t o r ( B r o g d e n e t al., 1 9 8 8 ) . L e e s e t al., ( 1 9 9 0 ) s u g g e s t e d t h a t f i r s t -
d o s e h y p o t e n s i o n may be r e l a t e d t o e x c e s s c o n v e r t i n g enzyme c a p a c i t y . 
P a t i e n t B.H. a l s o d e v e l o p e d m i l d symptoms o f n o n - p r o d u c t i v e c ough a f t e r 
r e p e a t e d t r e a t m e n t w i t h c a p t o p r i l , h o w e v e r , d i s c o n t i n u a t i o n o f t h e c a p t o p r i l 
t h e r a p y was n o t n e c e s s a r y . No o t h e r s i d e e f f e c t s were o b s e r v e d d u r i n g 
c a p t o p r i l t h e r a p y . 

S y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s were r e d u c e d s l i g h t l y 1 h o u r 
a f t e r t h e t e r m i n a l d o s e o f t h e two-weeks c a p t o p r i l t h e r a p y by 5.3 ± 7.3 mm 
Hg ( 4 . 3 % ) and 1.1 ± 2.3 mm Hg ( 1 . 2 % ) , r e s p e c t i v e l y , as c o m p a r e d t o t h e 
t r e a t e d b a s e l i n e b l o o d p r e s s u r e o f d a y 14; h o w e v e r , t h i s d e c r e a s e was n o t 
s t a t i s t i c a l l y s i g n i f i c a n t . I n c o n t r a s t , 3 h o u r s a f t e r t h e t e r m i n a l d o s e 
s y s t o l i c and d i a s t o l i c p r e s s u r e s were r e d u c e d s i g n i f i c a n t l y by ~ 17 mm Hg 
( 1 1 . 5 % ) and ~ 10 mm Hg ( 1 0 . 7 % ) , r e s p e c t i v e l y ( T a b l e 14, F i g u r e 2 2 ) . The 
m a g n i t u d e o f d e c r e a s e i n s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s 1 and 3 
h o u r s a f t e r t h e t e r m i n a l d o s e was much s m a l l e r t h a n t h a t a f t e r t h e i n i t i a l 
d o s e o f c a p t o p r i l , as compared t o t h e b a s e l i n e v a l u e s o f d a y 1 and day 14 
( F i g u r e 2 2 ) . The s m a l l e r a b s o l u t e r e d u c t i o n i n s y s t o l i c and d i a s t o l i c b l o o d 
p r e s s u r e s , as c o m p a r e d t o t h o s e o b s e r v e d a f t e r t h e i n i t i a l d o s e r e f l e c t s t h e 
s i g n i f i c a n t l y l o w e r t r e a t e d b a s e l i n e b l o o d p r e s s u r e o f d a y 14. T h i s i s i n 
a g r e e m e n t w i t h t h e s i g n i f i c a n t c o r r e l a t i o n b e t w e e n t h e i n i t i a l b l o o d 
p r e s s u r e and t h e r e d u c t i o n i n b l o o d p r e s s u r e , r e p o r t e d by Sumner e t al., 

( 1 9 8 8 ) . T h u s , t h e h i g h e r t h e i n i t i a l b l o o d p r e s s u r e t h e g r e a t e r t h e 
r e d u c t i o n i n b l o o d p r e s s u r e due t o a n t i h y p e r t e n s i v e t h e r a p y (Sumner e t al., 

1 9 8 8 ) . 



4.6.3. S h o r t - T e r m E f f e c t s o f C a p t o p r i l on B l o o d P r e s s u r e 

I n t h e p r e s e n t s t u d y , s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s were 
m a i n t a i n e d b e l o w t h e b a s e l i n e v a l u e o f d a y 1, p r i o r t o t h e t e r m i n a l 
c a p t o p r i l d o s e on d a y 14. C l e a r l y , s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s 
a f t e r r e a d m i s s i o n t o t h e h o s p i t a l on d a y 14 w e r e s i g n i f i c a n t l y l o w e r by 14.9 
± 7.7 mm Hg ( 9 . 3 % , p < 0.005) and 10.5 ± 6.4 mm Hg ( 1 0 . 1 % , p < 0 . 0 5 ) , 
r e s p e c t i v e l y , c o m p a r e d t o t h e p r e t r e a t m e n t b l o o d p r e s s u r e o f d a y 1 ( T a b l e 
16, F i g u r e 25 and 2 6 ) . B a s e l i n e b l o o d p r e s s u r e m e a s u r e m e n t s on d a y 14 were 
p e r f o r m e d a p p r o x i m a t e l y 20 h o u r s a f t e r t h e i n t a k e o f t h e c a p t o p r i l d o s e on 
t h e p r e v i o u s d a y , b e f o r e p a t i e n t s r e t u r n e d t o t h e h o s p i t a l . T h e s e r e s u l t s 
a r e i n a g r e e m e n t w i t h t h e f i n d i n g s o f P a r a t i e t al., ( 1 9 8 9 ) and M a n c i a e t 
al., ( 1 9 8 7 ) who r e p o r t e d 22-24 h o u r b l o o d p r e s s u r e r e d u c t i o n f o l l o w i n g once 
d a i l y t r e a t m e n t w i t h 100 mg c a p t o p r i l . The 2 4 - h o u r a m b u l a t o r y b l o o d 
p r e s s u r e m o n i t o r i n g u s e d i n t h e s e s t u d i e s p r o v i d e d a u t o m a t i c r e a d i n g s o f 
b l o o d p r e s s u r e and h e a r t r a t e a t 10 o r 20 m i n u t e s i n t e r v a l s and were 
p e r f o r m e d 1 month a f t e r s t a r t i n g t r e a t m e n t w i t h c a p t o p r i l . P a r a t i e t al., 

(1989) a l s o r e p o r t e d p o s i t i v e c o r r e l a t i o n b e t w e e n t h e e a r l y r e d u c t i o n s i n 
s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s (2-4 h o u r a f t e r t h e a d m i n i s t r a t i o n o f 
100 mg o r a l d o s e o f c a p t o p r i l ) and t h e c h a n g e s i n b l o o d p r e s s u r e a f t e r 24 
h o u r i n t h o s e e s s e n t i a l h y p e r t e n s i v e p a t i e n t s , who r e s p o n d e d w e l l t o 
c a p t o p r i l t h e r a p y . T h i s s u g g e s t s t h a t b l o o d p r e s s u r e r e d u c t i o n a f t e r 22-24 
h o u r s c a n be p r e d i c t e d by t h e e a r l y , p e a k r e d u c t i o n i n b l o o d p r e s s u r e i n 
p a t i e n t s w i t h e s s e n t i a l h y p e r t e n s i o n . I n t h e p r e s e n t s t u d y , h o w ever, mean 
d i a s t o l i c b l o o d p r e s s u r e (± SEM) was 92.8 ± 2.3 mm Hg w h i c h i s s l i g h t l y 
g r e a t e r t h a n 90 mm Hg, t h e g e n e r a l l y a c c e p t e d l e v e l o f " n o r m a l " d i a s t o l i c 



b l o o d p r e s s u r e ( S h e p h e r d and V a n h o u t t e , 1980) 
A t t h e end o f t h e two-week c a p t o p r i l t r e a t m e n t , s y s t o l i c and d i a s t o l i c 

b l o o d p r e s s u r e s w e r e l o w e r t h a n p r e t r e a t m e n t v a l u e s by « 21 mm Hg ( 1 3 % ) and 
~ 12 mm Hg ( 1 1 % ) , r e s p e c t i v e l y , a f t e r 1 h o u r and by ~ 32 ( 2 0 % ) and 20 mm 
Hg ( 2 0 % ) , r e s p e c t i v e l y , a f t e r 3 h o u r s o f t h e a d m i n i s t r a t i o n o f t h e t e r m i n a l 
d o s e o f c a p t o p r i l ( F i g u r e 25 and 2 6 ) . The a b s o l u t e r e d u c t i o n i n s y s t o l i c 
and d i a s t o l i c b l o o d p r e s s u r e s , 1 and 3 h o u r s a f t e r t h e t e r m i n a l c a p t o p r i l 
d o s e w e r e s i m i l a r t o t h e a b s o l u t e r e d u c t i o n o b s e r v e d 1 and 3 h o u r s a f t e r t h e 
i n i t i a l c a p t o p r i l d o s e (-21 v s -22 mm Hg and -32 v s - 28 mm Hg, 
r e s p e c t i v e l y , f o r s y s t o l i c and -12 v s 13 mm Hg and -20 and 17 mm Hg, 
r e s p e c t i v e l y , f o r d i a s t o l i c b l o o d p r e s s u r e ) ( F i g u r e 25 and 2 6 ) . T h i s 
s u g g e s t s t h a t o n c e d a i l y t r e a t m e n t w i t h 100 mg c a p t o p r i l m a i n t a i n s b l o o d 
p r e s s u r e b e l o w t h e p r e t r e a t m e n t v a l u e s and p r o v i d e s b a l a n c e d b l o o d p r e s s u r e 
c o n t r o l , w h i c h i s i n a g r e e m e n t w i t h t h e s t u d i e s o f P a r a t i e t a / . , ( 1 9 8 9 ) . 

I t i s w e l l e s t a b l i s h e d , t h a t t h e d e c r e a s e i n a r t e r i a l b l o o d p r e s s u r e 
a f t e r c a p t o p r i l a d m i n i s t r a t i o n i s m e d i a t e d t h r o u g h a f a l l i n t o t a l 
p e r i p h e r a l r e s i s t a n c e ( T a r a z i e t a l . , 1980; W e n t i n g e t a / . , 1 9 8 2 ) . A 
r e d u c t i o n i n t o t a l p e r i p h e r a l r e s i s t a n c e was r e p o r t e d 30 t o 90 m i n u t e 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 c a p t o p r i l ( F o u a d e t a l . , 1 9 8 0 ) . I n t h e p r e s e n t 
s t u d y , we c o u l d n o t e s t i m a t e t o t a l p e r i p h e r a l r e s i s t a n c e s i n c e c a r d i a c 
o u t p u t was n o t m e a s u r e d . B a s e d on p r e v i o u s l y r e p o r t e d r e s u l t s , t h e a c u t e o r 
s h o r t - t e r m e f f e c t s o f c a p t o p r i l on c a r d i a c o u t p u t u s u a l l y d e m o n s t r a t e no 
c h a n g e i n p a t i e n t s w i t h e s s e n t i a l h y p e r t e n s i o n ( T a r a z i e t a l . , 1 9 8 0 ) . 
T h e r e f o r e , t h e s i g n i f i c a n t r e d u c t i o n i n b l o o d p r e s s u r e o b s e r v e d i n t h i s 
s t u d y w i t h no c h a n g e i n c a r d i a c o u t p u t w o u l d i m p l y a d e c r e a s e i n t o t a l 
p e r i p h e r a l r e s i s t a n c e . The f a c t t h a t SVR d i d n o t c h a n g e i n t h e p r e s e n t 
s t u d y , a p p r o x i m a t e l y 1 h o u r a f t e r a c u t e a d m i n i s t r a t i o n s o f c a p t o p r i l . 



s u g g e s t s t h a t o t h e r r e g i o n a l beds may c o n t r i b u t e t o t h e r e d u c t i o n o f t o t a l 
p e r i p h e r a l r e s i s t a n c e . I n d e e d , a 1 0 7 % i n c r e a s e i n f o r e a r m b l o o d f l o w has 
been r e p o r t e d i n n o r m a l s u b j e c t s a f t e r a s i n g l e - d o s e o f c a p t o p r i l and r e n a l 
b l o o d f l o w i n c r e a s e d by 6 0 % i n p a t i e n t s w i t h c o n g e s t i v e h e a r t f a i l u r e ( F a x o n 
e t a l . , 1 9 8 4 ) . 

I n c o n t r a s t , a f t e r two-weeks t r e a t m e n t w i t h c a p t o p r i l SVR d e c r e a s e d on 
a v e r a g e by =: 1 9 % i n t h e f o u r p h a s e s o f t h e s t u d y , as c o m p a r e d t o t h e day 1 
v a l u e s . A l t h o u g h , t h e o v e r a l l d e c r e a s e i n SVR d o e s n o t a c h i e v e t h e l e v e l o f 
s i g n i f i c a n c e (p = 0 . 1 2 5 ) , i t may s u g g e s t t h a t a f t e r p r o l o n g e d t r e a t m e n t w i t h 
c a p t o p r i l t h e r e d u c t i o n i n SVR c o n t r i b u t e s t o t h e o v e r a l l r e d u c t i o n i n t o t a l 
p e r i p h e r a l r e s i s t a n c e . 

4.7. Changes i n H e a r t R a t e 

4.7.1. E f f e c t s o f P o s t u r a l Change on H e a r t R a t e B e f o r e and A f t e r C a p t o p r i l 
T r e a t m e n t 

I t i s w e l l e s t a b l i s h e d t h a t h e a r t r a t e g e n e r a l l y i n c r e a s e s when h e a l t h y 
s u b j e c t s c h a n g e p o s i t i o n f r o m s u p i n e t o u p r i g h t due t o t h e d e c r e a s e i n 
v e n o u s r e t u r n ( S h e p h e r d and V a n h o u t t e , 1 9 8 0 ) . M u i e s a n e t a / . , (1982) 
r e p o r t e d an i n c r e a s e i n h e a r t r a t e i n s t a n d i n g p o s i t i o n by 5 b e a t s / m i n w h i c h 
r e m a i n e d u n a l t e r e d a f t e r e i g h t weeks o f t r e a t m e n t w i t h c a p t o p r i l , i n 
p a t i e n t s w i t h e s s e n t i a l h y p e r t e n s i o n . V a n d e n b u r g e t al., ( 1 9 8 3 ) n o t e d a 
much g r e a t e r i n c r e a s e i n h e a r t r a t e (10 b e a t s / m i n ) when p a t i e n t s w i t h 
e s s e n t i a l h y p e r t e n s i o n c h a n g e d p o s i t i o n f r o m l y i n g t o s t a n d i n g . In 
a g r e e m e n t w i t h t h e s t u d i e s o f M u i e s a n e t al., ( 1 9 8 2 ) t h e m a g n i t u d e o f change 
i n h e a r t r a t e i n s t a n d i n g p o s i t i o n was u n a f f e c t e d by two and f o u r weeks 



c a p t o p r i l t h e r a p y . The r e s u l t s o f t h e p r e s e n t s t u d y s u b s t a n t i a t e t h e 
f i n d i n g s o f M u i e s a n et al., (1982) t h a t h e a r t r a t e i n c r e a s e d s i g n i f i c a n t l y 
upon s t a n d i n g by 4 and 5 b e a t s / m i n b e f o r e and a f t e r two-weeks c a p t o p r i l 
t h e r a p y , r e s p e c t i v e l y ( F i g u r e 1 8 ) . A l s o , i t i s i n a g r e e m e n t w i t h t h e 
s t u d i e s o f V a n d e n b u r g et al., (1983) t h a t two-weeks c a p t o p r i l t h e r a p y d o e s 
n o t i n t e r f e r e w i t h t h e a c u t e c h a n g e s i n h e a r t r a t e c a u s e d by p o s t u r a l c h a n g e 
i n p a t i e n t s w i t h e s s e n t i a l h y p e r t e n s i o n . 

4.7.2. E f f e c t s o f A c u t e and S h o r t - T e r m C a p t o p r i l T r e a t m e n t on H e a r t R a t e 

I t has been r e p o r t e d p r e v i o u s l y , t h a t i n s p i t e o f t h e s i g n i f i c a n t 
l o w e r i n g o f a r t e r i a l p r e s s u r e and p e r i p h e r a l r e s i s t a n c e , h e a r t r a t e d o es n o t 
u s u a l l y show a s i g n i f i c a n t i n c r e a s e i n h y p e r t e n s i v e p a t i e n t s a f t e r a c u t e o r 
s h o r t - t e r m c a p t o p r i l t r e a t m e n t ( T a r a z i et al., 1980; C r o s s l e y et al., 1 9 8 4 ) . 
T h i s has a l s o been d e m o n s t r a t e d , by P a r a t i et al., ( 1 9 8 9 ) i n p a t i e n t s w i t h 
h y p e r t e n s i o n , where i t was f o u n d t h a t no c h a n g e i n h e a r t r a t e o c c u r r e d 
d u r i n g t h e 24 h o u r p e r i o d f o l l o w i n g 100 mg c a p t o p r i l d o s e o n c e d a i l y f o r 1 
month, as c o m p a r e d t o t h e p l a c e b o t r e a t e d g r o u p ( P a r a t i e t a l . , 1 9 8 9 ) . 
W e n t i n g e t a l . , ( 1 9 8 2 ) r e p o r t e d no a c u t e c h a n g e s i n h e a r t r a t e i n 
h y p e r t e n s i v e p a t i e n t s f o l l o w i n g a s i n g l e c a p t o p r i l d o s e . They n o t e d , 
h o w e v e r , a s i g n i f i c a n t d e c r e a s e i n h e a r t r a t e f r o m 76 ± 3 t o 69 ± 2 
b e a t s / m i n , a f t e r 4 weeks o f c a p t o p r i l t h e r a p y . I n c o n t r a s t , F a g a r d e t a l . , 
( 1 9 8 2 ) r e p o r t e d a s l i g h t i n c r e a s e i n h e a r t r a t e 75 m i n u t e s a f t e r c a p t o p r i l 
t r e a t m e n t i n p a t i e n t s w i t h h y p e r t e n s i o n . The r e s u l t s o f t h e p r e s e n t s t u d y 
a r e i n a g r e e m e n t w i t h t h e f i n d i n g s o f T a r a z i e t al., ( 1 9 8 0 ) , C r o s s l e y e t 
al., ( 1 9 8 4 ) and P a r a t i e t al., ( 1 9 8 9 ) . T h e r e was no c h a n g e i n h e a r t r a t e 3 
h o u r s f o l l o w i n g t h e a d m i n i s t r a t i o n o f t h e i n i t i a l d o s e o f c a p t o p r i l (72.6 ± 



4.1 vs 73.6 ± 3.5 b e a t s / m i n ) ( T a b l e 1 2 ) . I n t h r e e p a t i e n t s ( C . B . , O.W., 
M.S.), h o w e v e r , h e a r t r a t e i n c r e a s e d i n t h e r a n g e o f 2-7 b e a t s / m i n ( F i g u r e 
2 4 ) . F o l l o w i n g two-weeks t r e a t m e n t w i t h c a p t o p r i l , p r i o r t o t h e t e r m i n a l 
d o s e , h e a r t r a t e was n o t 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 c o n t r o l v a l u e ( 7 1 . 0 ± 
3.2 vs 72.6 ± 4 . 1 ) ( F i g u r e 1 8 ) . The t e r m i n a l d o s e o f c a p t o p r i l d i d n o t 
c h a n g e t h e h e a r t r a t e , h o w e ver a s l i g h t ( n o n - s i g n i f i c a n t ) d e c r e a s e was 
o b s e r v e d when h e a r t r a t e v a l u e s a t t h e end o f t h e s t u d y were c o m p a r e d t o t h e 
u n t r e a t e d v a l u e s ( 7 2 . 6 ± 4.1 v s 69.8 ± 3.5) ( F i g u r e 2 7 ) . S y s t e m i c 
v a s o d i l a t i o n u s u a l l y c a u s e s a r e f l e x i n c r e a s e i n h e a r t r a t e ( S h e p h e r d and 
V a n h o u t t e , 1980) w h i c h was n o t o b s e r v e d i n t h i s s t u d y . The l a c k o f i n c r e a s e 
i n h e a r t r a t e a f t e r c a p t o p r i l t r e a t m e n t c o u l d be e x p l a i n e d by ( 1 ) an 
i n t e r f e r e n c e w i t h t h e s y m p a t h e t i c n e r v o u s s y s t e m and c o n s e q u e n t l y , an 
a l t e r a t i o n i n b a r o r e c e p t o r r e f l e x e s ( M u i e s a n e t a l . , 1982) o r ( 2 ) a 
c o n c o m i t a n t a r t e r i o l a r and v e n o u s v a s o d i l a t a t i o n ( T a r a z i e t a l . , 1 9 8 0 ) . 

4.8. Changes i n H e m a t o c r i t 

4.8.1. E f f e c t s o f P o s t u r a l Change on H e m a t o c r i t B e f o r e and A f t e r C a p t o p r i l 
T r e a t m e n t 

P o s t u r a l c h a n g e f r o m s u p i n e t o s t a n d i n g has been shown t o p r o d u c e a 
r e d u c t i o n i n t h e p l a s m a v o l u m e o f h e a l t h y s u b j e c t s (Hagan e t al., 1978; 
D i x o n and P a t e r s o n , 1 9 7 8 ) . T h i s has been shown t o o c c u r as a c o n s e q u e n c e o f 
i n c r e a s e d c a p i l l a r y p r e s s u r e and p l a s m a e f f l u x i n t o t h e i n t e r s t i t i a l s p a c e 
(Hagan et al., 1 9 7 8 ) . I n t h e s t u d i e s o f Hagan e t al., ( 1 9 7 8 ) t h e r e d u c t i o n 
i n t h e p l a s m a v o l u m e a f t e r 35 m i n u t e s s t a n d i n g was a s s o c i a t e d w i t h a r i s e i n 
h e m a t o c r i t , h e m o g l o b i n and p l a s m a p r o t e i n s by 10.3%, 1 0 . 8 % and 20.8%, 



r e s p e c t i v e l y . I t has been s u g g e s t e d , t h a t a minimum o f 20 m i n u t e s r e q u i r e d 
t o s t a b i l i z e t h e p l a s m a v o l u m e i n a new p o s t u r e , h o w e v e r , maximal s t a b i l i t y 
was a c h i e v e d o n l y a f t e r 40 and 60 m i n u t e s (Hagan et al., 1 9 7 8 ) . T h e s e 
o b s e r v a t i o n s a r e i m p o r t a n t i n r e l a t i o n t o t h e p r e s e n t s t u d y b e c a u s e o f t h e 
f o l l o w i n g r e a s o n s : 

1. ICG h i g h l y bounds t o p l a s m a p r o t e i n s 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 ( P a u m g a r t n e r , 1 9 7 5 ) . S i n c e t h e c o n c e n t r a t i o n s o f p l a s m a 
p r o t e i n s p r o g r e s s i v e l y c h a n g e upon p o s t u r a l s h i f t f r o m s i t t i n g t o s t a n d i n g 
(Hagan et al., 1978) b l o o d s a m p l i n g b e f o r e s t a b i l i z a t i o n o f p l a s m a volume 
( 4 0 - 6 0 m i n u t e s ) c o u l d p r o d u c e e r r o n e o u s d e t e r m i n a t i o n s o f ICG serum 
c o n c e n t r a t i o n s . H e n c e , i n t h e p r e s e n t s t u d y p a t i e n t s r e m a i n e d i n t h e 
assumed p o s i t i o n f o r a minimum o f 60 m i n u t e s and p o s t u r e was m a i n t a i n e d 
d u r i n g b l o o d s a m p l i n g f o r ICG i n o r d e r t o m i n i m i z e t h e c h a n g e s i n p l a s m a 
p r o t e i n c o n c e n t r a t i o n s . 

2. The h e m a t o c r i t i s an i m p o r t a n t f a c t o r t o c o n v e r t C l p j Q g t o 
S i n c e i t s v a l u e i s i n f l u e n c e d by p o s t u r a l c h a n g e , e s t i m a t i o n o f t h e 
h e m a t o c r i t s h o u l d be p e r f o r m e d a f t e r t h e s t a b i l i z a t i o n o f t h e p l a s m a v o l u m e 
f o l l o w i n g p o s i t i o n a l c h a n g e . I n t h e p r e s e n t s t u d y , b l o o d s a m p l i n g f o r 
h e m a t o c r i t was p e r f o r m e d d u r i n g t h e b l o o d s a m p l i n g f o r ICG (=: 8 min a f t e r 
ICG i n j e c t i o n ) and 60 m i n u t e s a f t e r t h e p a t i e n t s assumed a new p o s i t i o n , 
t h e r e b y m i n i m i z i n g t h e t r a n s i e n t c h a n g e s i n h e m a t o c r i t due t o t h e p o s t u r a l 
c h a n g e . 

The o b s e r v e d =:4% and ^5% s i g n i f i c a n t i n c r e a s e i n h e m a t o c r i t i n t h e 
u p r i g h t p o s i t i o n , b e f o r e and a f t e r c a p t o p r i l t h e r a p y , r e s p e c t i v e l y , i s 
s m a l l e r t h a n t h e r e p o r t e d = 1 0 % i n c r e a s e i n h e a l t h y s u b j e c t s (Hagan e t al., 

1 9 7 8 ) . The r e s u l t s o f t h e p r e s e n t s t u d y , h o w e v e r , c o n f i r m s t h e r e p o r t e d 
i n c r e a s e i n h e m a t o c r i t i n s t a n d i n g p o s i t i o n i n p a t i e n t s w i t h m i l d t o 



m o d e r a t e h y p e r t e n s i o n , as a c o n s e q u e n c e o f t h e p l a s m a v o l u m e c h a n g e s upon 
s t a n d i n g . F u r t h e r , t h e s e r e s u l t s s u g g e s t t h a t a two-week c a p t o p r i l 
t r e a t m e n t d o e s n o t a p p e a r t o a l t e r t h e a c u t e c h a n g e s i n p l a s m a v o l u m e due t o 
p o s t u r a l c h a n g e . 

4.8.2. A c u t e E f f e c t s o f C a p t o p r i l on H e m a t o c r i t 

T h e r e was no s i g n i f i c a n t c h a n g e i n h e m a t o c r i t a f t e r t h e i n i t i a l and 
t e r m i n a l d o s e o f c a p t o p r i l . A s l i g h t d e c r e a s e w h i c h was l e s s t h a n 1% was 
o b s e r v e d on b o t h s t u d y d a y s when h e m a t o c r i t v a l u e s o b t a i n e d 1 h o u r a f t e r 
c a p t o p r i l a d m i n i s t r a t i o n w e r e compared t o c o n t r o l v a l u e s ( s e a t e d , s i ) ( T a b l e 
8 ) . 

4.8.3. S h o r t - T e r m E f f e c t s o f C a p t o p r i l on H e m a t o c r i t 

H e m a t o c r i t v a l u e s d e c r e a s e d a f t e r 14 d a y s c a p t o p r i l t r e a t m e n t by a b o u t 
5%, when c o m p a r e d t o d a y 1 ( T a b l e 8 ) . One p o s s i b l e e x p l a n a t i o n o f t h e 
d e c r e a s e i n h e m a t o c r i t may be an i n c r e a s e i n p l a s m a v o l u m e (Hagan et al., 

1 9 7 8 ) . I t has been n o t e d by T a r a z i et al., ( 1 9 8 0 ) , t h a t p l a s m a volume 
i n c r e a s e d s l i g h t l y , b u t s i g n i f i c a n t l y ( 5 . 1 % ± 2.11%, p < 0.05) i n t h o s e 
h y p e r t e n s i v e p a t i e n t s whose b l o o d p r e s s u r e was d e c r e a s e d a f t e r 5 d a y s 
t r e a t m e n t w i t h c a p t o p r i l . I t has been s u g g e s t e d ( T a r a z i et al., 1 9 8 0 ) , t h a t 
t h i s i n c r e a s e i n p l a s m a v o l u m e may i n d i c a t e v e n o d i l a t i o n , w i t h i n t r a v a s c u l a r 
r e d i s t r i b u t i o n o f e x t r a c e l l u l a r f l u i d v o l u m e . A l t h o u g h t h e b i o l o g i c a l 
s i g n i f i c a n c e o f t h i s s m a l l p l a s m a v o l u m e i n c r e a s e has been q u e s t i o n e d 
( T a r a z i et al., 1 9 8 0 ) , i t may p a r t i a l l y e x p l a i n t h e d e c r e a s e d h e m a t o c r i t s 
o b s e r v e d i n t h e p r e s e n t s t u d y . 



4.9. Serum C o n c e n t r a t i o n D a t a o f C a p t o p r i l 

The p h a r m a c o k i n e t i c b e h a v i o r o f c a p t o p r i l i n p a t i e n t s w i t h h y p e r t e n s i o n 
i s w e l l e s t a b l i s h e d (Kubo and Cody 1985; J a r r o t t e t al., 1982; R i c h e r e t 
al., 1 9 8 4 ) . I n t h e s t u d y p r o t o c o l b l o o d s a m p l i n g f o r u n c h a n g e d c a p t o p r i l 
was d e s i g n e d w i t h t h e p u r p o s e t o show ( 1 ) t h a t c a p t o p r i l was w e l l a b s o r b e d 
a f t e r o r a l a d m i n i s t r a t i o n and ( 2 ) t h a t t h e e s t i m a t i o n o f was p e r f o r m e d 
a r o u n d o r a f t e r t h e p e a k c a p t o p r i l serum c o n c e n t r a t i o n was a c h i e v e d . 

On b o t h s t u d y d a y s t h e a b s o r p t i o n o f c a p t o p r i l f r o m t h e g a s t r o i n t e s t i n a l 
t r a c t was r a p i d . Serum c o n c e n t r a t i o n s o f u n c h a n g e d c a p t o p r i l on d a y 1 and 
day 14 w e r e i n t h e r a n g e f r o m 41 t o 1490 ng/ml and 111 t o 1187 n g / m l , 
r e s p e c t i v e l y , b e t w e e n 20 and 40 m i n u t e s ( F i g u r e 2 9 ) . One p a t i e n t (M.O.) 
e x h i b i t e d v e r y l o w serum l e v e l s o f u n c h a n g e d c a p t o p r i l i n t h e f i r s t 150 
m i n u t e s on d a y 1 w h i c h i n c r e a s e d t o 276.7 ng/ml a t 180 m i n u t e s . T h i s may be 
e x p l a i n e d by e i t h e r t h e p o o r a b s o r p t i o n o f c a p t o p r i l i n t h i s p a t i e n t o r h i g h 
p r o t e i n a n d / o r enzyme b i n d i n g o f c a p t o p r i l . 

P e a k s e r u m l e v e l s o f unch a n g e d c a p t o p r i l (0^ 3 , ^ ) t'''"^ r e q u i r e d t o 
r e a c h C^^^ (^max) ^̂ -̂  - ^2.2 m i n u t e s (mean ± SEM) a f t e r t h e f i r s t 
c a p t o p r i l d o s e and 52.2 ± 6.0 m i n u t e s a f t e r two-weeks c a p t o p r i l t r e a t m e n t 
( T a b l e 1 8 ) . The t^ ^ g ^ v a l u e s f o r u n c h a n g e d c a p t o p r i l w e r e h i g h e r t h a n t h o s e 
r e p o r t e d by J a r r o t t e t al., (1982) who f o u n d t h a t Ĉ -̂ ^̂  w e r e r e a c h e d a t 53 ± 
22.8 m i n u t e s a f t e r 100 mg o r a l d o s e o f c a p t o p r i l i n h y p e r t e n s i v e s u b j e c t s . 
In a n o t h e r s t u d y , (Cody et al., 1982) h i g h e r t ^ ^ ^ v a l u e o f 85.8 ± 11.4 
m i n u t e s was r e p o r t e d a f t e r a s i n g l e c a p t o p r i l d o s e , w h i c h i s s l i g h t l y h i g h e r 
t h a n t h e t ^ ^ ^ ^ o f u n c h a n g e d c a p t o p r i l f o u n d i n t h e c u r r e n t s t u d y . P r e v i o u s 
s t u d i e s ( Cody e t al., 1982; J a r r o t t e t al., 1982) n o t e d s i g n i f i c a n t l y l o w e r 



*max fo"^ u n c h a n g e d c a p t o p r i l f o l l o w i n g s h o r t - t e r m o r c h r o n i c t h e r a p y w h i c h 
was n o t o b s e r v e d i n t h e p r e s e n t s t u d y . T h i s may be e x p l a i n e d by t h e s l o w 
i n c r e a s e i n u n c h a n g e d c a p t o p r i l serum c o n c e n t r a t i o n i n p a t i e n t M.O. a f t e r 
t h e i n i t i a l c a p t o p r i l d o s e . I n t h e p r e s e n t s t u d y , a v e r a g e C^^^ o f unch a n g e d 
c a p t o p r i l a f t e r a s i n g l e - d o s e was 697 n g / m l , w h i c h i s h i g h e r t h a n t h e 361 
ng/ml C^^^ v a l u e n o t e d by J a r r o t t e t al., ( 1 9 8 2 ) , b u t s i m i l a r t o t h e 800 
ng/ml v a l u e r e p o r t e d by K r i p a l a n i e t al., ( 1 9 8 0 ) . T h e r e was, however a 
l a r g e i n t e r i n d i v i d u a l v a r i a t i o n i n Cj^g^^ o f u n c h a n g e d c a p t o p r i l a f t e r t h e 
f i r s t d o s e o f c a p t o p r i l , r a n g i n g f r o m 184.3 t o 1490.3 ng/ml ( 8 . 1 f o l d 
d i f f e r e n c e ) ( T a b l e 1 8 ) . On d a y 14, C ^ ^ j ^ was l e s s v a r i a b l e t h a n on d a y 1 
( r a n g e f r o m 582.2 t o 1187.0 ng/ml (2 f o l d d i f f e r e n c e ) . T h e r e was r a p i d 
d i s a p p e a r a n c e o f u n c h a n g e d c a p t o p r i l f r o m t h e b l o o d t h e r e a f t e r , so t h a t t h e 
c o n c e n t r a t i o n o f u n c h a n g e d c a p t o p r i l was 119 ± 36.8 ng/ml on d a y 1 and 51.7 
± 4.4 ng/ml on d a y 14, 3 h o u r s a f t e r d o s i n g . The r a t e o f e l i m i n a t i o n o f 
u n c h a n g e d c a p t o p r i l was h i g h e r a f t e r two-weeks c a p t o p r i l a d m i n i s t r a t i o n . 

The a v e r a g e Cmax o f i n t a c t d r u g was h i g h e r a f t e r two-weeks c a p t o p r i l 
t h e r a p y t h a n a f t e r t h e f i r s t d o s e (871 ng/ml v s 697 n g / m l ) . A l s o , t h e AUC 
f o r u n c h a n g e d c a p t o p r i l a f t e r two-weeks c a p t o p r i l t h e r a p y was g r e a t e r by 
3 3 . 7 % t h a n t h a t a f t e r t h e f i r s t c a p t o p r i l d o s e ( 1 0 3 8 . 8 ng.h/ml v s 776.9 
n g . h / m l ) . J a r r o t t e t a l . , ( 1 9 8 2 ) n o t e d a t w o - f o l d i n c r e a s e i n t h e AUC a f t e r 
c h r o n i c a d m i n i s t r a t i o n o f c a p t o p r i l w h i c h i s s i m i l a r t o t h e f i n d i n g s o f t h e 
p r e s e n t s t u d y . However, Cody e t a l . , ( 1 9 8 2 ) f o u n d no c h a n g e i n t h e AUC o f 
u n c h a n g e d c a p t o p r i l i n p a t i e n t s w i t h c o n g e s t i v e h e a r t f a i l u r e a f t e r 5 d a y s 
t r e a t m e n t w i t h 25 mg c a p t o p r i l 3 t i m e s a d a y . 



5. SUMMARY AND CONCLUSIONS 

5. 1 . UV S p e c t r o p h o t o m e t r i c A n a l y s i s o f ICG i n Human Serum 

ICG i n se r u m was a n a l y z e d s p e c t r o p h o t o m e t r i c a l l y by t h e m o d i f i e d method 
o f C a e s a r et al., ( 1 9 6 1 ) . M o d i f i c a t i o n s r e g a r d i n g t h e p r e p a r a t i o n o f 
s t a n d a r d c u r v e s a m p l e s have been d e s c r i b e d p r e v i o u s l y by D o r r et al., ( 1 9 8 9 ) 

and R a p p a p o r t & T h i e s s e n , ( 1 9 8 2 ) . 

The p r e l i m i n a r y e x p e r i m e n t s c o n f i r m e d t h a t ICG was s t a b l e i n human serum 
f o r 4 8 h o u r s when s t o r e d a t - 2 0 ° . The a c c u r a c y o f t h e s p e c t r o p h o t o m e t r i c 
a s s a y has been e s t a b l i s h e d by d e t e r m i n i n g t h e r e p r o d u c i b i l i t y o f t h e a s s a y . 
I n t e r - and i n t r a d a y c o e f f i c i e n t s o f v a r i a t i o n w ere l e s s t h a n 10%. S t a n d a r d 
c u r v e s w e r e l i n e a r i n t h e c o n c e n t r a t i o n r a n g e o f 0.2 - 5.0 jug/ml w i t h a 
c o r r e l a t i o n c o e f f i c i e n t o f r'^ = 0.999. The c o e f f i c i e n t o f v a r i a t i o n was < 
10 %. 

5.2. E f f e c t s o f P o s t u r a l Change 

5 . 2 . 1 . C l p i c g and QH 

U p r i g h t p o s i t i o n s i g n i f i c a n t l y d e c r e a s e d C l p j Q Q and Q^ f r o m 6 1 6 . 9 ± 43.9 
t o 4 6 4 . 6 ± 3 6 . 9 m l / m i n (mean ± SEM) and f r o m 1 1 1 4 ± 74 t o 8 6 3 ± 62 ml/min 
(mean ± SEM), r e s p e c t i v e l y , b e f o r e c a p t o p r i l t r e a t m e n t , as compared t o 
b a s e l i n e v a l u e . S i m i l a r l y , a f t e r 14 d a y s t r e a t m e n t w i t h 100 mg d a i l y o r a l 
d o s e s o f c a p t o p r i l , C l p j Q Q and were s i g n i f i c a n t l y d e c r e a s e d f r o m 793.7 ± 

9 1 . 0 t o 5 8 2 . 8 ± 74.0 m l / m i n and f r o m 1389 ± 164 t o 1045 ± 132 m l / m i n , 



r e s p e c t i v e l y , i n t h e u p r i g h t p o s i t i o n . When com p a r e d t o s i t t i n g v a l u e s , t h e 
a b s o l u t e d e c r e a s e i n C l p j Q Q and Qy i n s t a n d i n g p o s i t i o n was 152.3 ± 18.3 
m l / m i n o r 2 4 . 7 % and 250 ± 36 m l / m i n o r 2 2 . 5 % , r e s p e c t i v e l y , b e f o r e c a p t o p r i l 
t r e a t m e n t and 210.9 ± 38.8 m l / m i n o r 2 6 . 6 % and 344 ± 68 m l / m i n o r 24.7%, 
r e s p e c t i v e l y , a f t e r s h o r t - t e r m t r e a t m e n t w i t h t h e d r u g . T h e r e was no 
s i g n i f i c a n t d i f f e r e n c e i n t h e r e s p o n s e t o p o s t u r a l c h a n g e b e f o r e and a f t e r 
c a p t o p r i l t h e r a p y . T h e r e was no s i g n i f i c a n t d i f f e r e n c e i n Qy between t h e 
two s e a t e d ( s i and s 2 ) m e a s u r e m e n t s . 

5.2.2. H e m a t o c r i t , S y s t o l i c and D i a s t o l i c B l o o d P r e s s u r e , H e a r t R a t e 

The s t a n d i n g p o s i t i o n b e f o r e , as w e l l as a f t e r , c a p t o p r i l t h e r a p y was 
a s s o c i a t e d w i t h 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 i n c r e a s e i n h e m a t o c r i t by 3.8% 
and 5.0%, r e s p e c t i v e l y . 

D i a s t o l i c b l o o d p r e s s u r e i n c r e a s e d s l i g h t l y by 5-7 mm Hg on b o t h s t u d y 
d a y s i n u p r i g h t p o s i t i o n , b u t s y s t o l i c b l o o d p r e s s u r e and mean a r t e r i a l 
p r e s s u r e w e r e u n a l t e r e d . 

H e a r t r a t e i n c r e a s e d s i g n i f i c a n t l y by 4 and 6 b e a t s / m i n i n s t a n d i n g 
p o s i t i o n b e f o r e and a f t e r c a p t o p r i l t r e a t m e n t . 

5.2.3. S p l a n c h n i c V a s c u l a r R e s i s t a n c e 

S p l a n c h n i c v a s c u l a r r e s i s t a n c e (mean ± SEM) i n c r e a s e d s i g n i f i c a n t l y i n 
s t a n d i n g p o s i t i o n f r o m 6.58 ± 0.5 t o 8.62 ± 0.7 mm H g - s e c / m l ( 3 1 . 0 % ) on day 
1 and f r o m 5.34 ± 0.8 t o 7.12 ± 1.1 mm Hg-sec/ml ( 3 3 . 3 % ) , a f t e r 14 d a y s 
c a p t o p r i l a d m i n i s t r a t i o n . 



5.3. A c u t e E f f e c t s o f C a p t o p r i l 

5.3.1. C l p i c G and QH 

The a c u t e e f f e c t s o f c a p t o p r i l on C l p j ^ g and QH has been i n v e s t i g a t e d i n 
two o c c a s i o n s , 1 h o u r a f t e r t h e a d m i n i s t r a t i o n o f t h e i n i t i a l and t e r m i n a l 
d o s e o f c a p t o p r i l . T h e r e was no s i g n i f i c a n t c h a n g e i n C l p j ^ Q and Q^ a f t e r 
t h e i n i t i a l and t e r m i n a l d o s e o f c a p t o p r i l , as c o m p a r e d t o t h e c o n t r o l 
v a l u e s . However, a s l i g h t , n o t s i g n i f i c a n t , d e c r e a s e i n C l p j ^ Q ( 5 . 2 % ) and 
Q^ ( 6 . 0 % ) was o b s e r v e d a f t e r t h e i n i t i a l and t e r m i n a l d o s e o f c a p t o p r i l , 
r e s p e c t i v e l y . T h i s d e c r e a s e i n Q^, 1 h o u r a f t e r c a p t o p r i l a d m i n i s t r a t i o n 
w e re s i m i l a r i n m a g n i t u d e t o t h e d i f f e r e n c e s e e n i n QH b e t w e e n t h e s e a t e d 
( s i ) and r e s e a t e d ( s 2 ) m e a s u r e m e n t s on d a y 1 and 14 ( 6 . 3 % and 8.5%, 
r e s p e c t i v e l y ) . T h e s e r e s u l t s s u g g e s t , t h a t t h e s l i g h t d e c r e a s e i n QH 1 h o u r 
a f t e r c a p t o p r i l d o s i n g i s , most p r o b a b l y , due t o o t h e r f a c t o r s r a t h e r t h a n a 
d i r e c t p h a r m a c o l o g i c a l e f f e c t o f t h e d r u g . When t h e QH v a l u e s o b t a i n e d 1 
h o u r a f t e r t h e i n i t i a l and t e r m i n a l c a p t o p r i l d o s e were c o m p a r e d t o t h o s e o f 
s e a t e d ( s i ) v a l u e s , a d e c r e a s e i n QH f r o m 1114 ± 74 t o 980 ± 92 m l / m i n 
( 1 2 . 0 % ) and 1389 ± 1193 ± 119 ( 1 4 . 1 % ) , r e s p e c t i v e l y , has been n o t i c e d . 
S i n c e t h e d e c r e a s e i n QH d u r i n g t h e c o u r s e o f t h e two s t u d y d a y s was s i m i l a r 
t o t h a t c a u s e d by d i u r n a l c h a n g e s , c i r c a d i a n v a r i a t i o n i n Q^ has been 
s u g g e s t e d t o e x p l a i n t h e a p p a r e n t d e c r e a s e i n Q^. 

5.3.2. S y s t o l i c and D i a s t o l i c B l o o d P r e s s u r e and H e a r t R a t e 

S y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s s i g n i f i c a n t l y d e c r e a s e d by 21.5 ± 
6.5 mm Hg ( 1 3 . 4 % ) and 13.4 ± 4.3 mm Hg ( 1 3 . 0 % ) , 1 h o u r a f t e r t h e i n i t i a l 



d o s e o f c a p t o p r i l , as c o m p a r e d t o c o n t r o l v a l u e s . B o t h , s y s t o l i c and 
d i a s t o l i c b l o o d p r e s s u r e , were f u r t h e r d e c r e a s e d 3 h o u r s a f t e r a s i n g l e - d o s e 
o f c a p t o p r i l , r e s u l t i n g i n an a b s o l u t e d e c r e a s e f r o m p r e t r e a t m e n t v a l u e s by 
28.1 ± 6.7 mm Hg ( 1 7 . 5 % ) and 16.6 ± 6.4 mm Hg ( 1 6 . 1 % ) , r e s p e c t i v e l y . One 
h o u r a f t e r t h e t e r m i n a l d o s e o f c a p t o p r i l s y s t o l i c and d i a s t o l i c b l o o d 
p r e s s u r e s w e r e n o t s i g n i f i c a n t l y l o w e r t h a n t h e t r e a t e d b a s e l i n e b l o o d 
p r e s s u r e s on d a y 14. However, 3 h o u r s a f t e r t a k i n g t h e t e r m i n a l c a p t o p r i l 
d o s e , s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s w e r e s i g n i f i c a n t l y l o w e r by 
16.7 ± 9.9 mm Hg ( 1 1 . 5 % ) and 10.0 ± 3.2 mm Hg ( 1 0 . 7 % ) , t h a n t h e t r e a t e d 
b a s e l i n e v a l u e s o f d a y 14. The r e l a t i v e l y s m a l l e r d e c r e a s e i n s y s t o l i c and 
d i a s t o l i c b l o o d p r e s s u r e , a f t e r t h e t e r m i n a l d o s e o f c a p t o p r i l , as compared 
t o t h e c h a n g e s a f t e r t h e i n i t i a l d o s e i s a t t r i b u t e d t o t h e l o w e r b a s e l i n e 
v a l u e s a f t e r two-weeks t r e a t m e n t w i t h t h e d r u g . The a b s o l u t e d e c r e a s e i n 
s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s , 1 and 3 h o u r s a f t e r t h e t e r m i n a l 
d o s e o f c a p t o p r i l , when compared t o t h e p r e t r e a t m e n t v a l u e s , w e r e s i m i l a r t o 
t h a t o b s e r v e d a f t e r t h e i n i t i a l c a p t o p r i l d o s e (22 vs 21 mm Hg and 28 vs 32 
mm Hg, r e s p e c t i v e l y , f o r s y s t o l i c p r e s s u r e , 13 vs 12 mm Hg and 17 vs 20 mm 
Hg, r e s p e c t i v e l y f o r d i a s t o l i c p r e s s u r e ) . 

When com p a r e d t o c o n t r o l v a l u e s , h e a r t r a t e d i d n o t c h a n g e s i g n i f i c a n t l y 
a f t e r t h e a c u t e d o s e s o f c a p t o p r i l . 

5.3.3. S p l a n c h n i c V a s c u l a r R e s i s t a n c e 

D e s p i t e t h e s i g n i f i c a n t d e c r e a s e i n a r t e r i a l b l o o d p r e s s u r e , 1 h o u r 
a f t e r t h e i n i t i a l d o s e o f c a p t o p r i l , no s i g n i f i c a n t c h a n g e i n s p l a n c h n i c 
v a s c u l a r r e s i s t a n c e was n o t e d . S i m i l a r l y , s p l a n c h n i c v a s c u l a r r e s i s t a n c e 
was u n a f f e c t e d by t h e t e r m i n a l d o s e o f c a p t o p r i l , e s t i m a t e d 1 h o u r a f t e r t h e 



i n t a k e o f c a p t o p r i l . T h e s e d a t a s u g g e s t t h a t no s i g n i f i c a n t c h a n g e s o c c u r 
i n t h e s p l a n c h n i c v a s c u l a r r e s i s t a n c e 1 h o u r a f t e r a c u t e d o s i n g w i t h 
c a p t o p r i l . 

5.4. S h o r t - t e r m E f f e c t s o f C a p t o p r i l 

5.4.1. C l p i c G and 

The s h o r t - t e r m e f f e c t s o f c a p t o p r i l on C l p j ^ Q and w e r e d e t e r m i n e d by 
c o m p a r i n g d a t a o b t a i n e d a f t e r two-weeks c a p t o p r i l t r e a t m e n t ( d a y 14) t o 
t h o s e o f t h e p r e t r e a t m e n t v a l u e s ( d a y 1 ) . 

F o l l o w i n g two-weeks o r a l c a p t o p r i l t r e a t m e n t ( 1 00 mg/day) C l p j Q g 
s i g n i f i c a n t l y i n c r e a s e d by 176.8 ± 57.4 ( 2 8 . 7 % ) , 118.2 ± 51.6 ( 2 5 . 5 % ) , 145.9 
± 81.8 ( 2 5 . 2 % ) and 137.9 ± 57.1 ml / m i n ( 2 5 . 2 % ) i n a l l f o u r p h a s e s o f t h e 
s t u d y , s e a t e d ( s i ) , u p r i g h t ( u p ) , r e s e a t e d ( s 2 ) and p o s t - c a p t o p r i l ( C A ) , as 
c o m p a r e d t o t h e a p p r o p r i a t e v a l u e s o f d a y 1. S i m i l a r l y , has been f o u n d 
t o i n c r e a s e by 275 ± 107.3 ( 2 4 . 7 % ) , 182.0 ± 90.6 ( 2 1 . 1 % ) , 227.8 ± 147.8 
( 2 1 . 8 % ) and 212.8 ± 92.5 m l / m i n ( 2 1 . 7 % ) m e a s u r e d i n t h e s e a t e d ( s i ) , u p r i g h t 
( u p ) , r e s e a t e d ( s 2 ) and p o s t - c a p t o p r i l (CA) s t u d y p h a s e s , r e s p e c t i v e l y . The 
i n c r e a s e i n Q^ a f t e r 14 d a y s c a p t o p r i l t r e a t m e n t f o l l o w e d an a l m o s t p a r a l l e l 
p a t t e r n w i t h t h e d a y 1 d a t a . However, t h e d i f f e r e n c e i n Q^ a f t e r s h o r t - t e r m 
t r e a t m e n t , as c o m p a r e d t o t h e d a y 1 v a l u e s , j u s t f a i l e d t o a c h i e v e t h e l e v e l 
o f s i g n i f i c a n c e w h e t h e r was e x p r e s s e d i n a b s o l u t e t e r m s o r p e r u n i t body 
w e i g h t o r body s u r f a c e a r e a (p = 0.06, MANOVA). The l a c k o f s t a t i s t i c a l 
s i g n i f i c a n c e has been a t t r i b u t e d t o t h e d i f f e r e n t r e s p o n s e o f one p a t i e n t 
who e x h i b i t e d a d e c r e a s e r a t h e r t h a n i n c r e a s e i n Q^ a f t e r two-weeks t h e r a p y . 
E x c l u d i n g t h i s p a t i e n t ' s d a t a f r o m t h e s t a t i s t i c a l c o m p a r i s o n , t h e i n c r e a s e 



i n Qy a f t e r 14 d a y s c a p t o p r i l a d m i n i s t r a t i o n was s t a t i s t i c a l l y s i g n i f i c a n t 
(MANOVA, p < 0 . 0 2 ) . 

5.4.2. H e m a t o c r i t , S y s t o l i c and D i a s t o l i c B l o o d P r e s s u r e and H e a r t R a t e 

E x c e p t f o r t h e p o s t - c a p t o p r i l (CA) measurement t h e r e was a s i g n i f i c a n t 
r e d u c t i o n i n h e m a t o c r i t by 5.5%, 4.4% and 5 . 1 % d u r i n g t h e s e a t e d , u p r i g h t 
and p o s t - c a p t o p r i l p h a s e s o f t h e s t u d y , a f t e r two-weeks c a p t o p r i l t r e a t m e n t , 
as c o m p a r e d t o t h e d a y 1 v a l u e s . T h i s r e d u c t i o n i n h e m a t o c r i t c a n p a r t i a l l y 
be e x p l a i n e d by an i n c r e a s e i n p l a s m a v o l u m e , as a r e s u l t o f c a p t o p r i l 
t h e r a p y . The c l i n i c a l s i g n i f i c a n c e o f t h i s r e d u c t i o n i n h e m a t o c r i t i s 
u n c e r t a i n . 

On d a y 14, t r e a t e d b a s e l i n e s y s t o l i c and d i a s t o l i c b l o o d p r e s s u r e s (mean 
± SEM) were 145.5 ± 14.5 mm Hg and 92.8 ± 2.3 mm Hg, r e s p e c t i v e l y . T h e s e 
v a l u e s w e r e s i g n i f i c a n t l y l o w e r by 14.9 ± 7.7 mm Hg ( 9 . 3 % ) and 10.5 ± 6.4 mm 
Hg ( 1 0 . 1 % ) , r e s p e c t i v e l y , t h a n t h o s e o f t h e p r e t r e a t m e n t v a l u e s . S i n c e t h e 
b a s e l i n e b l o o d p r e s s u r e r e c o r d i n g s on d a y 14 w e r e p e r f o r m e d a p p r o x i m a t e l y 20 
h o u r s a f t e r t h e i n t a k e o f t h e l a s t c a p t o p r i l d o s e , t h e s e r e s u l t s s u g g e s t 
t h a t d u r i n g p r o l o n g e d t r e a t m e n t w i t h c a p t o p r i l , b l o o d p r e s s u r e i s m a i n t a i n e d 
b e l o w t h e p r e t r e a t m e n t v a l u e s , a minimum o f 20 h o u r s a f t e r c a p t o p r i l d o s i n g . 
T h i s p r o l o n g e d a n t i h y p e r t e n s i v e e f f e c t o f c a p t o p r i l has been o b s e r v e d i n a l l 
o f t h e s i x p a t i e n t s s t u d i e d . 

H e a r t r a t e d e c r e a s e d s l i g h t l y , b u t n o t s i g n i f i c a n t l y ( 2 . 3 % ) , 3 h o u r s 
a f t e r t h e t e r m i n a l d o s e o f c a p t o p r i l , as c o m p a r e d t o p r e t r e a t m e n t v a l u e s . 



5.4.3. S p l a n c h n i c V a s c u l a r R e s i s t a n c e 

When co m p a r e d t o t h e s e a t e d ( s i ) , u p r i g h t ( u p ) , r e s e a t e d ( s 2 ) and p o s t -
c a p t o p r i l (CA) s t u d y p h a s e s o f d a y 1, t h e r e was a d e c r e a s e i n s p l a n c h n i c 
v a s c u l a r r e s i s t a n c e by 1 8.8%, 17.4%, 1 5 . 0 % and 2 3 . 0 % , r e s p e c t i v e l y , (mean 
1 8 . 6 % ) , a f t e r 14 d a y s c a p t o p r i l t r e a t m e n t . The d i f f e r e n c e f r o m day 1 
v a l u e s , h o w e v e r , was s t a t i s t i c a l l y n o t s i g n i f i c a n t (p = 0.125, MANOVA). 
However, t h e d e c r e a s e i n s p l a n c h n i c v a s c u l a r r e s i s t a n c e a f t e r two-weeks 
c a p t o p r i l t r e a t m e n t s u g g e s t s c h a n g e s i n t o t a l p e r i p h e r a l r e s i s t a n c e a f t e r 
p r o l o n g e d c a p t o p r i l t h e r a p y . 

5.5. Serum C o n c e n t r a t i o n D a t a o f Unchanged C a p t o p r i l 

Serum c o n c e n t r a t i o n vs t i m e d a t a o f u n c h a n g e d c a p t o p r i l shows t h a t 
c a p t o p r i l was r a p i d l y a b s o r b e d a f t e r o r a l a d m i n i s t r a t i o n and r e a c h e d maximum 
serum c o n c e n t r a t i o n a t 75.9 ± 22.2 m i n u t e s (mean ± SEM) on d a y 1 and 52.2 ± 
2.5 m i n u t e s on d a y 14. The Cj^gj^ (mean ± SEM) o f u n c h a n g e d c a p t o p r i l was 
f o u n d i n t h e r a n g e f r o m 184.3 t o 1490.3 ng/ml (mean 697.2 ± 192.8 ng/ml) on 
d a y 1 and f r o m 582.2 t o 1187.0 ng/ml (mean 870.5 ± 85.9 n g / m l ) . T h e s e d a t a 
s u g g e s t t h a t a d e q u a t e amounts o f t h e p h a r m a c o l o g i c a l l y a c t i v e d r u g r e a c h e d 
t h e s y s t e m i c c i r c u l a t i o n on b o t h s t u d y d a y s . A l t h o u g h t h e C^^^^ (mean ± SEM) 
was 2 4 . 9 % h i g h e r a f t e r two-weeks c a p t o p r i l t h e r a p y t h a n t h a t a f t e r a s i n g l e -
d o s e , t h e d i f f e r e n c e i n C^^^^ on d a y 14 was s t a t i s t i c a l l y n o t s i g n i f i c a n t , as 
c o m p a r e d t o t h e d a y 1 v a l u e . S i m i l a r l y , AUCg* (mean ± SEM) f o r u n c h a n g e d 
c a p t o p r i l was f o u n d t o be 973.1 ± 78.1 n g * h / m l , a f t e r t h e i n i t i a l c a p t o p r i l 
d o s e w h i c h i s 2 1 . 2 % h i g h e r t h a n t h e o b s e r v e d 802.7 ± 197.7 ng-h/ml AUCQ* 



f o l l o w i n g two-weeks c a p t o p r i l t r e a t m e n t . However, t h e i n c r e a s e i n AUCQ^, 

a f t e r 14 d a y s c a p t o p r i l a d m i n i s t r a t i o n was s t a t i s t i c a l l y n o t s i g n i f i c a n t . A 
r a p i d d e c l i n e i n t h e serum c o n c e n t r a t i o n o f u n c h a n g e d c a p t o p r i l was 
o b s e r v e d , so t h a t 3 h o u r s a f t e r c a p t o p r i l a d m i n i s t r a t i o n t h e serum 
c o n c e n t r a t i o n o f u n c h a n g e d c a p t o p r i l (mean ± SEM), on d a y 1 and 14, was 
119.1 ± 36.8 ng/ml on d a y 1 and 51.7 ± 4.4 n g / m l , r e s p e c t i v e l y . 

:5.6. C o n c l u s i o n s 

The u p r i g h t p o s t u r e i n d u c 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 e c r e a s e i n 
w h i c h r e s p o n s e was n o t a l t e r e d a f t e r s h o r t - t e r m t r e a t m e n t w i t h c a p t o p r i l . 
The a p p l i e d s p e c t r o p h o t o m e t r i c method has been p r o v e d t o be s e n s i t i v e enough 
t o m e a s u r e c h a n g e s i n Q^, i n t h e m a g n i t u d e c a u s e d by p o s t u r a l c h a n g e f r o m 
s i t t i n g t o u p r i g h t . The o b s e r v e d c h a n g e s i n h e a r t r a t e , b l o o d p r e s s u r e and 
s p l a n c h n i c v a s c u l a r r e s i s t a n c e upon p o s t u r a l c h a n g e a r e i n a g r e e m e n t w i t h 
p r e v i o u s s t u d i e s . The f a c t t h a t t h e a c u t e c h a n g e s i n h e p a t i c b l o o d f l o w , 
s p l a n c h n i c v a s c u l a r r e s i s t a n c e and h e a r t r a t e i n d u c e d by u p r i g h t p o s t u r e 
w e r e n o t a l t e r e d by p r o l o n g e d t r e a t m e n t w i t h c a p t o p r i l s u g g e s t s t h a t 
c a p t o p r i l d o e s n o t i n t e r f e r e w i t h t h e h o m e o s t a t i c r e s p o n s e s t o p o s t u r a l 
c h a n g e i n p a t i e n t s w i t h m i l d / m o d e r a t e h y p e r t e n s i o n . 

D e s p i t e t h e s i g n i f i c a n t r e d u c t i o n i n s y s t o l i c and d i a s t o l i c b l o o d 
p r e s s u r e s , c a p t o p r i l has no a p p a r e n t a c u t e e f f e c t on and s p l a n c h n i c 
v a s c u l a r r e s i s t a n c e as m e a s u r e d 1 h o u r p o s t - d o s e . T h i s was d e m o n s t r a t e d i n 
two s e p a r a t e o c c a s i o n s i n t h e same s u b j e c t . The l a c k o f c h a n g e s i n a f t e r 
t h e a c u t e d o s e s o f c a p t o p r i l c a n n o t be e x p l a i n e d by p o o r a b s o r p t i o n o f t h e 
c a p t o p r i l s i n c e s erum c o n c e n t r a t i o n o f u n c h a n g e d c a p t o p r i l i n c r e a s e d r a p i d l y 
a f t e r a d m i n i s t r a t i o n and r e a c h e d p h a r m a c o l o g i c a l l y a c t i v e l e v e l . Once d a i l y 



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

D e s p i t e t h e f a c t t h a t c a p t o p r i l has no a p p a r e n t a c u t e e f f e c t on Qy t h e r e 
i s a s i g n i f i c a n t i n c r e a s e i n Qy on c o n t i n u e d a d m i n i s t r a t i o n . The 
s u b s t a n t i a l d e c r e a s e i n s p l a n c h n i c v a s c u l a r r e s i s t a n c e s u g g e s t s p l a n c h n i c 
v a s o d i l a t i o n a f t e r p r o l o n g e d c a p t o p r i l t h e r a p y . The c a p t o p r i l i n d u c e d 
i n c r e a s e i n l i v e r b l o o d f l o w on c o n t i n u e d c a p t o p r i l a d m i n i s t r a t i o n s h o u l d be 
c o n s i d e r e d when d r u g s , e x h i b i t i n g h i g h h e p a t i c c l e a r a n c e a r e c o a d m i n i s t e r e d . 

F u r t h e r s t u d i e s a r e n e c e s s a r y t o e s t a b l i s h t h e c l i n i c a l s i g n i f i c a n c e and 
t h e e x t e n t o f c h a n g e i n t h e k i n e t i c p a r a m e t e r s o f c o a d m i n i s t e r e d h i g h 
c l e a r a n c e d r u g s , where l i v e r b l o o d f l o w a l t e r a t i o n s w o u l d be e x p e c t e d t o 
i m p a c t c l e a r a n c e . 
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APPENDIX 



A p p e n d i x 1. S e m i - l o g a r i t h m i c p l o t s o f ICG serum c o n c e n t r a t i o n versus t i m e 
c u r v e s f r o m s i x p a t i e n t s w i t h m i l d / m o d e r a t e h y p e r t e n s i o n o b t a i n e d on day 1 
and d a y 14 i n s e a t e d ( s i , open c i r c l e s ) , u p r i g h t ( u p , c l o s e d c i r c l e s ) , 
r e s e a t e d ( s 2 , open t r i a n g l e s ) and 1 ho u r a f t e r c a p t o p r i l d o s i n g (CA, c l o s e d 
t r i a n g l e s ) . 
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A p p e n d i x 2. C l p ( n o r m a l i z e d t o bo d y w e i g h t and bo d y s u r f a c e a r e a ) d a t a 
o f ICG b e f o r e and a f t e r t h e i n i t i a l d o s e ( d a y 1) and 
t e r m i n a l d o s e ( d a y 14) o f c a p t o p r i l 
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P a t 1 A n t 
D a y 1 D a y 14 

r a t i t:il t s l up s2 CA s l up s2 CA 
MO 
OW 
MS 
BH 
DA 
CB 

5.8 
7.0 
8.2 
5.8 
6.1 
6.4 

4.1 
5.9 
6.1 
4.1 
4.2 
5.2 

5.6 
6.3 
6.3 
4.9 
6.4 
7.5 

6.6 
6.0 
6.4 
4.6 
5.1 
5.7 

7.8 
11.4 
10.3 
7.1 
6.7 
6.7 

6.4 
7.5 
8.0 
4.7 
5.9 
4.1 

6.6 
10.2 
9.5 
5.2 
9.1 
5.4 

6.9 
8.8 
7.6 
6.1 
9.0 
5.1 

Mean: 
± SEM: 

6.5 
± 0.4 

4.9 
+ 0.4 ± 

6.2 
0.4 

5.7 
± 0.3 

8.3 
± 0.8 

6,1 
± 0.6 

7.7 
± 0,9 ± 

7.2 
0,6 

C l p / b o d y s u r f a c e a r e a o f ICG (ml/rain/m2) 

P f l f i p n t 
D a y 1 D a y 14 

s l up s2 CA s l up s2 CA 
MO 
OW 
MS 
BH 
DA 
CB 

280.5 
306.6 
356,9 
258.3 
248.4 
269.7 

200.7 
256,4 
265.0 
183.6 
169.8 
222.6 

271.0 
277.1 
273.3 
218.4 
260.3 
317.8 

261.7 
278.1 
204.8 
208,3 
244.0 

381.2 
498.5 
450.5 
318.5 
274.1 
282.9 

310.3 
327.3 
349.8 
209,7 
241.7 
172.9 

320.5 
447.7 
416.2 
231.3 
370.2 
228.4 

337.7 
384.3 
333.7 
271.5 
364.4 
216.3 

Mean: 286.7 216.3 
± SEM: ± 16.3 ± 15.8 

269.7 253.2 
13.0 ± 18.2 

367.6 268.6 
± 37.7 ± 29.0 

335.7 318.0 
± 37.8 ± 25.6 

s l d a t a o b t a i n e d i n s e a t e d p o s i t i o n 
up d a t a o b t a i n e d i n u p r i g h t p o s i t i o n 
s2 d a t a o b t a i n e d i n t h e r e s e a t e d p o s i t i o n 
CA d a t a o b t a i n e d 1 h o u r a f t e r t h e a d m i n i s t r a t i o n o f c a p t o p r i l 
SEM s t a n d a r d e r r o r o f t h e mean 



A p p e n d i x 3. d a t a b e f o r e and a f t e r t h e i n i t i a l ( d a y 1) and t e r m i n a l 
d o s e ( d a y 14) o f c a p t o p r i l 

QH ( m l / m i n ) 
D a y l D a y 14 

P a t i e n t 
s i up s2 CA s i up s2 CA 

MO 1212 8 8 9 1154 1374 1615 1315 1358 1431 
OW 1139 992 1057 1011 1835 1205 1648 1415 
MS 1402 1080 1074 1074 1770 1426 1635 1311 
BH 1062 770 898 825 1169 814 849 997 
DA 970 683 1017 799 1040 932 1404 1313 
CB 897 766 1057 798 902 580 729 690 

Mean: 1114 863 1043 980 1389 1045 1271 1193 
± SEM: ± 73.9 ±61.9 ± 34.3 ± 92.1 ± 163.5 ± 132.4 ± 160.4 ± 119.1 

QH / b o d y w e i g h t ( m l / m i n / k g ) 
D a y l D a y 14 

P a t i e n t 
s i up s2 CA s i up s2 CA 

MO 10.2 7.5 9.7 11.6 13.6 11.1 11.4 12.1 
OW 12.3 10.7 11.4 10.9 19.8 13.0 17.8 15.3 
MS 14.6 11.2 11.2 11.2 18.4 14.9 17.0 13.7 
BH 11.5 8.4 9.8 9.0 12.7 8.8 9.2 10.8 
DA 11.4 8.0 12.0 9.4 12.2 11.0 16.5 15.4 
CB 10.7 9.1 12.6 9.5 10.7 6.9 8.7 8.2 
Mean: 11.8 9.2 11.1 10.3 14.6 10.9 13.4 12.6 
± SEM: + 0.6 ± 0.6 ± 0.5 ± 0.4 ± 1.5 ± 1.2 ± 1.7 ± 1.1 

QH / b o d y s u r f a c e a r e a (ml/min / m 2 ) 

P a t i e n t 
s i up s2 CA s i up s2 CA 

MO 497.3 364.8 473.7 563.8 662.9 539.6 557.4 587.2 
OW 537.9 468.8 499.3 477.5 867.0 569.3 778.6 668.3 
MS 637.3 490.7 488.0 488.0 804.4 647.9 743.2 595.9 
BH 516.6 374.7 436.8 401.5 568.8 395.7 413.0 484.9 
DA 464.2 326.6 486.6 382.2 437.3 445.9 671.8 628.3 
CB 453.3 387.1 534.2 403.3 456.2 293.0 368.3 348.8 
Mean: 517.8 402.1 486.4 452.7 632.8 481.9 588.7 552.2 
± SEM: ± 27.2 ± 26.1 ± 13.0 ± 28.4 ± 72.7 ± 52.6 ± 70.1 ± 47.7 
s i d a t a o b t a i n e d i n s e a t e d p o s i t i o n 
up d a t a o b t a i n e d i n u p r i g h t p o s i t i o n 
s 2 d a t a o b t a i n e d i n r e s e a t e d p o s i t i o n 
CA d a t a o b t a i n e d 1 h o u r a f t e r t h e a d m i n i s t r a t i o n o f c a p t o p r i l 
SEM s t a n d a r d e r r o r o f t h e mean 


