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EPlNlNE KINETICS AND PLASMA 
CATECHOLAMINE CHANGES FOLLOWING ORAL 

ADMINISTRATION OF THE PRODRUG 
IBOPAMINE IN PATIENTS WITH 

CHRONIC HEART FAILURE 

N. R. MUSSO, C. VERGASSOLA, 
A. PENDE, AND G. LOTIl 

Department of Internal Medicine 
Cattedra di Patologia S’ciale Medica R 

University of G e m  
Vide Benedetto 6 - 16132 G e m  It@ 

ABSTRACT 

Epinine plasma levels, and Epinine - induced plasma 
Catecholamine changes were investigated in nine pa- 
tients with chronic heart failure (NYHA class l and 
II), following oral administration of lbopamine I00 mg. 
Norepinephrine, Epinephrine, Dopamine, and Epinine 
plasma levels were monitored for u p  to four hours after 
the drug administration. Arterial pressure and heart 
rate were recorded, too. Epinine plasma levels were 
lower than previously estimated, the maximal individual 
level ranging from 2792 to 7228 pg/mL. Both Norepi- 
nephrine and Epinephrine showed a very small decrease 
(less than l 8 X )  after lbopamine administration. No 
changes were shown in arterial pressure and heart rate. 
Previous assessment of Epinine pharmacokinetics is 
likely to be reviewed extensively owing to possible 
overestimation by assay methods used in former studies. 
Epinine - induced plasma Catecholamine changes may be 
mediated by (i) the claimed hemodynamic effect of the 
drug, and/or (ii) by the complex interrelationships 
between Epinine itself and both adrenergic and dopami- 
nergic receptors. 
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3708 MUSS0 ET AL. 

INTRODUCTION 

N-methyl  dopamine ( E p i n i n e )  i s  t h e  a c t i v e  m o i e t y  o f  N- 

m e t h y l  dopamine O,  O ' -  d i i s o b u t y r o l  e s t e r  ( I b o p a m i n e )  a 

c a r d i o v a s c u l a r  o r a l l y  a c t i v e  p r o d r u g  wh ich  shows a l p h a  

- and b e t a  - a d r e n e r g i c  p r o p e r t i e s  ( 1 ) .  T h i s  d r u g  i s  

c l a i m e d  t o  have b o t h  i n o t r o p i c  and v a s o d i l a t o r  e f f e c t s .  

The doparn inerg ic  n a t u r e  o f  E p i n i n e  i m p l i e s  e n d o c r i n e  

e f f e c t s ,  such as dec rease  i n  p r o l a c t i n  and A l d o s t e r o n e  

p lasma l e v e l s  ( 1 ) .  Moreover  t h e  d r u g  seems t o  dec rease  

p l  asma 

p h r  i n e  

t h i s  f 

t i o n ,  

N o r e p i n e p h r i n e  and t o  i n c r e a s e  p lasma E p i n e -  

n p a t i e n t s  w i t h  c h r o n i c  h e a r t  f a i l u r e  ( 1 ) .  I n  

e l d ,  as w e l l  as i n  p h a r m a c o k i n e t i c  i n v e s t i g a -  

he employed methods were u n a b l e  t o  assess  s im- 

u l t a n e o u s l y  b o t h  E p i n i n e  and C a t e c h o l a m i n e  c i r c u l a t i n g  

l e v e l s .  F u r t h e r ,  some p o s s i b l e  p i t f a l l s  i n  p r e v i o u s  

assay methods were n o t  c o n s i d e r e d ,  some degree  o f  o v e r -  

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

t h e  

In 

t h e  

f o  I 

z a t  

me a 

p h a r m a c o k i n e t i c s  and t h e  t h e r a p e u t i c  dose r a n g e .  

f a c t  p r e v ~ o u s  methods seem 

l a r g e  c i r c u l a t i n g  amount 

ow ing  ibopamine a d m i n i s t r a  

on s t e p s  were employed i n  

s o f  HC104 a d d i t i o n  t o  p 

heavy a c i d i f i c a t i o n  may e a s i l y  

e s t e r s  such as c o n j u g a t e d  E p i n  

c e d  f r e e  E p i n i n e  i s  o b v i o u s l y  

n o t  t o  t a k e  i n t o  accoun t  

o f  c o n j u g a t e d  E p i n i n e  

i o n  p e r  0s. D e p r o t e i n i -  

some assay  methods, by 

asma samples ( 2 ) .  T h i s  

h y d r o l i z e  weak s u l f a t e -  

n e .  T h i s  i n  v i t r o  p rodu-  

d e t e r m i n e d  t o g e t h e r  w i t h  
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EPININE KINETICS A N D  CATECHOLAMINE CHANGES 3709 

c i r c u l a t i n g  f r e e  E p i n i n e  by some methods.  The p r e s e n t  

s t u d y  was u n d e r t a k e n  t o  v e r i f y ,  b y  an improved  HPLC 

method,  t h e  p h a r m a c o k i n e t i c  o f  p lasma E p i n i n e  f o l l o w i n g  

a s i n g l e  o r a l  dose of  lbopamine (100 mg, i . e .  t h e  u s u a l  

t h e r a p e u t i c  reg imen)  i n  p a t i e n t s  w i t h  c h r o n i c  h e a r t  

f a i  l u r e .  

Moreover ,  i t  wou ld  be o f  i n t e r e s t  t o  measure p lasma 

l e v e l s  o f  Ca techo lamines  ( N o r e p i n e p h r i n e ,  E p i n e p h r i n e  

and Dopamine) ,  i n  o r d e r  t o  v e r i f y  i n d i r e c t l y  t h e  hemo- 

dynamic e f f e c t s  o f  p lasma E p i n i n e .  N o r e p i n e p h r i n e  is 

g e n e r a l l y  c o n s i d e r e d  as an i n d e x  o f  c a r d i a c  f u n c t i o n  

and t h e  e x p e c t e d  dec rease  o f  N o r e p i n e p h r  ne c o n c e n t r a -  

t i o n  wou ld  s u p p o r t  t h e  c l a i m e d  i n o t r o p  c e f f e c t  o f  

Ep i n i n e .  

SUBJECTS 

We s t u d i e d  s i x  men and t h r e e  women w i t h  N . Y . H . A .  

f u n c t i o n a l  c l a s s  I - I I  c o n g e s t i v e  h e a r t  f a i l u r e ;  t h e y  

gave t h e  i n f o r m e d  c o n s e n t  t o  p a r t i c i p a t e  i n  t h i s  s t u d y .  

The age o f  t h e s e  p a t i e n t s  ave raged  63 5 5 y e a r s  (mean 2 

S D ) ,  r ange  5 2  t o  74  y r s .  No p a t i e n t  had a p r e v i o u s  

h i s t o r y  o f  d r u g  t r e a t m e n t .  

S u b j e c t s  were s t u d i e d  s u p i n e  

t e m p e r a t u r e  - c o n t r o l l e d  room. 

n a q u i e t ,  sem - d a r k ,  

W i t h  t h e  p a t i e n t  recumbent  a f t e r  an o v e r n i g h t  f a s t ,  a 

21 gauge n e e d l e  was i n s e r t e d  i n  a f o r e a r m  v e i n  (08:OO 
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3710 MUSS0 ET AL. 

AM)  and p a t e n c y  was m a i n t a i n e d  by a v e r y  slow ( 0 . 3  

mL/min) i n f u s i o n  o f  normal  s a l i n e .  A f t e r  30 m i n  o f  

s u p i n e  r e s t  a b a s a l  sample was drawn, t h e r e a f t e r  E p i -  

n i n e  was a d m i n i s t e r e d  as lbopamine (100 mg p e r  03). The 

o t h e r  samples were drawn a t  +30, +60, t90, +120 ,  and 

+240 m i n .  

B l o o d  samples were drawn i n  c h i l l e d  t u b e s  c o n t a i n  

EDTA and Sodium m e t a b i s u l f i t e ,  and c e n t r i f u g e d  immed 

t e l y  a t  2000 x g a t  + 4.C; t h e n  p lasma was s e p a r a  

ng 

a- 

ed 

and s t o r e d  i n  l i q u i d  n i t r o g e n ,  u n t i l  assayed  w i t h i n  one 

week, by HPLC-ECD ( 3 ) .  

A r t e r i a l  p r e s s u r e  was r e c o r d e d  by m e r c u r y  manometer 

f o l l o w i n g  each s a m p l i n g  p r o c e d u r e .  Mean A r t e r i a l  P res -  

s u r e  (MAP) were o b t a i n e d  a s  d y a s t o l i c  b l o o d  p r e s s u r e  + 

1 / 3  p u l s e  p r e s s u r e .  

HATER I ALS 

N o r e p i n e p h r i n e ,  E p i n e p h r i n e ,  Dopamine, D ihyd roxybenzy  - 
amine, E p i n i n e ,  A lumina t y p e  WA-4, Sodium Metab - 

s u l f i t e ,  Sodium Phosphate,  Sodium A c e t a t e ,  Sod i -m 

d o d e c i l s u l f a t e ,  T R I S ,  and m i c r o f i l t e r s ,  were f r o m  Sigma 

Chemical  Co.,  S t . L o u i s ,  MO. A c e t r o n i t r i l e  L i C h r o s o l v ,  

P h o s p h o r i c ,  H y d r o c h l o r i c ,  and P e r c h l o r i c  a c i d s ,  and 

EDTA, were Merck p r o d u c t s  ( D a r m s t a d t ,  Germany).  Water 

was p u r i f i e d  i n  a M i l l i - Q  a p p a r a t u s  (15 - 18 Mohm, 0 . 2 2  

pm p o r e  s i z e ,  M i l l i p o r e  C o r p . ,  B e d f o r d ,  M A ) .  A l l  s o l u -  

t i o n s  were f i l t e r e d  i n  a s o l v e n t  c l a r i f i c a t i o n  appa- 
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EPININE KINETICS AND CATECHOLAMINE CHANGES 371 1 

r a t u s  (0 .22  pm p o r e  s i z e ,  M i l l i p o r e  C o r p . ) .  pH was 

d e t e r m i n e d  a t  room t e m p e r a t u r e .  

v a l v e  f i t t e d  w i t h  

C o t a t i ,  CA),  Model 5 

B e d f o r d ,  MA) cons  i s t  

(Model 5011 and 5021 

METHODS 

I n s t r u m e n t a t i o n :  HPLC a p p a r a t u s  c o n s i s t e d  o f  Model 510 

c o n s t a n t  f l o w  pump (Wate rs ,  M i l f o r d ,  MA), Model 7125 

a 50 pL sample l o o p  (Rheodyne, 

OOA e l e c t r o c h e m i c a l  d e t e c t o r  (ESA, 

n g  i n  a s e r i e s  o f  t h r e e  e l e c t r o d e s  

c e l l s )  w o r k i n g  i n  o x - r e d  mode. The 

a n a l y t i c a l  column was a s t a i n l e s s  s t e e l  S u p e l c o s i l  LC- 

18-DB 7 . 5  cm x 4 . 6  mm I D  p r e p a c k e d  w i t h  3~ ODs 

(Supe lco  I n c . ,  B e l l e f o n t e ,  PA) ,  p r o t e c t e d  by a z e r o -  

dead volume i n l e t  f i l t e r  (Rheodyne) .  M o b i l e  phase 

c o n s i s t e d  o f  an 84:16 m i x t u r e  o f  50 mMol/L sod ium 

phospha te ,  5 0  mMol/L sod ium a c e t a t e ,  and a c e t o n i t r i l e ,  

and a l s o  c o n t a i n e d  0 . 6  mMol/L o f  sod ium d o d e c i l s u l f a t e  

and 0 . 5  mMol/L o f  EDTA. The f i n a l  pH was a d j u s t e d  t o  

3 . 0 0  w i t h  85% p h o s p h o r i c  a c i d .  The column was 

e q u i l i b r a t e d  w i t h  t h e  m o b i l e  phase a t  l e a s t  6 h b e f o r e  

use .  

The e l u t i o n  p r o f i l e s  were i n t e g r a t e d  by an LCD C I - 1 O B  

( M i l t o n  Roy, R i v i e r a  Beach, FL)  and d i s p l a y e d  on a 

Sekon ics  p l o t t e r .  

E x t r a c t i o n :  f o r  assay o f  f r e e  Ca techo lamines  and f r e e  

E p i n i n e ,  2 mL o f  f r e s h l y  thawed p lasma were added t o  25 
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3712 MUSS0 ET AL. 

mg of activated alumina in a 12 mL plastic tube. To 

this were added 1 m L of filtered TRlS HCI buffer (1.5 

Mol/L, pH 8.6, containing 0.5 mMol/L of EDTA and 0.4 

mMol/L sodium metabisulfi e per liter) and 500 pg of 

Dihydroxybenzylamine (DHBA internal standard). The 

sample was spun on a vortex-mixer for 10 minutes. The 

supernatant was discarded and the alumina was washed 

three times with 3 mL portions of 5 0  fold dilutions of 

TRlS HCI buffer in chilled water. The alumina slurry 

was transferred by disposab 

and centrifuged. Catecho 

desorbed with 100 WL of fil 

e pipette in m 

amines and Ep 

ered 0.1 Mol/L 

crofilters 

n i ne were 

perchloric 

acid. The mixture was vortexed for at least 10 seconds. 

Finally the supernatant was separated by centrifuge. 

Analysis: the plasma extracts were analyzed by 

injecting 50 WL aliquots into the column. The effluent 

was monitored at the following potentials: +300 mV (1st 

electrode), +60 mV (2nd, screen electrode), and -300 mV 

(3rd, quantifying electrode). Ful 

was 20 nA. Pump flow was 1.2 mL/m 

column was 1750 psi. 

Sensitivity of the method is belo 

scale sensitivity 

n, pressure on the 

5 pg/mL for al I 

Catecholamines. Intra- and inter-assay CVs are below 

9%. Recovery rate is: Norepinephrine 0 . 8 6 ;  Epinephrine 

0.95; Dopamine 0.76; Epinine 0 . 8 2 .  
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EPININE KINETICS A N D  CATECHOLAMINE CHANGES 3713 

0 30 60 90 120 240 
M I N U T E S  

F i g .  1 .  Plasma Epinine concentrations following 
lbopamine administration per 0s (tim e  0). lbopamine was 
administered a s  a single 100 mg tablet (equivalent to 
54.5 m g  of Epinine). 

Table 1 .  Mean and S D  values of Norepinephrine (NE), 
Epinephrine (Epi), Dopamine (DA), and Epinine (NMD) in 
nine patients with chronic heart failure, following 
lbopamine administration (100 mg per 0 s ) .  All plasma 
values are expressed in pg/mL. 

Time Basal +30min +60min +90min +120min +240min 

NE mean 279 243 243 239 257 24211 
SD 80 60 69 73 67 66 

Epi mean 33 2 7# 28 * 25 * 26 25 II 
SD 12 9 8 8 8 8 

DA mean 38 36 35 33  3 4  34 
SD 18 16 19 19 22 24 

NMD mean - -  3284 4 3 8 0  1468 64 1 203 
S D  - -  672 1678 748 310 74 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - - - -  

Statistics: Y pt0.04; # p<O.Ol (t test for paired data) 
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3714 MUSS0 ET AL. 

RESULTS 

Plasma levels of Epinine (Fig. 1 and Table 1 ) .  

After lbopamine administration (100 mg per os, equiva- 

lent to Epinine 54.5 mg) (4), free Epinine levels 

4380 at 60  min, 1468 at 

at 240 min. 

ns ranged between 2792 

asma peak level was 60 

averaged 3284 pg/mL at 3 0  min, 

90 min, 641 at 120 min, and 203 

Maximal individual concentrati 

and 7228 pg/mL. Mean time to p 

min. 

Plasma levels of Norepinephrine (Table 1). 

After lbopamine administration Norepinephrine mean 

values decreased significantly from 279 to 241 pg/mL (p 

< 0.04). 

Plasma levels of Epinephrine and Dopamine (Table 1 ) .  

Epinephrine decreased significantly after lbopamine 

administration from 33 to 28 - 2 5  pg/mL (p < 0.04 and 

p < 0.01). Dopamine plasma levels were unaffected by 

lbopamine administration. 

Mean Arterial Pressure (MAP) and Heart Rate (HR). 

MAP and HR were not significantly affected. MAP 

(basal, mean 2 SD), to 85.4 2 

cant); HR decreased from 92.6 

2 _+ 3.8 (+240 min, not 

decreased from 87.8 2 6.4 

5.6 (t240 min, not signif 

- t 4.0 (basal) to 91 

significant). 

DISCUSSION 

Previous studies about plasma free Epinine kinetics 

following lbopamine administration per 0s in man, 
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EPININE KINETICS AND CATECHOLAMINE CHANGES 3715 

r e p o r t e d  f r e e  E p i n i n e  plasma c o n c e n t r a t i o n s  h i g h e r  

t h a n  i n  t h e  p r e s e n t  paper  ( 1 ) .  These d i s c r e p a n c i e s  may 

be due t o  a p o s s i b l e  o v e r e s t i m a t i o n  o f  f r e e  Ep 

c i r c u l a t i n g  v a l u e s .  

P r e v i o u s l y  r e p o r t e d  methods f o r  t h e  assay o f  Ep 

p lasma l e v e l s  seem t o  be a f f e c t e d  by some p i t f a l l s  

n i n e  

n i n e  

G i f f o r d  ( 4 )  d e s c r i b e d  a method by HPLC w i t h  e l e c t r o -  

chemica l  d e t e c t i o n ,  where t h e  e l u t i o n  t i m e  o f  t h e  

E p i n i n e  peak i s  d e l a y e d  t o  about  20 m i n u t e s .  T h i s  Slow 

l e d  peaRs. These f a c t o r s ,  

o b e l o w  6 0 % ,  and w i t h  a 

can a f f e c t  t h e  s e n s i t i v i -  

s e p a r a t i o n  shows b r o a d  and t a  

t o g e t h e r  w i t h  a r e c o v e r y  r a t  

d e t e c t i o n  l i m i t  o f  500 pg/mL, 

t y  and t h e  v a l i d i t y  o f  t h e  

emp I oyed.  

method,  when r o u t  

O t h e r  A u t h o r s  ( 2 )  r e p o r t e d  HPLC a n a l y s i s  where 

f i r s t  s t e p  was an a c i d i c  d e p r o t e i n i z a t i o n  o f  p 

samples.  D e p r o t e i n i z a t i o n  by HC104 i s  a t  a v e r y  

n e l y  

t h e  

asma 

h i g h  

r i s k  o f  o v e r e s t i m a t i o n  o f  f r e e  E p i n i n e ,  because o f  

p o s s i b l e  h y d r o l y s i s  o f  t h e  weak s u l f a t e  - e s t e r  bond o f  

t h e  v e r y  l a r g e  amount o f  p lasma c o n j u g a t e d  E p i n i n e .  

O t h e r  A u t h o r s  d i d  n o t  r e p o r t  v a l i d a t i o n  d a t a  ( 5 ) .  

S e n s i t i v i t y  l i m i t s  a r e  h i g h e r  and r e c o v e r y  r a t i o s  l o w e r  

i n  p r e v i o u s  methods r e s p e c t  t o  t h e  method employed i n  

t h e  p r e s e n t  p a p e r .  

Our d a t a  a r e  i n  agreement w i t h  p r e v i o u s  s t u d i e s  a b o u t  

t h e  E p i n i n e  - induced  dec rease  i n  N o r e p i n e p h r i n e  p lasma 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
4
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



3716 MUSS0 ET AL. 

l e v e l s  ( 5 ) ,  a l t h o u g h  t h e  decrement  shown by u s  i s  v e r y  

smooth (be low 18 Z), and p v a l u e  i s  weak. 

Moreover ,  i n  o u r  p a t i e n t s  we d e m o n s t r a t e d  a s i m i l a r  

dec rease  i n  E p i n e p h r i n e  plasma v a l u e s .  The d i s c r e p a n -  

c i e s  w i t h  p r e v i o u s  l i t e r a t u r e  (6 )  a r e  q u i t e  n o t i c e a b l e ,  

and may be e x p l a i n e d  by t h e  c h o i c e  o f  a q u i t e  s e l e c t e d  

g r o u p  o f  p a t i e n t s  and by t h e  use  o f  a s e n s i t i v e  and 

r e l i a b l e  method i n  t h e  p r e s e n t  p a p e r .  

Plasma Dopamine seems u n a l t e r e d  by t h e  a d m i n i s t r a t i o n  

o f  E p i n i n e .  MAP and HR were u n a l t e r e d ,  t o o .  

The dec rease  o f  b o t h  N o r e p i n e p h r i n e  and E p i n e p h r i n e  i n  

o u r  p a t i e n t s  may be v iewed as:  ( i )  t h e  r e s u l t  o f  t h e  

c l a i m e d  hemodynamic e f f e c t s  o f  E p i n  

vernent o f  c a r d i a c  f u n c t i o n )  ( 1 ) ;  ( i  

a l p h a - 2  p r e s y n a p t i c  a d r e n o c e p t o r s  

cho lamine  r e l e a s e )  ( 7 ) ;  ( i  i i )  

ne ( i . e .  an impro -  

) t h e  a c t i v a t i o n  o f  

i n h i b i t o r y  on c a t e -  

he r e s u l t  o f  t h e  

i n t e r a c t i o n  between E p i n i n e  and DA-2 r e c e p t o r s  

(Dopamine i s  known t o  e x e r t  an i n h i b i t o r y  i n f l u e n c e  on 

c a t e c h o l a m i n e  r e l e a s e  t h r o u g h  DA2 r e c e p t o r s  when t h e  

s y m p a t h e t i c  sys tem i s  a c t i v a t e d )  ( 8 ) ;  ( i v )  t h e  complex 

r e s u l t  o f  t h e  e f f e c t s  o f  E p i n i n e  on b o t h  a l p h a  and b e t a  

a d r e n o c e p t o r s .  

I n  f a c t ,  E p i n i n e  shows a l p h a ,  b e t a ,  and DA r e c e p t o r  

a f f i n i t y  ( I ) ,  ow ing  t o  t h e  s t r u c t u r a l  s i m i l a r i t y  w i t h  

Dopamine and E p i n e p h r i n e ,  and i t  i s  p o s s i b l e  t h a t  t h e  

n e t  e f f e c t  shown by u s  on c a t e c h o l a m i n e  plasma l e v e l s  
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may be t h e  r e s u l t  o f  t h e  complex i n t e r a c t i o n  o f  E p i n i n e  

w i t h  t h e s e  r e c e p t o r s .  

F i n a l l y ,  t h e  t h e r a p e u t i c  d r u g  dosage i s  l i k e l y  t o  be 

r e v i e w e d  f o l l o w i n g  a c a r e f u l  s e r i e s  o f  s t u d l e s  on t h e  

p h a r m a c o k i n e t i c  and pharmacodynamic p r o p e r t l e s  o f  E p i -  

n i n e  i n  man, by t h e  use  o f  f u l l y  v a l i d a t e d  methods.  
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