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ABSTRACT 

A s imple ,  s p e c i f i c ,  r a p i d  and s e n s i t i v e  h igh  p r e s s u r e  l i q u i d  
c h r o m a t o g r a p h i c  m i c r o a s s a y  is d e s c r i b e d  for t h e  s i m u l t a n e o u s  
measurement o f  doxapram and i ts  m e t a b o l i t e s .  Doxapram a p p e a r s  
r a p i d l y  metabol ized  t o  ketodoxapram i n  premature newborn i n f a n t s  
w i t h  apnea. T h e r a p e u t i c  d r u g  m o n i t o r i n g  for doxapram and i t s  
m e t a b o l i t e s  appears  warranted du r ing  doxapram the rapy  of neona ta l  
apnea . 

INTRODUCTION 

Doxapram (1-ethyl-4-4 (2-morpholino-ethyl) -3, 3-diphenyl - 
2-pyrro l id inone ,  Fig 1) is a r e s p i r a t o r y  s t i m u l a n t  c u r r e n t l y  used 
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2984 ARANDA ET AL. 

I Doxapram 

_1.. 

F i g u r e  1. S t r u c t u r a l  f o r m u l a  of Doxapram and t h r e e  o f  i t s  
m e t a b o l i t e s .  

t o  t r e a t  n e o n a t a l  apnea  u n r e s p o n s i v e  t o  m e t h y l x a n t h i n e s  (1-7) ,  t o  

f a c i l i t a t e  weaning o f  n e o n a t e s  and young i n f a n t s  from m e c h a n i c a l  

v e n t i l a t o r s  a n d  f o r  c e n t r a l  h y p o v e n t i l a t i o n  s y n d r o m e s  ( 8 ) .  

A l t h o u g h  doxapram is u s e d  o f t e n  i n  n e o n a t a l  a p n e a ,  r a t i o n a l  d o s e  

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

d e f i n e d .  K o r e o v e r  , t h e r e  i s  a s i g n i f i c a n t  d i s c r e p a n c y  i n  t h e  

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

pharmacodynamic effects .  Doses a s  low a s  0.25 mg/kg/hr  a p p e a r  t o  

p r o d u c e  s i g n i f i c a n t  p h a r m a c o l o g i c  e f f e c t s  ( 9 ) .  C u r r e n t l y  u s e d  

d o s e s  ( 2.5 mg/kg/h ) and p l a s m a  c o n c e n t r a t i o n s  e x c e e d i n g  5 mg/ l  

a r e  a s s o c i a t e d  w i t h  a d v e r s e  e f f e c t  s u c h  a s  b l o o d  p r e s s u r e  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
1
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



DOXAPRAM AND ITS METABOLITES 2985 

c h a n g e s  (5, 6 ,  7). Thus ,  doxapram t h e r a p e u t i c  d r u g  m o n i t o r i n g  i n  

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

t e c h n i q u e s  f o r  doxapram a re  r e q u i r e d  f o r  f u r t h e r  s t u d i e s  on t h e  

k i n e t i c  b e h a v i o u r  o f  t h i s  d r u g  i n  t h e  newborn. P r e v i o u s  s t u d i e s  

r e p o r t  t h e  u s e  o f  g a s  c h r o m a t o g r a p h i c  and  mass  s p e c t r o p h o t o m e t r i c  

t e c h n i q u e s  f o r  t h e  a s s a y  o f  t h i s  d r u g  (10-15). T h i s  s t u d y  

d e s c r i b e s  a s e n s i t i v e  H P L C  t e c h n i q u e  f o r  t h e  s i m u l t a n e o u s  

measu remen t  o f  doxapram and i t s  m e t a b o l i t e s  u s i n g  m i c r o s a m p l e s  o f  

b l o o d .  

MATERIALS AWD METHODS: 
PATIENTS : 

B l o o d  s a m p l e s  (0 .3  m l / s a m p l e )  f r o m  t w o  p r e m a t u r e  n e o n a t e s  

who r e c e i v e d  i n c r e a s i n g  d o s e s  of doxapram e v e r y  20 m i n u t e s  were 

u s e d  i n  t h i s  s t u d y .  Both  n e o n a t e s  had  a p n e a  o f  p r e m a t u r i t y  wh ich  

was  u n r e s p o n s i v e  t o  t h e o p h y l l i n e .  I n f u s i o n  d o s e  r a t e  r a n g e d  f rom 

0.1 m g / k g / h  t o  5 m g / k g / h  i n t r a v e n o u s l y .  B l o o d  s a m p l e s  were 

o b t a i n e d  from t h e  h e e l s t i c k  a n d  from t h e  u m b i l i c a l  a r t e r y .  T h e  

p l a s m a  was q u i c k l y  s e p a r a t e d  and t h e n  k e p t  f r o z e n  i n  -20 d e g r e e s  

C u n t i l  t h e  a s s a y .  

APPARATUS: 

T h e  W a t e r ’ s  HPLC e q u i p m e n t  i n c l u d i n g  t h e  W a t e r ‘ s  

I n t e l l i g e n t  S a m p l e  p r o c e s s o r  (WISP) , M-45 s o l v e n t  d e l i v e r y  pump, 

uBondapak  C18 co lumn w i t h  p r e - c o l u m n ,  a mode l  441 U V  a b s o r b a n c e  

d e t e c t o r  and  a Water’s d a t a  m o d u l e  were u s e d  i n  t h i s  s t u d y .  

CHEMICALS: 

T h e  c h e m i c a l s  i n c l u d e d  a m m o n i u m  p h o s p h a t e  b u f f e r ,  

a c e t o n i t r i  l e  and  m e t h a n o l  ( F i s h e r  L a b o r a t o r i e s ) ,  doxapram and  3 

m e t a b o l i t e s  s u p p l i e d  b y  A H  R o b b i n s  ( R i c h m o n d ,  V i r g i n i a ) .  

D o x a p r a m  s t a n d a r d  s o l u t i o n s  r a n g e d  from 2.0 u g / m l  t o  30.0 u g / m l  

i n  b u f f e r .  S e r u m  was  t h e n  s p i k e d  w i t h  s t a n d a r d  s o l u t i o n s  t o  a 
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2986 ARANDA ET AL. 

f i n a l  c o n c e n t r a t i o n  o f  1.0 u g / m l  t o  15 .0  u g / m l .  T h e  i n t e r n a l  

s t a n d a r d  u s e d  was b e t a  h y d r o x y  p h e n y l  t h e o p h y l l i n e  (BHPT) (S igma ,  

S t .  L o u i s ,  t l i s s o u r i )  1.5 ug /ml  d i s s o l v e d  i n  b u f f e r .  

PROCEDURES: 

S p i k e d  se rum s t a n d a r d s  or s a m p l e  se rum c o n t a i n i n g  doxapram (50  

u l )  was a d d e d  t o  5 0  u l  i n t e r n a l  s t a n d a r d ,  2 5 0  ul b u f f e r  a n d  3 m l s  

o f  c h l o r o f o r m :  i s o p r o p y l  a l c o h o l  (9O: lO) .  The  m i x t u r e  was  

v o r t e x e d  f o r  1 m i n u t e  a n d  t h e n  c e n t r i f u g e d  f o r  1 0  m i n u t e s .  T h e  

t o p  a q u e o u s  l a y e r  was a s p i r a t e d  and  t h e  b o t t o m  o r g a n i c  l a y e r  was 

e v a p o r a t e d  t o  d r y n e s s .  T h e  r e s i d u e  w a s  r e - d i s s o l v e d  i n  b u f f e r  

(100 u l )  and t h e n  30 ul i n j e c t e d  i n t o  t h e  co lumn.  

CHROMATOGRAPHY CONDITIONS: 

The m o b i l e  p h a s e  was ammonium p h o s p h a t e  b u f f e r  0.01 11, pH 4.5 

( 5 5 % ) ,  m e t h a n o l  ( 3 0 % )  a n d  a c e t o n i t r i l e  (15%) .  T h e  c o l u m n  was  a 

B o n d a p a k  C18 w i t h  a g u a r d  c o l u m n .  F l o w  r a t e  was  1.3 m l / m i n ,  

s e n s i t i v i t y  was 0.02 a b s o r b a n c e  u n i t s  ( a u f s ) ,  w a v e l e n g t h  was 214  

nm a n d  r u n  t i m e  was  1 5  min .  

RESULTS AND DISCUSSION: - 
T y p i c a l  c h r o m a t o g r a m s  a r e  shown i n  F i g u r e  2. A ch romatogram 

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

s h o w n  i n  F i g u r e  3. T h e r e  was  a g o o d  s e p a r a t i o n  o f  t h e  

c h r o m a t o g r a p h i c  p e a k s .  The r e t e n t i o n  times a r e  shown i n  F i g u r e  2 

a n d  T a b l e  11; BHPT: 2.5 m i n ,  AHR 5 9 0 4  = 4.45, AHR 0 9 1 4 1 5 . 2 ,  

doxapram:7 .29  a n d  A H R  5 9 5 5  k e t o d o x a p r a m - 1 0 . 8  m i n u t e s .  P e r c e n t  

r e c o v e r y  i s  s h o w n  i n  T a b l e  I ;  r e c o v e r y  r a n g e d  from 70  t o  100  % a t  

t h e  c o n c e n t r a t i o n s  u s e d .  C o e f f i c i e n t s  o f  v a r i a t i o n  ( % I  f o r  

r e t e n t i o n  times a r e  s h o w n  i n  T a b l e  11; v a r i a t i o n  r a n g e d  f r o m  0% 

t o  1.9%. 
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Extracted Standard 
(10.0 W m l )  

Un-extracted Standard 
(10.0 W m l )  

ct Ct 

Retention Time (Minutes) 

Figure 2. Typical chromatogram of doxapram and three of its 
metabolites. Identification and retention times 
noted in figure. 

TABLE I 
Recovery of Doxapram and Its Metabolites ('L) 

2.5 

5.0 

70% 100% 84% 80% 

70% 100% 85 % 80% 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
1
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2988 ARANDA ET AL. 

inject 

Retention Time (Minutes) 
F i g u r e  3. Chromatogram o f  doxapram and i t s  m e t a b o l i t e  from t h e  

plasma o f  a newborn baby r e c e i v i n g  doxapram. Note a 
d i s t i n c t  peak o f  ketodoxapram. 

The a s s a y  s e n s i t i v i t y  was 0.5 ug /ml  and  t h e  s t a n d a r d  

c u r v e s  a t  c o n c e n t r a t i o n s  r a n g i n g  from 1.0 t o  15.0 ug/ml were 

l i n e a r  f o r  A H R  5 9 0 4  ( r = 0 . 9 9 ) ,  A H R  0 9 1 4  ( r = 0 . 9 9 ) ,  A H R  5 9 5 5  

(r=0.99)  and doxapram (r=0.99) .  Drugs a t  c o n c e n t r a t i o n s  w i t h i n  

t h e r a p e u t i c  l e v e l s  were used  t o  s p i k e  s a m p l e s  f o r  t h e  s t u d i e s  on 

s p e c i f i c i t y :  c a f f e i n e  ( 1 0  u g / m l ) ,  t h e o p h y l l i n e  ( 1 0  u g / m l ) ,  

a m p i c i l l i n  ( 5  ug /ml ) ,  phenobarb  ( 2 0  u g / m l ) ,  f u r o s e m i d e  (2 ug /ml )  
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DOXAPRAM AND ITS METABOLITES 2989 

and g e n t a m i c i n  (5  u g / m l ? .  No i n t e r f e r e n c e  i n  t h e  a s s a y  was found  

fo r  e a c h  d rug .  

T h e  p l a s m a  c o n c e n t r a t i o n s  of d o x a p r a m  a n d  i t s  m e t a b o l i t e s  

from t h e  n e o n a t e s  s t u d i e d  a r e  shown i n  T a b l e  111. The  p l a s m a  

c o n c e n t r a t i o n s  of doxapram rema ined  r e l a t i v e l y  c o n s t a n t  d e s p i t e  

i n c r e a s i n g  d o s e 5  o f  d o x a p r a m .  I n  c o n t r a s t ,  t h e  p l a s m a  

c o n c e n t r a t i o n  o f  ke todoxapram i n c r e a s e d  d i r e c t l y  p r o p o r t i o n a l  t o  

t h e  d o s e .  T h i s  s u g g e s t  t h a t  d o x a p r a m  i s  p r o b a b l y  m e t a b o l i z e d  

r a p i d l y  a t  t h e  m o r p h o l i n e  r i n g  (see F i g u r e  1). P r e l i m i n a r y  d a t a  

s u g g e s t  t h a t  k e t o d o x a p r a m  i s  an  a c t i v e  m e t a b o l i t e  ( 1 6 )  p a r t l y  

r e s p o n s i b l e  f o r  t h e  r e s p i r a t o r y  s t i m u l a n t  e f f e c t  of doxapram. 

I n  summary, t h i s  s i m p l e  HPLC m i c r o a s s a y  i s  r a p i d ,  s p e c i f i c ,  

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

r e s e a r c h  s t u d i e s  f o r  doxapram i n  t h e  newborn i n f a n t .  

TABLE I1 
Retention Times for Doxa ram and Its Metabolites 

miGn&imoii-L- 

2.5 4.51 5.27 7.87 10.94 2.54 
+0.06 +0.05 +O. 06 +o. 12 +o. 00 

(T. 48% 1 71 . O X )  (D. 7 6 % )  (T.11%) -( 0% 1 

5.0 4.50 5.29 7.88 10.92 2.54 
+0.06 +0.04 +0.08 +O. 13 +o. 00 

(7. 29%) 70.89% ) (i. 08%) (7.11%) -(O%) 

10.0 4.53  5.29 7.88 10.93 2.55 
- +o.og +0.03 c0.08 +O. 14 +0.01 
(1.9%) T0.54%) (7 .06% 1 (7.20%) 70.32%) 

....................................................................... 
V a l u e s  a r e  e x p r e s s e d  i n  m i n u t e s  a s  mean SEM. N u m b e r s  i n  
p a r e n t h e s i s  d e n o t e  c o e f f i c i e n t  of v a r i a t i o n .  
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TABLE 111 

ARANDA ET AL. 

Serum Concentration of Doxapram and Metabolites Premature 
Newborn Infants with Apnea ---- 

0 - - - - - - - - 
0 . 1  - 0 . 3  - - 1 .4  1 .2  0 . 8  0 . 9  

0.5 - 0.2  - 0.6 1.4 1.2 0.8 0.9 

1 . 0  0 . 4  1 . 2  0.6 0 .7  2.4 1 . 1  0 . 9  1 . 0  

2.5 - 2 .0  0 . 6  0 . 9  3 .2  3.5 0 .9  1.1 

5 .0  - 2 .0  0 . 6  0 . 6  4 . 5  9 . 5  1 . 1  1 .0  ................................................................. 
V a l u e s  a r e  i n d i v i d u a l  v a l u e s  f o r  doxapram and e a c h  m e t a b o l i t e  
B lank  i n d i c a t e s  n o n - d e t e c t a b l e  
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