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DETERMINATION OF RITODRINE I N  PLASMA 

USING HPLC 

Paul  Kuhnert, Penny Erhard,  Andrew Dixon , 

Betty Kuhnert and Thomas Gross 

P e r i n a t a l  C l i n i c a l  Research Center 

Case Western Reserve Univers i ty  

Cleveland Metropol i tan General Hospi ta l  

3395 Scranton Rd., Cleveland, Ohio 44109 

ABSTRACT 

An HPLC ins t rument  coupled wi th  an e l e c t r o c h e m i c a l  d e t e c t o r  
was used t o  determine r i t o d r i n e  (erythro-p-hydroxy-a -[l-[(p- 
hydroxyphenethy1)-aminolethyll benzyl  a l c o h o l  hydrochlor ide)  a t  
nanogram l e v e l s  i n  serum. Ext rac t ion  of  r i t o d r i n e  was accomplished 
u s i n g  a m u l t i s t e p  e t h y l  a c e t a t e  procedure,  and t h e  mobile phase 
c o n s i s t e d  of a c e t o n i t r i l e ,  ammonium a c e t a t e ,  g l a c i a l  a c e t i c  a c i d ,  
and a counter ion .  The s t a t i o n a r y  phase was a Biophase ODS 5 vrn 
column a t  ambient temperature .  Nalbuphine hydrochlor ide  (NubainB) 
was used a s  an i n t e r n a l  s tandard  t o  q u a n t i t a t e  t h e  r i t o d r i n e  lev-  
e l s  of  pregnant  p a t i e n t s  r e c e i v i n g  r i t o d r i n e .  The procedure ' s  
l i n e a r i t y  f o r  bo th  r i t o d r i n e  s t a n d a r d s  and sp iked  plasma samples 
was demonstrated. The p r e c i s i o n  of  t h e  assay  was found t o  be 3.4% 
a t  20 ng/mL r i t o d r i n e .  The minimum d e t e c t a b l e  c o n c e n t r a t i o n ,  wi th  
a s ignal- to-noise  ra t io  o f  6, was determined to be 0.31 ng p e r  50 
p l  i n j e c t e d ,  corresponding t o  a c o n c e n t r a t i o n  of 0.6 n g h l  plasma. 
The s e n s i t i v i t y .  p r e c i s i o n ,  and r e p r o d u c i b i l i t y  of t h e  a s s a y  were 
a l l  found t o  be a c c e p t a b l e  f o r  de te rmining  r i t o d r i n e  i n  p a t i e n t  
serum. 
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INTRODUCTION 

KUHNERT ET AL. 

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

and m o r b i d i t y c l ) .  R i t o d r i n e  h y d r o c h l o r i d e  (Yutoparm) i s  t h e  f i r s t  

p r o d u c t  i n  t h e  United S t a t e s  approved  a s  t o c o l y t i c  a g e n t  for  t h e  

management of p rema tu re  l a b o r .  However, l i t t l e  i n f o r m a t i o n  is 

a v a i l a b l e  d e s c r i b i n g  its e f f e c t i v e  serum l e v e l s ,  p h a r m a c o k i n e t i c s ,  

and s i d e  effects i n  p r e g n a n t  women and n e o n a t e s .  

The o n l y  a n a l y t i c a l  t e c h n i q u e  a v a i l a b l e  f o r  d e t e r m i n i n g  r i t o -  

d r i n e  i n  serum is radioimrnunoassay, a t e c h n i q u e  t h a t  r e q u i r e s  t h e  

development  of a s p e c i f i c  a n t i s e r u m ( 2 ) .  T h e r e f o r e ,  t h e  p u r p o s e  of 

t h i s  s t u d y  was t o  d e v e l o p  a h i g h  pe r fo rmance  l i q u i d  chromatography 

(HPLC) p r o c e d u r e  t h a t  would o b v i a t e  t h e  need f o r  an  a n t i s e r u m  and 

still  p r o v i d e  a h i g h  l e v e l  of s e n s i t i v i t y .  Coupl ing HPLC with 

e l e c t r o c h e m i c a l  d e t e c t i o n  ( E C )  p r o v i d e d  a h i g h  l e v e l  of s e n s i -  

t i v i t y  and p r e c i s i o n ,  as  well s e l e c t i v i t y ,  for  t h e  a n a l y s i s  o f  

r i t o d r i n e  i n  serum. HPLC/EC methods s imilar  i n  n a t u r e  have  been 

used to  a n a l y z e  t r i c y c l i c  a n t i d e p r e s s a n t s ( 3 ) .  

MATERIALS AND METHODS 

Refe rence  Compounds 

Refe rence  r i t o d r i n e  h y d r o c h l o r i d e  (Yutopar  @) was o b t a i n e d  

from t h e  Merrell Dow Resea rch  C e n t e r  ( C i n c i n n a t i ,  Ohio). The 

i n t e r n a l  s t a n d a r d ,  n a l b u p h i n e  h y d r o c h l o r i d e  ( N u b a h @ )  , was dona ted  

by Endo L a b o r a t o r i e s ,  I n c .  (Garden C i t y ,  New York).  
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RITODRINE I N  PLASMA 2777 

Apparatus 

An HPLC instrument (Perkin-Elmer Model 3B) coupled w i t h  an 

electrochemical de tec tor  (Bioanaly t ica l  Systems Model 4B) and a 

data terminal (Perkin-Elmer Model Sigma 10B) was used fo r  de te r -  

mining r i t od r ine .  The electrochemical de tec tor  was equipped with a 

glassy-carbon electrode: t h e  chromatography column was a Biophase 

ODS 5 urn column. A Rheodyne in j ec to r  (model 7125) was used w i t h  a 

50 p l  loop. The samples were centrifuged with an In te rna t iona l  

cen t r i fuge  (model HN) and the  samples were mixed i n  a Vortex 

shaker (model Vortex-Genie). 

Chromatography Conditions 

The mobile phase consisted of a c e t o n i t r i l e ,  ammonium ace ta t e ,  

and water (20/10/70) w i t h  3mM ion-pair reagent (l-heptane- 

sulfonicacid sodium s a l t )  a t  pH 3.7. The ammonium ace ta t e  buffer 

( l o x )  contained 400mM ammonium ace ta t e ,  2.1M g l a c i a l  a c e t i c  ac id  

and water. Each l i t e r  of mobile phase contained 12ml of s tock  

ion-pair so lu t ion  (5.52gm ion-pair s a l t ,  10ml g l a c i a l  a c e t i c  ac id ,  

d i lu ted  to  100ml with water).  The mobile phase was r ec i r cu la t ed  

a t  a flow r a t e  of lml/min.. The Biophase ODs 5 um column was used 

a t  ambient temperature; t h e  carbon e lec t rode  a t  0.95 v o l t s  (vs. 

Ag/AgCl) . 

Treatment of Glassware 

A l l  t e s t  tubes and cent r i fuge  tubes were surface t r ea t ed  with 

PROSIL-28 (PCR Research Chemicals, Inc. an organosilane surface 
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2778 KUHNERT ET AL. 

t r e a t i n g  agent .  The procedure used was t h a t  recommended by t h e  

p r o d u c t ' s  manufacturer .  

E x t r a c t i o n  Procedure 

One m l  of  plasma was added to 1.0 m l  of d i s t i l l e d  water (Type 

1, one megaohm) and 1.0 m l  of 0.6 M K2C03 i n  a 15 m l  c o n i c a l  cen- 

t r i f u g e  tube  wi th  screw c a p ( 3 ) ;  t h i s  r e s u l t e d  i n  a pH of  9.4.. 

Then 8.0 ml of e t h y l  a c e t a t e  was added. The t u b e  was then mechani- 

c a l l y  shaken f o r  5 minutes ,  and then c e n t r i f u g e d  a t  2000 rpm for 

15 minutes .  The o r g a n i c  l a y e r  was t r a n s f e r r e d  to  a 15 m l  c o n i c a l  

c e n t r i f u g e  t u b e  with a screw cap  c o n t a i n i n g  1.2 m l  of 0.1 M HC1. 

The tube  was aga in  shaken f o r  5 min. and c e n t r i f u g e d  a t  2000 rpm 

f o r  10 minutes .  The t o p  l a y e r  was a s p i r a t e d  t o  waste .  Five- tenths  

m l  o f  0.6 M K2C03 and 1.0 m l  e t h y l  a c e t a t e  was added (pH 9.4) and 

t h e  tube was aga in  shaken and c e n t r i f u g e d  a s  mentioned above. The 

e t h y l  a c e t a t e  l a y e r  was t r a n s f e r r e d  to a 12 m l  c o n i c a l  test t u b e  

and evaporated under a stream of p u r i f i e d  n i t r o g e n  to dryness  a t  

room temperature .  The r e s i d u e  was r e c o n s t i t u t e d  i n  300 p 1  mobile 

phase and 50 p 1  of t h e  sample was i n j e c t e d  i n t o  t h e  l i q u i d  chroma- 

tograph.  

RESULTS 

- LC Chromatograms 

A chromatogram of  r i t o d r i n e  i n  t h e  mobile phase (10 ng/ml) is 

shown i n  F igure  1. The r e t e n t i o n  time of  t h e  r i t o d r i n e  was 
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RITODRINE I N  PLASMA 2779 

approximately 9.33 min. ; t h e  contaminant came from t h e  r e a g e n t s  

b u t  it was n o t  f u r t h e r  i d e n t i f i e d  s i n c e  it d i d  n o t  i n t e r f e r e  wi th  

t h e  procedure. Also shown i n  Figure 1 i s  a chromatogram from a 

plasma e x t r a c t e d  sample; t h e  c o n c e n t r a t i o n  of  r i t o d r i n e  i n  t h i s  

sample was a l s o  10 ng/ml. The r e t e n t i o n  time o f  t h e  i n t e r n a l  

s t a n d a r d ,  nalbuphine,  was 13.58 min.. 

Standard Curves 

The l i n e a r i t y  f o r  both r i t h o d r i n e  s t a n d a r d s  and plasma 

e x t r a c t t :  samples over  a range o f  O-50ng/ml is demonstrated i n  

Figure 2. The minimum d e t e c t a b l e  c o n c e n t r a t i o n  was 0.6ng/ml i n  

plasma, which y i e l d e d  a s igna l - to-noise  r a t i o  o f  6 ;  t h i s  

cor responds  to 0.31 n g h l  per  50 p 1  i n j e c t e d .  

Oxidat ion P o t e n t i a l  

The o x i d a t i o n  p o t e n t i a l  f o r  r i t o d r i n e  (+0.95 v o l t s )  was 

opt imized by p l o t t i n g  peak h e i g h t  v e r s u s  a p p l i e d  p o t e n t i a l .  The 

a p p r o p r i a t e  range f o r  t h e  a p p l i e d  p o t e n t i a l  was f i r s t  determined 

by B i o a n a l y t i c a l  Systems of West L a f a y e t t e ,  Indiana.  

Mobile Phase -- 

Methanol was first used i n  t h e  mobile phase;  however, sa t is-  

f a c t o r y  r e s u l t s  were n o t  ob ta ined .  This l e d  u s  t o  experiment  wi th  

an a c e t o n i t r i l e  s o l v e n t  system. The mobile phase d e s c r i b e d  i n  t h e  

methods s e c t i o n  was found t o  be s a t i s f a c t o r y  a f t e r  experimenting 

with t h e  v a r i o u s  s o l v e n t  v a r i a b l e s .  
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TABLE I 

2781 

Recovery o f  R i t o d r i n e  Added t o  Plasma 

Tissue Number Recovery % SD CV% 

Plasma (1  m l )  10 80.1 1.2 2.5% 

TABLE I1 

Assay P r e c i s i o n  for Plasma R i t o d r i n e  

Condit ions Concentrat ion Mean-+ SD CV% 
(ng/ml) 

Separa te  E x t r a c t i o n s  20 19.6 + 0.7 3 . 4  
(n=12) 

Recovery 

The recovery of r i t o d r i n e  was determined us ing  sp iked  plasma 

samples  ( 2 5 n g h l ) .  The r e s u l t s  a r e  shown i n  Table 1. The mean 

recovery  was 80.1% with a c o e f f i c i e n t  of  v a r i a t i o n  o f  2.5%. The 

e x t r a c t i o n  s o l v e n t  used ( e t h y l  a c e t a t e )  was a r r i v e d  a t  by exper i -  

menting with t h e  s o l v e n t s  used i n  our  l a b o r a t o r y  f o r  drug  e x t r a c -  

t i o n  (see Discuss ion) .  

P r e c i s i o n  

The a n a l y t i c a l  p r e c i s i o n  a t  a plasma c o n c e n t r a t i o n  o f  20ng/ml 

was found t o  be e x c e l l e n t .  The c o e f f i c i e n t  of v a r i a t i o n  was 3.4% 

(Table  2) .  
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2782 KUHNERT ET AL. 

DISCUSSION 

A radioimmunoassay technique  f o r  a n a l y z i n g  r i t o d r i n e  was n o t  

used by u s  because o f  t h e  d i f f i c u l t y  i n  producing a s u i t a b l e  

an t i se rum.  I n s t e a d ,  an HPLC/EC technique  was developed t h a t  gave 

a l e v e l  of  s e n s i t i v i t y  ( 0 . 6 n g h l  plasma) comparable to  t h a t  

repor ted  by Gandar e t  a l .  (0.3ng/ml p lasma)(2)  u s i n g  r a d i o i m u -  

noassay. We found t h e  HPLC/EC technique  t o  be s u f f i c i e n t l y  s e n s i -  

t i v e  f o r  ana lyz ing  r i t o d r i n e  i n  pregnant  women r e c e i v i n g  t h e  drug  

t o  prevent  premature Labor. 

Since our l a b  does n o t  have c y c l i c  voltammetry, t h e  o x i d a t i o n  

p o t e n t i o n  f o r  r i t o d r i n e  was determined by B i o a n a l y t i c a l  Systems o f  

West L a f a y e t t e ,  Indiana.  They found the optimum p o t e n t i a l  to be 

approximately +go0 mv with a g l a s s y  carbon e l e c t r o d e .  The poten- 

t i a l  used i n  our method was +950 mv; t h i s  va lue  was a r r i v e d  a t  

exper imenta l ly  and was w i t h i n  t h e  a p p r o p r i a t e  range suggested by 

t h e  voltammogram produced by B i o a n a l y t i c a l  Systems. 

A c o n s i d e r a b l e  amount of  exper imenta t ion  was done t o  

determine which s o l v e n t  system would provide  the b e s t  results. The 

f i r s t  system t r i e d  was t h a t  used by M e r r e l l  L a b o r a t o r i e s ,  t h e  pre- 

v ious  manufacturer o f  r i t o d r i n e .  Their mobile  phase conta ined  

methanol, water ,  sodium-n-heptal s u l p h i n a t e ,  and ammonium a c e t a t e .  

The s o l v e n t  system we r e p o r t  h e r e ,  us ing  a c e t o n i t r i l e ,  e tc . ,  gave 

us good s e n s i t i v i t y  and p r e c i s i o n .  

Severa l  o rganic  e x t r a c t i o n  s o l v e n t s  were t r i e d  before  one was 

found t h a t  was s a t i s f a c t o r y .  Among t h o s e  t r ied  were: a c e t o n i t r i l e ,  

methyl-t-butyl e t h e r ,  d i e t h y l  e t h e r ,  and e t h y l  a c e t a t e .  E thyl  ace- 

t a t e  gave an e x t r a c t i o n  e f f i c i e n c y  o f  80%; however, ad jus tment  of  
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RITODRINE I N  PLASMA 2 783 

t h e  pH a s  descr ibed  i n  t h e  procedure s e c t i o n  i s  v i t a l  t o  o b t a i n  

t h i s  e f f i c i e n c y  ( p e r s o n a l  c o m u n i c a t i o n  w i t h  Dr. Lan K. Wong o f  

t h e  Univers i ty  of  P i t t s b u r g h ) .  The e x t r a c t i o n  procedure fol lowed 

was t h a t  descr ibed  by Suckow and Cooper with t h e  except ion  of 

us ing  e t h y l  a c e t a t e  and adjustment  of  t h e  pH. 

O v e r a l l ,  t h e  s e n s i t i v i t y ,  p r e c i s i o n ,  and 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  were a l l  found t o  be a c c e p t a b l e  for de termining  r i to-  

d r i n e  i n  t h e  serum of pregnant  mothers. 

REFERENCES 

1. C a r i t i s ,  S.N., Edels tone ,  D.I.. and Mueller-Heubach, E.: Phar- 
macologic i n h i b i t i o n  o f  pre te rm labor .  Am. J. Obs te t .  Gynecol. - 133 :557-580. 1979. 

2. Gandar, R.. de Zoeten. L.W.. and van d e r  Schoot. J.B.: Serum 
l e v e l  
1980. 

of. r i t o d r i n e  i n  man. Eur. J. Cl in .  Pharrnacol. 17 :117-122, 

3. Suckow, R.F., and Cooper, T.B. : Simultaneous de te rmina t ion  of 
imipramine, desipramine,  and t h e i r  2-hydroxy m e t a b o l i t e s  i n  plasma 
by ion-pair  reverse-phase high-performance l i q u i d  chromatography 
wi th  amperometric d e t e c t i o n .  J. Pharm. S c i .  70 :257-261. 1981. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
2
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


