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A H I G H  PERFORMANCE L I Q U I D  CHROMATOGRAPHY METHOD FOR THE 

DETERMINATION OF R A N I T I D I N E  I N  PLASMA 

P.F. Carey and L . E .  M a r t i n  

Biochemical  Pharmacology Department 
Glaxo Group Research L t d .  

Ware, Herts. U . K .  

ABSTRACT 

R a n i t i d i n e  h y d r o c h l o r i d e  is a h i g h l y  p o t e n t  H2 r e c e p t o r  
a n t a g o n i s t  o f  v a l u e  i n  t h e  t r e a t m e n t  of p e p t i c  u l c e r a t i o n .  A 
method i s  d e s c r i b e d  f o r  t h e  d e t e r m i n a t i o n  of r a n i t i d i n e  i n  b io -  
l o g i c a l  f l u i d s .  The d r u g  i s  e x t r a c t e d  from plasma p r i o r  t o  
d e t e r m i n a t i o n  by r e v e r s e  phase  h i g h  performance l i q u i d  chromato- 
g raphy .  The method i s  s e n s i t i v e  enough t o  d e t e r m i n e  l o n g  
r a n i t i d i n e  p e r  ml i n  plasma. The h . p . 1 . c .  method h a s  been 
automated s o  t h a t  a n a l y s i s  c a n  be c a r r i e d  o u t  w i t h o u t  a t t e n t i o n  
o v e r  a 24 hour  p e r i o d .  The automated h . p . 1 . c .  method h a s  been 
used fo r  s t u d y i n g  t h e  p h a r m a c o k i n e t i c s  o f  o r a l  and i n t r a v e n o u s  
d o s e s  of r a n i t i d i n e  h y d r o c h l o r i d e  a d m i n i s t e r e d  t o  man. 

INTRODUCTION _ _ ~  

The H2 a n t a g o n i s t ,  r a n i t i d i n e  h y d r o c h l o r i d e  (AH 19065) 

( F i g u r e  1 )  is a h i g h l y  p o t e n t  i n h i b i t o r  of gastr ic  s e c r e t i o n  o f  

v a l u e  i n  t h e  t r e a t m e n t  of p a t i e n t s  who have p e p t i c  u l c e r a t i o n .  

A s  p a r t  of t h e  s a f e t y  e v a l u a t i o n  s t u d i e s  i n  a n i m a l s ,  and t h e  

c l i n i c a l  e f f i c a c y  s t u d i e s  of t h e  d r u g  i n  man, it was n e c e s s a r y  t o  

d e v e l o p  a method for  d e t e r m i n i n g  r a n i t i d i n e  i n  body f l u i d s .  

1 2 9 1  
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without permission in writing from the publisher. 
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F i g u r e  1 .  R a n i t i d i n e  Hydroch lo r ide  

R a n i t i d i n e  h y d r o c h l o r i d e  i s  f o u r  t o  f i v e  times as p o t e n t  as 

c i m e t i d i n e  i n  i n h i b i t i n g  gas t r ic  a c i d  s e c r e t i o n  ( 1 )  and t h e  

t h e r a p e u t i c  o r a l  dose  o f  r a n i t i d i n e  h y d r o c h l o r i d e  was e x p e c t e d  

t o  be  abou t  80mg. 

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

would g i v e  a peak plasma l e v e l  i n  t h e  sub-microgram p e r  m l  r a n g e  

and t h e r e f o r e  a h i g h l y  s e n s t i t i v e  a n a l y t i c a l  method f o r  t h e  

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

Attempts  t o  d e v e l o p  a g .1 . c .  method fo r  d i r e c t  a n a l y s i s  were 

u n s u c c e s s f u l  no r  cou ld  any  d e r i v a t i v e s  s u i t a b l e  f o r  q u a n t i t a t i v e  

g.1.c. be p r e p a r e d .  R a n i t i d i n e  i s  n o t  f l u o r e s c e n t  and a t t e m p t s  

t o  d e v e l o p  a method based on t h e  f o r m a t i o n  o f  a n  ion p a i r  

complex w i t h  a f l u o r e s c e n t  a n i o n i c  d e t e r g e n t  were u n s u c c e s s f u l .  

The n i t r o  g r o u p  i n  r a n i t i d i n e  cou ld  be r educed  e l e c t r o - c h e m i c a l l y  

b u t  because  o f  i n t e r f e r e n c e  from endogenous material  i n  plasma 

and u r i n e  it was n o t  p o s s i b l e  t o  d e v e l o p  a p o l a r o g r a p h i c  method 

f o r  t h e  d e t e r m i n a t i o n  of r a n i t i d i n e .  The U . V .  spec t rum of a 

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

230 and 320 nm. The e x p e c t e d  low plasma c o n c e n t r a t i o n  of 

r a n i t i d i n e  and t h e  v a r i a t i o n  i n  amounts o f  endogenous U . V .  

From m e t a b o l i c  s t u d i e s  i n  a n i m a l s  g i v e  14C 
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DETERMINATION OF RANITIDINE I N  PLASMA 1 2 9 3  

a b s o r b i n g  material i n  p l a sma ,  p r e v e n t e d  t h e  d i r e c t  d e t e r m i n a -  

t i o n  of t h e  d r u g  by U . V .  a n a l y s i s .  

High p r e s s u r e  l i q u i d  chromatography u s i n g  a U . V .  d e t e c t o r  

a p p e a r e d  t o  be a method of  c h o i c e  f o r  d e t e r m i n i n g  r a n i t i d i n e  

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

sys t em was chosen because  it would a l l o w  b e t t e r  s e p a r a t i o n  o f  

t h e  d r u g  from t h e  more p o l a r  m e t a b o l i t e s .  The d e t e r m i n a t i o n  of 

r a n i t i d i n e  i n  large numbers o f  plasma samples  was r e q u i r e d  as 

p a r t  of t h e  c l i n i c a l  pha rmaco log ica l  s t u d i e s  and t h e r a p e u t i c  

t r i a l s  o f  r a n i t i d i n e .  These a n a l y s e s  had t o  be completed as 

r a p i d l y  as p o s s i b l e ,  t h e r e f o r e ,  a n  automated a n a l y t i c a l  sys t em 

was e s s e n t i a l .  

T h i s  pape r  d e s c r i b e s  a method for  t h e  e x t r a c t i o n  

of r a n i t i d i n e  from plasma and i t s  d e t e r m i n a t i o n  u s i n g  a r e v e r s e d  

phase  h i g h  performance l i q u i d  chromatography sys t em f i t t e d  w i t h  

an automated i n j e c t o r  and a compute r i sed  d a t a  p r o c e s s i n g  sys t em.  

Una t t ended ,  t h e  sys t em c a n  a n a l y s e  samples  t h r o u g h o u t  t h e  day  

and n i g h t .  The method i s  s e n s i t i v e  enough t o  d e t e r m i n e  long  

r a n i t i d i n e  p e r  m l  plasma. 

MATERIALS 

D i c h l o r o d i m e t h y l s i l a n e  [DCMS] ( A l d r i c h  Chemical Co. L t d .  

London) ,  t o l u e n e ,  d i sod ium hydrogen p h o s p h a t e ,  octan-1-01 and 

methanol  were a l l  of 'Analar' g r a d e  and o b t a i n e d  from B r i t i s h  

Drug Houses,  P o o l e ,  D o r s e t .  

AH 20480, F i g u r e  2 was s y n t h e s i s e d  i n  t h e  Chemis t ry  D i v i s i o n .  

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



1294 CAREY AND MARTIN 

CHN02 

F i g u r e  2 .  AH 20480, t h e  i n t e r n a l  s t a n d a r d  

R a n i t i d i n e  b a s e  was used a s  t h e  a n a l y t i c a l  s t a n d a r d  and 

r a n i t i d i n e  h y d r o c h l o r i d e  t a b l e t s  were used i n  t h e  c l i n i c a l  

s t u d i e s .  Both p r e p a r a t i o n s  were s u p p l i e d  by t h e  Pharmacy 

D i v i s i o n .  

INSTRUMENTATION _-  

The l i q u i d  chromatograph was assembled from s e p a r a t e  

commerc ia l ly  a v a i l a b l e  u n i t s .  The e l u e n t ,  60% methano l  and 

40% 0.05 M phospha te  b u f f e r  pH 7 . 0  was pumped a t  a f l o w  ra te  of  

0.91111 p e r  minute u s i n g  a p u l s e l e s s  d u a l - p i s t o n  r e c i p r o c a t i n g  

pump ( 7 ' r O B ,  S p e c t r a  P h y s i c s ,  S t .  Albans,  H e r t f o r d s h i r e . )  

A Waters I n t e l l i R e n t  Sample P r o c e s s o r  (WISP), which is 

a mic ro  p r o c e s s o r  c o n t r o l l e d  f u l l y  au tomated  i n j e c t i o n  s y s t e m ,  

was used t o  i n t r o d u c e  t h e  sample on t o  t h e  column. The WISP c a n  

be programmed t o  i n j e c t  from 1 ~ 1  t o  2 ml of  any i n d i v i d u a l  

sample.  Normally loop1 o f  an e x t r a c t  from plasma was i n j e c t e d .  

The chromatography columns were 100mm x 5mm i . d .  s t a i n l e s s  

s teel  (Shandon S o u t h e r n ,  Runcorn, C h e s h i r e )  c o n t a i n i n g  5p  

S p h e r i s o r b  ODS r e v e r s e  phase material ( P h a s e  S e p a r a t i o n s  L t d .  

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



DETERMINATION OF RANITIDINE IN PLASMA 1295 

Q u e e n s f e r r y ,  Clwyd) packed by a s l u r r y  t e c h n i q u e  u s i n g  a 

pneumatic  p r e s s u r e  i n t e n s i f i e r  (Haske l  Eng. and Supp ly  Co.,  

Burbank, C a l i f o r n i a . )  

A l l  columns were m a i n t a i n e d  a t  a c o n s t a n t  t e m p e r a t u r e  o f  

40'C i n  a column oven (A.C.S.,  Lu ton ,  B e d f o r d s h i r e . )  

A Pye LC3 d e t e c t o r  (Pye Unicam L td .  Cambridge) set  at  320nm 

was used t o  m o n i t o r  t h e  e l u a t e .  

There c o u l d  be  changes  i n  t h e  b a s e l i n e  v a l u e  o f  a chromato- 

gram d u r i n g  t h e  e i g h t  hour  p e r i o d  which i t  t a k e s  t o  a n a l y s e  t h e  

f o r t y  e i g h t  s amples  i n  t h e  WISP carriage. To avo id  h a v i n g  t o  

manua l ly  c o r r e c t  f o r  changes i n  b a s e l i n e ,  a d r i f t  c o r r e c t i o n  

c i r c u i t  was d e s i g n e d  and c o n s t r u c t e d  by M r .  R .  H a r t l e y  of t h e  

B io -Eng inee r ing  U n i t .  The p r i n c i p l e  on which it works is t h a t  

a t  t h e  s t a r t  of t h e  ch romatograph ic  a n a l y s e s  t h e  c i r c u i t  

measu res  and stores t h e  d e t e c t o r  base  l i n e  v o l t a g e  s i g n a l ,  V R .  

Then i t  u s e s  V R  a s  a r e f e r e n c e  v a l u e  f o r  t h e  n o r m a l i s a t i o n  

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

Fo l lowing  t h e  command from t h e  WISP t o  i n j e c t ,  t h e  c i r c u i t  

allows a t e n  second  d e l a y  and t h e n  measu res  t h e  b a s e l i n e  s i g n a l  

VB immedia t e ly  p r i o r  t o  t h e  e l u t i o n  o f  t h e  first peak.  

d r i f t  c o r r e c t i o n  i s  VD which e q u a l s  V B  - V R .  

i s  t h e n  s u b t r a c t e d  from t h e  t o t a l  d e t e c t o r  s i g n a l  VO, o v e r  t h e  

t e n  minu te  p e r i o d  which i t  t a k e s  for each  ch romatograph ic  

The 

Th i s  v a l u e  

a n a l y s i s  and t h e  r e s u l t a n t  ana logue  s i g n a l  p r o c e s s e d  by t h e  

S p e c t r a  P h y s i s c s  4000 system. T h i s  d r i f t  c o r r e c t i o n  p r o c e d u r e  

is c a r r i e d  o u t  a f te r  each  i n j e c t i o n .  
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S i l a n i s a t i o n  o f  Glassware 

The e x t r a c t i o n  t u b e s  were soaked o v e r n i g h t  i n  5% DCMS i n  

t o l u e n e  and t h e n  a l lowed  t o  d r a i n  d r y  p r i o r  t o  immersion i n  

methanol  f o r  several  m i n u t e s .  The me thano l  was removed and 

t h e  t u b e s  p l aced  i n  an a i r  oven a t  l l O ' C  u n t i l  c o m p l e t e l y  d r y .  

E x t r a c t i o n  P rocedure  

A n a l y s i s  o f  R a n i t i d i n e  i n  Human Plasma 

One hundred p 1  o f  a s o l u t i o n  c o n t a i n i n g  200ng r a n i t i d i n e  and 

600ng AH 20480 p e r  m l  were i n j e c t e d  and t h e  r e t e n t i o n  times o f  

each s u b s t a n c e  de t e rmined .  

S t anda rd  s o l u t i o n s  o f  r a n i t i d i n e  i n  human plasma o v e r  t h e  

r ange  0-200ng r a n i t i d i n e  p e r  m l  p lasma were p r e p a r e d  by a d d i n g  

w i t h  a c a l i b r a t e d  1 0 ~ 1  s y r i n g e  (Hami l ton ,  S w i t z e r l a n d )  measured 

amounts o f  an aqueous s o l u t i o n  c o n t a i n i n g  1Opg r a n i t i d i n e  p e r  m l  

t o  e a c h  m l  p lasma.  

One m l  volumes o f  t h e  s t a n d a r d s  and t e s t  samples  of plasma 

were p i p e t t e d  i n t o  c l e a n  s i l a n i s e d  glass t u b e s  ( 1 6  x 1 0 0 m m ,  

S o v i r e l ,  F r a n c e )  and 1 m l  o f  0.1 M d i sod ium hydrogen p h o s p h a t e ,  

PH 9 . 0  was added from an 'Oxford '  d i s p e n s e r  ( B o e h r i n g e r  Corpor- 

a t i o n  (London) L imi t ed . )  T h i r t y  p1 o f  an aqueous s o l u t i o n  

c o n t a i n i n g  1Opg AH 20480 p e r  m l  was added t o  e a c h  sample as an 

i n t e r n a l  s t a n d a r d ,  u s i n g  a S.M.I. m i c r o - p e t t o r  (Alpha Labora-  

t o r i e s ,  Greenfo rd )  and a l l  t u b e s  were a g i t a t e d  f o r  two s e c o n d s  

on a 'Whi r l imixe r '  ( J e n c o n s ,  Hemel Hens tead ,  H e r t f o r d s h i r e ) .  

F ive  m l  o f  octan-1-01 were added t o  e a c h  s o l u t i o n  v i a  an 

'Oxford '  p i p e t t o r  and t h e  t u b e s  were r o t a t e d  on a t u b e  r o t a t o r  
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S t u a r t  S c i e n t i f i c  Co. L t d .  Croydon, S u r r e y )  a t  speed  3.5 for 

5 minu tes .  The t u b e s  were removed and c e n t r i f u g e d  a t  1 2 0 0 ~  

o r  15 minu tes  i n  a Mistral 6L c e n t r i f u g e  (M.S.E. Crawley,  

u r r e y ) .  

4 .5  m l  o f  each upper  o c t a n o l  l a y e r  was t r a n s f e r r e d  t o  a 

l e a n  d r y  t u b e  u s i n g  a d i s p o s a b l e  5ml p i p e t t e ,  and 5 0 0 ~ 1  o f  

.1 M phospha te  b u f f e r ,  pH 6 . 0  was added t o  each  t u b e .  The 

a n i t i d i n e  and i n t e r n a l  s t a n d a r d  were r e - e x t r a c t e d  i n t o  t h e  

u f f e r  s o l u t i o n  by g e n t l e  r o t a t i o n  on t h e  S t u a r t  rotator  f o r  

5 minu tes  and t h e  t u b e s  were c e n t r i f u g e d  a t  1200g f o r  a 15 

i n u t e  p e r i o d  on a Mistral 6L c e n t r i f u g e .  

The uppe r  octan-1-01 l a y e r  was removed u s i n g  a P a s t e u r  

i p e t t e  a t t a c h e d  t o  a water vacuum pump and 4 0 0 ~ 1  o f  t h e  

queous phase from each t u b e  was t r a n s f e r r e d  t o  a low volume 

l a s s  i n s e r t  c o n t a i n e d  i n  a s t a n d a r d  s i z e  4ml b o t t l e  which 

as f i t t e d  w i t h  a P.T.F.E. septum and screw cap .  The b o t t l e s  

e r e  p l aced  i n  t h e  carriage of t h e  WISP which was set t o  

nject  1 0 0 ~ 1  o f  t h e  e x t r a c t .  

RESULTS 

The r e t e n t i o n  times o f  r a n i t i d i n e  and AH 20480 were 

E s p e c t i v e l y  225 seconds  and 350 seconds .  F i g u r e  3 is a 

y p i c a l  chromatogram for  a plasma sample s p i k e d  w i t h  103ng 

s n i t i d i n e  p e r  r n l  and w i t h  t h e  i n t e r n a l  s t a n d a r d .  It is 

lear t h a t  t h e  p e a k s  o f  i n t e r e s t  are well r e s o l v e d .  F i g  4 

nows t h e  l i n e a r  r e l a t i o n s h i p  between t h e  peak area ra t ios  

? a n i t i d i n e  t o  t h e  i n t e r n a l  s t a n d a r d ) ,  and r a n i t i d i n e  
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F i g  3. 
c o n t a i n i n g  103 ng r a n i t i d i n e / m l .  
Peak A i s  r a n i t i d i n e  and Peak B AH 40480, t h e  internal  s tandard .  

A chromatogram of an e x t r a c t  from a plasma s t a n d a r d  
Inject ion volume, 1OOpl. 

concent ra t ion  i n  plasma. The e f f i c i e n c y  of e x t r a c t i o n  of 

r a n i t i d i n e  from plasma a s  c a l c u l a t e d  from t h e  a n a l y s i s  of 

twelve s tandards  was 50 2 5%.  Figure 5 shows a chromato- 

gram o f  a sample of plasma obta ined  a t  0 .25hr .  from a s u b j e c t  

g iven  an in t ravenous  dose of  0.25mg r a n i t i d i n e  hydrochlor ide/kg.  
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Fig. 4. S t a n d a r d  l i n e  showing the r a t i o  of the peak  area of 
ranit idine t o  the internal s t a n d a r d ,  against the c o n c e n t r a t i o n  
of r a n i t i d i n e  ( n g / m l  plasma).  

The plasma c o n c e n t r a t i o n s  of r a n i t i d i n e  o b t a i n e d  after 

s e p a r a t e  oral  d o s e s  o f  20 ,  40 and 80 ng r a n i t i d i n e  hydro- 

c h l o r i d e  t o  one s u b j e c t  are shown i n  F i g u r e  6 .  There is a 

good c o r r e l a t i o n  between t h e  d o s e  of  r a n i t i d i n e  h y d r o c h l o r i d e  

and t h e  c o n c e n t r a t i o n  of r a n i t i d i n e  i n  plasma.  

DISCUSSION 

A s e n s i t i v e  and r a p i d  method f o r  t h e  d e t e r m i n a t i o n  of 

r a n i t i d i n e  i n  plasma is d e s c r i b e d .  

s t a n d a r d  are e x t r a c t e d  from plasma i n t o  octan-1-01 a t  pH 

8.2 and t h e n  r e - e x t r a c t e d  a t  pH 6.0 i n t o  a 0.1 M.  phospha te  

The d r u g  and t h e  i n t e r n a l  
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Fig 5. A chromatogram of an extract f rom a plasma sample 
c o l l e c t e d  0.25 hours af ter  an i n t r a v e n o u s  dose of 0.25 mg 
r a n i t i d i n e  p e r  kg. I n j e c t i o n  volume l00p.l. Peak A i s  
r a n i t i d i n e ,  peak  B AH 20480, the in te rna l  standard. 

b u f f e r .  The c o n c e n t r a t i o n  of r a n i t i d i n e  i n  t h e  aqueous  

s o l u t i o n  is  de te rmined  by r e v e r s e  phase  h.p.1.c .  u s i n g  

a b s o r p t i o n  a t  320nm f o r  t h e  q u a n t i t a t i o n  of t h e  d rug .  
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Fig. 6. Plasma concentrations of ranitidine in a subject given 
on separate occasions oral doses of 20, 40 and 80 mg ranitidine 
hydrochloride. 

In order to analyse the large number of plasma samples 

arising from clinical trials of the drug, a fully automated 

h.p.1.c. system has been developed. A WISP fully automatic 

injection system was coupled t o  the high performance liquid 

chromatograph to process the samples. The injection system 

was reliable, there was no carry over between the samples 
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and t h e  v a r i a b l e  i n j e c t i o n  volume f a c i l i t y  was u s e f u l  when 

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

d r u g .  

The t i m e  t o  comple t e  t h e  a n a l y s i s  of each  sample was 

t e n  minu tes .  The carriage of t h e  WISP h o l d s  48 samples  and 

t h e r e f o r e  i t  t a k e s  e i g h t  h o u r s  t o  comple t e  t h e  a n a l y s i s  of 

a c a r r i a g e  f i l l e d  w i t h  samples .  The work s c h e d u l e  was a r r a n g e d  

so t h a t  a t  t h e  b e g i n n i n g  o f  t h e  working day  t h e  carriage was 

loaded  w i t h  samples  o f  plasma which had been p r o c e s s e d  t h e  

p r e v i o u s  day  and t h e  a n a l y s i s  s t a r t e d .  

E i g h t  h o u r s  l a t e r  on comple t ion  o f  t h e  a n a l y s i s ,  t h e  

carriage was r e f i l l e d  w i t h  a n o t h e r  48 samples  and these  were 

a n a l y z e d  una t t ended  d u r i n g  t h e  n i g h t .  The low c o n c e n t r a t i o n  

of r a n i t i d i n e  i n  plasma samples  n e c e s s i t a t e d  t h a t  t h e  U . V .  

d e t e c t o r  was used a t  0 .01 a . u .  f u l l  scale  d e f l e c t i o n .  When 

o p e r a t i n g  o v e r  a n  e igh t  hour  p e r i o d  a t  t h i s  h i g h  s e n s i t i v i t y  

i t  was obse rved  t h a t  base  l i n e  changes  c a n  o c c u r .  The elec- 

t r o n i c  d r i f t  c o r r e c t i o n  c i r c u i t  a u t o m a t i c a l l y  compensated 

f o r  any o f  these  changes and ma in ta ined  t h e  s i g n a l  w i t h i n  t h e  

r ange  of t h e  S p e c t r a  P h y s i c s  4000 d a t a  sys t em.  
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