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SIMULTANEOUS ANALYSIS OF CIMETIDINE 
AND RANITIDINE I N  HUMAN PLASMA BY HPLC 

J.Boutagy, D.G. More, 1.A.Munro and G.M. Shenf i e l d .  

Department of C 1  i n i c  a1 Pharmacology , 
Royal North Shore H o s p i t a l ,  

S t .  Leonards, NSW. 2065, A u s t r a l i a .  

ABSTRACT 

A r a p i d  method for the  s imul taneous  q u a n t i t a t i o n  of t h e  
H - r ecep to r  an tagon i s t  drugs c imet id ine  and r a n i t i d i n e  i n  human 
plasma by i s o c r a t i c  ion-pa i r  reverse-phase HPLC i s  desc r ibed .  
method invo lves  a simple o rgan ic  e x t r a c t i o n  s t e p  of t h e  a l k a l i n i z e d  
plasma con ta in ing  added i n t e r n a l  s t anda rd  followed by back 
e x t r a c t i o n  of t he  e x t r a c t  w i t h  d i l u t e  a c e t i c  a c i d  and subsequent 
a n a l y s i s  of t h e  aqueous a c i d i c  phase on a reverse-phase (C18) 
column. The e l u t i n g  s o l v e n t  was a c e t o n i t r i l e - w a t e r  (20: 80 v/v)  
conta in ing  0.005 m o l e / l i t r e  oc tanesulphonic  a c i d  and was monitored 
a t  229 mu. The run time f o r  t h e  a s say  was 12.5 minutes, w i t h  a 
d e t e c t i o n  l i m i t  f o r  c ime t id ine  of 50 ng/ml / (0 .2  pmole / l )  and 
t h a t  for r a n i t i d i n e  was 2 0  ng/ml (0.06 umole / l ) .  

The 

INTRODUCTION 

The H - r ecep to r  a n t a g o n i s t s  c imet id ine  and r a n i t i d i n e  a r e  

I t  has  been 

2 

widely used t o  t r e a t  g a s t r i c  and duodenal u l c e r s .  

shown t h a t  c e r t a i n  minimal plasma drug c o n c e n t r a t i o n s  must be 

a t t a i n e d  t o  achieve  adequate  i n h i b i t i o n  of g a s t r i c  a c i d  s e c r e t i o n  

(1). Routine plasma drug a s say  i s  no t  i n d i c a t e d  f o r  these  
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1652 BOUTAGY ET AL. 

compounds b u t  i s  of value when compliance i s  i n  doubt or f o r  

c l i n i c a l  t r i a l s .  P a t i e n t s  who f a i l  t o  respond t o  one of the  agents  

a re  commonly changed t o  the o ther  and i t  i s  therefore  convenient t o  

have an assay t h a t  w i l l  de tec t  e i t h e r  or both drugs. We developed 

a s e n s i t i v e  l i q u i d  chromatographic assay f o r  a t r i a l  i n  which 

p a t i e n t s  were changing from one €$-receptor antagonis t  t o  t h e  o ther  

and we descr ibe  i t  here .  There have been severa l  r e p o r t s  f o r  

a n a l y s i s  i n  b i o l o g i c a l  f l u i d s  of cimetidine (2-11) and r a n i t i d i n e  

(12-15) a s  ind iv idua l  drugs using HPLC with e i t h e r  normal phase or  

reverse phase separat ion.  Mobile phases have v a r i e d  and sample 

prepara t ion  i n  each case have v a r i e d  from m u l t i s t e p  e x t r a c t i o n  

procedures employing p r i o r  s a l t i n g  o r  p r o t e i n  p r e c i p i t a t i o n  of the  

b io logica l  matr ix  t o  a s ing le  solvent  e x t r a c t i o n .  
- 

Whilst t h e r e  a r e  s i g n i f i c a n t  s t r u c t u r a l  d i f f e r e n c e s  between 

cimetidine and r a n i t i d i n e  they a r e  both  weakly b a s i c  compounds and 

our approach f o r  t h e i r  simultaneous a n a l y s i s  was t o  use a s i n g l e  

solvent e x t r a c t i o n  of the a l k a l i n i s e d  plasma followed by back 

e x t r a c t i o n  i n t o  d i l u t e  aqueous a c i d  so lu t ion .  No f u r t h e r  sample 

prepara t ion  was necessary except  f o r  removal of t r a c e s  of v o l a t i l e  

solvent  from t h e  aqueous e x t r a c t .  Two i n t e r n a l  standards were 

inves t iga ted  f o r  q u a n t i t a t i n g  each drug. These were SgP 92313 and 

AH 20480,  analogues of cimetidine and r a n i t i d i n e  respec t ive ly .  The 

chromatography was performed on a reverse  phase C18 column using an  

i s o c r a t i c  mobile phase containing paired-ion reagent .  No pH 

adjustment was necessary.  The known metabol i tes  of c imet idine and 
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CIMETIDINE AND RANITIDINE IN PLASMA 1653 

r a n i t i d i n e  were a l s o  inves t iga ted  f o r  p o t e n t i a l  interference w i t h  

a n a l y s i s  of the parent  compounds. 

EXPERIMENTAL 

Mat e r  i a  1 s : 

A l l  so lvents  and reagents  used were a n a l y t i c a l  and LC grade. 

Cimetidine, cimetidine sulphoxide,  guanyl urea cimetidine and SKF 

92373 were supplied by Smith, Kline and French, Herts. ,  England. 

Rani t id ine  hydrochloride,  desmethylrani t idine,  r a n i t i d i n e  S-oxide. 

r a n i t i d i n e  N-oxide and AH 20480 were suppl ied by Glaxo (Aus t ra l ia )  

Pty. Ltd. Standard s tock s o l u t i o n s  of cimetidine (mol. w t .  = 252) 

and r a n i t i d i n e  (mol. w t .  = 351) were made i n  methanol a t  

concentrat ions of 5 mgl100ml and 1.3 mgllOOml respec t ive ly .  

S imi la r ly  s tock s o l u t i o n s  of SKP 92373 and AH 20480 i n  methanol 

were made a t  concentrat ions of 50 and 40 mg/100ml respec t ive ly .  A l l  

these were d i l u t e d  appropr ia te ly  i n  drug f r e e  plasma to c a l i b r a t e  

the assay. 

Ext rac t ion  of Samples and Assay Cal ibra t ion :  

Plasma ( 5 0 0  p l )  containing the  i n t e r n a l  s tandards SgP 92373 

and AB 20480 a t  respec t ive  concentrat ions of 0.2 pglml and 0.16 

pglml was made a l k a l i n e  wi th  2M sodium hydroxide (SO 111). The 

plasma was then e x t r a c t e d  wi th  a mixture of e t h e r ,  chloroform and 

isopropanol  (2:1:1)(4 m l )  by vortexing f o r  30 sec. After  

c e n t r i f u g a t i o n  a t  3000 rpm f o r  1 0  min. t h e  organic t o p  l a y e r  was 

t r a n s f e r r e d  t o  a second tube containing 100 p l  of d i l u t e  a c e t i c  
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1654 BOUTAGY ET AL. 

a c i d  (2% v /v )  and t h e  mixture  a g a i n  vo r t exed  f o r  30 sec. Af t e r  

c e n t r i f u g a t i o n  the  organic  ( t o p )  l a y e r  was removed and d i sca rded .  

A g e n t l e  stream of n i t r o g e n  was blown over t h e  aqueous e x t r a c t  t o  

remove t r a c e s  of' v o l a t i l e  s o l v e n t  fo l lowing  which 2 0  p1 a1 iquot s 

were used f o r  subsequent a n a l y s i s .  The assay  was c a l i b r a t e d  from 

drug f r e e  plasma con ta in ing  added c ime t id ine  over  a concen t r a t ion  

range of 0 . 2  t o  2 . 0  pg/ml ( 0 . 7 9  t o  7 . 9  pmole / l )  and added 

r a n i t i d i n e  over a concen t r a t ion  range  0.05 t o  0 . 5  g / m l  (0.14 t o  1 . 4  

p n o l e / l ) .  Each sample conta ined  t h e  i n t e r n a l  s tandards  a s  above. 

Recovery of each compound was c a l c u l a t e d  by measurement of peak 

a r e a  a f t e r  e x t r a c t i o n  from plasma and compared t o  t h a t  of t h e  same 

amount of compound from s t anda rd  s t o c k  s o l u t i o n  a f t e r  

chromatography . 

Chromatogravhy and Assav Condi t ions :  

The a n a l y s e s  were c a r r i e d  out  on a Var i an  S e r i e s  5000 l i q u i d  

chromatograph coupled t o  a V i s t a  CDS 401 c o n t r o l l e r .  De tec t ion  was 

wi th  a Waters Model 441 U/V d e t e c t o r  ope ra t ed  a t  2 2 9  nm (0 .01  t o  

0 . 0 2  a u f ) .  Sample i n j e c t i o n  ( 2 0  p l )  was made by Wisp Model 710B 

(Waters Assoc ia t e s )  automated i n j e c t o r .  The chromatography was 

performed on a 30 cm p-Bondapak C18 (Waters A s s o c i a t e s )  r eve r se  

phase column ( i n  l i n e  w i t h  a Bondapak C l I / C o r a s i l  pre-column) us ing  

a n  i s o c r a t i c  mobile phase c o n s i s t i n g  of a c e t o n i t r i l e - w a t e r  ( 2 0 :  80) 

con ta in ing  0.005 m o l e / l i t r e  oc tanesulphonic  a c i d  ( a s  PIC-B8, l o w  

U/V r e a g e n t )  (Waters A s s o c i a t e s ) .  The flow r a t e  was 1.5 mllmin. 
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CIMETIDINE AND RANITIDINE IN PLASMA 1655 

Q u a n t i t a t i o n  was by r a t i o  of peak a r e a s  of cimetidine and 

r a n i t i d i n e  t o  the i n t e r n a l  standards.  

RESULTS AND DISCUSSION 

Using the chromatography procedure descr ibed the separa t ion  of 

c imet idine,  r a n i t i d i n e ,  i n t e r n a l  standards and some p o t e n t i a l  

metabol i tes  i s  shown i n  Figure 1. The r e t e n t i o n  time under these 

condi t ions f o r  cimetidine was 5.8 min. and t h a t  f o r  r a n i t i d i n e  was 

7.0  min. with adequate separa t ion  from the  i n t e r n a l  s tandards 

( r e t e n t i o n  t imes 4.3 and 9.7 min. for  SKF 92374 and AB 20480 

r e s p e c t i v e l y ) .  

both parent  compounds and s tandards (each compound has  absorpt ion 

maxima i n  t h a t  p o r t i o n  of the spectrum). 

The monitoring a t  229 m gave adequate response f o r  

The chromatograms obtained following plasma e x t r a c t i o n  a r e  

shown i n  Figure 2. Chromatograms from drug-free plasma containing 

no added drug (Figure 2A) and from the  same plasma containing added 

cimetidine and r a n i t i d i n e  i n  the amounts ind ica ted  (Figure 2B) are  

shown. Figure 2C and Figure 2D show sample chromatograms obtained 

from p a t i e n t s  undergoing treatment with cimetidine or with 

r a n i t i d i n e  respec t ive ly .  The t o t a l  run time f o r  the a n a l y s i s  i s  

12.5 min. 

Saec i f  i c  i t p :  

The a n a l y s i s  was s p e c i f i c  f o r  the parent  compounds and kuown 

metabol i tes .  The r e l a t i v e  r e t e n t i o n  times ( r e l a t i v e  t o  c imetidine)  
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FIGURE 2 .  Chrmatogram following plasma extraction. A. Drug f r e e  
plasma. B. Drug f ree  plasma containing added cimetidine (6 .58  
pmole/ l ) ,  ranitidine (0.81 pmole/l) and internal standards. 
C. Plasma from patient  receiving cimetidine. D. Plasma from 
patient  receiving ran i t id ine .  
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TABLE 1 

BOUTAGY ET AL. 

C i m e  t i d i  ne 
SKF 92374 
Rani t i  d i  ne 
AH 20480 
Ran i t id ine  N-Oxide 
Ran i t id ine  S-Oxide 
Proca inam ide 
N-Acetylprocainamide 
Li gn oca i ne 
Me x i l e  t i n e  
Quinidine 
Cimetidine sulphoxide 
De smethylrani t i d i n e  
Cime t i d i n e  amide 

1 .o 
0.76 
1.22 
1.69 
1 .31  
0.65 
1.16 
1.29 

> 3  
> 3  
> 3  

0.62 
1 .ll 
2.02 

fo r  these compounds and o t h e r  p o t e n t i a l l y  administered b a s i c  drugs 

a re  shown i n  Table 1. There was adequate r e s o l u t i o n  f o r  each of the 

compounds shown. The me tabo l i t e s  of c imet idine and r a n i t i d i n e  d id  

not i n t e r f e r e  and furthermore the S o x i d e  and the  N-oxide of 

r a n i t i d i n e  when added t o  drug-free plasma d i d  no t  e x t r a c t  

adequately t o  be detected.  

L inea r i ty :  

The s tandard curve f o r  c imet idine and r a n i t i d i n e  was 

constructed from drug f r e e  plasma with cons t an t  amount of i n t e r n a l  

s tandards added pe r  sample. Cimetidine was c a l i b r a t e d  wi th  SKF 

92374 a s  the  i n t e r n a l  s tandard and produced a l i n e a r  p l o t  (r=0.999) 

over t he  concent , ra t ion range of 0.2 t o  2.0 yglml (0.79 t o  7.9 
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CIMETIDINE AND RANITIDINE IN PLASMA 1659 

m o l e /  1) (Figure 3). For r a n i t i d i n e ,  curves were constructed w i t h  

e i t h e r  AH 20480 or with SKF 92374 a s  standards.  There was no 

s i g n i f i c a n t  d i f fe rence  a s  t o  which s tandard was used and a l l  

r a n i t i d i n e  assays were subsequently c a l i b r a t e d  using SKF 92314 a s  

the standard.  The p l o t  obtained was l i n e a r  (r=0.999) from 0.05 t o  

0.5 pglml (0.14 t o  1.4 p o l e l l )  (Figure 4 ) .  For both cimetidine and 

r a n i t i d i n e  the carve was s t i l l  l i n e a r  a t  values  grea te r  than twice 

the  concentrat ion shown f o r  each p l o t .  The lower l i m i t  of de tec t ion  

was 0.05  pg/ml (0.2 pmole/l) for  cimetidine and 0.02 pg /ml  (0.06 

p o l e / l )  f o r  r a n i t i d i n e .  The plasma concentrat ions known t o  cause 

50% i n h i b i t i o n  of food-stimulated g a s t r i c  a c i d  s e c r e t i o n  a r e  0.37 

t o  0.45 p g / m l  (1.5 t o  1.8 pmole/l) f o r  c imet idine and 0.07 t o  0.09 

pg/ml  (0.20 t o  0.26 pmole/l) for  r a n i t i d i n e  (1). 

Recoverp: 

Known amounts of cimetidine and r a n i t i d i n e  were added t o  drug 

f r e e  plasma t o  make high and low concentrat ions of each drug. 

After  e x t r a c t i o n  and adjustment of the f i n a l  volume of the  a c i d i c  

e x t r a c t  the peak area  a f t e r  chromatography of each compound was 

measured and compared t o  t h e  peak area  of t h e  same amount of 

compound added d i r e c t l y  t o  the equal volume of the aqueous e x t r a c t .  

The recovery or e x t r a c t i o n  e f f i c i e n c i e s  a r e  shown i n  Table 2 and 

ranged from 73-81%. In the same way the recovery f o r  the i n t e r n a l  

standards were a l s o  determined a t  the concentrat ions used i n  t h e  

assay.  
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slope ~ 

y-int. ~ 

I / corr. . 

5.154 
-.061 
0.999 

014 1.2 
PEAK AREA RATIO 

(1,s. SKF92374) 

FIGURE 3 .  Calibration curve for  cimetidine from plasma using SKF 
92314 as  standard. 

0:1 012 
PEAK AREA RATIO 

(13. SKF92374) 

FIGURE 4 .  Calibration curve for  ranit idine from plasma using SJCF 
92314 a s  standard. 
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TABLE 2 

Recovery from Plasma. E x t r a c t i o n  Eff ic iency  was Calculated f o r  
Cimetidine and Rani t idine from High and Low Plasma concentrat ions 
f o r  each drug. (N = 5 f o r  each determinat ion) .  

Compound Concentration Recovery 
( p o l e /  1) (mean Ok 2 S.D.) 

C ime ti d i  ne 1.70 74.4 5 2 .o 
6.58 81.1 5 3.2 

Ranit idine 0.21 73.2 5 3.1 
0.81 73.7 i. 2.2 

The e x t r a c t i o n  e f f i c i e n c y  for  SKF 92374 and AH 2480 was 65.2 f. 3.1% 
and 78.3 5 1O.a r e s p e c t i v e l y  a t  the plasma concentrat ions i n  the 
assay. 

TABLE 3 

Assay Reproducibi l i ty .  The Within-Run Prec is ion  and the Day-to-Day 
Prec is ion  (Calculated Over a Period of Five Days) were Calculated 
f o r  Cimetidine and Rani t id ine  a t  Iko Differen t  Plasma 
Concentrations.  (N = 5 for  each determinat ion) .  

8 
Ranitidine,  
Rani t id ine  

# 
# 

Rani t i d i n e  
Rani t i  dine 

Cime t i d i n e  
Cime ti dine 

0.21 5 0.019 4.4 
0.81 5 0.044 5.5 

0.21 5 0.008 3.9 
0.81 f. 0.023 2.9 

D AY-TO-DAY 

4.21 5 0.15 3.5 
8.64 5 0.32 3.7 

1.40 5 0.06 4.3 
0.36 5 0.012 3.3 

# 
# Rani t i d i  ne 

Rani t id ine  ________________-___---------------------------------------------- 
* Rani t id ine  measured using a n  AH 20480 a s  i n t e r n a l  s tandard 

# Rani t id ine  measured using SKF 92374 a s  i n t e r n a l  standard 
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1662 BOUTAGY ET AL. 

P r e c i s  ion: 

The r e p r o d u c i b i l i t y  and p r e c i s i o n  of t h e  assay following 

a n a l y s i s  of f i v e  a l i q u o t s  of plasma pools  a t  concentrat ion shown i n  

Table 3 .  

and f o r  the day-to-.day p r e c i s i o n  ranged from 3.3 t o  4.3%. 

For w i t h i n  day a s says  t h e  0 ’ s  ranged from 2.3 t o  5,5W 

Background I n t e r  f el- : 

Where poss ib l e ,  plasma samples from p a t i e n t s  were t e s t e d  p r i o r  

t o  admin i s t r a t ion  of e i t h e r  drug. With those samples and w i t h  

pooled drug-free plasma processed i n  t h i s  way peak i n t e r f e r e n c e  

wi th  endogenous substances a t  r e t e n t i o n  times corresponding t o  

e i t h e r  parent  drug o r  s tandards was not  s i g n i f i c a n t .  

S t a b i l i t y :  

Storage of plasma a t  -2OOC f o r  a per iod  of a t  l e a s t  one month 

d id  not  a l t e r  the amount of e i t h e r  drug recovered. This enabled 

samples t o  be batched and assayed a t  t h e  one time. 

CONCLUSION 

This  assay procedure has  proved success fu l  f o r  the repeated 

a n a l y s i s  of c imet idine and/or r a n i t i d i n e  i n  plasma samples. In our 

l abo ra to ry  t o  da t e  over 200 p a t i e n t  samples have ‘been assayed by 

t h i s  procedure. The assay i s  r ap id ,  reproducible  and s u f f i c i e n t l y  

s e n s i t i v e .  The u s e  of the paired-ion ( a s  a commercial reagent  

pack) made the  pre:paration of t h e  mobile phase r e l a t i v e l y  easy 

without  the need f o r  f i n e  pH adjustment,  giving good reproducible  

con t ro l  over r e t e n t i o n  volumes. With the  r e l a t i v e l y  simple 
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e x t r a c t i o n  procedure and with the use of the  autosampler many 

samples can be batched and assayed a t  the one time. 
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4. 
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