
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

An HPLC Method for the Determination of Verapamil and Norverapamil
in Human Plasma
Scott M. Johnsona; Shoukry K. Wahba Khalila

a College of Pharmacy Department of Pharmaceutical Sciences, North Dakota State University, Fargo,
North Dakota

To cite this Article Johnson, Scott M. and Khalil, Shoukry K. Wahba(1987) 'An HPLC Method for the Determination of
Verapamil and Norverapamil in Human Plasma', Journal of Liquid Chromatography & Related Technologies, 10: 6, 1187
— 1201
To link to this Article: DOI: 10.1080/01483918708066762
URL: http://dx.doi.org/10.1080/01483918708066762

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918708066762
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 10(6), 1187-1201 (1987) 

AN HPLC METHOD FOR THE 
DETERMINATION OF VERAPAMIL AND 

NORVERAPAMlL IN HUMAN PLASMA 

Scott M. Johnson and Showkry K. Wahba Khalil 
College of Pharmacy 

Department o f  Pharmaceutical Sciences 
North Dakota State University 

Fargo, North Dakota 

ABSTRACT 

A high performance l i q u i d  chromatographic method is presented 
f o r  t he  determination of veraparnil and its metabol i te  norverapamil 
i n  human plasma. Verapamil and norverapamil are ex t r ac t ed  from 
plasma basified wi th  0.5M d ibas i c  sodiun phosphate (pH 9.5) us ing  
e t h y l  a c e t a t e  conta in ing  trimipramine as an  i n t e r n a l  standard.  A 
reverse-phase cyanopropylsilane colmn was used wi th  a mobile phase 
of 65% a c e t o n i t r i l e  and 35% 0.02M a c e t a t e  bu f fe r  (pH 7.0). The 
minimum de tec t ab le  limit was 2 ng/ml of plasma. The effect of t h e  
pH, molarity,  and percent a c e t o n i t r i l e  of t he  mobile,phase on t h e  
capac i ty  f a c t o r  was studied. Poss ib le  in t e r f e rences  f rom other  
drugs administered concurrently are presented. 

Verapamil, a-isopropyl-a-[ (N-methyl-N-homoveratry1)-y 

-aminopropyl]-3,4-dimethoxyphenylacetonitrile, is a member af t he  
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1188 JOHNSON AND KHALIL 

calcium channel b locking  agents useful i n  t h e  treatment of 

v a s o s p a s t i c  angina, c h r o n i c  s t a b l e  angina, and s u p r a v e n t r i c u l a r  

tachyar rhythmias  ( 1 ) .  

Verapamil i s  a v a i l a b l e  i n  o r a l  and in t ravenous  dosage forms. 

Verapamil appears  t o  be w e l l  absorbed o r a l l y ,  i s  h i g h l y  p r o t e i n  

bound, and is e x t e n s i v e l y  metabol ized by t h e  l i v e r  t o  an a c t i v e  

demethylated m e t a b o l i t e ,  norverapamil  (2). 

plasma l e v e l s  range  from 25-100ng/ml. 

s i d e  e f f e c t s  r e s u l t i n g  from o r a l l y  adminis te red  verapamil  i s  rela- 

t i v e l y  minor ( 3 1 ,  y e t  verapamil  u s e  should be c a r e f u l l y  monitored 

w i t h  p a t i e n t s  who have h e p a t i c  dysfunct ion  a s  t h e  l i v e r  i s  a major 

metabol ic  organ ( 4 ) .  

The normal t h e r a p e u t i c  

The inc idence  and type  of 

There are s e v e r a l  drug-drug i n t e r a c t i o n s  r e p o r t e d  i n  t h e  lit- 

e r a t u r e  f o r  t h e  combined use  of verapamil  t h a t  i n c l u d e  t h e o p h y l l i n e  

(51, q u i n i d i n e  (61, calcium sa l t s  (71, and b e t a  b lockers  i n  g e n e r a l  

(8). The major i n t e r a c t i o n  r e p o r t e d  i s  between verapamil  and t h e  

c a r d i a c  drug d igoxin .  The e l i m i n a t i o n  of d igoxin  i s  decreased 

r e s u l t i n g  i n  s i g n i f i c a n t  e l e v a t i o n  i n  plasma d igoxin  l e v e l s  (9,101. 

Chromatographic methods f o r  t h e  de te rmina t ion  of verapamil  in- 

c l u d e  g a s  chromatography ( l l - l S ) ,  and h igh  performance l i q u i d  

chromatography (16-20). These methods s u f f e r  c e r t a i n  l i m i t a t i o n s  

inc luding:  1) t h e  u s e  of a lengthy e x t r a c t i o n  procedure,  2) t h e  u s e  

of t o x i c  e x t r a c t i o n  s o l v e n t s ,  and 3 )  l i m i t e d  s e n s i t i v i t y .  

The p r e s e n t  paper d e s c r i b e s  verapamil  and norverapamil  

a n a l y s i s  i n  plasma u s i n g  a high e f f i c i e n c y  reverse-phase 

cyanopropyls i lane  HPLC column fo l lowing  a s i n g l e  s t e p  e x t r a c t i o n .  
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VERAPAMIL AND NORVERAPAMIL IN PLASMA 1189 

The method is s e n s i t i v e  and a p p l i c a b l e  t o  t h e  d a i l y  monitor ing 

of plasma l e v e l s  even i n  t h e  presence of one o r  more commonly 

p r e s c r i b e d  drugs.  

Ins t rumenta t ion  

A H e w l e t t  Packard Model 1090 l i q u i d  chromatograph equipped 

w i t h  an automatic  i n j e c t o r ,  a cyanopropyls i lane  column (Dupont, 

Wilmington, DE), 15  cm long and 4.6 mm i . d . ,  and a S c h o e f f l e r  

f l u o r e s c e n c e  d e t e c t o r  set a t  an e x c i t a t i o n  wavelength of 201 nm and 

an emission cu t  o f f  f i l t e r  t y p e  320.  The s i g n a l  was recorded  on a 

Bewlet t  Packard Model 33928 i n t e g r a t o r .  The degassed mobile  phase 

w a s  pumped through t h e  column a t  3.0 ml/min and t h e  column compart- 

ment was maintained a t  40 C.  
0 

Chemicals and Reagents 

Sodium hydroxide,  d i b a s i c  sodium phosphate, and sodium a c e t a t e  

were reagent  grade .  A c e t o n i t r i l e  and e t h y l  a c e t a t e  were HPLC 

grade.  Verapamil and norverapamil  were suppl ied  by Knoll  Phar- 

maceut ica l  Co., and G.D. S e a r l e  and Co. Trimipramine Maleate was 

suppl ied  by I v e s  L a b o r a t o r i e s ,  Inc .  

Drug and Metabol i te  S o l u t i o n s  

S e p a r a t e  s o l u t i o n s  of verapamil  and norverapamil  were made 

c o n t a i n i n g  5 mg/100ml of methanol. 

10 

Working d i l u t i o n s  of 1 and 

g/ml methanol were prepared from t h e  s t o c k  s o l u t i o n s .  
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I n t e r n a l  Standard Solu t ions  

A s tock  s o l u t i o n  of trimipramine maleate was prepared a t  

l u t i o n  of 2 p g / m l  methanol was 5 mg/100ml methanol. A working d 

prepared from t h e  s tock  so lu t ion  

Ext rac t  ion Solu t ions  

JOHNSON AND KHALIL 

The ex t r ac t ion  so lu t ion  cons is ted  of a 1.21~1 a l i q u o t  of t he  working 

so lu t ion  of the  i n t e r n a l  standard i n  l O O O m l  e thy l  ace t a t e .  

Mobile Phase 

Sodium a c e t a t e  so lu t ion ,  0.02M was prepared in deionized dis- 

t i l l e d  water and the  pH was ad jus ted  t o  7.0. The mobile phase con- 

s i s t e d  of 65% a c e t o n i t r i l e  and 35% buf fe r  and pumped a t  3.0 ml/min. 

The e f f e c t  of changes i n  the  mobile phase pH, percent 

a c e t o n i t r i l e ,  and t h e  ion ic  s t r eng th  of t h e  a c e t a t e  bu f fe r  on the  

capac i ty  f a c t o r  (k’) were s tud ied .  

Prepara t ion  of Plasma Standards 

To 1.0ml of plasma i n  a 15ml screw capped cen t r i fuge  tube, 

a l i q u o t s  of working drug and working metabol i te  so lu t ions  were 

added t o  s imula te  drug and metabol i te  concentrations (20-100 ng/ml 

of plasma). 

bu f fe r  (0.5M, pH 9.51, and l O m l  of t he  ex t r ac t ion  so lu t ion  contain- 

ing the  i n t e r n a l  s tandard  was added. The tubes were vortexed f o r  

20 seconds and cent r i fuged  f o r  10 minutes a t  9OOXg. A 9ml volume 

of t he  organic phase was t r ans fe r r ed  t o  an open top  cen t r i fuge  tube  

The spiked plasma was b a s i f i e d  with 0.51~1 Na BPO 
2 4  
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VERAPAMIL AND NORVERAPAMIL IN PLASMA 1191 

and evaporated t o  dryness under a gen t l e  stream of n i t rogen  while 

p a r t i a l l y  submerged i n  a constant 40 C temperature bath. The 

res idue  was d isso lved  i n  100 u l  of a c e t o n i t r i l e  and t r ans fe r r ed  t o  

0 

a b o r o s i l i c a t e  g l a s s  v i a l  (Wheaton Indus t r i e s ,  M i l l v i l l e ,  NJ) , with  

a polypropylene v i a l  i n s e r t  (Sunbrokers, Znc. , Wilmington, NC) . 
30 1~1 a l iquo t  was in j ec t ed  onto the  column. 

A 

Several so lvents  and buf fers  were t r i e d  f o r  ex t r ac t ing  the  

drug and i t s  metabol i te .  

Quantitation 

Standard curves were constructed u t i l i z i n g  four  r e p l i c a t e s  a t  

each concentration. The peak he ights  were measured, and the  r a t i o s  

(d rug l in t e rna l  standard and me tabo l i t e / in t e rna l  standard) were ca l -  

cu la ted  and p lo t t ed  aga ins t  concentration i n  nanograms per m i l -  

l i l i t e r  of plasma. 

Recovery 

Plasma samples containing a known concentration of verapamil 

and norverapamil were ca r r i ed  through the  ana lys i s .  

concentration of drug and metabolite was added t o  9ml of ex t r ac t ion  

so lu t ion ,  vortexed, evaporated t o  dryness,  and r econs t i t u t ed  i n  

a c e t o n i t r i l e  f o r  i n j e c t i o n  i n t o  t h e  chromatograph. 

he ights  of the  drug, metabol i te ,  and in t e rna l  standard i n  the  

plasma samples were measured f o r  comparison aga ins t  t h e  samples 

without ex t r ac t ion  t o  estimate recovery. 

An equivalent 

The peak 
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1192 JOHNSON AND KHALIL 

In t e r f e rences  

Poss ib le  in t e r f e rences  from normal plasma cons t i t uen t s  has 

been s tudied  by i n j e c t i n g  e x t r a c t s  prepared a s  previously described 

of drug f r e e  plasma samples. Solu t ions  of o the r  common concur- 

r e n t l y  prescr ibed  drugs were in j ec t ed  under the  same 

chromatographic condi t ions .  

RESULTS AMLl DISCUSS= 

Verapamil and norverapamil can be r e a d i l y  ex t rac ted  from 

bas i f i ed  plasma a t  pH 9 .5  using an organic  solvent i n  a s i n g l e  ex- 

t r a c t i o n  s t ep .  The choice of ex t r ac t ion  condi t ions  were based on 

the  h ighes t  recovery of t h e  drug and i t s  metabol i te  with minimum 

in t e r f e rence  from plasma cons t i t uen t s .  The percent recovery f o r  

t h e  described method was 54% f o r  verapamil and 79% f o r  nor- 

verapamil. 

t r a c t i o n  procedure d id  not s i g n i f i c a n t l y  increase  t h e  e x t r a c t i o n  

e f f i c i ency .  Typical chromatograms from plasma e x t r a c t s  under 

i s o c r a t i c  e l u t i o n  condi t ions  a r e  found i n  Figure 1. 

Al t e ra t ions  i n  t h e  ex t r ac t ion  solvent or  a double ex- 

Higher s e n s i t i v i t y  f o r  t h e  de t ec t ion  of verapamil and nor- 

verapamil was achieved using f luorescence  de tec t ion  a t  an exc i ta -  

t i o n  wavelength of 201 nm, and an emission cutoff f i l t e r  a t  320 nm. 

The l i m i t  of de t ec t ion  f o r  both t h e  drug and i t s  metabol i te  was 

2 ng/ml of plasma. 

To e s t a b l i s h  t h e  bes t  chromatographic r e so lu t ion  of verapamil 

and norverapamil, t h e  pH, percent a c e t o n i t r i l e  and the  molar i ty  of 

t h e  bu f fe r  i n  the  mobile phase were va r i ed  independently. A 
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VERAPAMIL AND NORVERAPAMIL IN PLASMA 1193 

Scale rn 
0 5 10 

M i n u t e s  

F i g u r e  1. Typica l  chromatograms of verapamil  ( a ) ,  norverapamil  
(b), and t r imipramine  ( c )  from plasma. Key: A ,  
plasma blank;  B, 50 ng of drug  and metabol i te / l .Oml 
plasma; and C, 80 ng of d r u g  and metabolite/l.Oml 
plasma. 

mobile  phase pH of 5 and 6 e l u t e d  both verapamil  and norverapamil  

t o o  c l o s e  t o  t h e  s o l v e n t  f r o n t ,  whereas a t  pB 7 . 5  t h e  c a p a c i t y  f a c -  

t o r  increased  ( F i g u r e  2)  accompanied by s i g n i f i c a n t  peak broaden- 

ing .  

( F i g u r e  3 ) .  S l i g h t  i n c r e a s e  i n  t h e  percentage  of a c e t o n i t r i l e  

produced a s i g n i f i c a h t  e f f e c t  on t h e  c a p a c i t y  f a c t o r  ( F i g u r e  4 ) .  

mobile  phase c o n s i s t i n g  of 65% a c e t o n i t r i l e  and 35% a c e t a t e  b u f f e r  

(0.02M, pH 7) a f f o r d e d  good chromatographic r e s o l u t i o n  and 

reasonable  r e t e n t i o n  t i m e s  us ing  a cyanopropyls i lane  column i n  a 

reversed-phase mode. The choice  of t h e  a c e t a t e  b u f f e r  i n c r e a s e d  

I n c r e a s e  i n  b u f f e r  m o l a r i t y  decreased t h e  c a p a c i t y  f a c t o r  

A 
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1194 JOHNSON AND KHALIL 

II 

I 

Figure 2.  Effect of pB on k' (Molarity = 0.02M, and 65% 
a c e t o n i t r i l e ) .  

Key: I = k' for Verapamil 
I1 = k' for  Norverapamil 
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Figure 3 .  Effect of Molarity on k' (pH = 7 ,  and 65% 
ace ton i tr i l e ) .  

Key: I = k' for Verapamil 
I1 = k' for  Norverapamil 
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1 I I I 

5 5  60 65 7 0  

% ACETONITRILE 

Figure 4 .  Effect of Percent Acetonitrile on k' 
Molarity = 0.02M, and pH = 7). 

Key: I = k' for Verapamil 
I1 = k' for  Norverapamil 
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VERAPAMIL AND NORVERAPAMIL IN PLASMA 1197 

t h e  u s e f u l  l i f e  of t h e  column and minimized t h e  column t o  column 

v a r i a t i o n .  

Trimipramine was chosen a8 an i n t e r n a l  s tandard  a s  i t  i s  

c o e x t r a c t a b l e  w i t h  t h e  drug and m e t a b o l i t e ,  it r e s o l v e s  w e l l  from 

t h e  drug ,  m e t a b o l i t e ,  and endogenous plasma c o n s t i t u e n t s ,  and is 

d e t e c t a b l e  under t h e  same f l u o r e s c e n c e  c o n d i t i o n s .  

The r a t i o  of peak h e i g h t  of verapamil  o r  i t s  m e t a b o l i t e  t o  t h e  

peak h e i g h t  of t h e  i n t e r n a l  s t a n d a r d  was p l o t t e d  v e r s u s  concentra-  

t i o n .  S t a t i s t i c a l  a n a l y s i s  i n d i c a t e s  good r e p r o d u c i b i l i t y  and 

l i n e a r i t y  (Tables  1 and 2) .  

No i n t e r f e r e n c e  from drugs  which might be adminis te red  concur- 

r e n t l y  when chromatographed under t h e  same c o n d i t i o n s  was observed.  

Reten t ion  times of t h e s e  drugs are presented  (Table  3 ) .  

TABLE 1. STATISTICAL ANALYSIS OF A STANDARD CURVE FOR VERAPAMIL. 

__ 
Theore t ical  Concent ra t ion  0 bse rv ed Concent ra t ion  (ng/ml p l  asma ) 

(ng/ml plasma) - + Standard Error. 

20 21.2 2 1.6 

40 41.1 2 1.3 

60 64.9 r. 3.6 

80 78.4 +. 1.6 

7 00 97.4 2 3.9 

4 C o r r e l a t i o n  coefficient = 0.9967 
r2 = 0.9935 

s l o p e  = 0.9485 
y - i n t e r c e p t  = 3.6900 

n = 19 p o i n t s  
(minimum of t h r e e  r e p l i c a t e s  per c o n c e n t r a t i o n )  
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1198 JOHNSON AND KHALIL 

TABLE 2 .  STATISTICAL ANALYSIS OF A STANDARD CLINE FOR NORVERAPAMIL. 

T h e o r e t i c a l  Concent ra t ion  Observed Concent ra t ion  (ng/ml plasma) 
(ng/ml plasma) - + Standard E r r o r a  

20 

40 

60 

80 

100 

19.2 5 0.9 

37.8 5 0.5 

63.2 2 2.7 

76.4 2 2.7 

100.6 2 4.4 

C o r r e l a t i o n  c o e f f i c i e n t  = 0.9966 
r2 = 0.9933 

s l o p e  = 1.0070 
y- i n t e r  ce p t  = -0.9 800 

n = 19 p o i n t s  
(minimum of t h r e e  r e p l i c a t e s  p e r  c o n c e n t r a t i o n )  

TABLE 3. RETENTION TIMES OF DRUGS TESTED FOR RXSIBLE INTER- 
FERENCES WITH VERAPAMIL AND NORVERAPAMIL USING FLUORES- 
CENCE DETECTION WITH EXCITATION AT 201 nm AND EMISSION 
CUTOFF FILTER TYPE 320. 

Drug Retent ion  Time i n  Minutes 

Pr oca i n a m  i d e  2.54 

Verapamil 3 -92 

Q u i n i d i n e  6.10 

Norverapamil 7.56 

Pr opr  an01 ol 8.71 

Trimipram i n e  9.66 
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CONCLUSIONS 

This  HPLC method us ing  a cyanopropyls i lane  column un 

d e r  i s o c r a t i c  c o n d i t i o n s  o f f e r e d  e x c e l l e n t  s e p a r a t i o n  of t h e  drug,  

m e t a b o l i t e ,  and t h e  i n t e r n a l  s t a n d a r d ,  w i t h  a reasonable  a n a l y s i s  

t i m e ,  and a p p r o p r i a t e  s e n s i t i v i t y  f o r  d e t e c t i o n  w i t h i n  t h e  drug's 

normal t h e r a p e u t i c  range.  

The d e s c r i b e d  method is  s imple and r a p i d  as i t  r e q u i r e s  a 

s i n g l e  e x t r a c t i o n  s t e p  p r i o r  t o  i n j e c t i o n .  The method is l i n e a r  

and r e p r o d u c i b l e  and can be recommended and u t i l i z e d  for r o u t i n e  

p a t i e n t  monitor ing and pharmacokinet ic  s t u d i e s .  
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