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SPECIFIC HPLC METHOD FOR THE 
SEPARATION OF VERAPAMIL AND 

FOUR MAJOR METABOLITES 
AFTER ORAL DOSING 

D A V I D  L. B R E M S E T H ~ ,  JOHN J. L I M A ~ J ~  AND 
JANIS J. MAC K I C H A N ~  

Division of Pharmacy Practice1 and Cardiology2, 
College o f  Pharmacy' and Medicine2 

The Ohio State University 
Columbus, Ohio 43210 

ABSTRACT 

We have developed a high performance l i q u i d  chromatographic 
(HPLC) method which reso lves  verapamil, norverapamil, D620, D6 17 
and what we bel ieve t o  be another  verapamil metabol i te  which h a s  
been previously unreported. An alkyl-phenyl column is used wi th  
a mobile phase of 0.005% sul f 'u r ic  a c i d  i n  methanol. The extrac-  
t i o n  recoveries  of verapamil, norverapamil and the i n t e r n a l  
standard (imipramine) from plasma ranged between 98% and 104%. 
The day-to-day, and within-day c o e f f i c i e n t s  of v a r i a t i o n s  f o r  
verapamil and norverapamil a t  plasma concentrat ions of 7.3 and 
233 ng/ml ranged between 1.7 and 6.1%. The l i m i t  of s e n s i t i v i t y  
was s l i g h t l y  less than 1 ng for  both verapamil and norverapamil. 
Chromatograms of e x t r a c t s  of serum and ur ine  obtained from f i v e  
normal subjects who took s i n g l e  oral verapamil doses,  ind ica ted  
the presence of verapamil, norverapamil, and two o ther  known me- 
t a b o l i t e s .  Chromatograms of serum e x t r a c t s  also ind ica ted  an ad- 
d i t i o n a l  peak which is probably another  verapamil metabolite.  
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2732 BREMSETH, LIMA, AND MAC KICHAN 

INTRODUCTION 

Verapamil i s  a calcium channel an tagon i s t  with an t i a r rhy th -  

mic, antianginal and an t ihype r t ens ive  p r o p e r t i e s  ( 1  1 . Verapamil 

undergoes e x t e n s i v e  hepatic e x t r a c t i o n ;  o n l y  3-45 of the d rug ' s  

t o t a l  c l ea rance  is r e n a l ,  and 12 metabo l i t e s  have been iden- 

t i f i e d  i n  the u r i n e  of human s u b j e c t s  fo l lowing  s i n g l e  80-mg 

o r a l  doses ( 2 ) .  The major me tabo l i t e ,  norverapamil,  is t he  only 

one tha t  has been shown t o  possess  some pharmacologic a c t i v i t y  

(3) . 
and gas- l iquid chromatographic (QLC) a s says  f o r  q u a n t i t a t i o n  of 

verapamil ana verapamil and norverapamil have been r epor t ed  i n  

the l i t e r a t u r e  (4-30). A few HPLC methods r e p o r t  the sepa ra t ion  

of the two major N-dealkylated me tabo l i t e s ,  0620 and D617 from 

verapamil and norverapamil (19-22). An a d d i t i o n a l  assay r e p o r t s  

the  s e p a r a t i o n  of seven me tabo l i t e s  from verapamil,  but does no t  

r e p o r t  d a t a  f o r  t h e  major me tabo l i t e ,  norverapamil (23). I n  

t h i s  r e p o r t ,  we describe an HPLC method which s e p a r a t e s  

verapamil,  norverapamil,  D620, D617 and what we b e l i e v e  t o  be a 

fou r th  verapamil me tabo l i t e  af ter  o r a l  admin i s t r a t ion .  This  

method o f f e r s  s e v e r a l  advantages over  e x i s t i n g  HPLC a s says ;  (i) 

the s p e c i f i c i t y  of a l l  peaks ( inc lud ing  the  i n t e r n a l  s t anda rd )  

i n  r e l a t i o n s h i p  t o  the o t h e r  verapamil me tabo l i t e s  has  been 

demonstrated after o r a l  dosing; and (ii) the  method is s u p e r i o r  

t o  o t h e r  published methods i n  either,  t h e  recovery and sen- 

Numerous high performance l i q u i d  chromatographic (HPLC) 

s i t i v i t y  of t h e  method f o r  verapamil and norverapamil o r  t he  
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VERAPAMIL AND MAJOR METABOLITES 2133 

Simpl i c i ty  and cos t  of mobile phase p repa ra t ion .  We also r e p o r t  

t h e  a p p l i c a t i o n  of t h i s  method t o  a s tudy  of verapamil phar- 

macokinet ics  i n  f i v e  s u b j e c t s  who have taken s i n g l e  O r a l  

verapamil doses.  

EXPERIMENTAL 

Apparatus 

The chromatographic system cons i s t ed  of a pump (Model 2010, 

Varian Associates ,  I n c . ,  Pa lo  Alto,  C a l i f o r n i a ,  U.S.A.), an  in -  

j e c t o r  with a 50 u l  sample loop (Model 7125, Hheodyne Inc .  , 
C o t a t i ,  C a l i f o r n i a ,  U.S.A.) a f luo rescence  d e t e c t o r  (Model 980, 

Spec t ro  Inc . ,  Ramsey, New J e r s e y ,  U.S.A.) and a l i n e a r  c h a r t  re- 

corder  (Gmniscribe, Houston Instruments ,  Austin Texas, U.S.A.). 

An alkyl-phenyl column (150 mm x 4.5 mm I . D . ,  5um p a r t i c l e  

diameter ,  IBM Instruments  Inc. ,  Danbury, Connecticut,  U.S.A.) 

was used f o r  s e p a r a t i o n  of compounds. Equipment f o r  e x t r a c t i o n s  

included 20-ml g l a s s  c u l t u r e  t u b e s  with PTFEl ined  screw caps 

and d i sposab le  13  x 100 mm b o r o s i l i c a t e  c u l t u r e  t u b e s  (American 

S c i e n t i f i c  Products ,  McGaw Park, I l l i n o i s ,  U.S.A.). 

Chemicals and Reagents 

Hydrochloride salts of verapamil and e i g h t  of its metabo- 

l i tes  (norverapamil,  D620 , D6 17 , PR-21 , PR-22, PR-23 , PR-24, and 

PR-25) were provided by Knoll  Pharmaceuticals,  Ludwigshafen, 

G.F.R.. The i n t e r n a l  s t anda rd ,  imipramine HC1,  was obtained 
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2734 BREMSETH, LIMA, AND MAC KICHAN 

from Sigma Chemical Co., St.  Louis, Missouri, U.S.A.. The con- 

centrated s u l f u r i c  acid and anhydrous d ie thyl  e t h e r  were A.C.S. 

reagent grade from J.T. Baker Chemical Co., Phi l l ipsburg,  N e w  

Jersey,  U.S.A.. Methyl alcohol (Mallincrodt,  Par i s ,  Kentucky, 

U.S.A.) was HPLC grade. The sodium hydroxide so lu t ion  was 

prepared using double d i s t i l l e d  water and A.C.S. reagent grade 

soaium hydroxide from Fisher  Sc ien t i f i c  (Fa i r  Lawn, New Jersey,  

U.S.A.). 

Carbide,  Danbury, Connecticut, U.S.A.. Out-dated blood-bank 

plasma used f o r  the preparation of drug standards was obtained 

from the  Red Cross, Columbus, Ohio, U.S.A.. 

High pur i ty  dry grade ni t rogen was obtained from Union 

Drug Standards 

A reference mixture containing verapamil and e ight  metabo- 

l i t e s  (0.93 ug/ml of each) and imipremine (45 u g / m l )  was pre- 

pared i n  water. A s tock plasma standard containing verapamil 

and norverapamil (0.93 ug/ml of each) was prepared by spiking 

plasma with appropriate  volumes of aqueous verapamil and nor- 

verapamil stock so lu t ions  (186 ug/ml). 

was prepared i n  the  same way, except ur ine w a s  d i lu t ea  1: 100 

A urine stock so lu t ion  

with d i s t i l l e d  water before spiking. Working plasma and ur ine  

standards were prepared by serial d i l u t i o n  of stock plasma and 

ur ine standards t o  f i n a l  concentrations of 3.5 and 465 n g / m l .  

Standards were s tored  i n  polypropylene tubes a t  -20 C unt i l  
0 

used, and f r e sh ly  prepared every three  months. A working in te r -  
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VERAPAMIL AND MAJOR METABOLITES 2735 

nal standard so lu t ion  was prepared as 8.9 ug/ml of imipramine in 

water,  and s tored protected from l i g h t  a t  8 C between uses. 
0 

Extraction Procedure 

One mi l l i l i t e r  of plasma, serum o r  d i lu t ea  ur ine (1:lOO 

w i t h  water) was p ipe t ted  i n t o  ex t rac t ion  tubes along with 50 u l  

(445 ng) of imipramine and 400 u l  of 5N NaOH. Following the  ad- 

d i t i o n  of 5 nil anhydrous d i e thy l  ether, the mixture was agi ta ted  

f o r  10 min on a reciprocat ing shaker and centrifuged f o r  10 min. 

The aqueous phase was frozen i n  a bath of a ry  ice  ana acetone, 

and t h e  ether was decantea i n t o  disposable glass cu l ture  tubes 

and evaporated t o  dryness under a mi ld  stream of f i l t e red  air i n  

a 45 C water b a t h .  The residue was recons t i tu tea  with 50 u l  of 
0 

methyl alcohol,  vortexed, and the  e n t i r e  volume in jec ted  onto 

the  column. 

ChromatoRraDhY and Cal ibrat ion 

The mobile phase was prepared by aaaing 50 u l  of concentra- 

trated s u l f u r i c  acid t o  one l i t e r  of methyl a lcohol ,  and degas- 

sed using sonicat ion under a vacuum. The detector  exc i t a t ion  

wavelength was 209 nm and no emission cut-off f i l t e r  was used. 

The i n i t i a l  operating range f o r  detect ion was 0.02 r e l a t i v e  

fluorescence u n i t s  and was oajusted as needed for increasing 

verapamil and norverapamil concentrations.  A slow stream of dry 

nitrogen was run i n t o  the monochromator through the purge n ipple  
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2136 BREMSETH, LIMA, AND MAC KICHAN 

on a continuous bas is  during instrument use. 

flow was set a t  1 .O mUmin; the chart speed was 0.25 cm/min. 

The mobile phase 

Standard curves were constructed by p lo t t i ng  peak height 

r a t i o s  of drug t o  in t e rna l  stanaard against  known concentrations 

of drug standards.  Non-weightea l i n e a r  regression ana lys i s  was 

used f o r  determination of unknown concentrations.  

Analytical  Variables 

The ex t rac t ion  recoveries  of verapamil, norverapamil and 

imipramine f rm plasma were determined by comparing the  peak 

he ights  of extracted samples t o  those of unextracted standards.  

Extraction recoveries  of verapamil and norverapamil were deter- 

mined a t  concentrations of 46.5 and 465 ng /ml ,  respect ively.  

The recovery of the in t e rna l  standard from plasma was tested a t  

the  concentration used i n  samples,  445 ng/ml.  Extract ion 

recoveries  of the seven verapamil metabolites (excluding 

norverapamil) from the  aqueous reference mixture were a l s o  

de t e mined. 

Linear ranges f o r  detect ion were determinea by in j ec t ing  

known amounts of verapamil and norverapamil and measuring the 

r e su l t i ng  peak heights. Linear regression ana lys i s  of peak 

height versus  amount was performed on the three lowest values. 

The equation f o r  t h i s  l i n e  was then used t o  ca lcu la te  t he  next 

highest  amount from its measured peak height.  If the calculated 

amount, deviated less than 5% from the  known amount, it w a s  in- 

cluded f o r  regression ana lys i s  and the process was repeated. 
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VERAPAMIL A N D  MAJOR METABOLITES 2131 

T h i s  w a s  continuea u n t i l  the  calculated amount deviatea more 

than 5% from the known amount. 

sidered the  upper end of the  l i n e a r  range (31) .  

s e n s i t i v i t y  (lower l i m i t  of l i n e a r  range) w a s  calculated a s  the 

amount of verapamil or norverapamil t h a t  corresponds t o  a detec- 

t o r  response equal t o  twice the basel ine noise  (32).  

This  in jec ted  amount was con- 

The l i m i t  of 

Precis ion was evaluatea by determination of coe f f i c i en t s  

of var ia t ion  (C.V.) f o r  verapamil and norverapamil a t  plasma 

concentrations of 7.3 and 233 ng/ml. Within-day precis ion was 

evaluated by replicate analyses of ten  samples on the same day; 

between-day precis ion was evaluated by analyses  of ten  samples 

on separate days. 

Application 

Concentrations of verapamil and norverapamil were measurea 

i n  the serum and ur ine obtained from f i v e  healthy volunteers  a t  

var ious times following the  adminis t ra t ion of s ing le  o ra l  80 or 

120443 verapamil hydrochloride doses ( I sopt in  , Knoll Phar- 
R 

maceuticals, Whippany, New Jersey,  U.S.A.). Chromatograms were 

also examined f o r  the presence of o ther  metabolites. Areas un- 

der the  serum concentration versus time curves from zero t o  in- 

f i n i t y  were determined f o r  subjec ts  who received 80-mg doses. 

RESULTS 

The separat ion of verapamil, e ight  of its metabolites,  and 

imipramine is shown in t h e  chromatogram of an unextracted 
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2738 BREMSETH, LIMA, AND MAC KICHAN 

reference mixture (Fig.  la) .  The capaci ty  f ac to r s  (k') f o r  the 

reference mixture components are presented i n  Table 1 .  

separat ion of a l l  t en  components was not obtained. Metabolites 

D620 and PR-22 haa t h e  same capacity f a c t o r s  (representea by 

peak 1 ,  Fig. la)  as did metabolites PR-23 and PR-24 (peak 6) .  

Total  chromatography time w a s  between 16 and 17 min. 

Complete 

No in te r fe rences  w i t h  verapamil, norverapamil o r  in+ 

ipramine were evident i n  chromatograms of pre-dose serum as 

shown i n  Figure l b .  

Fig. 2 shows chromatograms of extracted serum (Fig.  2a)  and 

ur ine (Fig. 2b) samples obtained 1 h r  a f t e r  the administration 

of 120-mg o ra l  verapamil hydrochloride dose t o  a volunteer sub- 

j e c t .  Peaks 1 ,  3 ,  5 ,  5 a ,  7 and 8 represent  D620, norverapamil, 

D617, what we believe t o  be an unident i f iea  metabolite,  

verapamil and t h e  in t e rna l  standard,  respect ively.  The measured 

serum concentrations of verapamil and norverapamil were 84.8 and 

81.3 Wml, respect ively.  

TABLE 1 .  Capacity Factors 

D620 
YR-22 
PR-25 
Norverapamil 

D6 17 
PR-2 1 

PR-23 
PR-24 
Verapamil 
Imipramine 

3 -1 
3.1 
3.4 
3 -7 
4 .O 
4.3 
5 SO 

5 -0 
6.4 

ALL 
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b 

1 ' 1 '  1 1 1  I ' I '  Ib 15 
1 1 '  

0 5 rb 1s 0 5 
T I  M E  ( M I  14) 

FIGURE la:  
verapamil, eight metabolites, and imlpramine (internal standard). Detection 
range is 0.04 relative fluorescence units. Peak 1:D620; Peak 2=PR21; Peak 
3=Borverapamil; Peak 4=PR-25; Peak 5sD617; Peak 6=PR-23; Peak 7=VerapWl; 
Peak &Irnipramine (internal standard). FIGURE lb: Chmmatogram of drug-free 
pre-dose serum. 

Chromatogram of aa unextractsd aqueous reference mixture of 
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b 

1 

5 

8 

f b l l ' l '  I I l f  1 1 4  

0 5 10 15 0 5 1b 1s 
T I  ME (MI  N) 

FIGURE 2.  Chromatograms of serum (a)  and urine ( b )  extracts from samples 
taken 1 h after a single 120-mg oral verapamil hydrochloride dose t o  a volun- 
teer subject. Detection range i s  0 .04  relative fluorescence units. Peak 
lzD620; Peak 3.Norverapamil; Peak 5=D617; Peak 5a=Unknown metabolite; Peak 
7.VerapamLZ; Peak 8rImipramine (internal standard). 
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VERAPAMIL AND MAJOR METABOLITES 2741 

Verapamil, norverapamil, and imipramine were completely 

recoverea from plasma, and recovery was independent of drug con- 

cent ra t ion  over the range s tua ied  (Table 2 . ) .  

Extract ion recoveries of several other  metabolites from an 

aqueous reference mixture were less than complete, as summarized 

i n  Table 3 .  

The recoveries of metabolites PR-22 and PR-25 were found 

t o  be higher when water was not a lkal inized.  This neut ra l  ex- 

t r a c t i o n  method has  been previously reported by Kuwada e t  a l .  

(23) .  Re-analysis of subjec t  sera and ur ines  using the neu t r a l  

TABLE 2. Mean (C.V.) Extract ion Recoveries 

Plasma Drug Concentration 
46.5 ng/ m l  465 ng/ m l  

Verapamil 100% (5.0) 104% (1.0) 
Norv erapamil 98% (3 .8 )  100% (3.6) 
In t e rna l  Standard 101% ( 3 . 8 )  

TABLE 3. Verapamil Metabolite Extract ion 
Recoveries from Water 

D620 7 0% 
D6 17 80% 
PR-2 1 0% 
PR-22 30% 
PR-23 100% 
PR-24 100% 
PR-25 0% 
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2142 BREMSETH, LIMA, AND MAC KICHAN 

ext rac t ion  procedure d i d  not  reveal  ada i t iona l  peaks on t h e  

chromatograms, thereby confirming t h a t  metabol i tes  o ther  than 

those shown in Fig. 2 were either absent or  undetectable. This  

was also tested and confirmed on samples obtained from a subjec t  

who had taken o r a l  verapamil chronically.  

Although the standard curves f o r  verapamil and norverapamil 

were apparently l i nea r ,  t he  use of l i n e a r  regression ana lys i s  

f o r  the e n t i r e  range of standard values  resu l ted  in large pre- 

d i c t ion  e r r o r s  a t  the  low concentration values.  Two standard 

curves were therefore  used: a low range (3.6 t o  29 n g / m l )  and a 

high range (29 t o  465 ng/ml). 

deviat ion of calculated from known values f o r  a l l  except the 3.6 

ng/ml standard. Average percent deviat ion values f o r  t h i s  

standard was less than 1 0  f o r  verapamil and less than 15% f o r  

norverapamil. 

Th i s  resulted in less than  55 

No s ign i f i can t  systematic  time-depenaent changes 

were noted over the 3-month period that  each set of standards 

was used. 

The upper l i m i t s  of the l i n e a r  ranges f o r  verapamil and 

norverapamil were 580 ng and 665 ng, respect ively.  

of s e n s i t i v i t y  were s l i g h t l y  less than 1 ng f o r  boch compounds. 

The precis ion data f o r  verapamil and norverapamil concentration 

measurments Eire presented i n  Table 4 .  

The limits 

Mean (SD) peak plasma concentrations of verapamil and n o P  

verapamFl following t h e  adminis t ra t ion of an 80-mg verapamil 

hydrochloride dose i n  f i v e  sub jec t s  Were 58.5 (29.5) ng/ml ana 
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TABLE 4. Coeff ic ien ts  of Variat ion 

Within Day Between Day 

7.3 m l  213 ng/ ml 7.3 Wml 231 n d m l  

Verapwmil 2.8% 2 -3% 4 072 1-72 
Norverapamil 4.4% 4.4% 5.7% 6 .I% 

42.8 (11.2) ng/ml, respect ively.  Concentrations of verapamil 

measured 16 h after the dose ranged from non-detectable t o  5.1 

ng/ml, while concentrat ions of norverapamil 24 h after the dose 

ranged from non-detectable t o  5.8 n g / m l .  The mean (SD) areas 

under the verapamil and norverapamil concentrat ion-t iue curves 

were 217 (106) and 429 (11 1 )  (ng/ml)h, respec t ive ly .  

DISCUSSION 

We have shown our method t o  be s p e c i f i c  f o r  verapamil, nor- 

verapamil, D620, D617 ana the i n t e r n a l  standard with respect  t o  

all o t h e r  verapamil metabol i tes  after oral dosing. We also 

r e p o r t  the  separa t ion  of what we be l ieve  t o  be another  verapwnil 

metabolite, which has  been previously unreported. Our method is 

unique i n  both of these aspec ts .  I n  addi t ion ,  the prec is ion  ana 

s e n s i t i v i t y  f o r  q \ tan t i ta t ion  of verapani l  and norverapamil is 

equal t o  or  super ior  t o  o t h e r  published methods (4-30). Our 

method was s e n s i t i v e  enough t o  q u a n t i t a t e  verapamil and nor- 

verapamil serum concentrat ions obtained as long as 16 and 24 h, 
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respect ively,  after a s ing le  80-mg aose i n  most subjec ts .  Peak 

serum concentrations,  areas under the  curves, oral clearances 

and h a l f  l i f e  values f o r  verapamil i n  our subjec ts  were similar 

t o  those reported by Eichelbaum e t  a l .  (33)  who Used a sensi-  

t i v e  and s p e c i f i c  m a s s  fragmentographic method (34 )  and studied 

a similar subjec t  population. k e  therefore  conclude t h a t  our 

method is r e l i a b l e  and is useful  f o r  s ing le  o r  multiple-dose 

pharmacokinetic s tud ie s  of verapamil . 
Although not all the  verapamil metabolites were resolved 

from one another,  three major metabolites (D620, D617 and 

norverapamil), and an unident i f ied metabolite (peak 5a) were 

separated. We cannot s ta te  w i t h  cer ta in ty  t h a t  peak 5a i s  a me- 

t a b o l i t e  of verapamil, but o f f e r  the  following i n  support  of 

t h i s  (i) peak 5a was present i n  the  chromatograms of ex t r ac t s  of 

serum obtained from all subjec ts  following verapamil 

adminis t ra t ion;  (ii) it w a s  absent i n  the  chromatograms of ex- 

t r a c t s  of plasma obtained from a l l  subjec ts  j u s t  p r io r  t o  drug 

administration; (iii) its time course was similar t o  t h a t  of 

o ther  metabolites.  

The in t e rna l  standard t h a t  was i n i t i a l l y  tested f o r  our 

method D517, (a  verapamil analogue) in t e r f e red  wi th  D617 and 

peak 5a; consequently another i n t e rna l  standard was selectea. 

Th i s  emphasizes the need t o  test f o r  po ten t ia l  in te r fe rences  by 

metabolites,  especially f o r  o ra l ly  aaministerea drugs which a re  

extensively metabolized. Even though the s t ruc tu re  of im-  
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ipramine differs  from t h a t  of verapamil, it performed extremely 

w e l l  as an in t e rna l  standard under the conditions of our method. 

The range f o r  verapamil and norverapamil concentrations 

used f o r  plasma and ur ine standards i n  t h i s  study encompasses 

the  " therapeut ic  range" f o r  verapamil (100-500 ng/ml) ana falls 

within our defined l i n e a r  range f o r  detect ion.  It is advised 

t h a t  any sample whose concentration measurement fa l l s  

above t h i s  range be appropriately d i lu ted  and the  measurement 

repeatea.  

The results of our stuay suggest e i t h e r  t h a t  t he  metabolic 

pathways responsible  f o r  the production of metabolites PR-21, 

PR-22, PR-23, PR-24 and PR-25 a r e  negl ig ib le ,  or t h a t  these me- 

t a b o l i t e s  are subs t ra tes  f o r  fu r the r ,  r ap id  metabolism. Th i s  is 

because the  chromatograms of bas ic  and neut ra l  ex t r ac t s  of 

plasma and ur ine obtainea from normal subjec ts  who volunteerea 

t o  receive verapamil o ra l ly  contained no peaks corresponding t o  

these metabolites.  Although metabolites PR-22 and D620 co- 

e lu t e ,  peak 1 observed i n  serum and ur ine ex t r ac t s  probably r e p  

resent  only D620. 

(11, and its ext rac t ion  recovery is only 30% as compared t o  80% 

recovery f o r  0620. The presence of D617, D620 and norverapamil 

i n  the serum and ur ine of these subjec ts  suggests that dealkyla- 

t i o n  and demethylation are major pathways of verapamil metabo- 

l i s m  i n  man, and are consis tent  with data reported by o the r s  

Th i s  i s  because PR-22 is a minor metabol i te  

(19-22). 
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The method presented here offers s e v e r a l  advantages over  

previously published HPLC methods f o r  verapamil and metabol i tes .  

O f  the  verapamil assays  publishea (4-30) only f o u r  are able t o  

completely separate veraparnil, norverapamil, D620 and D6 17 ( 19- 

22). Our method is similar i n  t h i s  r e s p e c t ,  however, we repor t  

a f i f t h  compound which appears t o  be another verapamil metabo- 

l i t e .  Further ,  our method o f f e r s  e i ther  better recovery and 

s e n s i t i v i t y  o r  less expensive and s impler  mobile phase prepara- 

t i o n .  
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