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A B S T R A C T  

A rapid and  sensitive h igh-per formance  liquid ch roma tog raph ic  analysis,  with electrochemical detec- 
tion, has been developed for  the s imul taneous  determinat ion of  a new calcium-channel  antagonist ,  ( ~ ) -  
methyl 2-oxopropyl -  ! ,4-dihydro-2,6-dimethyl-4-(2-ni trophenyl)-3,5-pyridinedicarboxyhtte  (I, M PC- 1304), 
and  its active metabol i te  in dog plasma.  The  p lasma extract  with toluene was ch roma tog raphed  on a 
reversed-phase co lumn and  detected by an electrochemical detector  at  + 0.92 V. Cal ibrat ion curves were 
linear f rom 2.0 to I00 n ng/ml,  and the detection limit was  ca. 0.25 ng/ml. This  method is applicable to the 
s imul taneous de te rmina t ion  o f  I and its metabol i te  in dog  plasma following the oral adminis t ra t ion o f  I. 

I N T R O D U C T I O N  

( 4- )-Methyl 2-oxopropyl-  1,4-dihydro-2,6-dimethyl-4-(2-nitrophenyl)-3,5-pyr- 
idinedicarboxylate (I, MPC-1304) is a 1,4-dihydropyridine derivative, and was 
developed as a calcium-channel antagonist [1]. Compound I is mainly metabo- 
lized to (4-)-methyl  2-hydroxypropyl- 1,4-dihydro-2,6-dimethyl-4-(2-nitro- 
phenyl)-3,5-pyridinedicarboxy!ate (l-keto-H2) in humans and other animals; The 
structures of  compound I and its active metabolite l-keto-H2 are illustrated in 
Fig. 1. 

For the determination of  1,4-dihydropyridine derivatives and their metabo- 
lites in plasma, various methods have been reported [2]. Gas chromatography 
with mass spectrometry ( G C - M S )  [3-6] and high-performance liquid chromato- 
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Fig. i. S t ruc tures  o f  (a) I and  (b) I -ke to -H 2 

graphy  ( H P L C )  [7-I  1] have been extensively developed for  this purpose .  H o w -  
ever, G C - M S  de te rmina t ions  suffer f rom the serious p rob lem o f  ox ida t ion  o f  the 
d ihydropyr id ines  to the respective pyridines pr ior  to analysis .  Moreove r ,  the in- 
s t ruments  are  expensive and tl:e opera t ion  is tedious.  M o s t  o f  the H P L C  determi-  
na t ions  with UV detect ion are o f  low sensitivity, but  sensitive detect ion with _ n  

electrochemical  de tec tor  has been recently repor ted  [10,11]. This  pape r  presents  a 
p rocedure  for the sensitive and  s imul taneous  de te rmina t ion  o f  c o m p o u n d s  I and  
I -keto-H2 in d o g  p lasma  by H P L C  with electrochemical  detect.ion (ED).  

~ R I M E N T A L  

Materials  
C o m p o u n d s  I and  I -keto-H2 were supplied by M a r u k o  ( N a g o y a ,  Japan) .  Nife-  

dipine was ob ta ined  f rom Y o d o g a w a  (Tokyo ,  Japan) .  Sod ium perchlora te  was  
purchased  f rom K a n t o  K a g a k u  K o g y o  (Tokyo,  Japan) .  H P L C - g r a d e  me thano l  
and  toluene were purchased  f rom W a k o  (Osaka ,  Japan) .  All o ther  reagents  were 
o f  ana ly t ica l - reagent  grade.  

Standard sohttions 
S t a n d a r d  solut ions were p repared  in 50% methano l  so lu t ion  at  concen t ra t ions  

o f  2, 5, 10, 50 and  100 ng/ml.  Ca l ib ra t ion  curves were cons t ruc ted  by plot t ing 
rat ios  o f  the peak  areas  o f  c o m p o u n d  I or  I -ke to-H2 and  the internal  s t anda rd  
verstts concent ra t ion .  Both s t a n d a r d  curves showed good linearity.  The  equa t ion  
o f  the regression line o f  c o m p o u n d  I was 3' = 30.106x + 0.039, and  tha t  o f  
I -keto-H2,  y = 29.916x -- 0.005. 

Sample preparation 
Sample  p repa ra t ion  was accord ing  to the me thod  o f  Suzuki  et al. [10]. To 1.0 

ml o f  p lasma,  20 ng o f  nifedipine as an internal  s t anda rd  and  0.5 ml o f  0.1 M 
bora te  buffer  (pH 9.0) were added ,  and  the mixture  was vor texed  for 10 s. Fol low-  
ing the addi t ion  o f  6.0 ml o f  toluene,  the sample  was shaken  mechanica l ly  for  10 
rain and  centr i fuged at 1000 g for  15 rain. The organic  layer  was  t ransfer red  to a 
test- tube and evapora t ed  to dryness  at  40"C under  a flow of  ni t rogen.  The residue 
was dissolved in 200 ltl o f  the H P L C  mobile  phase,  and  50-ld al iquots  were 
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injected into the H P L C  column. All steps were carried out under yellow ltuo- 
rescent lighting to prevent photodegradat ion of compounds  I and 1-keto-H,, 

Chromatography 
An HPLC system consisting of a Shimadzu LC-6AD pump, a SIL-6B autoin- 

jector, a C-R4A Chromatopac  (Kyoto, Japan),  and a BAS LC-4B/17AT ampero- 
metric detector (Tokyo, Japan) was used. The mobile phase, degassed by bub- 
bling of  helium, was prepared by mixing 0.36 M sodium perchlorate solution and 
methanol  (55:45, v/v). The flow-rate was set at 0.8 ml/min.  Chromatography  ::'as 
carried out on an Inertsil ODS-2 column (5 pm particle size, 150 m m  x 4.6 m m  
I.D.) (Gasukuro Kogyo, Tokyo,  Japan)  at 40°C. The applied potential  of the 
detector was set at + 0.92 V against an Ag/AgC1 reference electrode. 

Pharmacokhletic study 
A suspension o f c o m p o u n d  I (1.5 mg/kg) in 5% gum arabic was administered 

orally with ~ catheter to each of  three male beagle dogs, which were fasted for a 
day before administrat ion.  5~ood samples were draw~ with a heparinized syringe 
at 0, 0.25, 0.5, i, 2, 4 find 7 h after adn-,hfistra-Jon. Following immediate  centrifu- 
gat iom the plasma was stored at --80"C until analysis. The plasma levels of 
compounds  I and I-keto-H2 were measured as described above. 

R E S U L T S  A N D  D I S C U S S I O N  

Fig. 2 shows typical chromatograms of  blank plasma and plasma spiked with 
5.0 ng/ml I and I-keto-H2. The retention times for I, l-keto-H2 and the internal 
s tandard were ca. 16, 17 and 26 min, respectively. No interfering endogenous 
peaks were observed in the chromatograms.  The sensitivities of  both compounds  
were highest at a potential of  + 1.15 V. However, at potentials greater than 
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Fig. 2. Ct~romatogran~s o f  exmmls  l¥om (a) b lank  plasnm ,'rod (b) p lasma spiked with 5.0 n g / m l  each o f  
c o m p o u n d s  l and  l -kc to -H  2. Pcaks:  I = I; 2 = l -ke to-H2;  :~ = I.S. 
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T A B L E  I 

E X T R A C T I O N  R E C O V E R I E S  01-" C O M P O U N D S  I A N D  I - K E T O - H  2 F R O M  D O G  P L A S M A  

C o m p o u n d  A d d e d  
(ng/nal)  

R e c o v e r y  ( m e a n  4- S .D. .  n = 5) 
(%) 

l - k e t o - H  2 

2.5 98.3 4- 7.7 
5.0 10t .9  4- 2.3 

10.0 101.7 4- 3.6 
50.0 103.2 :t: 2.0 

100.0  !02.1  :I: 1.4 

2.5 97.6 4- 10.8 
5.0 96.5 4- 5.7 

10.0 95.7 q- 4.9 
50.0 95.8 4- 1.6 

100.0 95.5 4- 1.3 

+ 0.95 V, the background  current  became high and  the basel ine  drif ted owing to 
oxida t ion  of  water,  oxygen and  other  mobi l e  phase  compounds .  Hence,  an. np- 
plied potent ia l  o f  + 0.92 V was chosen.  The detect ion l imit  o f  bo th  c o m p o u n d s  
was ca. 0.25 ng/ml,  at a s ignal- to-noise  ratio o f  2. 

The recoveries of  c o m p o u n d s  I and  l -ke to-Hz f rom dog p la sma  are s u m m a -  
rized in Tab le  I. Spiked p l a sma  samples  in the concent ra t ion  range 2.5-100 ng /ml  
o f  bo th  c o m p o u n d s  were treated as descr ibed previously.  The  recoveries o f  com-  
pound  I were 98 .3 - I03 .2% and those o f  I-keto-Ha 95 .5-97 .6%.  The  average 
recovery o f  c o m p o u n d  I was 101.4% and  that  o f  I-keto-H2 96.2%. The  recovery 
was inadequa te  at a concent ra t ion  below 2.5 ng/ml  (da ta  not  shown).  Thus ,  the 
lower pract ical  l imit  o f  quan t i t a t ion  was set at 2.5 ng /ml  for bo th  compounds .  

The  wi th in-day  reproducib i l i ty  was assessed for five spiked p l a s m a  samples  at 
each concet ra t ion  on the same day.  The  day- to-day  reproducib i l i ty  was assessed 
for three spiked samples  at each concen t ra t ion  on three different days. As  shown 
in Table  II, the wi th in -day  coefficients o f  var ia t ion  (C.V.) o f  c o m p o u n d  I were 
1.9-3.6% and  those o f  I-keto-H2, 1.6-5.9% . The  day- to-day  C.V. o f  c o m p o u n d  I 
were 2 .2 -3 .9% and those o f  I -keto-Hz,  3 .5-6 .9%.  

Fig. 3 shows the mean  p la sma  levels o f  c o m p o u n d s  I and  l -keto-H2 fol lowing 
the oral admin i s t r a t ion  of  1.5 rng]kg I to dogs. After  rap id  absorp t ion ,  the maxi -  
m u m  p la sma  concent ra t ions  (Cmax) were 84.5 ng/ml  for I and  21.0 ng /ml  for 
I-keto-H2. The  area under  the curve (AUC)  o f  the active metabol i t e  I-keto-H2 
was one four th  that  o f  c o m p o u n d  I. 
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T A B L E  I1 

R E P R O D U C I B I L I T Y  F O R  C O M P O U N D S  I A N D  ! - K E T O - H  2 1N D O G  P L A S M A  

C o m p o u n d  A d d e d  W i t h i n - d a y  D a y - t o - d a y  
(ng/ml) 

Found" C.V.  F o u n d  b C.V.  
(ng/ml) (%) (ng/ml) (%) 

I - k e t o - H =  

5.0 5.I 4- 0.I 2 .2  5.1 4- 0.2 3.7 
I0 .0  10.2 4- 0 .4  3.6 10.1 4- 0 .4  3.9 
50.0 51.6  4- 1.0 1.9 51.6 4- I.I 2.2 

5.0 4 .8  4- 0.3 5.9 4 .8  :k 0 .2  3.5 
10.0 9.6 4- 0.5 5.2 9 .5  4- 0 .7  6.9 
50.0 47 .9  4- 0.8 1.6 47.8  __. 1.7 3 .6  

" M e a n  4- S . D .  (n : 5). 
Me:m 4- S.D. (n : 9). 

C O N C L U S I O N  

A rapid and sensitive H P L C - E D  method was established for the simultaneous 
determination of  compounds  I and l-keto-H2 in dog plasma. The selectivity and 
precision o f  this method are sufficient for pharmacokinetic study. The sensitivity 
was c a .  twenty times higher than that of  UV detection. The assay method has 
been successfully used for bioavailability and bioequivalent tests o f  I in animals. 
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Fig.  3. M e a n  p l a s m a  levels  o f c o m p o u n d s  I and I - k e t o - H  2 after oral  admin i s t ra t ion  o f s u s p e n s i o n  o f  ! at a 
d o s e  o f  ! .5  m g / k g  to three beag le  dogs:  ( 0 )  I; (11)  I-keto-l-I  2. 
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