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DETERMINATION OF PIROXIMONE IN 
PLASMA AND URINE BY HIGH 

PERFORMANCE LIQUID CHROMATOGRAPHY 

N. BERNARD~, M.  LUSH^, J. no~rns~,  
N. FERRY', G. CUISINAUD', AND J. SASSARD' 

'Dqxmnent offiysiology and clinical 
URA CNRS 1483, Faculty of pharmacy 

8 Avenue h h f e l l e r  
F-69373 L p n  C& 08, Frsnce 
2Mewell Dow Research Institute 

Wnnersh Research Centre 

W m m h ,  Berkshine, RGI 1 5HQ, United K i n g h  
R e a d i n g w  

A reversed-phase high-performance l i q u i d  chromato- 
g r a p h i c  (HPLC) method w i t h  UV d e t e c t i o n  was developed 
f o r  q u a n t i f y i n g  piroximone ( P I )  i n  plasma and u r i n e .  A 
s o l i d  p h a s e  e x t r a c t i o n  of P I  s i m u l t a n e o u s l y  w i t h  a n  
i n t e r n a l  s t a n d a r d  w i t h  a n  average r e c o v e r y  h i g h e r  t h a n  
86% was n e e d e d  t o  a v o i d  endogenous  i n t e r f e r e n c e s  
e s p e c i a l l y  i n  u r i n e s  from p a t i e n t s  w i t h  reduced  r e n a l  
f u n c t i o n s .  The s e n s i t i v i t y  l i m i t  was 2 ng/ml i n  plasma 
and 100 ng/ml i n  u r i n e .  The method was r e p r o d u c i b l e  w i t h  
i n t r a -  and i n t e r - a s s a y  c o e f f i c i e n t s  of v a r i a t i o n s  below 
7 %. T h i s  method w a s  applied t o  t h e  d e t e r m i n a t i o n  of 
plasma and u r i n e  levels d u r i n g  a pharmacokine t ic  s t u d y  
i n  h e a l t h y  s u b j e c t s  and r e n a l l y  i m p a i r e d  p a t i e n t s .  I t  
w a s  found s u i t a b l e  t o  follow t h e  c o n c e n t r a t i o n s  u n t i l  
2 4  h af ter  a s i n g l e  i n t r a v e n o u s  i n f u s i o n  of 0 .5  mg/kg 
body weight of piroximone.  
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2188 BERNARD ET AL. 

Piroximone, 4-ethyl-l13-dihydro-5-(4-pyridinyl- 
carbonyl)-2H imidazol 2 one, MDL 19.205 (PI) is an 
imidazole derivative with inotropic and vasodilator 
properties used in congestive heart failure. 

’ \  

CkJ CH3 N H 0 
Piroximone 

The pharmacokinetic of PI has been studied in healthy 
subjects as well as in patients with heart failure at 
dosage ranging from 0.2 to 2 mg/kg after IV or oral 
administration (1-2) . In man, metabolites have not been 
identified, and urinary excretion of native drug amounts 
to 67 % of administered drug in the first hours 
following administration. In rat(3) metabolites : isoni- 
cotinic acid and hydroxypiroximone never exceed 15% of 
amount excreted. The aim of this study was to provide an 
analytical method sensitive and specific enough to 
follow in humans the plasma and urine levels of PI after 
a single bolus of 0.5 mg/kg body weight. Previous 
analytical methods(4-5) did not distinguish PI from 
interferences often encountered in plasma and urine from 
renally impaired patients and were found insufficiently 
specific in our hands. The present report describes an 
HPLC technique with improved sensitivity and specificity 
for the simultaneous determination of PI in plasma and 
urine. 
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PIROXIMONE IN PLASMA AND URINE 2189 

Chemical 8 

P I  and i n t e r n a l  s t anda rd  ( I S ) ,  4- (3,4-dimethoxy- 
b e n z o y l l - 1  , 3-dihydro-5-methyl-2H-imidazol-2-one;MDL 
82.261 were supp l i ed  by Merrell D o w  L a b o r a t o r i e s .  
Methanol was purchased from Carlo Erba, Milano, I t a l y .  
Phosphoric  a c i d ,  potassium dihydrogenphosphate and 
disodium hydrogenphosphate, dodecahydrate were purchased 
from Merck. All chemicals were of a n a l y t i c a l  grade.  
Columns f o r  s o l i d  extract ion : Bond E l u t  SPE @ 200mg/3ml 
from Analytichem I n t e r n a t i o n a l  were d i s t r i b u t e d  b y  
Varian.  Human plasma f o r  l abora to ry  use was obtained 
from CTS Lyon-Beysnot. 

Plasma solut ions were prepared by dissolving 10 mg 
of P I  i n  1 0 0  m l  human plasma t o  ob ta in  a 1 0 0  pg/ml 
concentrat ion.  Dilut ions of 5,  1, 0 .5 ,  0.1, 0.05, 0.01, 
and 0.002 pg/ml used for c a l i b r a t i o n  and con t ro l  were 
made by d i l u t i n g  previous solut ions i n  t h e  same u n i t  of 
human plasma. Urine solut ions were prepared i n  t he  same 
manner t o  o b t a i n  1 0 0 ,  5 0 ,  1 0 ,  5 and 1 pg/ml 
concen t r a t ions .  A l l  standard so lu t ions  were frozen a t  
l e a s t  one week p r i o r  t he  assay under 2 m l  volume i n  t h e  
condi t ions used f o r  t h e  samples of t h e  pharmacokinetic 
study, t h a t  i s  -2OoC, t o  avoid differences i n  ex t r ac t ion  
r a t e  observed between f r e sh  and frozen samples. Q u a l i t y  
con t ro l s  of plasma spiked with P I  (50 and 500 ng/ml) and 
u r i n e  ( 5  pg/ml and 50 pg/ml) were s t o r e d  from t h e  
beginning of t he  study i n  the same conditions.  Solution 
of I n t e r n a l  Standard (100 pg/ml) w a s  made by dissolving 
10 mg of MDL 82.261 i n  1 m l  sodium hydroxide 1 M  i n  a 
volumetric f l a s k  and f u r t h e r  completed t o  100 m l  with 
water.  This so lu t ion  was found s t a b l e  only when s to red  
a t  4OC i n  darkness f o r  a maximum of two weeks. Working 
solut ions of IS were made j u s t  before extract ion.  
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2190 BERNARD ET AL. 

Chromatographic Conditions 

Reversed phase HPLC was performed at 22OC (air 
conditioned) using a high pressure pump, 414 model, 
equipped with two pulse damper 810 model (Kontron, 
Zurich, Switzerland), an injector : autosampler model 
MSI 660, equipped with a 90 p1 loop (Kontron), two guard 
and analytical columns (30+150 x 4.6 mm) filled with 
Spherisorb ODs2 C18, 5 p n  (Interchim, Montlucon France). 
The absorbance of the eluent was monitored by use of a 
spectrophotometer, model Uvikon 432, with wavelength set 
at 320 nm (4 nm slides) and equipped with a 8 p1 flow 
cell with 5 mm pathlength (Kontron). The whole system 
was managed by a central station model MT2 450 (Kontron) 
for interfacing all the peripherics and recording of 
chromatograms. 

Optimal separation of compounds was obtained using 
a mobile phase consisting of disodium hydrogenphosphate 
0.04 M and potassium dihydrogenphosphate 0.026 M, (the 
pH of which is adjusted to pH = 3,2 by addition of 
phosphoric acid 45 N), methanol, 70/30, v/v. 

Extraction Procedure 

For their conditioning, SPE columns placed on 
10 ml polyethylene centrifuge tubes were twice rinsed 
with 0.5 ml methanol then 1 ml water. Centrifugation at 
1000 rpm during 5 min was processed at each step of 
elution. 

For plasma separation, on a conditioned Bond Elut 
column were applied 5 0 0  p1 plasma (or standard or 
quality control) spiked with 1000 pl IS (0.50 pg/ml). 
Centrifugation at 2000 rpm was allowed during five 
minutes. Columns were washed two times with 1 ml of 
water followed by a 5 min centrifugation at 2000 r.p.m. 
Compounds were eluted in a conical glass tube with two 
0.5 ml methanol fractions and the eluate was evaporated 
until dryness in a 37OC water-bath, under a stream of 
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PIROMMONE IN PLASMA AND URINE 2191 

nitrogen delivered by Pasteur pipettes in each tube. 
Residue was dissolved in 250 pl of mobile phase by 
vortexing process during 20 seconds. This solution is 
transferred into an Eppendorf microtube and 90 p1 
injected in the chromatograph, with a mobile phase flow 
of 1 ml/min. 

For urine separation, on a conditioned Bond Elut 
column were applied 500 pl urine (or standard or quality 
control) spiked with 1000 p1 IS (5 pg/ml). Centrifuga- 
tion at 2000 r.p.m. was allowed during five minutes. 
Columns were washed two times with 1 ml water followed 
by a 5 min centrifugation at 2000 r.p.m. Compounds were 
eluted in a polyethylene tube with two 0.5 ml methanol 
fractions and the eluate was diluted with 2 ml of the 
buffer disodium hydrogenphosphate 0.04 M / potassium 
dihydrogenphosphate 0.026 M, (pH = 3,2) to obtain the 
composition of the mobile phase. This solution was 
transferred into an Eppendorf microtube and 90 p1 
injected in the chromatograph, with a mobile phase flow 
of 1 ml/min. 

Ca 1 cu lat ion s 

The PI concentrations were determined in 
biological samples by means of the ratio of the peak 
height of PI to the IS’S one and calculated from the 
standard ratio determined with the spiked samples. As 
six determinations of the ratio are made at three 
different concentrations in each batch, the correlation 
is obtained by linear regression between ratio and 
concentration. Multiple regression analysis (Statgra- 
phics STSC 1nc.software) is performed with the reverse 
of concentration as weight. Correlation coefficient was 
always higher than 0.990. In each analytical run are 
introduced spiked samples (10, 100, 1000 ng/ml of plasma 
and 1, 10, 100 pg/ml of urine in duplicate) to determine 
the standard ratio and 4 quality controls (50 and 500 
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2192 BERNARD ET AL. 

ng/ml of plasma and 5 and 5 0  pg/ml of  u r i n e  i n  
d u p l i c a t e )  t o  assess t h e  r e p r o d u c i b i l i t y  of t h e  method. 

P r e l i m i n a r y  assay of e x i s t i n g  methods (4-5) 
revealed s a t i s f a c t o r y  when app l i ed  only t o  t h e  plasma of 
h e a l t h y  v o l u n t e e r s ,  bu t  i n  ou r  s tudy,  s e p a r a t i o n  from 
endogenous i n t e r f e r e n c e s  e s p e c i a l l y  i n  u r i n e  o r  even i n  
plasma w a s  not  s u f f i c i e n t  . Indeed, p a t i e n t s  included i n  
t h i s  pha rmacok ine t i c  s t u d y  e x h i b i t e d  reduced r e n a l  
f u n c t i o n s  a n d  r e c e i v e d  s e v e r a l  c o m e d i c a t i o n s  : 
acebu to lo l ,  a l l o p u r  i n o l ,  a t e n o l o l ,  d i  It iazem, e n a l a p r i l ,  
f u r o s e m i d e ,  i s r a d i p i n e ,  l o r a z e p a m ,  n i c a r d i p i n e ,  
n i t r e n d i p i n e ,  p i n d o l o l ,  p i p e m i d i c  a c i d ,  p r a z o s i n ,  
p r e d n i s o l o n e ,  s i m v a s t a t i n ,  t r a z o d o n e ) .  T h e r e f o r e  
exogenous and endogenous substances are a t  h ighe r  l e v e l s  
i n  plasma and i n  u r i n e  of r e n a l l y  impaired p a t i e n t s  than 
i n  hea l thy  vo lun tee r s .  In  a d d i t i o n  i n  t h i s  s tudy  dosage 
w a s  weak ( 0 . 5  mg/kg) and cu r ren t  k i n e t i c  s t u d i e s  r e q u i r e  
long t i m e  follow-up t o  a s c e r t a i n  t h e  t e r m i n a l  par t  of  
t h e  cu rve  when c o n c e n t r a t i o n s  a r e  n e a r  t h e  minimum 
q u a n t i t y  l e v e l .  For  t h e s e  r e a s o n s  s p e c i f i c i t y  and 
s e n s i t i v i t y  were enhanced by r e sea rch  and development of 
a chromatographic system and of an e x t r a c t i o n  procedure.  
The f i n a l i z e d  method only i s  descr ibed he re .  

Chromatographic Conditions 

The main chromatographic  c h a r a c t e r i s t i c s  are i n  
table 1. 

This  parameters table  shows a large r e s o l u t i o n  o f  
t h e  two compounds w i t h  a good q u a l i t y  of  peaks i n  t h e  
c h r o m a t o g r a p h i c  c o n d i t i o n s  c h o s e n  ( m o b i l e  p h a s e :  
m e t h a n o l / b u f f e r  p H  = 3.2 (30/70), f low : 1 m l / m i n ;  
column : S p h e r o s i l  C 8 ,  5 pm ( 1 5 0 ~ 4 . 6  m m ) ;  i n j e c t e d  
volume : 90 p1; d e t e c t i o n  W wavelength : 320 nm). 
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PIROXIMONE IN PLASMA AND URINE 2193 

TABLE 1 
Chromatographic Characteristics of a Mixture of 
Piroximone (1 pg/ml) and Internal Standard (0.5 pg/ml) 
in Mobile Phase. 

~ 

COMPOUND 
PARAMETERS 

PIROXIMONE INTERNAL STANDARD 

Retention time (min) 4.82 10.05 
Capacity factor (k') 1.41 4.03 

Nr of theoretical plates ( rn - l )  19647 40900 
Theoretical plate height (p) 12.70 6.00 
Asymetrical factor (As)  1.02 1.31 
Resolution factor (Rs) 5.00 

PI was the main compound observed in plasma as 
well as in urine of healthy volunteers and patients. 
These results are in accordance with recent 
pharmacokinetic studies(6). None of the compounds used 
as comedications were observed in this conditions. 

Figure l(a and b) shows chromatograms of extracts 
obtained from plasma (spiked with 500 ng/ml IS) and 
urine (spiked with 50 pg/ml IS) from healthy subject 1 
hour after administration of PI (0.5 mg/kg). In this 
subject the values were 992 ng/ml and 13 pg/ml for 
plasma and urine concentrations respectively. 

Extraction 

The solid phase extraction procedure was highly 
efficient. For plasma extraction procedure, the 
extraction efficiency has been expressed by the ratio of 
peak heights obtained for plasma standards (500 ng/ml) 
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FIGURE 1. Chromatograms o b t a i n e d  w i t h  P I  and I S  i n  
plasma (a) and u r i n e  (b) from p a t i e n t s  1 hour af ter  I . V .  
admin i s t r a t ion  of a 0 . 5  mg/kg dose of P I .  ( F u l l  scale of 
t h e  o r d i n a t e  i s  0 . 0 1  absorbance u n i t s  f o r  plasma and 0 . 1  
absorbance u n i t s  f o r  u r i n e ) .  

t o  t h e  peak h e i g h t  o f  p u r e  s o l u t i o n s  a t  t h e  same 
c o n c e n t r a t i o n s .  The e x t r a c t i o n  ra tes  e x p r e s s e d  as % 

(X f SD) o b t a i n e d  f o r  n = 1 0  de t e rmina t ions  were found 
a t  88.9% f 3.1% f o r  P I  and 96.9% f 2.8% f o r  IS. For 
u r i n e  e x t r a c t i o n  p r o c e d u r e ,  t h e  e x t r a c t i o n  r a t e s  
e x p r e s s e d  a s  % (X f SD) o b t a i n e d  f o r  n = 1 0  
d e t e r m i n a t i o n s  (a t  5 0  pg/ml) w e r e  found a t  86.3% f 3.6% 
f o r  P I  and 99.3% f 3.2% f o r  I S .  

Ch8r8cteristics of the Mothod 

The l i n e a r i t y  w a s  s t u d i e d  i n  t h e  range of expected 
c o n c e n t r a t i o n s  d u r i n g  t h e  k i n e t i c  s t u d y  w i t h  samples 
spiked w i t h  P I  at seven c o n c e n t r a t i o n s  ( e x t r a c t e d  e ight  
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- 1  0 I 2 3 4 5 
PI (WmU 

F I G U R E  2 .  L i n e a r i t y  i n  plasma fo r  P I  c o n c e n t r a t i o n s  
(n = 8) from 2 t o  5000 ng/ml. 

times) from 2 t o  5000 ng/ml f o r  plasma and a t  f ive  con- 
c e n t r a t i o n s  ( e x t r a c t e d  e i g h t  times) from 1 t o  500 pg/ml 
f o r  u r i n e .  The r a t i o s  of peaks height were expressed  a s  
a func t ion  of PI concent ra t ions .  A test of l i n e a r i t y  was 
applied and  r e g r e s s i o n  l i n e  o b t a i n e d  f o r  plasma 

(r2= 0,999) o r  u r i n e ( r 2 =  0.996) are i n  f i g u r e s  2 and 3.  
I n  bo th  c a s e s  t h e  low i n t e r c e p t  a s c e r t a i n  of the  p u r i t y  
of  peaks measured. 

For r e p r o d u c i b i l i t y  e s t ima t ion ,  the  c o e f f i c i e n t s  
o f  v a r i a t i o n  i n t r a -  and in t e r - a s say ,  expressed  a s  SD % 
o f  the  v a l u e ,  were de termined  from q u a l i t y  c o n t r o l s  
( b i o l o g i c a l  samples sp iked  w i t h  P I  a t  concen t r a t ions  50 
and 500 ng/ml f o r  plasma and 5 and 5 0  pg/ml €or  u r i n e ) ,  
ave rage  o f  1 0  d e t e r m i n a t i o n s  i n  t h e  same run o r  one 
determinat ion on t e n  d i f f e r e n t  days. 

Plasma and u r i n e  q u a l i t y  c o n t r o l s  s t o r e d  a t  -2OOC 
f o r  up t o  9 months showed no s i g n s  o f  decomposi t ion 
s u g g e s t i n g  t h a t  P I  i s  s t a b l e  unde r  these s t o r a g e  
condi t ions .  

The s e n s i t i v i t y  l i m i t  i s  de t e rmined  a s  t h e  
q u a n t i t y  o f  e x t r a c t e d  and i n j e c t e d  compound which, i n  
t h e  exper imenta l  cond i t ions ,  i s  r e s p o n s i b l e  of  a peak 
he igh t  2 f o l d  t h e  r e s i d u a l  no i se .  I t  was found i n  our  
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v I 1 . 3 1 s ~  + .515. R-aauarad: .SO0 . .  
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FIGURE 3. Linearity in urine for PI concentrations 
(n = 8 )  from 1 to 500 pg/ml. 

TABLE 2 
Intra- and inter-assay reproducibility of the method. 

Plasma Urine 
added re cove red added recovered 

Intra 50 49,l f 1,9(3,9%) 5 5,3 f 0,1(1,6%) 
assay 500 491,5 k 12,8 (2,6%) 50 51,2 k 0, 6(1,1%) 

Inter 50 48,O f 3,4(7,1%) 5 5,2 f 0,2(3,1%) 
assay 500 472,9 f 15,1(3,2%) 50 51,6 f 1,2 (2,3%) 

hands at 2 ng/ml of plasma and 0,l pg/ml of urine (or 
less, depending on the dilution of urine). 

The analytical technique is suitable for the 
determination of plasma samples in the range of 5 to 
5000 ng/ml and urines in the range 1 to 100 pg/ml. This 
method was successfully applied to the determination of 
PI levels in plasma and urine of healthy and renally 
impaired patients after a single IV administration of 
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PIROXJMONE IN PLASMA AND URINE 2197 

0.5 mg/kg of PI. Neither endogenous nor exogenous 
compounds finally interfered with the detection of PI in 
plasma or urine even in patients. No metabolites could 
be identified. 

The authors are largely indebted to Mrs Dumas of 
Merrell Dow laboratories for supplying of drugs. 
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