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SUMMARY 

A sunple and sensitive high-performance liquid chromatographlc method has been 
developed for the quantitative determmatlon of ammopynne and eight of Its metabolltes 
(4-methylammoantlpyrme, 4-ammoantlpyrme, 4-acetylammoantlpyrme, Q-acetylmethyl- 
aminoantipyrme, 4-hydroxyantlpyrme, 4-formylaminoantipyrme, 3-hydroxymethyl-2- 
methyl-4.dnnethylammo-1-phenyl-3-pyrazolm-5-one and 2-methyl-4-dlmethylammo-5-oxo- 
1-phenyl-3-pyrazolme-3-carboxyhc acid) m plasma of rats The procedure mcludes a 
chloroform extraction prior to chromatography and quantitative analvsls usmg Desk-area 
ratios (ultravlolet absorbance detectlon at 260 nm) of ammopyrme and its metabohtes to the 
internal standard, phenobarbital The concentration-response curves for these compounds 
were linear from 20 ng/ml to 200 pg/ml The extractlon coefflclents of ammopyrme-and its 
metabolrtes from plasma were 80- 100% The coefficients of varlatlon of mtra- and mter- 
assay for these compounds m plasma were less than 2 5-5 5% This method has been found 
to be applicable to the analysis of plasma samples obtamed from ammopyrme-dosed rats 

INTRODUCTION 

There are many reports on the metabohtes of ammopynne (AM) in humans 
and m experimental ammals Previously, it was reported that 4-methylammo- 
antlpyrme (MAA), 4-ammoantlpyrme (AA), 4-formylammoantlpyrme (FAA) 
and 4-acetylammoantipynne (AcAA) were metabohzed from AM m plasma of 
humans and animals [ 1,2] Although the AM metabobtes 4-hydroxyantlpynne 

(AMOH), 4-acetylmethylammoantlpynne (AcMAA), 3-hydroxymethyl-2- 
methyl-4-&methylamIno-l-phenyl-3-pyrazolm-5-one (AMCH,OH) and 
2-methyl-4-dlmethylamlno-5-oxo-l-phenyl-3-pyrazolme-3-carboxyl~c acid 
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(AMCOOH) were Identified m the urme and m the hepatocyte system isolated 
from the rat and the rabbit [3-61, they were not ldentlfied in the plasma 
Therefore, we decided to investigate some metabohtes of AM m the plasma of 
rats 

Several methods have been developed for the sunultaneous determination of 
AM and its metabohtes m biological flulds. Some of these methods, based on 
colorlmetrlc, spectrophotometrlc [3] and thin-layer chromatographlc [ 7--91 
procedures, are only semi-quantitative with a low senntlvlty. Gas chromato- 
graphic methods usmg hydrogen flame lomzatlon detection [lo] , and the gas 
chromatographlc-mass spectrometnc method [ 1 l-131 have a higher senwtlvl- 
ty and selectivity, but they involve extensive time-consuming purification 
and denvatlzatlon steps. Recently, a high-performance liquid chromatographlc 
(HPLC) method [14--171 has been reported Inoue et al. [16] used a reversed- 
phase high-performance liquid chromatographlc (RP-HPLC) method to deter- 
mine AM metabohtes (AMOH, MAA, AA and FAA) m the liver mlcrosome. 

In this paper, we reported a sunple and rapid method using HPLC for the 
simultaneous determination of AM and eight metabohtes (AMCOOH, FAA, 
AcAA, AMCH,OH, AcMAA, MAA, AA and AMOH) m rat plasma This method 
1s more sensitive and selective than other methods reported m the literature, 
and 1s suitable for the routine determination of AM and its metabohtes m rat 
plasma 

EXPERIMENTAL 

Reagents 
JP-X grade AM (Hoe1 Yakko), phenobarbital (FuJmaga Seiyaku) and reagent 

grade AA (Nakaral Chemical, Kyoto, Japan) were used Acetomtnle (special 
grade for liquid chromatography) was obtamed from Wako Pure Chemical 
Industnes. MAA, AcAA, AcMAA, AMOH, AMCH,OH, FAA and AMCOOH 
were prepared by the known method [l&-23] All other chemicals were of 
analytical-reagent grade 

Anzmal expenments 
Male Wistar rats weighing 180-200 g were used The rats were kept on a 

commercial diet (Onental Yeast) and were fasted for 20 h prior to AM admm- 
lstratlon. Water was given freely AM was orally or mtravenoudy administered 
to the rats A 1 O-ml ahquot of an aqueous solution of AM (100 mg/kg) was 
orally admlmstered to the rat and 1 ml of sahne solution contammg 35 mg/kg 
AM was inJected into the femoral vein 

Equipment 
The HPLC apparatus cons&e-d of a Hitachi Model 655 solvent delivery 

system, a Hltachl Model 635 M absorbance detector momtormg at 260 nm and 
a Hitachi Model 833 chromatoprocessor Separations were performed on a 
reversed-phase column (25 cm X 4 6 mm I D ) with ODS-12OA (particle size 
5 pm, Toyo Soda, Japan) Allquots of 20 ~1 were inJected into the chroma- 
tograph All separations were done at ambient temperature using 
methanol-O 05 M phosphate buffer, pH 3 9 (30 70, v/v) as a moblle phase at 
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RESULTS AND DISCUSSION 

The mfluence of methanol concentration m the mobile phase on the separa- 
tion of AM and eight metabohtes IS shown m Fig 1 The capacity factors (h’) 
resemble each other with mcreasmg methanol concentration These compounds 
are well separated at a 30.70 ratlo of methanol--O 05 II4 phosphate buffer (pH 
3 9) 

Fig 2 shows a typical chromatogram of AMCOOH, FAA, AcAA, 
AMCH,OH, AcMAA, MAA, AA, AMOH, AM (10 fig/ml) and the mternal 
standard (300 pg/ml) 

Typical chromatograms of blank rat plasma extracts, plasma extracts spiked 
with AM and eight of its metabohtes, and plasma extracted 180 mn after oral 
admmlstratlon of AM to rat are shown m Fig 3 Complete separation of the 
eight metabohtes was obtained, with the followmg retention times AMCOOH, 
112 mm, FAA, 12 3 mm, AcAA, 13 8 mm, AMCH,OH, 16 0 mm, AcMAA, 
19 5 mm, MAA, 23 7 mm, AA, 26 0 mm, AMOH, 314 mm, AM, 37 1 mm, 
phenobarbital (internal standard), 42 1 mm The lower limit of detection was 
20 ng/ml When drug-free plasma was extracted m the same manner, no mter- 
ference from endogenous plasma constituents was observed The assay time for 
HPLC was ca 50 mm 

Calibration curves for AM and its metabolltes m plasma were linear m the 
concentration range 20 ng/ml to 200 pg/ml The regression equation obtained 
from data on standards m plasma, when peak-area ratios were taken, were for 
AMCOOH, y = 0 01623~ + 0 0001, r = 0 9984, for FAA, y = 0 0388~ + 0 0079, 
r = 0 9987, for AcAA, y = 0 0342x + 0 0055, r = 0 9887, for AMCH*OH, y = 

10 
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Fig 1 Relatlonshlp between capacity factor (k’) and methanol concentration m the mobile 
phase Column prepacked column (Toyo Soda), 5 Mm ODS-lZOA, 25 x 4 6 mm I D , 
mobile phase various percentages of 0 05 M phosphate buffer (pH 3 9 j-methanol, 
flow-rate 0 ‘7 ml/mm 1 = AM, 2 = AMOH, 3 = AA, 4 = MAA, 5 = AcMAA, 6 = AMCH,OH, 
7 = AcAA, 8 = FAA, 9 = AMCOOH 

Fig 2 A typical chromatogram of a mixture of ammopyrme, its metabohtes (10 pg/ml each) 
and Internal standard (I S , phenobarbital, 300 fig/ml) 
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Fig 3 A typical chromatogram of plasma extracts (A) Drug-free plasma wlthout Internal 
standard (B) Plasma spiked mth AMCOOH, FAA, AcAA, AMCH,OH, AcMAA, MAA, AA, 
AMOH, AM (10 gg/ml each) and internal standard (phenobarbital, 300 pg/ml) (C) Plasma 
at 180 mm after oral admlmstratlon of AM (100 mg/kg) m rats 

0.0315x + 0.0053, r = 0 9979, for AcMAA, y = 0 0417x + 0 0009, r = 0.9821; 
for MAA, y = 0 0379x + 0 0038, r = 0 9983, for AA, y = 0.0423x + 0 0008, 
r = 0 9977, for AMOH, y = 0 0447x + 0 0011, r = 0 9976, for AM, y = 0 0365x 
+ 0 0008, r = 0 9977 

The precision of the method was determined by repeated analysis of plasma 
specimens containing known concentrations (20 pg/ml) of AM and its 
metabohtes As shown m Table I, the wlthm-run precision was between 2.5 and 
4.5% 

TABLE I 

PRECISION OF ASSAY OF AMINOPYRINE AND ITS METABOLITES 

Concentration of AM and its metabohtes added was 20 pg/ml 

Concentration found (mean + S D ) Coefficient of vacation 

(ccglml) (%) 

Within-run Day-to-day Within-run Day-to-day 

AM 
AMCOOH 
FAA 
AcAA 
AMCH,OH 
AcMAA 
MAA 
AA 
AMOH 

20 04 t 0 89 20 70 +_ 1 04 44 52 
20 08 + 0 81 19 89 2 0 83 41 42 
20 04 f 0 50 20 09 * 100 25 50 
19 99 f 0 69 1999* 111 35 55 
20 01 * 0 50 19 97 * 100 26 52 
1999+081 20 03 * 1 11 41 55 
2005* 054 20 07 * 0 97 28 49 
20 06 f 0 81 20 00 f 0 94 41 47 
20 00 + 0 89 19 95 i 100 45 50 
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TABLE II 

ANALYTICAL RECOVERY STUDIES IN PLASMA 

Drug Recovery (mean * S D , u = 12) (%l 

AM 10107 f 4 78 
AMCOOH 81 71 f 3 53 
FAA 99 09 f 6 65 
AcAA 99 61 + 3 05 
AMCH,OH 98 24 f 4 50 
AcMAA 97 66 r 5 92 
MAA 100 52 + 2 49 
AA 99 40 + 2 39 
AMOH 99 42 f 3 26 

The analytical recovery of AM and its metabohtes in the pooled plasma 
of rats is shown m Table II The recovery was determmed by comparing the 
peak area of AM and its metabohtes and the internal standard. Although the 
recovery of AMCOOH was 81.7%, the recovery of other compounds was 
between 97 and 101%. 

In the prehmmary observation by HPLC, the plasma extracted from five 
rats after oral admunstration of AM showed peaks that seemed to be 
AMCOOH, AMCH,OH, AMOH and AcMAA These metabohtes were detected 
in the urine and m the isolated hepatocyte system prepared from rats by several 
investigators, but there was no mformation on these metabohtes m rat plasma. 
Therefore, by two-dmensional thin-layer chromatography, we analysed 
whether or not these metabohtes existed m the rat plasma Fig 4 shows a 

(A) 

11 - SF 

SF 

(8) 

Fig 4 Two-dunenslonal thin-layer chromatogram of ammopyrme and its metabolltes TLC 
was carned out m chloroform-acetone (8 2, v/v, solvent m the first dlmenslon) and 
dlchloromethane-acetone (6 4, v/v, solvent m the second dlmenslon) The spots seen on the 
chromatogram m UV hght are m&cated (A) Separation of authentic samples (B) Separation 
of rat plasma extract after admmlstratlon of AM a = AMCOOH, b = AcAA, c = FAA, d = 
AcMAA, e = AA, f = AMCH,OH, g = MAA, h = AMOH, I = AM, SF = solvent front, SP = 
ongin 
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typmal chromatographrc separation of AM and Its metabohtes The RF vah of 
the authentic samples completely agreed with the spots of extract from rat 
plasma after the admlmstratron of AM. 

The plasma samples were drawn at 15, 30, 60, 120, 180, 300,480 and ‘720 
mm after oral and mtravenous admnustration of AM m rats. The plasma was 

separated and analysed as described above Results of the analysis were plotted 
as a concentration-time curve Fig 5 shows the plasma concentration of AM 
and the eight metabohtes, followmg oral admmrstratron of AM AM was 
metabolized so rapidly that the two metabohtes, MAA and AA, were detected 
even m the early stages. The plasma concentrations of other metabohtes 
(AMCOOH, FAA, AcAA, AMCH,OH, AcMAA and AMOH) were quite low, 
and AcAA appeared later than the other metabohtes After intravenous 
admmrstration of AM, the plasma concentration of MAA decreased as shown in 
Fig 6. As for oral adrmmstratron, rt was noticeable that AMCOOH, 
AcMAA, FAA, AMOH and AMCHzOH were detected m the plasma, though 
these levels were quite low 

In summary, an improved assay for the determmatron of AM and its metab- 
ohtes m the plasma of rats by HPLC has been developed This method IS raprd, 
sensitive and amenable to the analysis of a small volume of plasma samples. Each 
assay reqmres about 120 mm from the selectron of plasma sample to the 
completion of assay. AM and rts metabohtes can be determined at levels as low 
as 0 02 fig/ml usmg 0 1 ml of plasma Recoveries of more than 97% mdrcate 

Time /h) 

Plasma concentration-time curves of ammopynne and its metabohtes after oral 
admimstratlon of 100 mg/kg ammopyrme Each pomt represents the mean + S D of ten 
experiments 1 = AM, 2 = AMOH, 3 = AA, 4 = MAA, 5 = AcMAA, 6 = AMCH,OH, 7 = 
AcAA, 8 = FAA, 9 = AMCOOH 
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Fig. 6. Plasma concentration-time curves of ammopyrme and Its metabohtes after mtra- 
venous admunstratron of 35 mg/kg ammopyrine Each pomt represents the mean + S D of 
ten experiments 1 = AM, 2 = AMOH, 3 = AA, 4 = MAA, 5 = AcMAA, 6 = AMCH,OH, 
7 = AcAA, 8 = FAA, 9 = AMCOOH 

that no component mterfermg with quantltatlve extraction 1s mvolved m the 
plasma Intra- and mter-assay repeatability studies have shown that the method 
1s precise and reliable Our assay is an improvement over other methods for 
measuring these compounds m plasma samples We are currently using this 
method for pharmacokmetlc studies of AM 
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