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S-Y 

A quantitative high-perfznsnte liqsid chromatagraphk method, using a palystyrene- 
divinyl benzene (Hitachi No. 3010 gel) column and aqueous methanol as the mobile phase, 
waf emplo$ed for the determination of &inopyrine and its rel&kd compounds, 4-zcetvi- 
sminoaztipyrine, dgmiaokntipyrine and 4-monomethyknzinoantipyrine. Baseline separation 
could be achieved within 25 min. The metbod was applied to the recovery of these m&riak 
from control urine and human urine. Before separation hcman urine ~GS adjusted to pH 9 
and estra&ed with ethyl acetate, &oroform and diethyl ether- 

INTRODUCTI@N 

Aminopyrine (AM) ha. widely. been used as an analgxic and antipy&ic 
drug, The foGowing compo-z&s are known as the main metabolites of amino- 
pyrine in human urine: 4-acekylaminoa&ipyrkipyrine (4-AcAA), 4-aminoantipyrine 
(4-AA) and 4-monomethylamir;~tipyrine (4&C&%)_ 

Common methods for the a&ysis of aminopyrine and its metabolites are 
based on spectrophotometric II-4 ] , gas chromatigraphic [5] and mass frag- 
mentigraphic [S J determinations, High-performance liquid chromatography 
(HPILC) has been applied to the detewation of antipyrine in biological fluids 
El]_ : 

?-To whom correspoadeace +oula be addressed- 
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In the prese@ paper, rz$d HPLC was introduced for the determination of 
AM metat&ites without any derivztization using a porous polymer gel cohunn. 
We report the separation and individual quantitation of these metabohtes in 
less than 25 mm and the application of the method to human urine and the re- 
covery test. The technique can also provide a simple and inexpensive method 
for the HPLC analysis of aminopynne and its metabohtes in biological fluids. 

An -Hitachi Model 635 hQh-pressure liquid chromatogmph equipped with an 
Hitachi spectrophotometer Model 200-10, and Model 834 chromatoprocessor 
was used for the analyses. The d&e&or wavelength was 254 mn. Two grams of 
Hitachi gel No. 3010 porous liquid chromato~~hic packing, _particle size 
l!F-26 ym, were suspended in 10 ml of methanol. After brief vigorous shaking 
of the suspension, the packing was swollen by ahowing to stand for 1 h. Two- 
thirds of the supematant was discarded, their the remaining suspension was 
shaken vigorously and introduced into the stainless-steel column (2.1 mm X 
500 mm) through the packing apparatus. Samples (l-2 ~1) were injected 
through a septum using a Hamilton HP 305 syringe. The mobile phase was 
methanol-water (I. :l) and was degassed by sonicating for 10 min before use. 
The coh.mm was maintained at 30” by a regula+%d water jacket, and the flow- 
rate was 1.2 ml/min_ 

Reagents 
JP* grade aminopyrine was recrystallized from ligroin (b-p. 77-80” fractions). 

4-Aminoantipyrine and 4-acetylaminoantipyrine were obtained from Wake 
Pure Chemical (Tokyo, Japan) and ptied by recrystallization with chloro- 
farm .for 4AA and with diluted ethanol for 4-AcAA. 4Monomethylamin~arki- 
pyrine was prepared by Morita’s method [S] _ 

?yrrole 2carboxyIic acid was obGnecl from Aldrich (Milwaukee, Wise., 
U.S.A.) and recrystallized from dfiuted ethanol before use. 

TEK-CHEK@ No.1 (control urL%e for routine analysis) was purchased from 
Ames (E&hart, Ind., U.S.A.), and reconstituted by the addition of 15 ml of 
water before use. 

Procedure for recovery test 
To 10 ml of human fresh urine excreted from healthy adults, 312.5 pg each 

of authentic 4-AcAA, 4AA, 4MAA and AM were added, and the urine sample 
was brought to pH 9 with 1 IV NaGH. The urine was then concentrated to 2 

szaall volume, and cxtrac’& successively with 30-d each of ethyl acetate, 
chloroform, and ethyl ether. The combined extracts were dehydrated over an- 
hydrous sodium sulfate.. 

TQ the dried extract, 250 &g of pyrrole 2-carboxylic acid as an ethanohc 
so&ion wzre added as an internal standard. The organic phase was evaporated 
to dryness in vacua. A stream of nitrogen gas was passed through the residue, 
and 50 ~1 of methanol were added to dissolve AM and its metabolites. A 1-2-&l 
aliquot of this solution was injec& into the chromatograph w-&h was 
-- 
*m - TBL____^-_^I^ ^C , ^_^_ 
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equipped with an ultraviolet (XIV) spectrophotometer (254 nm). 
AM and its met&oEtes_were eluted with methano&water (l:l)_ The quanti- 

ties of these materials we* determined by comparing the peak area with that 
of pyrrule 2-carboxylic acid. 

RESLiiTS AND _DISCUSSfON 

The structures of aminopyrine and its major metabohtes are shown in the 
metabolic pathway in Fig. 1. As can be seen from Fig 2, a typical HPLC elu- 
tion pattern was observed after the injection of a mixture of Qacetylaminoanti- 
pyrine, 4amin oantipyrine, 4monomethyhuninoantipyrine, aminopyrine and 
pyzrole 2-ca.rboxylic acid as internal standard. An ah-no& complete separation 
of these’ compounds was accomplished in less than 25 mm, the retention times 
(min) being 4-A&A 3_4,4AA ‘I-3,4-MAA 12.1, AM 19.8. Therefore, the base- 
line separation obtained using Hitachi gel No. 3010 with aqueous methanol as 
the mobile phase allows for the individual quantitation of these compounds. 

AM 4-MAA 

I 

&AA 4-AcAA 

Fig. 1. Structunzs of aminopyrine and related compounds. 

‘Ihe linear relaticnship between the peak area ratio for aminopyrine, its. 
metabolites and pyrrole 2-carboxylic acid and the amount of these compounds 
present per injection is shown in Fig, 3. The areas of the chromatographic 
peaks were calculated by chromatoprocessor. 

The accuracy of dete mg AM and its metabolites by this method was 
found to be better than * 2.570, with correlation coefficients between 0.997 
and 0.999. 

Table I shows the results of analysing known amounts of AM and its related 
compounds by HPLC. The results show that these compounds are well deter- 
mined in the range 0.44-20 ccg for dAcAA, &AA and 4-M&%, and 5.6-20 yg 
for AM. The coefficients of variation for the method are below 5% (n=5) for 
~-AC.%% and 4AA at 0.45 pg, for 4-MAA at 3.56 gg, and for fii at 5.0 pg. The 
detection limits were 25, 50, 79 and 120 ng for 4AcAA, 4-AA, 4MA_A and 
AM, respectively, with a signal-tonoise ratio of 2% 



min 

Fig. 2_ *pica1 EZPLC! elueion pattern for a standard misture of 4-acetyhninoantipyrhe 
(~-ACLU., 5.0 fig). 4amh osntipyrine (4-&l, 5.0 rg), 4-moncmethylamiwantipyrine 
(-M&U, 5.0 pg).and arninopyrine (AM, 25.0 ccg), with pyrroze 2+sixxyEc acid (Is, 2.5 pg) 
as an internal sts.ndatd. 

The meti& was examine? for the possible interference of .urinary constit- 
uents. Human urine has many coastituents such as uric acid, urea, creatine, 
hippuric acid, indican, hormones and emymes. it is crucial that s.xh com- 
pounds are not extracted ftom the urine by the organic solvents. Urine was 
+Aerefore adjusted to various pH values in the range 2-9, and the solvent ex- 
%raction for AM and its metaholites carried out. Fig_ 4 shows chromatograms of 
AM and its metabolites extracted from human urine at various pH values. The 
extracts at pH 2 or 3 con”&ed significant amount% of urine constituents, and 
each peak overlapped withthe peak of the internal standard and 4-&A_& 

33th the absorption measured at 2!S4 nm, and the pH of the urine gradually 
raized ‘t. 4,5 and 6, signifkant amounts of uziue corMSuents rrere similarly ex- 
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Amount ~-ACM 4-M 4-MAA AM- 
taken 

Cwz) Recovery C.V. Recavery C.V. Recovery C-V. Recavery C.V. 

(%I <%I WI (961 WI (%I (%I (a) 

20.00 98.9 
16.25 100.4 
12.50 95.2 
3.75 101.4 
5.00 95.6 
1.11 97.3 
0.56 98.2 
0.444 97.7 
0.088 94.3 

1.0 
1.0 
0.7 
0.6 
2.5. 
3.7 
3.6 
4.7 
6.C 
-___ 

99.7 2.4 
103.2 2.0 
99.8 2.3 
95.4 1.1 
92-4 2.5. 

lUO.0 2.7 
99.6 2.9 
96-4 2.7 
90.9 8.0 

96.9 2.6 100.9 2.2 
98.9 4.3 1ixI.o 1.5 
99.6 3.3 LOO.0 1.5 
95.5 2.6 99.8 2.2 
99.2 I.9 109.4 2.3 
96.8 3-4 96.4 5.6 
98.0 4.6 
95.9 5-6 
90.9 8.8 

- 

traded by the solvent, The extracts at pH 8 also con’kined a smaJ.i amount of 
the urine comkituents, but the extrazts at pH 9 contained ak~t none. 

OR the basis of the analytic& results and the pcope-Cks of C:e AM metabo- 
lites, the following method was used in extraction proa~~,&ures f&m urine. The 
pH of human urine was adjusted TV 9, then the urine VI% concen%ated to ap- 
prox. 1 ml for the solvent extraction, because ~-ACM is highly soluble in 
water [9]. 

In the light of the amouut of aminop>tie giver, ZLS a single dose froa a Phar- 
macopeia of Japan> approximately 300 :iz; each of aminopyrke &nd its metabo- 
lites were added to 10 ml of human urine from healthy vohmteers. After ad- 

0 S *in 10 15 

F&_ 4_ HPLC of the extra&s obdned by soIwent extmction of freshly voided 
seoedpEEvdues withouttheadditiionofanymaterialstotheu~.n~. 

hamn urine at 
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