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SUMMARY

A quantitative bigh-performance liquid chromatographie methed, using a polystyrene—
divinyl benzene (Hitachi No. 3010 gel) column and aqueous methanol as the mobile phase,
was employed for the determmatxon of aminopyrine and its related compounds, 4-acetvi-
amineantipyrine, 4-aminoantipyrine and 4-monomethylaminoantipyrine. Bazeline separatmn
could he achieved within 25 min. The method was applied to the recovery of these materials
from control urine and human vrine. Befotre separation human urine wss a.d]!lStEd to pH 9
and extracted with ethy! acetate, chloroform and diethyl ether.

INTRODUCTICN

Aminopyrine (AM) has widely been used as an analgssie and antipyretic
drug. The foliowing compounds are known as the main metabolifes of amino-
pyrine in human urine: 4-acetylaminoantipyrine (4-AcAA), 4-amincantipyrine
(4-AA) and 4-monomethylamineantipyrine (4-MAA).

Commeoen methods for the anzlysis of aminopyrine and its metabolites are
based on spectrophoftometric [1—4], gas chromategraphic [5] ané mass frag-
mentographic [6] deferminations. High-performance liquid chromatography
-(HPLC) has been apphed to the determmahon of antlpyrme in bxologlcal fluids
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In the present paper, rzgid HPLC was introduced for the determination of
AM metabolites without any derivatization using a porous polymer gel column.
We report the separation and individual quantitation of these metabolites in
less than 25 min and the application of the method to human urine and the re-

‘covery test. The technique can alsc provide a simple and inexpensive method
for the HPLC analysis of aminopyrne and its metabolites in biological fluids.

MATERIALS AND METHOD

4pparatus

An Hitachi Model 635 hgh-pressm:e hqmd chromatograph equipped with an
Hitachi spectrophotometer Model 200-10, and Model 834 chromatoprocessor
was used for the analyses. The datector wavelength was 254 nm. Two grams of
Hitachi gel No. 2010 porous liquid chromatographic packing, particle size
15—2C uym, were suspended in 1C ml of methanol. After brief vigorous shaking
of the suspension, the packing wss swollen by allowing to stand for 1 h. Two-
thirds of the supernatant was discarded, thea the remaining stspension was
shaken vigorously and introduced into the stainless-steel column (2.1 mm X
500 mm) througk the packing apparatus. Samples (1—2 gl) were injected
through a septum using a Hamilton HP 305 syringe. The mobile phase was
methanol—water (1:1; and was degassed by sonicating for 10 min hefore use.
The column was maintained at 30° by a regulated water jacket, and the flow-
rate was 1.2 ml/min.

Reggents

JP* grade aminopyrine was recrystallized from ligroin (b.p. 77—80° fractions).
4-Amincantipyrine and 4-acetylaminoantipyrine were obtained from Wako
Pure Chemical (Tokyo, Japan) and purified by recrystailization with chloro-
form for 4-AA and with diluted ethanol for 4-AcAA. 4-Monomethylaminoanti-
pyrine was prepared by Moerita’s method [8].

Pyrrole 2-carboxylic acid was cobiasined from Aldrich (Milwaukee, Wisc.,
U.5.A.) and recrystallized from dilutec¢ ethanol before use.

TEK-CHEK® Noc.1 (control urine for routine analysis) was purchased from
Ames (Elkbhart, 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.E ug each
of authentic 4-AcAA, 4-AA, 4 MAA and AM were added, and the urine sample
was brought to pH 9 wiih 1 N NaGH. The urine was then concentrated fo a
small volume, and extracted successively with 30 ml each of ethyl acetate,
chloroform, and ethyl ether. The combmed extracts were dehydrated over an-
hydrous sodium suifate. .

To the dried extract, 250 ug of pyrrole 2-carboxylic acid as an ethanolic
solution were added as an internal standard. The organic phase was evaporated
to dryness in vacuo. A stream of nitrogen gas was passed through the residue,
and 50 ul of metharol were added to dissolve AM and its metabolites. A 1—2-u]
aliquot of this solution was injected into the chromatograph which was
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equipped with an ultraviolet (UV) spectrophotometer (254 nm).

AM and its meiabolites were eluted with methanol—water (1:1). The quanti-
ties of these materials were determined by comparing the peak areas wiih that
of pyrrole 2-carboxylic acid.

RESULTS AND DISCUSSION

The structures of aminopyrine and its major raetabolites 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 4-acetylaminoanti-
pyrine, 4-aminoantipyrine, 4-monomethylaminoantipyrine, aminopyrine and
pyirole 2-carboxylic acid as infernal standard. An almost complete separation
of these compounds was accomplished in less than 25 min, the retention times
(min) being 4-AcAA 3.4,4-AA 7.3,4-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.
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Fig. 1. Structures of aminopyrine and related eompounds.

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

The a2ccuracy of defermining AM and its metabolites by Ehls meihod was
found to be better than + 2.5%, with ccrrelation coefficienis between 0.997
and 0.999.

Table I shows the vesults 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 ug for 4-AcAA, 4-AA and 4-MAA, and 5.0—20 ug
for AM. The coefficients of variation for th:e method are below 5% (n=5) for

4-AcAA and 4-AA at 9.45 pg, for 4-MAA at 9.56 ug, and for AM at 5.0 ug. The
detection limits were 25, 50, 70 and 120 ng for 4-AcAA 4-AA, 4-MAA and
AM, r&spectwely, mth a mgnal—to—noxse ratio of 2:1.
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Fig. 2. Typical BPLC elution pattern for a standard mixzture of 4-acetylaminoantipyriie
(4-AcAA, 5.0 pgg), 4-aminoaentipyrine (4-AA, 5.0 ug), 4-monomethylaminoantipyrine
(4-MAA, 5.0 ug) and aminopyrine (AM, 25.0 zg), with pyrrole 2-carhoxyle acid (IS, 2.5 pg)
as an internal standard.

Recorder response

- The method was examined for the possible interferance of urinary constit-
uents. Human urine has many constituents such as uric acid, urea, creatine,
hippuric acid, indican, hormones and enzymes. It is crucial that s::h com-
pounds are not extracted from the urine by the organic solvents. Urine was
therefore adjusted tc various pH values in the range 2—9, and the solvent ex-
traction for AM and its metabolites carried out. Fig. 4 shows chromatograms of
AM and its meiabolites extracted from human urire at varicus pH values. The
extracis at pH 2 or 3 contained significant amounts of urine constituents, and
each peak overiapped with the peak of the internal standard and 4-AcAA.

With the absorption measured at 254 nm, and the pH of the vrine graduslly
raised to 4, 5 and 6, significant amounts of uriie constituents were similarly ex-

1.5
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SNHs

peax area ratio

Fig. 3. Calibration curves for aminopyrine and its metabolites mth pyrrole an_rboxyh‘. acid

as an internal sL\nd&&E&th point represents the averaxe of at least Ei:m determinations, . . 7~
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TABLY I
DETERMINATION OF AMINOPYRINE AND ITS RELATED COMPOUNDS
- n=5.
Amount 4-AcAA 4-AA 4-MAA AM
taken
{ug) Recovery C.V. Recovery C.V. Recovery C.V. Becovery C.V.
(%) (%) (%) (%) (%) (%) (%) (%)
20.00 989 1.0 99.7 24 96.9 26 1009 2.2
16.25 1004 1.0 103.2 2.0 98.9 4.3 1010 1.5
1250 952 0.7 998 2.3 99.6 3.3 1090.0 1.5
8.75 1014 0.6 954 11 95.5 2.6 $3.8 2.2
5.00 95.6 25- 92 4 2.5 99.2 19 109.4 2.3
1.11 97.3 3.7 100.0 2.7 396.8 34 6.4 5.6
0.56 98.2 36 9.6 29 98.0 46
. 0444 97.7 4.7 96.4 2.7 259 56
0.088 94.3 6.¢ 20.9 8.0 509 g8

tracted by the solvent. The extracts at pH 8 also contained a smazli amount of
the urine constituents, but the extracts at pH 9 contained al=nst none.

On the basis of the analyticai results and the prope—-ics of e AM metabo-
lites, the following method was used in extraction prouidures fre m urine. The
pH of human urine was adjusted to 9, then the urine w1as concen.rated to ap-
prox. 1 ml for the solvent exfraction, because 4-AcAA is highly soluble in
water [9]. _

in the light of the amount of aminopzTine given as a single dose from a Phar-
macopeia of Japan, approximately 360 u3 each of aminopyrine and its meiabo-
lites were added to 10 ml of human urine from healthy volunteers. Afier ad-

pH2, pH3

pre

response

Recorder

Fig. 4. HPLC of the extracts obtai.ined by solvent extraction of freshly voided human urine at
several pif values without the addition of any materials to the urine. )
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Flg, 6. HPLC of aminapyrine and its metahgliten after thay had been added to humsn urine
and oxtrsoted with the orgenic salvants at 0K 9.

justing the pH of the urine to 9, ethyl ecetate, chloroform snd ethyl ether ex-
traciions were carried out by mechanical shaking for 10 niin with 30 ml of eack
solvent. The HPLC chromatagrame of the comiined extracts sre chown in
Fig. 5. The two chroematogramse drawn with dotted and broken lines represent
thcee of the blank test, in which AM and its mctabolites had not besn added to
the urine, Furthermore, 28 the control experiment, the chromatogram of the
“conirol” urine, which is usualiy utilized as a sensitivity control of the urinary
teet, is shown by a salid line. The chromatogram thus abtained chawed contam-
ination by a small amount of endogenous urinary constituesits, which appeared
as dinall peaks and shoulders on the chromatogram. The values for determina-
tion wezs not corrected in this case.

Table Il shows the results of the recovery test for AM and its metaholites

addad te human urine.

TABLE 12
RECOVENY OF AM AND ITS METABOLITES ABDED TO HUMAW URINE

Va!u«s are given s mean ¢ 5.0 {n=56}.

Urine 4-2cAA 4-AA 4-MAA AM
szmple (21.25 ug) (31.25 ug) £31.25 ug) (21.25 ug)
TEK-CHEK® 29.57 ¢+ .61 27.13+ 1.32 28.71 1+ Q.70 27.53 « 6.77

(85.0 : 2.62%) (868 :4£.23%) (7589 » 2.25%) (88.1 : 18.5%)

K.8. 39.60 + 0.24 26.88 ¢+ 1.76 2895+ 1.44 30.11 ¢+ 8.19
{86.1 + 0.98%) (BE.Q +5684%) (925 :460%B)} (863 : 26.2%)

M1 2240 : 1.48 24.25« 2.87 25.64 + 1.41 28.42: 787
(78.2 15.0%) (776 +96%) (828 +28%) (BEE : =3t

TN 30.80: 1.46 3087+ 1.42 27.78 « £.8¢ NS
(385 : 4.66%) (92.1 : 4.53%) (B80 : GHOG) tovn - h.ak
- S e o . - - - LR e




57

The idicsyncrasies of the volunteers seem to be revealed as differences in re-
caveries. The percentage recavery of ail AM related compounds is found ‘o be
S%Gﬂthaam wher the recavery data are included for TEK-CHEK®.

The detsrmination described here for AM sad ite metabolites hus advaniages
that include cmssgﬁaee ﬁasehne separation and specific identification of AM
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tion: the methad can aizo be applied to the determination of aminopyrine and
ita metabolites in urine without further purification and derivatization.
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