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The metabohsm and urinary excret1on of ammopyrme ini man wete, exammed after S
an oral administration- of drug solution. - The metabolites were identified and measured’
- quantitatively by gas chromatography and gas chromatography-mass.. spectrometry
For the’ m1croanaly515 of metabolite, mass fragmentography was applied. o
It was clarified that a new metabolite, 4- formylam1n0ant1pyr1ne was detected in. - .
all cases and it must Be noticed as an important metabolite. ' It was also meaningful that .
the individual difference among subjects in their urlnary excretmn behav1or of. ammopyrme -
was remarkable beyond our expectat1ons - - :

~ Aminopyrine is used frequently as an analgesic- ant1pyret1c drug éven how in Japan, -and
it is especially noticeable that the combination of ammopyrme ‘with barbiturate has been re-
commended in order to obtain a synergetic effect.

‘Since the authors have been interésted. in.this combmatlon from a pharmaceutmal pomt
of view, the crystalline structure of the molecular complex formed between amitiopyrine and
barbiturate, 4 and the difference of dissoliition behavior betiween the molecular complex and
the simple mixture of aminopyrine and barbiturate® have been studied in our laboratory
Moreover, the absorption of these drugs in the gastrointestinal tract of animals has been also
investigated.”

As an extention of these investigations, we intended to examine the metabolism and ex-
cretion of the drugs in man. Although the purpose of this study is to identify the latent bio-
pharmaceutical problems after the simultaneous administration of these drugs, the case of oral
administration of aminopyrine alone was examined first. It is surprising, however, that only
a few studies on the behavior of aminopyrine have been made in humans.8719

In our present investigation, the metabolites of aminopyrine from man’s urine were first
identified by gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS),
and then quantitative measurement of the main metabolites were performed periodically with
some volunteers. As a result, it is reported in this paper that the individual difference of meta-
bolic behavior among men was remarkable and a new metabolite, 4-formylaminoantipyrine,
was excreted to an appreciable extent. A brief communication concerning this metabolite has
already been reported.?
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Chart 1. Metabolites of Aminopyrine in Man '

: ‘Materials and Methods, j.; e L

Chemicals——J.P. VIII grade of aminopyrine (Daiichi Seiyaku Co ) and the reagent grade of 4-amino-
antipyrine (Wako Pure Chemical Ind. Ltd.) were used. Bls-trlmethyls11ylacetam1de was purchased from
Tokyo Chemical Ind..Co. Ltd., g-glucuronidase (Marine Mollusc) from P-L Biochemicals Inc. 4-Methyl-
aminoantipyrine, 4-acetylaminoantipyrine, 4-acetylmethylaminoantipyrine and 4-hydroxyantipyrine were
prepared by the known methods.'*-% Although 4-formylaminoantipyrine can be prepared via 4-nitro-
soantipyrine,!® it was: synthesized, from. 4-aminoantipyrine as:follows., - . :

- 4- Formylammoantlpyrme 4-Aminoantipyrine (20g) was. dlssolved m 100 ml of 509% formic. amd
The solution was stirred at.room temperature for 10 hr after the, addition of 85.5 g of zinc powder in small
portions. The progress of the reaction was examined by. TLC, (ethyl. acetate—metha,nol—ammoma, 7:1.5: 0.5),
‘When the disappearance of 4- ammoan‘apynne was confirmed on, TLC, zinc powder was filtered off and the
filtrate was adjusted to pH 6.0 with sodium .bicarbonate.: The solut1on was, extracted three times with

chloroform. The extracts were. combined, dehydrated with anhydrous: sodlum “sulfate, and evaporated, to
dryness.  The residue was recrystallized from methanol to give white prisms, mp 187—189°.  Anal. Calcd.'
for CmeOzN8 C, 62.43; H, 5.62; N, 18.34. - Found: C, 62.33; H, 5.62; N, 18.18. = IR »5% cm-1: 1690 and
1710 (C=0). . NMR (CDCl,) ppm: 2.23 (3H, s, 3-CH,), 3. 11 (3H s, N- CH) 7.40 (5H, m, C,H,), 8. 24 (1H Ss
CHO) and 9.12 (IH broad, NH). Mass Spectrum mfe: 231 (M), _

Human Experiment—-—-Healthy. adult men with normal values.in routine tests of clinical blood cheml-
stry“) participated in this study as volunteers, They had taken no other drugs at least for two weeks prior,
to the study and drinking alcohols was. prohibited from 24 hr before the experxment to ’che end. Except for
these restrictions, they were permltted to live as usual., They took aminopyrine in the form of solution
orally in the morning, following a 12 hr fast. The ingestion of breakfast was permltted at 2 hr after drug
admlmstratlon After obtaining a baseline sa.mple, urine was collected. at 0—2, 2—4, 4—6, 6-——8 8—12,
12-—24 24-—36 and 36—48 hr following administration of aminopyrine. The subsequent administration
was not performed within at least 2 months. .

Gas Chromatography (GC) Aminopyrine and its metabolites were assayed ona glass column’ (9 mX 3'
mm inner diameter) containing 1.5% OV-17 on Shimalite W (80—100 mesh) in Shimadzu Model GC-4BM-PF
gas chromatograph equipped with a hydrogen flame ionization detector. Temperature of the injection port
and the detector was 250°, while the column oven was 225°. Nitrogen was used as the carrier at flow rate
of 20 ml/min. = Flow rate of hydrogen and compressed air was adjusted to maximum response as possible.

‘Gas Chromatography-Mass Spectrometry (GC-MS) JEOL Model JMS-D100 mass spectrometer was
used with a JGC -20K gas chromatogra.ph A glass column (1mx2 mm 1nner dlameter) contammg 4%

12) M. Morita, Yakugaku Zasshi, 82, 50 (1962).
13) L. Knorr and F. Stolz, Ann. Chem., 293, 58 (1886).
14) J. Vecerkovd, B. Kakac, B. Vecerek and K. Kakl, Pharmazie, 21, 676 (1966)
15) J. Hukki and J. Myry, Acta Chem. Scand., 13, 174 (1959). . :
16) R. Kondo and N. Kikuchi, Eise Shzkensho Hokoku, 44, 22 (1934).
17) BUN, serum alkaline phosphatase, serum total b111rub1n, SGPT, SGOT, LDH fastmg blood sugar
and serum creatinine, SRR ol :
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OV-17 on Gas Chrom Q (100-—120 mesh) was used. The column oven temperature was 220°. Mass spectro-
meter conditions were as follows: Accelerating voltage, 3 kV; ionizing current, 300 pA; ionizing energy,
25 eV; separator temperature, 240°,

Assay Procedure The procedure of sample preparation is shown in Chart 2. To 20 ml of urine was
added an aqueous solution of 0.5 mg of benzydamine hydrochlorlde (supplied from Yoshitomi Pharmaceutical
Ind. Ltd.) as an internal standard.

20 ml of urine

adjusted to pH 6.0
added 0.5 mg of benzydamine (I.S.)
extracted with 20 ml of CHCI,

CHCI; layer aqueo{ls layer
‘ ' extracted with 20 ml of CHCl,
{
CHCl; layer aqueous layer
| :
evaporated
residue

added 100 pl of pyridine and 100 pl of BSA
heated at 60° for 1.5 hr

gas chromatographlc sample

Chart 2. Preparation of Sample for Gas Chromatographlc Determination
~ of AM ‘and Its Metabolites from Man’s Urine

The solution was adjusted to pH 6.0 with hydrochloric acid or sodium hydroxide and extracted twice
with 20 ml of chloroform. The combined extracts were dehydrated with anhydrous sodium sulfate, and
evaporated to dryness For the detection of conjugated metabolites from the aqueous layer, the hydrolysis
was performed under two of the following conditions: (1) 20 ml of the solution containing 2 ml of conc, HCI
was heated for 1 hr on a boiling bath. The chilled solution was shaken once with 40 ml of chloroform, (2)
20 ml of the solution was incubated at 37° for 12 hr with 10000 units of g-glucuronidase in acetate buffer
(pH 4.7). After incubation, the fluid was extracted twice with 20 ml of chloroform. The each extract was
dehydrated with anhydrous sodium sulfate, and evaporated to dryness. Just before GC, each extract was
trimethylsilylated as follows; to each extract were added 100 pl of pyridine and 100 pl of bis-trimethylsilyl- -
acetamide. The solution was heated at 60° for 2 hr. Two pl of the solution was injected into the gas chro-
matograph. ‘ o ' Co

*  Overall recovery from the initial extraction to the final analysis by GC was examined with the standard
urine sample containing fixed amounts of aminopyrine and/or its metabolites (authentic samples). As a’
result, the overall recovery ratio of aminopyrine, 4-methylaminoantipyrine, 4-aminoantipyrine, 4-acetyl-
aminoantipyrine, 4-(N-acetyl-N-methyl)aminoantipyrine and 4-formylaminoantipyrine were 95 (+2), 91
(£5), 79 (+£5), 66 (+3), 97 (£4) and 47 (= 38)%, respectively, under the condition of pH 6.0 urine sample.

The standard devidtions were written in parentheses. The extraction ratio of 4-formylaminoantipyrine
was the lowest, but it was ascertained that it could be measured at the concentration as low as 30 ug/mi
(urine) by this procedure.

Results and Discussion

From the results of preliminary observation on the metabolites in the subjects’ urine fol-
lowing single oral administration of aminopyrine (300 mg/body wt!®), it was found that the
main metabolites were 4-methylaminoantipyrine (MAA), 4-aminoantipyrine (AA), 4-acetyl-
aminoantipyrine (AcAA), and besides a small amount of unchanged aminopyrine (AM). Fur-
thermore, two of new peaks which could be the unknown metabolites I and II appeared on the
gas chromatogram of a few subjects. 4-Hydroxyantipyrine (HA) could be detected from the
urine of subjects after acid-hydrolysis or enzymatic treatment, but the levels were generally

18)’ The maximum dose (éingle: oral) of AM in the Pharmacopoeia of Japan.
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TasLe 1. Urinary Excretion of Metabolites following the Oral Administration
of AM (300 mg) in the Preliminary Experiment

. Metabolites
Subject Age Bodykwelght
(kg) AM MAA+AA® AcAA  AcMAA
S.1. 54 52 +H +H +H +
S.K. 41 58 + +H +H —_
T.G. 32 58 + + H -
O.T. 32 60 + + +H +
F.H. 24 56 + +H 4+ -
M.N. 23 63 + H H —
T.O. 23 63 + + H +
H.S. 23 64 + + H +
—: undetected by GC +: detected by GC to an appreciable extent H: detected markedly by GC
@) MAA and AA showed the same fg without trimethylsilylation in this experiment.
1007 |56 - unknown (GC-MS, 27eV) 517
501 123 . ~ 250
203
’I n 1, . 4 } 2?5 ll
50 100 150 200 250m/e
100- 56 AcMAA (direct MS, 75eV)
H:C,
N, 0 .
CH,CO” Z“(
501 1y M€ N Cas M
778398 | CHs a7 25[’9
L . ,
K 50 100 150 200 250m/e
e unkhown Fig. 2. Mass Spectra of Unknown and
AcMAA (Authentic sample)
quite low. Table I shows the metabolites clearly

§ £ 10 15 min found in the urine of each sub]ect in this experl-
B - ment qualitatively.

- Metabolite I was excreted in the urine of two

subjects (T. O., H. S.) during 36 hr followmg

Fig. 1. Gas Chromatogram of Urine
Extract (T.0., AM 300 mg)

* Unknown means metabolite I.

conditions: 1.5% OV-1 on Shimalite W (80—100 administration of AM (300 mg/body wt) as shown
mesh), 3mm (I.D.)x 2 m, glass column, column
temp: 190°, injection port temp: 230°, Ny: 20 mi/ in Flg 1. Accord:mg .tO its mass spectrgm
min, HFID, instrument: GC-4BM-PF by GC-MS shown in Fig. 2, the molecular ion

peak appeared at mfe 259 and the other peaks
were observed at m/e 216, 217, 245, and 203. The latter two peaks were also observed with
AcAA. Thus, metabolite I is probably an acetyl compound whose structure is similar to AcAA.
4-(N-Acetyl-N-methyl)aminoantipyrine (AcMAA) with a molecular weight of 259 was synthe-
sized as a possible metabolite, since this compound has already been detected in man’s urine
by Velerkova using paper chromatography.'¥ There is exact coincidence of the retention
time of metabolite I and AcMAA on the GC and mass spectrum. Although AcMAA can be
analysed by GC, mass fragmentography which is more applicable for the microanalysis of meta-
bolites was applied to AcMAA and the other coexisting metabolites of AM. When three frag-
ment ion peaks at m/e 203, 217, and 231 were utilized for analysis, AM (M+=231), MAA (M*=
217), AA (M*+=203), AcAA (M+—42=203) and AcMAA (M+—42=217) could be analysed in-
dependently as shown in Fig. 3. '
Another new peak, possibly metabolite II, was first noticed in the gas chromatogram of
the urine of subjects (N.T., S.I.) as shown in Fig. 4. This unknown peak which appeared just
after the peak of AcAA in the early excreted urine following administration of AM (100 mg/
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AcMAA i ~ AA-TMS

T AM  AcAA
MAA-
mle | m/e:
231 203 .TMS
.AC}&A‘
‘ \ IR I TMS unknown-TMS
e —
Fig. 3. Mass Fragmento- ‘ 0 5 10 min
gram of Urine Extract s Fig. 4. Gas Chromatogram of Urine

(T.O. AM 300 mg) : » Extract (N.T. AM 100 mg)

* Unknown means metabolite II.

conditions: 1.5%, OV-17 on Shimalite W (80—
100 mesh), 3 mmx2 m, glass column, column
temp: 225° injection port temp: 250°, N,: 20
ml/min, HFID, instrument: GC-4BM-PF

body wt) suggested the presence of a new metabolite. Comparing with an authentic sample
by GC-MS, metabolite IT was proven to be 4-formylaminoantipyrinel) (F1g 5). Recently, with
high-pressure liquid chromatography (Dupont 830), metabolite II has been successfully identi-

fied as FAA. = Finally, it was possible to detect FAA and AcAA separately by a more sensitive

mlcrodetermmatlon using trimethylsilylation: and mass fragmentography at m/e 803 (FAA-
TMS, M+) and 317 (AcAA—TMS M+) (Flg 6). ... . ,

FAA TMS A

m/e 317
m/e 303

B0 1000 150 200 250 300mfe
Fig. 5. Mass Spectra of Unknown-TMS and
FAA-TMS (Authentic sample)

U100y e unknown-TNS e
PREIEES SN fg‘ . LR Jffv‘ »J o Sy ) t Lo ".:

- | S 194212 274288 _ . SO -

R L. i
B0 100 - 150 . 200 250 - 300m/e. - o N
o100y se . FAA-TMS ‘ L

) 73 . o L B M" , }XCI&I\—jfhiS B
504 : '303 _ e o
S T O 194212 274288 e
.lsll/,l/B‘f el b bk |Il k

0 2. 4 6 8mm

"Fig. 6. Mass Fragmentogram oE Urine
Extract (N.T., AM 100 mg) -
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- As an extention of general examination, the quantitative determination by GC and GC-MS
was performed on six compounds, AM, MAA, AA, AcAA, AcMAA, and FAA, during 48 hr
after the oral administration of AM(100 mg/body wt1%). It is general that the excretion of the
main metabolites of AM finishes almost within 48 hr after administration except a few cases.
HA and rubazonic acid were excluded in this experiment because of their negligible amounts.

The results of experiments performed in summer (first experiment) and autumn (second
experiment) are shown in Table II and III, which show the excreted amounts of metabolites in
each of the subject’s urine. The amounts of metabolites were calculated after correcting each
value with the overall recovery ratio obtained from the repeated experiments with each meta-
bolite (authentic sample) in the standard urine as mentioned above. Furthermore, the values
obtained were all converted into AM quantity and hsted in the table. These values represent
dlrectly the percentage to the dose of AM. : »

: -TABLE I1. Urmary Excretion of Metabolites during 48 hr followmg the Oral -
: : Administration of AM (100 mg) in Sumnmer, 1974

‘S' \ IPTE . - Excreted amount (mg) . - . . “Total
. Subject | Age e — ~ : . 0
\ AR AM ~ MAA - AA- AcAA - TFAA ¢ (M8 %)
SI. 54 0.8 12 .- 10 . 381 6.7 . AT.8
TG 832 0.1 2.6 8.3 31.1 0.0 2.1
CMANDT o4 0.0 66 1.2 320 0.0 1398
K.M. 24 0.0 17 1.6 36.2° 0.0 395
N.T. 23 0.3 3.0 5.5 9.2 3.2 21.2
o.T. 32 0.2 . . 1.3 0.7 . 12.7 0.0 14.9

* All values were determined by calculation from the co‘rw'erted.valueinto AM.

- TasLg III. Urinary Excretion of Metabohtes during 48 hr following the Oral
EL Administration of AM (1060 mg) in Autumn, 1974

L . Excreted amount (mg) - . Total
Subject Age o O
- AM - MAA AA AcAA FAA (mg, %)

K.M. 24 0.0 0.9 0.7 15.2 24.4 41.2
YK 26 0.9 © 1.1 0.5 32.5 5.9 '40.9
M.N. - 24 0.1 4.8 4.2 28.6 2.4 40.1
T.G. 32 0.4 1.0 7.7 5.8 18.0 32.9
O.T. 32 0.2 1.8 1.7 26.5 0.6 "30.8
S.I. 54 0.2 1.4 1.1 20.9 2.4 26.0
NT. . - .23 0.1 1.8 7.9 11.0 . 3.9 L 24.7

YAl bx.lalue's‘ wefe determined by calculation frotn tlde converted value into AM. -
It is an 1nterest1ng observat1on that FAA could be detected in all of subjects’ urine in the
second experiment, while only in two cases it was detected in the first time. The reason of
FAA formation has not been clarified, but it is undoubted that FAA is one of the main metabo-
lites from the fact that a few sub]ects excreted itin amounts as much as around 20%, to the
dose.
" Onthe other hand, ACMAA which was detected in a few cases (T 0., H.S.2) on'the prelim-
1nary expenment as shown in Table I could not be detected in any sub]ect s urine thls time.

195 The' usual vdose (smgle oral) in the Pharmacopoeia of Japan.
20) They could not participate in the first and the second experiments because of their graduatlon from
Kyushu University. - ‘
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Unchanged AM was found very little in general, suggesting that AM was easy to be
metabolized. The excreted amount of MAA and AA were generally small, but the amount
of them were a little larger than that of unchanged AM. On the contrary, a few Sub]ects
excreted considerable amount of MAA and/or AA exceptionally.

It is natural that AcAA which is known as a final metabolite of AM was a predominant
metabolite generally through all subjects. It is noticeable in some cases that the sub]ects
(T.G., K.M.) excreted FAA much more than AcAA.

As is stated above, such a remarkable difference exists among only some Subjects in their
behavior of metabolism and urinary excretion following oral administration of AM. The
extent and rate of drug absorption may be different from each other. But it is inconceivable
that the absorption process played an important role in bringing about such the remarkable
difference among subjects in their urinary excretion behavior of metabolites, since AM has
been regarded as a well absorbable drug and the form of solution was used as a dosage form
throughout a series of this experiment. Thus, the difference in metabolism and excretion of
AM might be arising from the individual difference in activity of drug metabolizing enzyme.

As an approach to this problem, the extent of acetylation of AA which is an intermediate
metabolite of AM was examined. The excreted amount of AcAA in urine was measured by
GC as one of the metabolites following the oral administration of AA (44 mg/body weight?) in
the form of solution. .

High ranking of three subjects (K.M., S.I., Y.K.) in Table IV showed a considerable a-
mount of total excretion (AA--AcAA) more than 509, to the dose, and a large amount of AcAA
excretion more than 909, to the amount of total excretion.

~TasLe IV, Urinary Excretion of AA and Its Metabolites during 48 hr
following the Oral Administration of AA (44 mg)

Excreted amount (mg) .
Recovery AcAA/[Total

Subject " Total b o
AA AcAA (AAFAcAA) e (%)
K.M. 2.5 22.5 25.0 56.8 91.5
S.IL 2.1 21.3 23.4 53.2 92.4
YK, 1.8 21.3 23.1 52.5 92.0
T.G. 16.4 6.0 22.4 50.8 30.7
N.T. 11.6 3.0 14.6 33.2 24.0
O.T. 1.8 8.6 10.4 23.6 85.0

*  All values were determined by calculation from the converted value into AA.

On the contrary, the other subjects (T.G., O.T., N.T.) in Table IV excreted a small amount
of AcAA after the administration of AA as the same manner as in AM. But the metabolic
behavior appeared to be quite different each other. In the case of subject T.G., the excreted
amount of AA was much larger than that of AcAA, while the amount of total excretion was
not less. Therefore, the subject seems to be a slow acetylator. In the case of subject N.T.,
the excretion behavior is similar to T.G. except for the less amount of total excretion. Subject
O.T. excreted not only AcAA but also AA in a small amount, while the amount of total excre-
tion was the lowest among all subjects. Thus, the decomposition of AA into the other types
of metabolites due to a special activity of the oxidative enzyme might be probable in this case.

From the results of AA administration, it seems to be explicable to some extent why the
excreted amounts of AA and AcAA are variable in each subject in the case of AA similar to AM.
Unfortunately, the subject M.N. who excreted a large amount of MAA could not participate in

21) A half equivalent dose of AM 100 mg.
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the experiment of AA administration. Thus, it is impossible to discuss his charactenstlcs in
AM metabolism. Furthermore, it can not be discussed from our data this time what the forma—
tion and exXcretion of FAA mean.

In this paper, it is the most interesting that a new metabolite FAA was detected first.
It is also valuable that the real state of the individual difference in metabolism and excretion
of AM was clarified to some extent. The difference might be arising chiefly from the individual
difference in act1v1ty of drug metabolizing enzyme.

Therefore, it is very important to examine the activity of ox1dlzlng enzyme as well as
conjugation by an appropriate method. The problem of biliary excretion is also remaining to
be solved. Furthermore, the most important problem is to examine the extent of variation
among men not only in the metabolism and excretion but also in the action of the drug.
In order to solve this problem, the active form of the drug and its concentration in the blood
should be examined. This aspect of the problem is now under investigation.
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