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ABSTRACT

Dipyrone is a non-steroidal anti-inflammatory drugis a widely used and well tolerated analgesiogiwhich is
however compromised by agranulocytosis as advdfeete The complex metabolism of dipyrone has ksebject
of many invivo studies. However, the specific dytome P450 enzymes involved catalysing the formaifo 4-
aminoantipyrine (4-AA) from 4-methylaminoantipyri@eMAA) is still not unequivocally identified. Than of the
present study was to identify the cytochrome P4&5§me (CYP) mediating this reaction. The relevaviP Qvas
identified using virus expressed isolated rat livenicrosomes with chemical inhibition studies. Shbstrate of 4-
methylaminantipyrine was employed at six differ@mcentrations (25, 50, 100, 400, 800 and 1200 {Imeith

100 umol/l of selective inhibitors of CYP1A2 (furafydlinfluvoxamine), CYP3A4 (ketoconazole), CYP2A6
(coumarin), CYP2D6 (Quinidine), CYP2C19 (omeprazo@YP2C9 (sulphaphenazole) and CYP1A1l (alpha -

naphthoflavone). 4-MAA and 4-AA were then analyzgdPLC. The formation rates corresponding to the s
substrate concentrations were subjected to a resjpasanalysis in order to estimate KM and Vmax adicy to the
Michaelis-Menten equation by nonlinear regressioralgsis with the program Sigma Plot. The resulisadly
demonstrated that the N-demethylation of 4-MAA byrasomes prepared from baculovirus-expressing @B
pronounced with CYP2C19. Intrinsic clearance of thest active enzymes were 0.092, 0.027, and Odri2éhd
CYP enzymes 2C19, 2D6 and 1A2 respectively. Métabddy rat liver microsomes was strongly inhibiteyg
omeprazole (IC50 of 0.05). The outcome of presemty concluded that the enzyme CYP2C19 appareasiyan
important role in N-demethylation of 4- methylan@ntipyrine.

Key words: Dipyrone, 4-methylaminoantipyrine (4-MAA), 4- angiantipyrine (4-AA), CYP2C19, Bioavailability
of dipyrone.

INTRODUCTION

Dipyrone is a pyrazoline derivative available imlcgnd parenteral forms acting as cyclooxygenasabitor. It has
been used as a non steroidal anti-inflammatorytage well as a potent analgesic and antipyretig dn many
countries for more than 60 years [1]. Dipyrone,nafwally [(2,3-dihydro-1,5 dimethyl-3-oxo-2-phenyHipyrazol-
4-yl) methylamino] methane sulphonic acid [2]. Dipye was first synthesized by the German compargchist

992



Abdurrahim A. Elouzi et al J. Chem. Pharm. Res., 2014, 6(6):992-999

AG in 1920, and its mass production started in 192l doses of 0.5 to 1 g are effective in tregatiever.
Repeated doses (up to 4 times daily) can be admiads the maximum recommended dose is 3 to 4 lg.dai
Dipyrone is given orally as capsules or at tabl8tsnmetimes, users of dipyrone prefer to swallowctrtents of an
ampoule for parenteral administration, because Hedigve that the analgesic effect is quicker théth the usual
solid oral forms [3]. In fact, dipyrone has manyltenges. One of those challenges is the diffiesiito ignore the
fatal agranulocytosis. This serious side effecseduwvithdrawn dipyrone from the US market in 19ZP [t is non-
enzymatically hydrolysis in the gastric juice teethctive moiety 4-methylaminoantipyrine (4-MAA) $4., After
that the 4-MAA undergoes demethylation in the litv@r4-aminoantipyrine (4-AA) . Finally the 4-AA (Gurel)
undergoes further phase-ll biotransformation to tyd@minoantipyrine (4-AAA) by the polymorphic N-
acetyltransferase [6,7,8]. CYP2C19 is a clinicathportant enzyme which metabolizes a wide varidtylmugs,
such as the anticonvulsant phenytoin [9], antiHutireigs such as omeprazole [10], certain antidspres [11], the
anti malarial proguanil [12] and the anxiolytic daudiazepam [13] . It is also partially resporssilibr the
metabolism of a number of other drugs, such aghlecker propranolol. Those metabolized to a sigaift extent
by CYP2D6 and/or CYP2C19, therefore potentially cepsible to genetic polymorphism [14]. In general,
individuals can be characterized as extensive rbralns or poor metabolizers of drugs metabolizgcClyP2C19
in population studies. Poor metabolizers repre2énfo of Caucasians, 13- 23 % of Asian populatamms$ as many
as 38- 79 % of individuals of some of the islanfi®olynesia and Micronesia [15]. African populatibave been
studied less extensively, but the poor metabolirgt has been reported to be approximately 40%fiican-
Americans from mid- Tennessee [16], Africans froimEabwe and Nigerians. Poor metabolizers can espeei
undesirable side- effects, such as prolonged sedatmd unconsciousness after administration ofegi@m. This
can be a particular problem in Asian patients whiee poor metabolizer phenotype is frequent. Intresh,
omeprazole has been reported to produce a greaterate for gastric ulcers and accompanying Hbhcter pylori
infections in CYP2C19 poor metabolizers than ineagtve metabolizers because blood levels are highitrese
individuals [17].

Interestingly, The biotransformation pathway of pydbne is well established [18,19] but there iditte
information in the literature about the specific E¥nzymes. The aim of the current study was totifyetne
specific cytochrome P450 enzymes involved catatydine formation of 4-aminoantipyrine (4-AA) from 4-
methylaminoantipyrine (4-MAA). We hypothesised thta knowledge of the relevant specific CYP enzymey
help in predicting drug-drug interactions and atsight assist in elucidating the relevant bioactmatreactions
which result in agranulocytosis in some individuals

EXPERIMENTAL SECTION

Chemicals:

4-aminoantipyrine, and Methylaminoantipyrine webtained from Sigma chemical, Steinheim, Germanyoler
reagents were obtained from Sigma Chemical Co. (8uis, MO) and were of the highest analytical grad
available.

Microsomal Preparations:
Human liver microsomes (HLM) and rat liver microsesn(RLM) are used widely to characterize the rdle o
cytochrome P450s (P450) and other enzymes in daighrlism.

The differential centrifugation procedure used tepare HLM is as follows: Typically, liver samplese
homogenized and centrifuged at a lower force tmfarcrude pellet of cell debris, nuclei, peroxisgmysosomes,
and mitochondria (premicrosomal pellet). The résgltsupernatant is then centrifuged at a higheceforo
precipitate the microsomes. The microsomal pefleesuspended in a final suspension buffer ankis teady for
use in incubation studies. The samples of rat lfvem male Wistar rats weighing between 180 to g2@ged 3
months were kindly provided by the Department ofi€ology at the University of Gottingen in GermaiRat liver
microsomes (RLM) pre-diluted in the same phospbatéer (Sigma, UK) were added in a volume 25 |lbfeing
a previously described method [20].

Preparation of Dipyrone Solution

The protocol of samples were prepared by dissolspegified weight of dipyrone in 10 ml of deionizevater to
produce dipyrone solution (500mg/L). Dipyrone signtwas then rediluted in 50 mM potassium phospbatéer
(pH 7.4). From the stock solution concentration®2&6fto 120QuM. were prepared.
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Incubations with heterologous expressed isolated YP450s

Firstly, the recombinant CYP450 enzymes, pre-ddun the 50 mM potassium phosphate buffer (pH. 28l of
the recombinant cytochrome P450 enzymes (0.4 pi@@/ ul) or RLM (5 - 10 mg protein /ml) were addeds0pl
of serial dilution of dipyrone solution (ranged in®5 to 120QuM) prior to the start of the reaction with NADPH as
a previously described method [20]. The reactios m#iated by the addition of 25 ul of freshly peged 10 mM
NADPH (in the same incubation buffer) to the reactimixture in a final volume of 100 pl. The reant@lowed to
proceed for 20 min at 37°C in opened Eppendorfdube shaking water bath and then stopped by gdidif ul of
ice-cold acetonitrile (Sigma, UK). The resultingxtoires were centrifuged at 13000 rpm for 5 min. L0®f the
produced metabolites were identified and quantiisthg HPLC analysis. Enzyme kinetic data analysis finally
used to determine enzyme kinetic parameters. Timeakion of 4-aminoantipyrine was linear with timetlveen 6
and 10 min.

Determination of inhibition characteristics.

To further investigate the role of genetic polyntagms of cytochrome CYP2C19 on metabolic bioatton of
dipyrone, biotransformation studies were also petém in the presence of selective chemical inhibittn briefly,
the Dipyrone was incubated for 20 min together V&ithumol/l of the selective chemical inhibitors ketocooke
(CYP3A4), alpha-naphthoflavone (CYP1A1), couma@YP2A6), omeprazole (CYP2C19), quinidine (CYP2D6),
tranylcypromine (CYP2C19), fluvoxamine (CYP1A2 ar@YP2C19), furafylline (CYP1A2), moclobemide
(CYP2C19) and (CYP2D6) and sulphaphenazole (CYP2C9)

Calculation of enzyme kinetic constants Vacand Ky,

From the HPLC-quantified 4-AA the formation ratem@ / mg / min) was calculated. The formation sate
corresponding to the six substrate concentratiogi®e ihen subjected to a regression analysis inr dodestimate
Kn and Vj,ax according to the Michaelis- Menten equation bylim&ar regression analysis with the program Sigma
Plot.

HPLC analysis and chromatographic conditions

HPLC for analysis of dipyrone metabolites was penfed similar as described earlier [8, 21]. The bation
mixtures were centrifuged at 14000 rpm for 5 minp&natants were transferred into new tubes andullQ8ed for
HPLC analysis. The HPLC system consisted of a LA6PAmMp (Merck, Hitachi Tokyo, Japan) and 655A-4@au
sampler (Merck, Hitachi Tokyo, Japan). The systeas wquipped with a LiChrospher 100 (A pore size)8RP
select column with 5 um patrticle size (Merck, Daiads, Germany) with internal dimensions of 4 mm26 Inm
preceded by a pre-column (100 A, diol coated, 5 pevticle size) The mobile phase consisted of 75/8 ©f 50
mM sodium phosphate buffer (pH 6.0) and 25% (v/etmanol. The flow rate was 1.0 ml/min. The absockanas
measured at 254 nm with an ultraviolet (UV) dete¢6®5 A Merck Hitachi Tokyo, Japan) linked to camgr data
system. The injection volume in these analyses4@agl, and the retention times of 4-methylamingamtne (4-
MAA), 4-aminoantipyrine (4-AA), and internal stamda4-dimethylaminoantipyrine (4-DMAA) were 10.30,70
and 16.75 minutes, respectively.

Statistical analysis

The results were statistically analyzed and thiedifices between groups was examined using onexmalysis of
variance (ANOVA) and post-tests carried out usingh&r's pair wise comparisons via the statisticatkage
Minitab TM 13 windows. Statistically significantféBrences were set at p < 0.05.

RESULTS AND DISCUSSION

Biotransformation was studied in the subcellulacfion termed microsomes, which is a fraction ofmmheane
vesicles corresponding to the endoplasmic reticuinnthe intact cell. Microsomes were isolated froat liver
tissues. The impact of genetic polymorphism in ohthe enzymes apparently involved in biotransfdiomaof the
studied drug. CYP2C19 was analysed in the uselivetsamples and recombinant specific human ChB/mes
by allelic discrimination. The microsomes were ibated with the substrates dipyrone. The producetlétes
were identified and quantified using HPLC analysis.

Investigations of the metabolism of dipyrone by RM

The 4-aminoantipyrine (4-AA) (peak 1, Fig. 2) anthéthylaminoantipyrine (4-MAA) (peak 2, figure 2a\e been
measured with HPLC as illustrated in a chromatogohmained from injection of 20 ul of standard sotwith 25
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pmol/l of 4-AA and 4-MAA, each. As shown in the dig 2, the separation was completed within 10 rhe
retention times were 5.15 min for 4-AA and 6.78 rfon 4-MAA.ANnd the kinetic plot of demethylation cf-
methylaminoantipyrine as shown in the figure 3 &yliver microsomes
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Figure 1: Structure and biotransformation of Dipyrone and its main metabolites in human, drawn accordig to (Geisslinger et al., 1996).
Metamizole=Dipyrone

Investigations of the metabolism of dipyrone by reombinant CYP450s

To confirm the specific CYP enzyme involved in bétsformation of 4-methyl-aminoantipyrine the enegm

kinetics of metabolism of 4-metylaminoantipyrine revefinally studied by recombinant specific human FCY

enzymes, which appeared to be the enzyme CYP2Cd®&dicg to the inhibition study and according toeon

experiment with rat liver microsomes from a CYP2Cdé&ficient subject, microsomes expressing individua
recombinant P450 isozymes (CYP1Al1, CYP1B1, CYP1B8YP2A6,CYP2C8, CYP2C9, CYP2C19, CYP2DS,
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CYP2EL, CYP3A4, CYP3A5 and CYP3A7) were incubatéith wifferent concentrations of 4-MAA from 25 to @0
pmol/l in the presence of an NADPH-regeneratingesysat 37°C for 20 min. Some formation of 4-AA was
observed in the incubations with (CYP1Al, CYP1B1YR1IA2, CYP2A6,CYP2C8, CYP2C9, CYP2C19,
CYP2D6, CYP2EICYP3A4, CYP3A5 and CYP3A7) whereas the high fororatf 4-AA was observeohly with
CYP2C19 and with CYP1AZ2. the data are given in Fégu
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Figure 2: Shows the 4-methylaminoantipyrine and itsnetabolite formed by rat liver microsomes. A readbn mixture (200 pl) with 1.25
mg/ml (final concentration) of microsomal protein fom male Wistar rats, 1.0 mg/ml of NADPH and 50 pmbof 4-
methylaminoantipyrine was incubated for 20 min at 3 °C in 25 mM potassium phosphate buffer (pH 7.44-methylaminoantipyrine
metabolites were extracted and analyzed by HPLC. Ré&s: 4-AA at 5.15 min and 4-MAA at 6.78 min
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Figure 3: Kinetic plot of demethylation of 4-methybminoantipyrine by RLM. The reaction mixture (200 W ) included 1.25 mg/ml (final
concentration) of microsomal protein of male Wistarrats and 1.0 mg/ml of NADPH. 4-methylaminoantipyrihe was incubated for 20 min
at 37 °C in 25 mM potassium phosphate buffer (pH 2). 4-methylaminoantipyrine metabolites were extraed and analyzed by HPLC
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Figure 4: Cytochrome P450 isozymes obtained byvitro demethylation of methylaminoantipyrine. MAA was incubated with microsomes
expressing human recombinant P450 isozymes (0.6 pifpd) for 20 min and the concentration of 4-methylaninoantipyrine was 25, 50,
100, 400, 800 pmol/l. The formation of 4-aminantipyne AA was monitored by HPLC analysis with UV dete&tion. Results are as average

of duplicate incubation
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Figure 5: Kinetic plot of demethylation of 4-methyhminoantipyrine by recombinant Human CYP2C19 enzymeMAA was incubated
with human recombinant CYP2C19 enzymes (0.6 pmol/ufor 20 min and the concentration of 4-methyaminoatipyrine was 25, 50, 100,
400, 800, 1200 pmol/l
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The formatiorrates of 4-aminoantipyrine (AA) with rCYP2C19 wdesster tharthat observeaith the other P450
isozymes. Moreover, the highest catalytic efficiefiatrinsic clearanceV./K.) was observed with CYP2C19,
(0.077 pl/min/pmol) when compared with other P4&t¥ymes (Figure 5).

The average immunoquantified levels of the vargpecific P450s in rat liver microsomal samples waeg42, 1.2,
1.43, 6.7, 16.85, 17.88, 31.29, 2, 26.82, 33.68, @h pmol/mg proteins in rat liver for the (CYP1ATYP1B1,
CYP1A2, CYP2A6,CYP2C8, CYP2C9, CYP2D6, CYP3A7,CYP2ECYP3A4, CYP3A5 and CYP2C19
respectively) On the other hand, no metabolites were seen whaethylaminoantipyrine and microsomes were
incubated without NADPH and with NADPH but withaarty incubation time (0 min). In rat liver microscsn¢he
metabolism of 4-methylaminoantipyrine was stronglympetitively inhibited by a concentration of 50 puM
omeprazole, the inhibition was (65.9 % inhibiti@nd to a lesser degree by ketoconazole (36.6 %ifidm) and
but no inhibition was detected with alpha-naphtedine, coumarin, quinidine and sulphaphenazolehawrs in
Table.2. Ouiinvitro investigations emphasised that, cytochrome P45®2@s a primary enzyme metabolizing of
dipyrone (as shown in Tablel). The data reporte@d hpointed to the fact that CYP2C19 is clinicatiyucial
enzyme responsible of the metabolism of a numbéheapeutic agents . Our results were in agreemihtthat
reported by Kappers et al [22] and by Shiraj ef28].

Table 1: Enzyme kinetic parameters for Dipyrone derathylation by cytochrome P450. The dipyrone concerdtion range varied from 25
to 800 uM. The concentration of baculovirus-expressl enzymes was 0.6 pmol/ul. All data represent tieean of minimally two
experiments

Enzyme Vinax Km Clint Cl extrapolated
(pmol/pmoICYP/min) | (umol/l) | (ul/pmol CYP/min) (I/min)
CYP2C19 9.5 123 0.077 4.634
CYP2D6 3.7 138 0.027 0.269
CYP1A2 8.1 317 0.026 1.199
CYP1Al 2.6 150 0.017 0.465
CYP2Ct 4 24k 0.01¢ 0.41:
CYP2A6 3.8 260 0.015 0.588
CYP2E1 2.3 169 0.014 0.510
CYP3A7 2.2 177 0.012 1.790
CYP2C9 2.2 216 0.010 0.031
CYP1B1 1.4 193 0.007 0.614
CYPZA5 1t 263 0.00¢ 0.01:
CYP3A4 1.6 315 0.005 0.009

Table 2: Estimated % inhibition of the formation of 4-aminoantipyrine by selective chemical inhibitorsadded at a concentration of 50
MM inhibitor drugs. A reaction mixture (200 pul), 5 mg/ml of microsomal protein of male Wistar rats, amnl 50 umol of 4-
methylaminoantipyrine was incubated for 20 min at 3°C in 25 mM potassium phosphate buffer, ( pH 7.43-methylaminoantipyrine
metabolites were extracted and analyzed by HPLC

RLM
Inhibitors % Inhibition ~ K; (mMM)  ICso(mM)
Omeprazole 65.90 0.04 0.05
Ketoconazole 36.60 0.14 0.77
Sulphaphenazc (no inhibition’ -
Coumarin (no inhibition)
Quinidine (no inhibition’

Alpha-naphthoflavone (no inhibition)

CONCLUSION
CYP2C19 has been revealed to metabolize manycallpiused drugs. Polymorphisms in this enzymeosisty
affect the toxicity of drugs such as anxiolytic gsudiazepam and antiulcer drug omeprazole witreserd efficacy
at low doses of the drug. The outcome of presemtyspoint to conclusion that the enzyme CYP2C19%agnutly
has an important role in the metabolic biotransfion of a potent antipyretic drug dipyrone. These
polymorphisms continue to be studied with respedtheir effects on toxicity and efficacy of clinlyaused drugs.
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