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ABSTRACT

To develop a microbial model for study of metabolism of diclofenac for
further pharmacological and toxicologica studies and to produce the me-
tabolites which are difficult for chemical synthesis due to many steps and
regquirement of regio , stereo specificity. The metabolites of diclofenac in
microbial cultures were identified and confirmed using fermentation tech-
niques, HPLC and LCM S methods. Among different organisms screened
Pseudomonas aer uginosa and Cunninghmella el egans showed extra peaks
at 5, 8.6 and 8.5m. Respectively in HPL C indi cating formation of metabolite
by these two micro organisms. The metabolites were characterized by Lig-
uid Chromatography Mass Spectrometry and were found as methoxy, hy-
droxy diclofenac formed by Pseudomonas aeruginosa and as dihydroxy
diclofenac formed by Cunninghmella elegans which were similar to mam-
malian CY P 2C9 mediated hydroxy diclofenac and other minor mammalian
metabolite methoxy hydroxy diclofenac. Thus, the above two microbeswere
ableto metabolize diclofenac asmammalian CY P 2C9 mediated oxidation .
The present study demonstrates a microbial model to produce CYP 2C9
mediated metabolites of diclofenac using simple, easy fermentation tech-
nique. © 2008 Trade Sciencelnc. - INDIA
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INTRODUCTION

Theapprova and usage of drugin human subjects
require extensive studiesto establishitsefficacy and
safety. Animportant factor in the evaluation of safety
and efficacy of any drug isthe knowledge about drug
metaboliam. Traditiondlly, drug metabolism sudieswere
conducted on smdll anima models, perfused organg*2
invitro enzymesystemsandinvitro cell cultures. Later
microbial models were devel oped as an alternative
method to study the metabolic fate of thedrug with ad-
vantageof reducingtheuseof animasintheearly phases

of drug development. Microorganismssuch asbacteria
and fungi have been used asin vitro models for the
prediction of mammadian drug metabolismwith successtul
applicationd®4%, Now adaysmicrobid biotransforma
tion systemsarebeing used to complement mammaian
drug metabolism studies?*®.,

Microbia transformation studiesof drugs, mimic
the corresponding metabolismin animal system, and
provide technical methodsfor devel oping microbial
modelg™.

Emphasi swas stressed on the potentia for selected
microorganismsto mimicthe patterns of mammalian
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biotransformation as, the use of microorganisms as
modelsof mammalian metabolism hasbeenwell docu-
mented[&g,lo,ll] .

CY P450 plays a key role in the metabolism of
xenobioticsin mammals. To enlighten theimportance
of CY P450 and itsisoforms, significant progress has
been madeinthe useof invitro methodsto character-
izethe pharmacokineticsof potentid drugsinman. This
work requires selective substrates, for each isoenzyme
of theP-450 system, to allow detail ed metabolism ex-
periments*? by using microbes.

Thus, didofenac, ananti-inflammeatory anadgesicand
isasubstratefor CY P 2C9 isoenzymeis selected for
the present metabolism experiments using microbes.
Diclofenacisaninvitro specific CY P2C9 substrate
(1314 CY P 2C9 catal ysesthe oxidation of diclofenac
to4’-hydroxy diclofenac and the minor metabolites 3’-
hydroxy diclofenac and 3’-hydroxy,4’-methoxy
diclofenac’>161, These are further conjugated as
glucuro conjugate and sulphate conjugate 89, There-
fore, the present study was aimed at developing ami-
crobial model to useastool for producing CY P2C9
mediated mammaianmetabolitesof did ofenacand other
drugswhich aredifficult for chemical synthesisdueto
many stepsand requirement of regio, stereo specificity.

EXPERIMENTAL

Microor ganisms

Cultureswere obtained from National Chemical
Laboratories, Pune, India. The cultures used in the
present work were, Proteus vulgaris (NCIM 2027),
Pseudomonas aeruginosa (NCIM 2053), Nocardia
hydrocar bonoxydans (NCIM 2386), Cunninghamella
elegans (NCIM 689) and Saccharomycescerevisiae
(NCIM 3090).

Chemicals

Diclofenac sodium was obtained from Sigma,
Mumbai, India. Dilute hydrochloric acid, dichloro
methane, glacia acetic acid were purchased from S.D.
finechem. Ltd., Mumbai, India. All thereagentsusedin
the analysis were of HPLC grade. Acetonitrile was
obtained from Spectrochem Put., Ltd., Mumbai, India.
Culturemediacomponentswere purchased from S.D.
finechem. Ltd., Mumbai, India

Fer mentation procedure

Theexperimentswere carried out using respective
growth mediafor different microorganismsconsisting
of thefollowing composition: For bacteria: Peptone 1g,
sodium chloride0.5g, beef extract 1 g, distilled water
100 ml and pH adjusted to 7.0-7.2.

For fungi

Potato extract, dextrose 2 g, yeast extract 0.3 g,
peptone 0.5 g, ditilled water 100 ml. For yeasts: Mdlt
extract 0.3 g, glucose 1 g, yeast extract 0.3 g, peptone
0.5¢, distilled water 100 ml. pH adjusted to 6.4-6.8.
Stock cultureswerestored at 4°C on agar slants, and
transferred for every 2 monthsto maintain viability. The
mediaweresterilizedinan autoclavefor 20m. at 121°C
and 15 Ib/sg.in. Microbial metabolism studieswere
carried out by shake flask cultures in an incubator
shaker, operating at 120 rpm at 32°C.

The experimentswere carried out in cultureflasks
(250 ml) each containing 50ml. growth medium. Fer-
mentationswerecarried out according to ssandard pro-
tocol. In brief, the substrate (diclofenac sodium) was
prepared asa 1% (w/v) solution in sterile water and
added to the culture medium of selected organismsat a
concentration of 10 pg/ml of medium in samples and
incubated on shaker. Thestudy d so maintained the sub-
strate control to which diclofenac sodium was added
andincubated without microorganismsand culturecon-
trolsconsisted of fermentation blanksinwhich themi-
croorganismswere grown under identical conditions
without the subgtrate. Theincubation was continued for
24-48 h.

Extraction procedure

The preincubated medium was heated on water
bath at 50°C for 30 min. and centrifuged at 3000 rpm
for 10m. a 37°C (Remi instruments Pvt. Ltd., Mumbai,
India).

A clear supernatant liquid was collected and 4mll.
of supernatant with4ml. of dilutehydrochloricacidwas
vortexed for 5m.. Then, diclofenac and itsmetabolites
wereextracted by vortexing with 6ml. of dichloromethane
for 5m. Theorganic layer was separated and dried in
vacuum. Later it wasreconstituted with 0.5 ml metha-
nol (HPLC grade, Ranbaxy Fine Chemicd Ltd., Dehi,
India) and centrifuged at 13000 rpm/ 8 min. a 37°C in
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Biofugefresco centrifuge (Hercaus, Germany). 20 pl
portionswereinjected into HPLC for analysis. Con-
trols(substrate and culture control s) werea so prepared

TABLE 1:HPLC datafor diclofenac and itsmetabolitefrom
microbial cultureextracts

Retention timein minutes
(Blank 1) (Blank I1) (Control)

Organism Drug Culture Pure Sample
control  control diclofenac
23 23 23 23
Proteus vulgaris 35 35 - 35
14.6 - 145 14.6
23 23 23 33
Pseudomonas - - - 5*(MI)
aeruginosa - - 8.6*(MIII)
145 - 145 145
Nocardia 23 23 23 23
hydrocarbonoxydans  14.5 - 145 145
Cunninghamella 23 23 23 8 5*2'5/'”
elegans . ) . SHMIT)
145 - 145 145
Saccharomvees 21 21 23 21
cerevisiaezny 2.6 2.6 . 2.6
145 - 145 145
*Metabolite peak, MI-Metabolite |, MII-Metabolite |1, MII1-Me-
tabolite 111
@iCHZCOOH
NH
C|\©/C|
Iofenac
CYP2C9
H,COOH

CH2COO
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cl
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Figurel: Mammalian metabolic pathway of diclofenac®!

smilarlyto providesuitableblanks.
Analytical techniques
Chromatographic procedure

High performanceliquid chromatography (HPLC)
analysis was carried out using a HPLC system
(Shimadzu, Kyoto, Japan) consisted of LC-10A sol-
vent ddlivery moduleand SPD-10AV PUV-visble spec-
trophotometer detector and a Wakosil [15C-18RS-
100a. 5UM, 4.6 250 MM SS column (SGE Japan).
Sensitivity was set at 0.001 aufs. Mobile phase con-
sisted of acetonitrileand 0.5% v/v glacid aceticacid at
ratio of 65:35with aflow rateof 1 ml/m.?2, Elution
wasmonitored usngaUV/Visdetector set at 280 nm.

M ass spectrometry

Mass spectral data were obtained using Liquid
Chromatography Mass Spectrometry (Agilent technolo-
gies, Germany). Model isLC/M SD-trap SL-1100 se-
ries, LC coupled to amass spectrometer operatingin
theeectron spray ionization (ESI) mode. loni zationwas
carried out in positiveion mode using lon trap detector
(5.5KV, 300°C, 40 psi).

RESULTS

Theresultsof HPLC analysisof diclofenacandits
metaboliteindifferent extractsaregivenin TABLE 1.
Twotothreepeakswereseeninall extractswith reten-
tiontimesof 2.3m., 2.6m., 3.3m. and 14.5m.. It was
found that the peaks of first three represent broth con-
stituentswhere asthe peak at 14.5m. correspondsto
diclofenac. Theadditiond pesksat 5.m.(M 1), 8.6m.(M
[11) and 8.5m.(M I1) were observed in samplesfrom
Pseudomonas aeruginosa and Cunninghmella

veltage [mv.)

Time {min.)

—8—Sample =—r—Drug control =—#=—Culiure control
Figure2: HPL C chromtogram of diclofenacfrom culture
extractsof Pseudomonasaeruginosa
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elegansculturesrespectively (TABLE 1, figures2and  organisms. Thestructuresof observed metaboliteswere
3). Itindicatesdiclofenac hasbeen metabolized by two  confirmed by LCM Sasshowninfigures4, 5and 6.

The mass spectrum of diclofenac showed amo-
lecular ion peak at m/z 295 at retention time of 14.3
with the fragment ion peaks at m/z 240, 220 and 100
(figure4).

Themassspectrum of diclofenac metaboliteformed
by Pseudomonasaeruginosa revedled amolecularion
peak at m/z 314 (M 1) between retention timeof 4.5to
Time (min) 4.9 and at m/z 340 (M 111) between retention time of
—i—Drug control —8—Sample —8— Cuilture contrl 8.2 to 8.8 with fragment ion peaks at m/z 329,240

Figure3: HPL C chromtogram of diclofenacfrom culture (figure5). Themass spectrum of diclofenac metabolite
extractsof Cunninghamella elegans

=

S |

veltage (mv.)
bl

p—

Figure5: Massspectrum of diclofenac metabolite produced by Pseudomona aeruginosa
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Figure6:M assspectﬁ?n of diclofenac metabolite produced by Cunninghar.ﬁellaelegans

” .{_‘t'l;}
S oH
O iy,
0240 a
CH,—C—0OH s
et PNH
w
Cl . _ta
| ; CI_ ey .-:'-'/.- -\:l-:;_
] XY - ""‘"5[5' OH
A =100 HiC 0
157 (L L3720
m/z 205 (Diclofenac) H mz320(MI) —:-"_uj m'z 340 (M III)

Figure7: M assfragmentation patterns
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diclofenac (M 111) diclofenac (M 11)
Figure8: Proposed metabolic pathway of diclofenac by Pseudomonasaeruginosa
formed by Cunninghmella elegans exhibited amo- DISCUSSION

lecularionpesk a m/z329 (M I1) at retentiontimeof 8

to 8.5m. with fragment ion peaks at m/z 240,100 HPL C chromatogramsof samplesof Ps aerugenosa
(figure 6). Thefragmentation pattern of diclofenacand  and Cunn.elegansshowed additional peskswhen com-
itsmicrobid metaboliteswereshowedinfigure7. The  pared with controlswhich represented dicl ofenac was
metabolic pathwaysof didlofenacinabovetwomicrobes  metabolized to the metabolitesM |, M |1 and M 11
areproposed infigures8 and 9. (TABLE 1, figures2 and 3). In case of Noc.hydrocarbo
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Figure9: Proposed metabolic pathway of diclofenac by Cunninghamellaelegans

noxydans, Pr.vulgarisand Sacc. cerevisiaethe peaks
obtai ned with sampleswereidentica with those of re-
spective controls. Thestructuresof M I, M 1l and M
[11 wereconfirmed by LCMS.

The mass spectrum of diclofenac exhibited amo-
lecular ion peak at m/z 295 at retention time of 14-
15m.(Figure4) which was supported by fragment ion
peaks at m/z 240, 220 and 100 (Figure 7). The mo-
lecularionat m/z314 (M 1) at retention time of 4.5-
4.9m. andamolecular ionat m/z 340 (M l1I) at reten-
tiontimeof 8-8.8m.were observed in mass spectrum
of diclofenac metabolite formed by Ps. aerugenosa.
(Figure5) .M I indicates4’hydroxy diclofenac similar
to ma or mammalian metaboliteand M 111 represents
formation of methoxy, hydroxy dicl ofenac asother mi-
nor mammalian metabolite?” whichisevident fromfrag-
ment ion peaksat m/z 329 and 240 (Figure 7).

Thesefragment ionsindicatedihydroxylaion a two
positionsonaromatic ring of diclofenacsamilar tomam-
mals asreported by Bort et. al.19991*, It was found
that the conversion of diclofenacinto amaor metabo-
lite4’hydroxy diclofenac is mediated by hepatic CYP
450 2C9 and diclofenacisfurther metabolized to mi-
nor metabolites 3’hydroxy, 4’methoxy diclofenac in
mamma g¥.

The mass spectrum of diclofenac metabolite pro-
duced by Cunninghamella elegans showed amolecu-
lar ion peak at m/z 329 M |1 at retention time of 8-
8.5m. (Figure6) indicatestheformation of dihydroxy
diclofenac as CY P 2C9 catd ysed mammalian metabo-
lism of diclofenac™. It wassupported by fragmention
peaksat m/z 240 and 100 (Figure 7). Thefragmention
at m/z 240 representsformation of lactam of diclofenac
whichwasaso observed indiclofenac spectrumandin
mass spectrum of M 111 metabolite formed by Ps.
aerugenosa (Figure7).

Based on abovediscussion the metabolic pathways
of diclofenac in Pseudomonas aeruginosa and
Cunninghamella elegans are proposed in figures 8
and 9. Thus, it isevident from our investigation that the
metabolism of diclofenac by Pseudomonasaeruginosa
isthrough oxidation to hydroxy diclofenacM | and to
dihydroxy metaboliteM Il similar to CY P 2C9 medi-
ated mammalian metabolism and further methylation of
oneof thehydroxyl groupsby methyl transferaselikein
mammals. Where as Cunninghamella elegans
metabolisesdiclofenac by oxidation to dihydroxy me-
tabolite as CY P 2C9 mediated metabolism in mam-
mals. Itissuggestiveof the presenceof CY P 2C9isoen-
zymeinthesetwo organismsasboth are metabolizing
diclofenac smilar to mammal§% and other specieslike
Aspergillug®!

Itisconcluded that Pseudomonas aer uginosa and
Cunninghamella elegans can be used as modelsfor
oxidativemetabolisminvolving CY P2C9isoenzymeto
smulate human metabolism.
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