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ABSTRACT

Influence of vitamins, substrate concentration and shaking speed on
bi otransformation of meloxicamwas studied by employing Cunninghamella
blakesleeana NCIM 687 with an aim to achieve maximum transformation
of meloxicam and in search of new metabolites. BasedonHPLC, LC-M Y/
MS data and previous reports the metabolites were predicted as 5-
hydroxymethyl meloxicam, 5-carboxy meloxicam and anovel metabolite.
The quantification of metabolites was performed using HPL C peak areas.
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The results obtained indicate that folic acid asvitamin source, 0.01% con-
centration of mel oxicam and 120rpm were found to be optimum for maxi-
mum transformation of meloxicam. The study suggeststhe significance of
thesefactorsin biotransformation of meloxicam using microbial cultures.
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INTRODUCTION

Meéoxicamisanon steroidd anti-inflammatory drug
(NSAID) derived from enolic acid. Itsmechanism of
action may beattributed to inhibition of prostaglandin
synthetase (cyclooxygenase). Thisleadsto anti-inflam-
matory, analgesic, and antipyretic effectd. Meloxicam
ismore selectivefor the cyclooxygenase-2 (COX-2)
isoform of prostaglandin synthetasethan the COX-1
form. Itsselectivity for COX-2isdose dependent and
isreduced at higher doses. Therefore mel oxicam has
been |abeled a“preferential” inhibitor instead of a “se-
lective” inhibitor of COX-213. Meoxicamisindicated
for therelief of signsand symptomsof osteoarthritisin
adults. It hasalso been used to treat signsand symp-

tomsof rheumatoid arthritis, ankylosing spondylitis?,
acutelow back pain, and acute sciaticd®. Gastrointes-
tind adverseeffectsaremost commonly associated with
mel oxicam therapy (26.6%). Theseinclude abdomina
pain (2.6%), constipation (1.2%), diarrhea (2.7%),
dyspepsia(7.4%), flatulence (0.4%), nausea (4.7%),
and vomiting (0.8%). Other adverse effectsthat oc-
curred inmorethan 2% of patientsincluded headache
(8.3%), infection (4.7%), anemia (4.1%), dizziness
(3.8%), edema(4.5%), rash (3.0%), coughing (2.4%),
insomnia (3.6%), and pruritis (2.4%)™- Some of the
rare adverse effects included leukopenia and gas-
trointestind ulcers®. Meoxicamispracticaly insoluble
inwater. The poor solubility and wettability of meloxicam
leads to poor dissolution and thereby variation in
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bioavailability. Thusincreas ngtheagueoussolubility and
dissolution of meloxicamisof paramount therapeutic
importance.

Microbid transformationisaprocessinvolvingthe
useof biological agentsascatayststo perform trans-
formationsof chemica compoundsand isuseful tech-
niquefor producing medicina and agricultura chemi-
casfrom both active and inactive products. Microor-
ganisms are able to perform alarge variety of reac-
tions, including thoseinaccessible by chemical pro-
cesses. Biotransformation processinvolvesenzymatic
or microbial biocatalysts, when compared to their
chemical counterparts, offer the advantages of high
regiosel ectivity, stereo specificity and mild operating
conditions.

Inour previouswork wereported the transforma-
tion of meloxicam by the filamentous fungus
Cunninghamella blakes eeana NCIM 687 into three
metabolites viz., 5-hydroxymethyl meloxicam, 5-
carboxy meloxicam and anovel metabolite®.

In the present study, effect of vitamins, shaking
speed and concentration of mel oxicamwasstudied for
maximum transformation of meloxicamandto achieve
novel metabolites.

MATERIALSAND METHODS

Chemicalsand microorganism

M el oxicam was gifted by Unichem Laboratories
Mumbai, India. Methanol and acetonitrile were of
HPL C grade obtained from Ranbaxy, New Delhi, In-
dia. Peptone, yeast extract, potato dextrose agar, glu-
coseand al other chemical sof highest availablepurity
wereobtained from Himedia, Mumbai, India. Thecul-
ture Cunninghamella blakesleecana NCIM 687 was
procured from Nationa Collection of Industrial Micro-
organisms(NCIM), Pune, India. Stock cultureswere
maintained on potato dextrose agar dantsat 4 °C and
subcultured for every 3months.

EXPERIMENTAL

Effect of shakespeed on biotransformation

Biotransformationwas performed using atwo stage
fermentation protocol. Inthefirst stage, fermentation
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wasinitiated by inocul ating a250ml cultureflask con-
sstsof 50ml of liquid broth. Theliquid broth used con-
tain (per litre) glucose (20g), peptone (59g), yeast ex-
tract (5g), K,HPO, (5g) and sodium chloride (5g). The
pH of the broth was adjusted to 6.0 with 0.1M HCl or
0.1M NaOH. The mediawas autoclaved and inocu-
lated with aloopful of culture obtained from freshly
grown potato dextrose agar dants. Theflaskswerein-
cubated at 120rpm and 28°C for 48 hours. Second
sagecultureswereinitiated inthesamemediausingan
inoculum of 1ml of first stage culture per 20ml of me-
diumin 100ml cultureflask. The second stage cultures
wereincubated for 24 hoursat 28°C and the substrate
abendazolein dimethyl formamidewasaddedto get a
final concentration of 100mg/L. Theflaskswereincu-
bated under ssimilar conditionsfor 5 days. The shake
peedfor thebiotransformationwasstudied from 60rpm
to 160rpm. Culture controls consisted of fermentation
blank inwhich themicroorganismwasgrown under iden-
tical conditionsand no substratewasadded. Substrate
controlscomprised of albendazole added to the sterile
medium and incubated under smilar conditions. Each
culturewasstudiedintriplicate.

Theinitid reactionratewasincreased upto amaxi-
mum of 120rpm, which wasthen used for all subse-
guent work.

Biotransfor mation in presenceof variousvitamins

Theeffect of variousvitaminswasstudied usngthe
procedure similar to that described under ‘Effect of
shake speed on biotransformation. Thebiotransforma-
tion of meloxicam by C. blaked eeana NCIM 687 was
performed by adding different vitaminsviz. riboflavin,
niacin, choling, folicacid, inosital, pantothenicacid, thia
mine, pyridoxineand ascorbic acid into the medium
beforeinoculation of the organismto observetheir in-
fluence onthe extent of biotransformation. Each vita-
minwas studied at aconcentration of 10ug per culture
flask (20ml media).

I nfluence of substrate concentration

Theeffect of substrate concentration was studied
using the procedure similar to that described under ‘Ef-
fect of shakegpeed on biotransformation’. The biotrans-
formation of meloxicam by C. blakesleeana NCIM
687 was performed at substrate concentrations, 0.01,
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0.02, 0.03, 0.04 and 0.05 %w/v while maintaining the
other parameters constant.

Extraction and analysisof transformed products

Thecultureswere extracted with three volumes of
ethyl acetate, the combined organic extracts were
evgporated using arotary vacuum evaporator and dried
over abed of sodium sulfate. The resultant residues
wereanalyzed by HPLC and LC- MS-M Sfor identi-
fication of metabalites.

HPL C analysis was performed according to the
method described by Elbary et al.1® with adight modi-
fication. Thesampleswereanalysed usngan LC-10AT
system (Shimadzu, Japan) by injecting 20ul of sample
into the syringe-loading sampleinjector (Modd 7725,
Rheodyne, USA). The column used was Wakosil 11,
C18, 250x4.6 mm and 5um (SGE, Austraia). The
mobile phase consisted of amixture of methanol and
water (pH adjusted to 3.0 with orthophosphoric acid)
in the ratio of 60:40. The analysis was performed
isocratically at aflow rate of Iml/minandtheanaytes
were detected at 360nm using aphotodiode array de-
tector (Model SPD M 10Avp, Shimadzu, Japan). LC-
MS-MSanaysiswas carried out using aWaters sys-
tem, column X Terra C18, 25x0.46 cm, 5 um and a
mobile phase cong sting of methanol and water (pH ad-
justed to 3.0withformicacid) in 60:40ratios. The ES|
detection was set to positive mode. A temperature of
300°C and scanrange of 50-500 was set for the analy-
sis. Thetransformed compoundswereidentified from
the masses of the fragmentation products obtained.

RESULTSAND DISCUSSION

In our previouswork® we reported that thefungus
Cunninghamella blakesleeana was found to trans-
form meloxicam into three metabolites: 5'-hydroxy
meloxicam (M,), 5'-carboxy meloxicam (M,) and anew
metabolite(M.,). Inthepresent investigation thefungus
wasfound to produce smilar metabolitesin presence
of dl the parametersstudied.

| dentification of metabolites
The metabolitesformed wereidentified basing on
observation of new peaksin HPLC (Figure 1) and char-

acterized with thehel p of themassva ues of fragmenta-
tionionsobtainedin LC-MS-MSanalysis(Figure2).
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Figurel: HPL C chromatogram showing culture control
and transformed compoundsobtained in culturebroth of
C. blakesleeana
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Figure2: LC-M S-M S spectra of metabolites detected in
meloxicam fed cultur e broth of C. blakesleeana

M ass spectrometric analysisof the metabolite M,
showed amolecular ion at m/z 367 (anincreaseof 16
units) indicating addition of singleoxygen atomwhich
resultsin formation of 5-hydroxymethyl meloxicam.
Another molecular ionwasfound at m/z 381 (anin-
creaseof 14 units) indicating further addition of an oxy-
gen atom and removal of two hydrogensto M, which
resultsintheformation of 5-carboxy meloxicam(M,).
A third metabolite was observed with m/z of 437 indi-
cating theaddition of 86 unitstomel oxicam. Thismight
be arising from oxamic acid anal ogue of meloxicam.
These analysesindicated that the metaboliteswere 5-
hydroxymethyl meloxicam (M., elutingat 7.0 min), 5-
carboxy meloxicam (M, eluting at 5.0 min) and anew
metabolite(M,,, eluting at 17 min), wherethe substrate
meloxicamwase uted a 19.0 min. The proposed path-
way of themetaboliteformationisshownin Figure 3.
The metaboliteswere quantified based onthe pesk ar-
eas obtained in HPLC analysis taking the drug and
metabolites’ peak areas together as 100%.

I nfluence of shaking on biotransformation

Influence of shaking on biotransformation of
mel oxicam was performed for maximum transforma
tionandresultsare presented in TABLE 1.

FromTABLE 1it usclear that shaking wasfound
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Figure3: Proposed pathway of meloxicam in culturebroth of C. blakedeeana

TABLE 1: Effect of shaking speed on biotransfor mation of
meloxicam by C.blakesleeana

TABLE 2 : Effect of vitamin source on transfor mation of
meloxicam by C.blakesleeana

Agitationspeed  Metabolitesin%  Final pH D%gﬁ?ht e metabolitesin % Final pH Dr;’]éﬁ?ht

(RPM) M1 M2 M3 M C T C T ramine ML M2 M3 M Cc T C T

60 000 1481 000 8519 610 637 1012 923  Ascorbicacid 000 8396 000 16.03 610 647 1017 9.26

80 000 1496 000 8504 615 622 911 941  Cholin 278 9317 000 404 625 624 913 961

100 298 7386 110 2206 630 621 955 941  Folicacid 398 9364 000 236 620 627 975 971

120 321 7823 112 1744 621 618 932 954 Inositol 321 8122 011 1544 621 6.15 952 9.84

140 315 6832 000 2853 612 632 914 950  Niacin 335 87.32 000 921 612 632 914 970

160 130 3919 000 5951 629 622 604 691  Pantothenicacid 230 8419 000 1349 629 622 607 9.99

M 1=5-carboxy meloxicam, M2=5-hydroxymethyl meloxicam,  pyridoxine 000 7361 000 2638 620 639 656 931
M3=New metabolite, M=M eloxicam : )

Coculture control, T=meloxicam fed culture Riboflavin 192 9457 000 349 619 629 840 7.8

to have profound effect on biotransformation of o 157 7949 000 1992 610 513 8% 629

M 1=5-carboxy meloxicam, M 2=5-hydroxymethyl meloxicam,

meloxicam. Similarly, many researchersLiras and
Umbreit!”, Fernandeset al @, Bastida et al 1% Zhao et
al .9 reported influence of agitation on biotransforma-
tion reactions. At 60 and 80rpm the transformation of
mel oxicam wasvery lessand therewasno formation of
metaboliteM,and M. . . Thismay bedueto nonavail-
ability of toxiclevd smd oxicamtothefungus At 120rpm
maximum transformati on of mel oxicamwasobserved
which may be dueto proper mixing and availability of
nutrients, mel oxicam and proper supply of oxygento
thefungus. Asrpm increased beyond 120, thetrans-
formation wasdecreased. Thismay beduetononavail-
ability of the nutrients and the substrate meloxicamto
thefungusto perform the transformation.

Therewasnegligibleinfluence of shaking speed on
mycelia growth of thefungus.

M 3=New metabolite, M =M eloxicam
C=culture control, T=meloxicam fed culture

I nfluenceof vitamins

Vitaminsare organic compoundswhich areneces-
sary for thegrowth of someorganisms. They function
asco-enzymesor condtituent partsof co-enzymeswhich
catayze special reactions. Vitaminsare necessary for
proper utilization of carbohydrates, fatsand proteins.
The capacity of different organismsto synthesizethe
vitaminsvaries. Fungi with regard totheir vitaminre-
quirement occupy apositionin betweenthetotalyin-
dependent green plantsand compl etely dependent ani-
malgy. Inthe present investigation, theeffect of vita
mins on the biotransformation of meloxicam by C.
blaked eeana was studied and the resultsobtained are
presented inTABLE 2.

BioTechnology —

Hn Tudian Jounual



BTAIJ, 3(4) December 2009

G.Shyam Prasad et al.

205

FromTABLE 2itisclear that addition of vitamins
stimulated the transformation of meloxicam. Major
amount of meloxicamwastransformed inthemedium
containing riboflavin, choling folicadd, pantothenicacd
andinosital. Pyridoxineand ascorbic acid favoured the
formation of 5'-OH methyl mel oxicam only. Inositol in-
duced theformation of 5'-OH methyl meloxicam (M),
5-carboxy meloxicam (M) and the new metabolite
(M.,). Thenew metabolite (M) could not be detected
inmedium contai ningriboflavin, niacin, choline, folic
acid, pantothenic acid, thiamine, pyridoxineand ascor-
bicacid.

Ascorbic acid and pyridoxinefavoured theforma
tion of 5-hydroxy methyl meloxicam only; thismay be
duetoinhibition of enzyme system responsiblefor syn-
thesis of other metabolites. Hencethesetwo vitamins
can beemployed in production of selected metabolite
inlargequantities. Whereasinositol induced thefor-
mation of al the three metabolites 5-OH methyl
meloxicam (M), 5-carboxy meloxicam (M,)) and anew
metabolite(M,). Based onthisresult, inositol can be
employedindrug metabolism studiesby employing mi-
croorganisms. How ever further investigations are
needed to find out the exact mechanism of actionand
influenceof vitaminson biotransformation reactions.

Different vitaminsinduced varying amount of myce-
lia growth. Ascorbic acid wasresponsiblefor maxi-
mum stimulation of growth of C. blakes eeana. Pyri-
doxinand pantothenic acid werenot much useful inpro-
duction of mycelia growth of C.blaked ecana. Thefi-
nal pH recorded in different mediawas near neutral.

I nfluence of mel oxicam concentr ation

Concentration of substrate wasfound to have pro-
found influenceon itshiotransformation. Chatterjee and
Bhattacharyd' reported theinfluence of limonene con-
centration on its biotransformation by employing
Pseudomonas putida. Similarly, Huang et al ™ dur-
ing their sudieson biotransformation of tolbutamideto
4'-hydroxytol butamide by the fungus Cunninghamella
blakesleana found theinfluence of concentration of
tolbutamide on its biotransformation. Sedareti et al .14
also reported the effect of concentration of
chlorophenolsonitstransformation by Trametesver-
sicolor. Abovereports prompted usto study theinflu-
enceof concentration of meloxicam onitstransforma:

————, FyurL PAPER

TABLE 3: Effect of concentration of meloxicam on its
transfor mation byC.blakes eeana

Conc. of Dry weight
meloxicam mg/20ml
(In %) M1 M2 M3 M C T C T

0.01 0.09 9.43
0.02 0.00 3.88
0.03 0.03 0.60
0.04 0.00 62.14 2.83
0.05 1.05 5357 362 41.73 655 6.60 9.00 1041
0.06 0.20 46.70 0.35 52.73 7.07 6.34 10.35 6.69

M 1=5-carboxy meloxicam, M 2=5-hydroxymethyl meloxicam,

M 3=New metabolite, M=M eloxicam

C=culture control, T=meloxicam fed culture

tion by employing C.blakesleeana and theresultsare

presented inTABLE 3.

TABLE 3 reved sthat transformation of meloxicam
was maximum at 0.01% concentration and decreased
with theincrease of concentration. In contrast to our
observation, Mountfield and Hopper[** reported that
0.03% concentration of 1-methyl naphthal enewas op-
timum for itstransformation by C. blakesleeana. At
concentrations of 0.02 and 0.04%, the compound
5'carboxy meloxicam (M) formation could not beob-
served. Similarly at 0.03% and 0.06% concentration
the formation of the new metabolite (M) was mini-
mum. 5’OH methyl meloxicam (M,) formation was
maximum at 0.01% concentration followed by 0.04%
concentration. Rest of the concentrationsof meloxicam
(0.02%, 0.03, 0.05 and 0.06%0) could show only mar-
ginal formation of 5'-OH methyl mel oxicam. Suchin-
congstency in degreeof transformation of meloxicam
with substrate concentration needsto beinvestigated
moreintensvely.

No consistency in biomass production by C.
blaked eeanain rel ation to concentration of mel oxicam
was observed. With afew exceptions biomass pro-
duction was morein meloxicam containing medium
when compared to culture control. ThepH was shifted
towardsakaline sidewith the addition of meloxicam
and thefinal pH recorded wasnear neutral.

M etabolitesin % Final pH

87.19
58.35
46.64

329 7.13
37.75 7.01
52.71 6.89
35.02 6.99

7.21
7.89
7.30
7.61

7.69 10.38
9.55 9.63
8,57 10.55
9.00 8.86

CONCLUSION

Thestudiesindicatethat meloxicam could betrans-
formed to 5-hydroxy methyl meloxicam, 5-carboxy
mel oxicam and anew metaboliteusing C. blaked ecana
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inanecofriendly way. The present investigation reveds
theimportanceof agitation, vitaminsand me oxicam con-
centration for optimum biotransformation of mel oxicam.
Amongthefactorsstudied, theuseof suitablevitamins,
agitation and mel oxicam concentration werefound to
becritica for the development of abiotransformation
system. Further investigationsare needed to produce
meloxicam metabolitesinlargequantitiesby optimizing
thefermentation conditions.
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