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ABSTRACT

S-(-)-Perillyl alcohal (1) wastransformed by Fusariumverticilloidesover
7 daysat 25°C to S-(-)-Perillyl aldehyde (2). Its structure was established
by NMR spectroscopic and mass spectral studies. Total antioxidant
potential and the radical-scavenging activity were determined by
phosphomolybdenum and ABTSe+ assays, respectively. The results
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demonstrated that the oxidation of the primary alcohol of 1 had no effect
on antioxidant activity when compared to starting material and areference
compound. Obtaining derivatives of 1, isan important goal of researchin

microbial biotechnology and medicinal chemistry.
© 2013 Trade SciencelInc. - INDIA

INTRODUCTION

Microbial transformation isarelevant strategy to
obtain high added val ue compounds under controlled
environmentally friendly conditions™?l. Thesereactions
areimportant routesfor introducing chemica functions
intoinaccess blesites of moleculesand thereby produce
rarestructures. They canyield new drugsand existing
drugs can be improved as to increased activity and
decreased toxicity. Side-effects could be reduced and
the stability could beincreased by modification of the

parent drugt**l.

Perillyl alcohol (POH) aso called p-mentha-1,8-
diene-7-ol isamonoterpene, and thusconsists of two
isoprene unitsmanufactured by the meva onate pathway
and condtituent of essentid oilsfrom anumber of plants;
namely, perilla (Perilla frutescens), lavender,
peppermint, ginger grass, savin, caraway, and celery
seeds. It is a hydroxyl derivative of limonene and
possesses chemopreventive properties. POH has
cytostatic and cytotoxic effectsand induces apoptosis
inlung, leukocyte, prostate, and breast cancer cdll lines.
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Invivo, POH hasanti-metastatic effectsand isapotent
inhibitor of angiogeness. Itschemotherapeutic effects
areunder evaluationinseverd clinicd trids, including
patientswith colorectal, breast, or ovarian cancer"4,

Therefore, thebiological derivatization of perillyl
acohol anditsstructurd ana oglimonenewith

theam of producing new metaboliteswith avariety
of biologica properties, besidestheir useas

flavoring agents, is an important field of
xenobiochemistry, pharmacol ogy and toxicol ogy!*23.
Thegod of thiswork wasto obtain derivativesof perillyl
acohal through microbia transformation and evauate
their antioxidant activity. In previous work this
compound was hydroxylated on methyl group of the
sidechan by asuspension cell culture of Catharanthus
roseus4,

Furthermore perillyl dcohol wasoxidizedinvivoto
givethe corresponding aldehyde and acid* and more
recently microbia oxidation of endocyclic doublebond
was reported.

Thegod of thiswork wasto obtain derivatives of
perillyl acohol through microbid transformationand
evaluate their antioxidant activity. For thispurpose a
phytopathogenicfungi like Fusariumverticillioideswas
used. Thisgenus hasan enzymatic machinery capable
of transforming different structures of organic
compounds618],

Here perillyl acohol transformation using apure
strain of Fusariumverticillioides giving asthe sole
product perillyl adehyde, and the evaluation of the
antioxidant activity isreported. The product structure
was confirmed by spectroscopic methods and by
comparisonwith literature data™.

Thisisthe first report of production of perillyl
aldehyde by oxidation of perillyl dcohol withafungus
of genusFusarium.

MATERIALAND METHODS

Equipment

Gas Chromatography (GC) analyses were
performed on a Shimadzu QP5050A equipped witha
split/splitlessinjector, quadrupol e mass spectrometer
(El 70eV), Class 5000 data software, and NIST 107
mass spectral library. Theinjector was set at 300 °C.

BioTechnology —

For separation, aVF-5ms, 30 mx 0.25mmx 0.25 um
columnwasused. Heliumwasthecarrier gas (1.1 ml
min't). 0.2 microlitresof thesamplewasinjectedin split
modeat asplit ratio of 20:1. The GC oventemperature
was programmed asfollows: initial temperature of 50
°C held for 1 min. The temperature was increased up
to 280 °C at 18 °C/min and held for 20 min. The
detector temperaturewas set at 300 °C. For the Mass
Spectrometry (MS) system, the acquisitions were
performed in scan mode (from 35 to 800 amu). Peak
identification wascarried out by andogy of massspectra
with those of the mass library and comparing the
retention times and the mass spectra with those
corresponding to commercia standards.

All *H NMR and *C NMR spectrawererecorded
on aBruker Avance 400, Ultrashield, at afrecuency
for 'H NMR of 400.16 MHz and for *C NMR of
100.62 Hz, with a Dua BBI Probe at 25 °C using
CDCI -d6 (99.8%, Merck) asthe solvent. Chemical
shift vduesarereportedin partsper million (3), relative
totetramethylsilane (TMS), asinternal standard and
coupling constants (J) being giveninHertz (Hz). All
13C NMR spectrawere proton-decoupled, and were
confirmed by using the 135° DEPT technique
(Digtortionless Enhancement by Pol arization Transfer),
aswell asby COSY (Correlation Spectroscopy, 1H-
1H) and HSQC (Heteronuclear Single Quantum
Coherence, 'H-*C Corrdation). Therdativeintegras
of peak areasarein agreement with those expected for
theassigned structures.

Perillyl dcohol (purity 99.5%) waspurchased from
SigmaAldrich. All chemicaswereof andytical reagent
gradeand used asdelivered.

Thin layer chromatography (TLC) was performed
on Merck Sil G/UV254 silica gel plates with a
fluorescent indicator, and the spots were visualized
under 254 nm illumination, using petroleum ether (PE)
—EtOAc (7:3, v/v) as eluting mixture, and detection
was achieved by spraying with p-anisa dehyde— EtOH
—AcOH-H,SO, acid (0.1:17:2:1, v/viviv) followed
by heatinga 150°C. All organic solvents were distilled
prior to use.

Microorganism and media

Fusarium verticillioides from the culture
collection of the Laboratory of Mycology,
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Department of Microbiology and Immunology,
National University of Rio IV, Cérdoba, Argentina,
was used for screening experiments. The
microorgani sm was stored on Sabouraud dextrose
agar (Britannia Laboratories Inc.; Buenos Aires,
Argentina) slants at 10 °C. Liquid medium for
screening and preparative-scal e experiments was
potato dextrose agar (PDA), sterilized at 121°C for
17min.

Biotransformation, extraction and purification

Screening experimentswerecarried out following
a two-stage standard protocol (I and Il) in
Erlenmeyer flasks (250 ml) containing 30 mL of
culture medium, placed on arotary shaker at 120
rpm and incubated at 25-30 °C for 72 h.

Onemilliliter of astage| culturewasused asthe
inoculum for afresh stage |l culture. The substrate
was added to the incubation media 24 h after the
inoculation of thestagell culturesasa1.5% solution
in dimethyl sulfoxide (DM SO) — EtOH (5:1, v/v) at
a final concentration of 0.2 mg/ml of medium.
Substrate control swere composed of sterile medium,
to which substrate was added and incubated without
microorganisms. The culture controls consisted of
fermentation blanks in which microorganismswere
grown under identical conditions, but without adding
substrate. Thefermentation wassampled at intervals
of 48 h, taking 0.5 ml of culture medium, whichwas
extracted with EtOAc. The organic layers were
chromatographed on TLC plates.

The preparative-scale fermentation was
performed infive 1L Erlenmeyer flasks containing
400 ml of sterile culture medium and these werethen
incubated at 25— 30°C on a shaker at 80 rpm. POH
was added to afinal concentration of 0.2 mg/mL and
the fermentation was continued until no starting
material was detected when checked by TLC.

After theindicated time, liquorswere combined,
themycelium filtered off and washing with H,O (200
ml) was carried out. These washingsand thefiltrate
were combined and extracted with EtOAc (4 x 200
ml). Organic layers were combined, washed with
brine, dried with anhydrous Na,SO,, and the sol vent
evaporated under vacuum, giving abrownish oily
residue.

Antioxidant activity

1- Total antioxidant potential by
phosphomol ybdenum assay. The antioxidant power
of the samples was assessed with the
phosphomolybdenum reduction assay according to
Prieto et al .1, The reagent sol ution, protected from
thelight, contained ammonium molybdate (4 mM),
sodium phosohate (28 mM) and sulfuric acid (600
mM). A 1 ml aliquot of this solution wasmixed in
Eppendorf tubeswith 0.1 mL of sampledilutedin
MeOH at the concentrations of 10, 50 and 100 pg/
mL. The tubes were capped and incubated in a
thermal block at 37°C for 90 min and the absorbance
of the green phosphomolybdenum complex was
measured at 695 nm on a Cary 50 Conc Varian®
spectrophotometer. The reducing capacity of the
sampleswas expressed as ascorbic acid equivalents
(ug/mL) used for calibration curve. Measurements
were performed intriplicate. Results are shown in
TABLE 1.

TABLE 1: Antioxidant capacity of POH and PALD using
phosphomolybdenum method.

Perillyl Perillyl
Concentration Alcohal Aldehyde
(ng/mL) pg/ml eq. pg/ml eq.
Ascorbic acid”  Ascorbic acid”
100 6.49+0.25 7.15+0.04
50 541+0.26 6.15+0.22
10 418+0.19 4.39+0.15

aV/alues expressed are mean + S.D. of three experiments;
PAscorbic acid equivalent (ug/ml) through the formation of
phosphomolybdenum complex.

2- Radica-scavenging activity by ABTSe+ assay.
The method used was as described by Re et al .[?,
based on the capacity of a sampleto scavenge the
blue-green  coloured 2,2’-azinobis-(3-
ethyl benzothiazoline-6-sulphonic acid) radical cation
(ABTSe+) compared with a reference antioxidant
standard vitamin E analogue (Trolox®). The ABTSe+
was produced by oxidation of 7mM ABTS solution
with 2.45 mM potassium persul phate solution, stored
in the dark at room temperature for 12 h (time
required to radical formation) sincethe solutionis
stablefor 48 hours. Onceformed the colored radical,
theABTSe+ solution was diluted to get an absorbance
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of 0.700+ 0.020 at 754 nm with ethanol to obtain
the working solution. After addition of 1 ml of
working solution of ABTSe+ to 25 pl of different
concentration of samples (10, 50 and 100 pg/ml),
the absorbance was read at 754 nm after exactly 4
min on aCary 50 Conc Varian® spectrophotometer.
M easurements were performed in triplicate. The
percentageinhibition was cal culated agai nst standard
Trolox® calibration curve prepared for a
concentration range of 0.31-0.61 pug/ml Trolox® and
theresultswere expressed as Trolox equivalent (TE,
pug/ml). Results are shown in TABLE 2.

13C NMR spectroscopy and confirmed when
compared with bibliographica data.
Biotransformation by F. verticilloides
Theproduct, (S)-(-)-Perillaldehyde (2) (50 mg; 63%
yied).

'H NMR (CDCL): 1.39 (m, 1H, H, ), 1.65 (s,
3H,H,), 1.74(m, 1H,H_), 1.85 (m, 1H, H,,), 2.04
(m, 2H, Hy), 2.05 (m, 1H, H,), 2.07 (m, 1H, H,),
4.63(s,2H,H,),7.20(m, 1H,H,),9.38 (s, 1H, H.).

BC NMR (CDCl,): C, (193.7), C, (149.3), C,
(109.6), C, (41.3), C, (150.5), C, (40.8), C, (31.8),
C, (26.4), C, (21.6), C,, (20.7).

TABLE 2: Radical-scavenging activity of POH and PAL D by ABT S+ assay.

Perillyl Alcohol

Perillyl Aldehyde

Concentration (ng/mL)

TEvalue”  Percentageinhibition®(®) TEvalue®  Percentageinhibition® (%)
100 0.00+0.00 0.00+0.00 0.01+0,00 1.20+0.11
50 0.07+0.04 3.56 + 0.54 0.08+0.03 3.47+0.33
10 0.24+0.01 5.87+0.27 0.07 £ 0,03 3.34+£0.28

aValues expressed are mean + S.D. of three experiments; ® Trolox eguivalent (ng/mL); ¢ Percentage inhibition relative to the
concentration of Trolox equivalents obtained from the calibration curve.

RESULTSAND DISCUSSION

Themicrobial transformation samples and the
control samples were extracted and analyzed as
described above. After checking extracts from the
fermentation of compound 1 with Fusarium
verticilloidesby TLC, biotransformationswere done
on a preparative scale. The resulted was a pure
metabolite, (S)-(-)-perillyl aldehyde (PALD, 2)
(Figurel).

OH

Fusarium verticillioides

oy

Figurel: Sructureof perillyl alcohol (compound 1) and its
biotransfor mation product (compound 2).

The M Sof themetabolite showed amolecularion
m/z 150 corresponding to the molecul ar formula of
C, H.O.

100 14

Thestructure of 1 and 2 wasanayzed by *H and
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MS m/z (%): 150.00 (20.83); 135.10 (42.75);
132.10 (6.20); 122.10 (46.07); 121.05 (30.70);
119.10 (6.64); 117.00 (18.16); 109.10 (13.20);
108.05 (27.03); 107.05 (63.32); 106.05 (24.52);
105.05 (22.60); 95.05 (23.91); 94.05 (19.31); 93.05
(47.25); 92.05 (14.43); 91.00 (46.54); 81.05 (20.32);
80.05 (21.11); 79.05 (93.04); 78.05 (13.68); 77.00
(50.57); 69.05 (10.09); 68.10 (100.00); 67.10
(96.34); 66.05 (13.45); 65.05 (16.60); 63.05 (5.14);
63.05 (5.14); 55.05 (18.01); 54.05 (6.87); 53.05
(53.60); 52.00 (10.43); 51.00 (20.83); 50.00 (7.38);
43.05 (11.51); 42.05 (6.55); 41.05 (46.70).

CONCLUSION

A few reports are available about the
biotransformation of POH (1) by microorganisms,
plant cell culturesand mammals.

These study indicated that POH could be
transformed to perillyl ddehydeusing F. verticillioides
inan ecofriendly way inagood yield.

On the other hand the free radical scavenging
activity tested showed that perillyl d dehyde hasamost
the same activity as perillyl acohol, indicating that
oxidation of the primary alcohol function of substrate
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1 to aldehydeis not agood way to get acompound
with antioxidant properties.
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