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ABSTRACT

In present study, a series of isoxazole derivativas synthesized and evaluated for antibacteria antifungal
activities by disc diffusion method using differdatcterial and fungal strains. Some compounds ef dhries
exhibited promising antibacterial and antifungaltiaity compared to standard drugs. The minimumibitbry
concentration (MIC’s) was determined against eachaaism. The compounds were tested for their aiotmt
activity and reducing power ability. Free radicgiday an important role in various pathological areénotoxic
effects so antioxidant may have protective roletiase pathological conditions. Based on the resaftsan
antimicrobial, anti-oxidant study, the effect obstitution on the activity and possible structustivty relationship
of the compounds for their antioxidant activitypiesented.

Key words. Isoxazoles, antibacterial, antifungal, antioxidaeducing power.

INTRODUCTION

Resistance of pathogenic bacteria to availablebimtics is quickly becoming a major problem in t@mmunity
and hospital based healthcare settings. Antimiatelaire one of the very important categories ofdi8o it is quite
clear from the spectrum of use that these categafielrugs are very important from medical pointvigfw. But
microbial resistance towards the drug creates y serious problem; because of development of sesist many
drugs are now useless which were very effectivereefMoreover, the toxic effects produced by thasgbiotics
are also reducing their significance [Ho there is need for new antimicrobial agents fsistant microbial
infections.

Reactive oxygen species [ROS], sometimes calleatthige oxygen species, are various forms of aaivatxygen,
which include free radicals such as superoxide {@7s) and hydroxyl radicals@H) as well as non-free radical
species such as hydrogen peroxidgQ)l [2]. These ROS play an important role in degenerativpadhological
processes, such as aging, cancers, coronary hisadsds, Alzheimer's disease, neurodegenerative dais,
atherosclerosis, cataracts and inflammationsLi®]ng organisms have antioxidant defense systdmas protects
against oxidative damage by removal or repair ahaiged molecules [4]. The term ‘antioxidant’ reféosthe
activity of numerous vitamins, minerals and phytmicals which provide protection against the danwgesed by
ROS [5]. Antioxidants interfere with the oxidative processgsscavenging free radicals, chelating free céitaly
metals and by acting as electron donors T8 natural antioxidant mechanisms maybe insufficie variety of
conditions and hence dietary intake of antioxidarhpounds are important [7].
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The wide occurrence of the heterocycles in bioactmatural products and pharmaceuticals has made #we
important synthetic targetlssoxazolines are very useful heterocydle®rganic synthesis and medicinal chemistry.
For instance, compounds possessing isoxazole mdiatse revealed antimicrobial [8-10fnticancer [11],
antitubercular [12]Jantioxidant [13]anti-inflammatory [14] properties. This paper déses thein vitro screening
and results of the antibacterial, antifungal ativiminimum inhibitory concentrations, antioxidaattivity and
reducing power ability of the synthesized new titempounds [15]. The mechanistic path of structrtvity
relationship of antioxidant activity of the compasrpresented.

MATERIALSAND METHODS

Sour ce of chemicals

All chemicals used were of analytical grade. 1,pH2inyl-2-picrylhydrazyl (DPPH) was obtained frongi@a
Chemical Co. Methanol, DMF, ferric chloride, pofass ferricyanide, phosphate buffer, BHT (butylategiroxyl
toluene) and trichloroacetic acid (TCA) and solgewere purchased from Merck India Itd. Absorbanes woted
using UV/Visible Spectrophotometer (Elico).

In view of the enormous biological potency ass@tlatvith isoxazole derivatives, a series of new lsgsized 3-

Aryl-5-(4-methoxyphenyl)-4,5-dihydroisoxazole-4-banitriles 1a-i (Scheme-1) [15] were selected in the present
work for the study of their biological activities.

1 a) Ar = 4-OCH;CH,, Ar" = 4-FCH,;

b) Ar = 4-OCH;CcH,, Ar" = 4-CIC¢H;

¢) Ar = 4-OCH;CeH,, Ar" = 2-CIC¢Hs;

d) Ar = 4-OCH;C¢H,, Ar" = 4-BrC¢H;
d €) Ar = 4-OCH;C¢Hy, Ar" = 4-CNCH;

N A £) Ar = 4-OCH;C¢Hy, Ar" = 4-C1-2-NO,C¢H;

N g) Ar = 4-OCH;CeH,, Ar" = CHs;
1 h) Ar = 4-OCH;CgH,, Ar" = 4-OCH;C¢Hy;
i) Ar = 4-OCH;CgH,, Ar" = 2,4-(OCHy),CoHs;

Scheme 1: Isoxazole derivatives used in the present study

Ar CN

ANTIMICROBIAL ACTIVITY: Antimicrobial activity of the synthesized compour{@a-i) was done by paper
disc diffusion method [16, 17].

Antibacterial activity:

Gram-negative bacteria species suclEasherichia coli, Salmonella typhimuriu@ram-positive bacteria species
such asBacillus subtilis Staphyllococcus aureusiere used as antibacterial test strains. The reptatve
compoundda-i was screened at the concentration (50pg/mL) ithametl on the nutrient agar media. The antibiotic
ciprofloxacin was used as standard drug againgebac The screening tests were performed in t@pd and the
results were taken as a mean of three determirsatdmimum inhibitory concentrations (MICs) weretelenined
by broth dilution technique. The nutrient broth,igthcontain logarithmic serially two-fold dilutedr@unt of test
compound and controls were inoculated with appretity 5 x 16 c.f.u of actively dividing bacteria cells. The
cultures were incubated for 24 hrs aPG7and the growth was monitored visually and sp@ttotometrically. The
lowest concentration required to arrest the groeftibbacteria was regarded as minimum inhibitory esri@tion
(MIC). The experiments were carried out in tripteand the results were taken as a mean of thteendleations.

Antifungal activity:

The synthesized compountia-i were tested for their antifungal activity agaitist fungi specieéspergillus niger,
Aspergillus flavus and Candida albicassains at a concentration of 25 pg/ml in DMF ia fhotato dextrose agar
media. The antibiotic Griseofulvin was used asdaath drug against fungi. The screening tests wertopned in
triplicate and the results were taken as a meahreé determinations. Minimum inhibitory conceritbas (MICs)
were determined by broth dilution technique. Thiures were incubated for 72 hrs at’@7and the growth was

monitored visually and spectrophotometrically. #&ie experiments were carried out in triplicate &nel results
were taken as a mean of three determinations.
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ANTIOXIDANT ACTIVITY

DPPH freeradical scavenging assay:

The effect of the samplela-i in addition to the standard antioxidant butylatsdroxyl toluene (BHT) on DPPH
radical was estimated according to the method Pl8Samples dissolved in methanol (0-50 pg/mL for sasia-

i; 0-5 pg/mL for BHT) in 200 pL aliquot was mixedtiwil00 mM tris-HCI buffer (800 pL, pH 7.4) and thadded

1 mL of 500 uM DPPH in ethanol (final concentrat@in250 pM). The mixture was shaken vigorously &ftlto
stand for 20 min at room temperature in the darke T|bsorbance of the resulting solution was medsure
spectrophotometrically at 517 nm. The results beaperiments performed were expressed as meahnecthtee
determinations.

M easur ement of reducing power:

The reducing power of sampl&a-i was determined according to the metf@@]. The sampleda-i (0-50 pg/mL)
was mixed with an equal volume of 0.2 M phosphatffeb, pH 6.6 and 1% potassium ferricyanide. Thetore
was incubated at 5G for 20 min. Then an equal volume of 10% trichletic acid was added to the mixture and
then centrifuged at 5000 rpm for 10 min. the udpger of solution was mixed with distilled waterda®.1% ferric
chloride at a ratio of 1:1:2 and the absorbanceeweeasured at 700 nm. Increased absorbance og#loion
mixture indicated increased reducing power. Thesdrpents were carried out in triplicates (n=3) #mglresults are
expressed as mean of the three determinations.

RESULTSAND DISCUSSION

Antibacterial activity:

The results of antibacterial activity were depicitedrig-1. The investigation of the antibacterial screeningheftest
samplesla-i revealed that all these compounds showed modéragwod antibacterial activity against all the
organisms. The compounda-d showed lesser activity agairBacillus subtilisand remarkable activity against the
bacteriumE. coli, S. typhimuriunand S. aureuswhich is attributed to the presence of fluoro, c¢bjdromo and
cyano substituents atGubstituted benzene ringhe compound4de, 1f found less active against all the organisms
tested, this may be due to the presence of strieogren withdrawing —CN, -N@substituents on the benzene ring.
The compounddg-i have exhibited moderate activity agaifstcoli, S. typhimuriunand S. aureusand good
activity againstBacillus subtilis,which is attributed to the presence of electronadioy —OCH groups or no
substitution on the aromatic ring. The results tbibined reveal that nature of substituents ptesethe benzene
ring has a considerable impact particularlpiho andparapositions. The results indicate that the compoudd
may be used as control measures aga&ingtoli, S. typhimuriunand S. aureuslg-i againstBacillus subtilisand
different bacteria.

Fig 1: Zone of inhibition {mm) at 50pg/mL concentrations of compounds
la-i tested against bacterial strains [ * Std=Ciprofloxacin]
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The results of MIC’s determined against differeatterial were depicted in Fig-2. The results of MI@dicate
that some of these compounds can be used as redegiatibacterial agents even at lower concentrstion

Antifungal activity:
The results of antifungal activity were depictedFig-3. The experimental results bé-i revealed that all these
compounds showed promising antifungal activity ageA. nigerand C. albicans,moderate activity again#.
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flavus. The compoundda-d was highly active again#. niger and C. albicans,moderately active again€t.
albicans.Test samplede, 1f have shown moderate activity against all the dsyas tested, which may be due to
the presence of electron withdrawing -CN and ;N@ups on the aromatic ring, whilg-i shown marked lesser
activity against all the organisms, which may Helaited to the presence of electron donating —@@idups or no
substituents on thes&ubstituted benzene ring. The results thus obdaieeeal that halogen substituents present on
the G-substituted benzene ring have a considerable iaticularly atortho andpara positions, and therefore
they may be used as control measures againstetfféungi species.

Fig 2: MIC’s in ug/mL of the compounds la-i tested against
bacterial stains [*Std = Ciprofloxacin].
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Fig 3: Zone of Inhibition (mm) at 50 pg/mL concentrations of the
compounds la-i tested against fungal stains [*Std = Griseofulvin].
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The results of MIC’s determined against differamdal species were depicted in Fig-4. The resotigcate that
some of these compounds can be used as referetifcmgal agents even at lower concentrations.

Antioxidant activity:

The results ofn vitro antioxidant activity of the title compounds wermepitted in Fig-5. DPPH radical scavenging
is considered a godd vitro model and is widely used to conveniently assetisxadant efficacy. From the results
it could be seen that most of the compounds shaigidficant antioxidant activity. At the initial cgentrations of
(10-20 pg/mL), not much significant variations retfree radical scavenging ability of samples M@ag observed.
However, when the concentration was increased (BAg/mL) all showed a promising radical scavengibdity.
The compoundda-d showed radical scavenging ability up to 50%, themesle, 1f showed radical scavenging
ability up to 62% andg-i showed up to 40% with reference to the standatidxadant. Results indicate that the
compoundsle, 1f containing electron withdrawing groups on the amtienring shows potential electron donating
ability.

1688
Scholar Research Library



Ajay Kumar Kariyappaet al

Fig 4: MIC’s in pg/mL of the compounds 1a-i tested against fungal
stains [*Std = Griseofulvin].
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Fig 5: Percentage DPPH radical scavenging ability of samples 1a-i at
different concentrations relative to the standard antioxidant BHT.
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Fig 6: Reducing power ability of samples la-i at different
concentrations measured as absorbance at 700nm.
0.6
0.5
-‘E 0.4 W10
[o}]
893 m20
S
202 130
o
01 |40
w50
0
la 1b 1c 1d le 1f 1g 1h li
Test Compounds

Reducing power:

Der Pharmacia Lettre, 2012, 4 (6):1685-1691

The sampleda-i was evaluated for their reducing power abilityeduce ferric chloride and potassium ferricyanide
complex. The results were depicted in Fig-6. It waserved that at the initial concentrations of-200ug/mL),
there was not much significant variations in thévaty. However, when the concentration was incezh$30-50
png/mL), all showed remarkable reducing power. Tivamoundsle,1f containing electron withdrawing substituents
on the aromatic ring showed higher reducing powed 3a-d having halogen substituents on the aromatic ring
showed moderate reducing power, where as the sarhglewith electron donating substituents on the aromatic
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ring exhibited lesser reducing power ability conguhto 1la-f. The increased absorbance at 700 nm indicated the
presence of reducing power ability of the test demponsidered for the study.

M echanistic consider ations of antioxidant activity: DPPH is a stable organic nitrogen radical used ssavenger
for other radicals. DPPH radical scavenging testluatesin vitro antioxidant capacity. In the presence of
hydrogen/electron donor, DPPH radical scavenge$yldeogen radical from a donor molecule and it getiiced
as DPPH+H — DPPH-H.

As and when DPPH radical scavenges the hydrogdpatathe absorption intensity is decreased andralaécal
solution is decolorized to pale yellow color depengon the number of electrons captured.

The instability of the non-aromatic 3-Aryl-5-(4-rhekyphenyl)-4,5-dihydroisoxazole-4-carbonitriles was
expected to be the driving force for their anti@t activity. The non-aromatic compounds havenaldacy to
become more stable aromatic compoudesth the loss of two hydrogen atoms and two etattr

From the experimental results, the stiochiometrthefreaction was found to be 1:2 for test compeu®dPPH free
radical, which suggests that each molecule (1)ah@sndency to donate two hydrogen atom and twdrelexto the
acceptor molecules. In the presence of hydrogemrdorganic compoundl] the DPPH free radical abstract the
hydrogen atom bonded tg, &nd/or G-atom along with one of its bonded electron to givganic free radical and it
becomes reduced (DPPH-H). The second molecule &tDfPee radical abstracts the hydrogen atom (dr@/or
Cs-atom with one of its bonded electron to give oigatiradical and it becomes reduced (DPPH-H). Tigaoic
diradical expected to undergo intramolecular cayptpd form stable organic compound (2) (Scheme 2).

Ar CN
H DPPI ' H DPPH 7 §
&\Ar DPPH-H  ON_ N/j ~AF -DPPH H Ar'
1 Organic free radical Orgamc diradical

Ar CN

Radical
—_—

coupling O\ N/ Ar'

2 Scheme 2: Mechanism of radical Scavenging activity

On the basis of this speculation, theabd/or G positions of the isoxzoline ring may be the acsite responsible
for antioxidant activity of the screened pyrazodegidatives.
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