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ABSTRACT

Methanol and aqueous extracts of Costus pictustestsd in vitro for their antibacterial and antiobént activities.
An antibacterial activity analysis was carried ousing agar well diffusion and broth dilution techoes. The
antibacterial assay of leaf, root, stem and flovestracts of C. pictus against four bacteria are g@eted. The
minimal inhibitory concentrations (MICs) of all thextracts of C. pictus were found to be betwee3®0g/ml.
Antioxidant activity of the extracts was determilgdDPPH radical scavenging capacity assay. Methaxtracts
showed the highest antioxidant activity. The tghéEnolics in the extracts were determined coloniioally by
using the Folin-Ciocalteau reagent. The total flawm content of the extracts was evaluated by a
spectrophotometric method. The total phenolic auntanged from 148.67 + 0.83 to 233.83 + 0.44 qfggallic
acid/g of plant extracts. The flavonoid contentiearfrom 370.0840.96ug of quercetin/ g of plantrasts. The
reduction of NBT by Amadori products was inhibibgdincubating glucose/ BSA system with differemtspaf C.
pictus (leaf, root,stem and flower) and aminoguared and every parts showed a stronger inhibitdifea than
aminoguanidine . The ability of the test sampleisiibit NBT reduction was in the order of stem maeil >flower
methanol > root methanol> leaf methandlhe present study reveals that the selected plantidvexert several
beneficial effects by virtue of its antioxidant aatiglycation activity and could be harnesseddosg formulation.

Keywords: Costus pictudn vitro, antioxidant, antiglycation, AGEs.

INTRODUCTION

Infectious diseases are leading cause of deatldwinké. The clinical efficacy of many existing arititics is being
threatened by the emergence of multidrug- resigiatitogens [1]. Synthetic chemicals have their sifiects and
the development of bacterial resistance [2] toptesently available antibiotics has necessitatedséarch for new
antimicrobial agents, which led to the screeningeferal medicinal plants [3, 4, 5]. Plant-basetihd@arobials [6]
represent a vast untapped source of medicines sndftective in the treatment of infectious dissasénile
simultaneously mitigating many of the side effetiat are often associated with synthetic antimiieisl{7]. More
than 30% of modern drugs are derived from planjS{8tematic screening of folk medicines may regulthe
discovery of novel compounds [9].

Recently much attention has been focused on reackygen species and free radicals which lead iative stress
[10,11]. Oxidative stress is an important contrilsub a variety of pathological conditions incluginardiovascular
dysfunction, atherosclerosis, inflammation, cargemesis, drug toxicity, reperfusion injury, canadigbetes and
neurodegenerative diseases [12]. This has promteestigations in the use of natural antioxidants a
complementary therapeutic approadthe antioxidant properties of plant extracts haeen attributed to their
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polyphenolic content which have gained considerabf@rtance due to their potential as antioxidataidiabetic,
anticarcinogenic, antimicrobial, antiallergic, amtitagenic and anti-inflammatory activities [13-1B].this regard,
some phenolics have shown antioxidative action iolobical acting as scavengers of singlet oxyged fmee

radicals [17]. Many have reported that phenolic poonds [18] are the most active antioxidant duethter

structure-activity relationships and are respomsiolr the observed antimicrobial activity [19]. Brios are also
modified by glucose through the glycation reactimsulting in the formation of advanced glycatiord d AGES)

which has received considerable attention in regeats. Advanced glycation end-products (AGEs)gereerated in
the diabetic mellitus as a result of chronic hypbgrgmia and enhanced oxidative stress [20,21]. dfiact and
receptor-dependent pathways, AGEs promote the diewvednt and progression of diabetic complicationsluiding

neuropathy, nephropathy, and cardiovascular disg@s23]. AGEs can accumulate at many sites oftibey in

diabetes, including the heart and large blood Ves8ecause the abundance of AGEs has direct radeve the
pathogenesis of diabetic complications, a cleaetsidnding of the factors contributing to AGE fotima may help
in ameliorating tissue damage. Recent reports baggested that metal-catalyzed oxidation reactieng a major
role in accelerating the rate of AGE formation [Zfherefore, agents with antiglycation and antiaridproperties
may retard the process of AGE formation by prevenfurther oxidation of Amadori products and metafalyzed
glucose oxidation.

Costus pictusD.Don, is one of the medicinally important planbglongs to family Zingiberaceae [25]. It is
commonly called as ‘Insulin plant’, as its leaves proved to produce antidiabetic effects [26,2[]is a newly
introduced plant in India; originated probably irekico. The rhizomes of these plants possess devietagic
activities like antioxidant, cytotoxic and antituoro[28]. Powdered leaves of the medicinal pl@ustus pictus
known to possess therapeutic effect, when suppleEddn streptozotocin induced diabetic rats, istbto reduce
blood glucose level by 21% after 15 days of suppletation [29]. The methanolic leaf extract@dstus pictuss
used to lower blood glucose level in alloxan indud@&betic rats [26]. The antihyperglycemic andilimssecretory
activity of an aqueous extract ofostus pictusleaf is investigated in streptozotocin induced dtab
rats[30].Toxicity studies and antidiabetic activigf methanolic extract of this plant has been regubr
previously[28]. With this background, the antimibial, antioxidant and antiglycation activities dfferent parts of
Costus pictusvere analyzedAccording to literature survey, very few reporte gresent related to the antiglycation
activity of C. pictus The relative influence of bioactive componenie Itotal phenol and flavonoid in the
antioxidant activity was also studied.

MATERIALS AND METHODS

Ethnomedical Information and plant collection

Fresh plant parts were collected randomly from DetBiotechnology, Horticulture Department, Hulivog
Bangalore, Karnataka and voucher specimen werdifiéehand authenticated at National Ayurveda Diete
Research Institute, Bangalore, India.

Extraction

Dried parts of the plants were ground to a fine gemwith a grinder at room temperature. The powdigiant
material (10 g) was then extracted using a Soxxgactor with 100 mL of methanol (MeOH) at 60 &2 6 h. The
extract was filtered and evaporated to drynessviacaum at 40 °C with a rotary evaporator. Aftetedmination of
the yield, the extract was dissolved in methanofdcther study [31].

Aqueous extraction was performed by soaking 100thedry powder of plant materials in distilled tea(500 ml)
and shaken for 3 h by electric shaker. The suspengas filtered through muslin gauze and the fiitdeept in deep
freezer for 24 h, which was then lyophilized. Theghilized dry powder was then collected in stoppgample vial,
weighed and kept in desiccators to avoid absormifomater until used [32].

Test Organisms

Bacterial isolates used in this work includgigellasp, Klebsiellasp, BacillussubtilisandEscherichia colwhich
wereobtained from the Biotechnology department of laiversity, Bangalore, India. All the bacterialatrs were
suspended in nutrient broth and incubated at 38?C24h.Nutrient agar was used for testing the aotirial
activity.
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Determination of antibacterial activity
The antibacterial activity was tested using stath@ar well diffusion and broth dilution methodg [33].

Determination of Total Phenolic Content

The total phenolic content of the crude aqueous methanol extracts were determined using the metifod
Mcdonaldet al, 2001 with slight modifications [34]. The caliticn curve was prepared by mixing ethanol solution
of gallic acid (1ml; 0.025-0.400mg/ml) with 5ml FwolCiocalteau regent and sodium carbonate (4miMRD.7
Absorbance values were measured at 765nm and dhdastl curve was drawn. 1ml of crude methanol eitra
(5g/L) was also mixed with the above reagents dreat 80 min the absorbance was measured to deterth@ntotal
phenolic content. All determinations were carried io triplicates. The total phenolics concentnatio the extract

in gallic acid equivalents (GAE) was calculatedusing the following formula:

T=CVIM

Where T=total phenolic contents,milligram per grphant extract in GAE; C=the concentration of galticid
established from the calibration curve, milligramr pilliliter(mg/ml); V=the volume of extract ,militer; M=the
weight of methanol plant extract, gram.

Determination of Total Flavonoid Content

Total flavonoid contents were measured with themaium chloride colorimetric assay [35]. Aqueousda
methanolic extracts has been adjusted to lineeaitgei.e. (400pg/ml) and different dilution of standard dmn of
quercetin (10-100pg/ml) were added to 10ml voluinefiask containing 4ml of distilled water. To trabove
mixture, 0.3ml of 5% NaN@was added. After 5min, 0.3ml of 10% AICI3 was add&fter 6min, 2ml of 1M NaOH
was added and the total volume was made to 10rhl didttilled water. Then the solution was mixed waeid the
absorbance was measured against a freshly prepzagent blank at 510nm. Total flavonoid contenthef extracts
was expressed as percentage of quercetin equiyaerd00g dry weight of sample.

Antioxidant activity (DPPH free radical scavengingactivity) determination

The antioxidant activity of the plant extracts veesmmined on the basis of the scavenging effecherstable DPPH
free radical activity[36].Ethanolic solution of DPPH (0.05 mM) (300 ul) wakkad to 40 pl of extract solution with
different concentrations (0.02 - 2 mg/ml). DPPHusioh was freshly prepared and kept in the dak°@x Ethanol
96% (2.7 ml) was added and the mixture was shakgorously. The mixture was left to stand for 5 naind
absorbance was measured spectrophotometrically7an®m. Ethanol was used to set the absorbance Zdstank
sample containing the same amount of ethanol arféHDRas also prepared. All determinations were peréadl in
triplicate. The radical scavenging activities ok tlested samples, expressed as percentage oftimhikvere
calculated according to the following equation.

Percent (%) inhibition of DPPH activity = [(AB — AAX AB] x 100

Where AA and AB are the absorbance values of tsteatied of the blank sample, respectively. A peraambition
versus concentration curve was plotted and theerdration of sample required for 50% inhibition veltermined
and represented as IC50 value for each of thestdstions.

Non-enzymatic protein glycation

Experiments were performed according to the methitlVu et al., 2009 with slight modification[37]. Briefly,
bovine serum albumin (BSA, 20 mg/ml, 10 ml) was edixvith glucose (500 mM, 5 ml) and 0.02% sodiund@n
phosphate buffer (200 mM, pH 7.4). The sample wlifferent concentration dissolved in phosphate dru{200
mM, pH 7.4, 5 ml) was added to the reaction mixtamed then the mixture was incubated for 30 day&7&iC to
obtain glycated materials. Aminoguanidine was uasd positive control. Some of the glycated mdtersere
taken from the system for the following experiment®, 7th, 14th, 21st and 28th day after inculyatio

Spectrophotometric analyses of nitro-blue tetrazolim (NBT) reductive assay

The procedure of NBT reductive assay followed tleghad of Bakeet al.,, 1994 with slight modifications[38]. The
glycated material (0.5 ml) and NBT reagent (0.3 n2\0, ml) in sodium carbonate buffer (100 mM, pH3B).were
incubated at room temperature for 15 min, and Bs®dbance was read at 530 nm against a blank.
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RESULTS AND DISCUSSION

The antibacterial assay of leaf, root, stem anddloextracts ofC. pictusagainst four bacteria are presented in
Tablel. From the present data it is quite evideat both aqueous and methanol extracts of the pkatg exhibited
inhibitory activity on the growth of the four tedtenicrobes. According to Table, the methanolic &ots of leaf,
stem and root of the plant showed better zone loibition againstShigellaflexneri (16.33+3.2mm)Klebsiella
pneumonig18.11+2.4mm)Bacillus subtilig 17.67+2.4mm),and Escherichia coli(16.33£2.3) at the concentration
of 150 pg/ml respectively. All the results were @ared with the standard antibiotics such as stneyptn and
carbenicillin. For both aqueous and methanol etdrae two way ANOVA test was conducted. The tesealed
that extract concentrations have significant ef{@:t0.05) on the inhibition of the three bacteia ¢oli, Shigella
flexneri andBacillus subtilis, however, the concentrations did not have sigaificeffect (P>0.05) on the inhibition
of KlebsiellapneumoniaThe inhibitory effect produced by the methanolrast of the leaf methanol on the three
bacteria were higher than the effect produced ley abueous extracts except for root methanol whickwed
maximum zone of inhibition againShigellaflexneri.

Data analysis obtained from the antimicrobial assfathe different extracts df.pictuswere in accordance to the
similar findings of Adejumobgt al,, 2008 [39].Earlier work onC.pictus[27], showed marked activity against
Bacillus cereus, Enterobacter faecalis, Salmong#aatyphi, Escherichia coli, Proteus vulgariBseudomonas
aeruginosa, Serratia marcescens, Staphylococcueusir Streptococcus faecaland Klebsiella pneumoniae
(22-40mm/5Q! inhibition zone). The plant extracts preparedhwihethanol as solvent provided more consistent
antimicrobial activity, as also reported earlieff]. None of the aqueous extracts@pictusproduced better
zones of inhibition in the Kirby-Bauer analysis.igmight have resulted from the lack of solubilif/the active
constituents in aqueous solutions[42]. Similar ksswere exhibited earlier [43}here aqueous extracts did not
show much significant activity while the organictrxts (petroleum ether and methanol) showed tlybelsi
activity against the test bacteria. The resultsnéfimum inhibitory concentrations are shown in table 2. The
result showed that methanolic extract of root ighhi sensitive againsk.coli and Shigella flexneri (MIC-30
pg/ml),leaf methanol extract is highly sensitiveaiagt E.coli and Bacillus subtilis (MIC-30pug/ml and 25ug/ml
respectively). Flower extract is highly sensitivgamst Klebsiella pneumoniae(MIC- 20ug/ml). Significant
antioxidant properties of th€. pictushave been recorded by DPPH methods with phytodasnlike phenols,
flavonoids, terpenoids that are necessary forgteaadtion in the occurrences of many diseases [44].

Unlike other free radicals such as the hydroxyraldend superoxide anion, DPPH has the advantadeeiofy
unaffected by certain side reactions such as n@tathelation and enzyme inhibition[45]. DPPH asisalynown to
give reliable information concerning the antioxitdaability of the tested compounds. Fig 1 demonstraa
significant reduction in the concentration of DPE&t to scavenging ability of methanolic extracalbthe parts of
C. pictus[28]. Table - 3 depicted the total phenolic ara/dinoid contents of extracts Gf pictus The flower
extract ofC. pictuswas found to contain a noticeable amount of tptenols and flavonoids (233.83 + 0.44u9/g;
930.00+0.00png/g) which play a major role in codingl antioxidants. It is reported that the phermliare
responsible for the variation in the antioxidantiaty of the plant [46]. From the Table 4, the vetion of NBT by
Amadori products was inhibited by incubating gluwo8SA system with different parts of the plant and
aminoguanidine. The ability of the test samplemhibit NBT reduction was in the order of stem naetbl> flower
methanol> root methanol> leaf methanol. The ab@gilts were in support with Liargt al, 2011 which also
showed a significant reduction of NBT with increasitime [47]. The BSA- glucose model adopted irs thtudy
provides a useful tool for assessing the effectsadbus extracts on the non-enzymatic glycatiacpess.

Tablel: Antibacterial activity of Costus pictus by the well diffusion method

Leaf | Root | Stem [ Flower
Microorganism Concentration (150ug/ml)
Aq. Meth Adg. Meth Ag. Meth AQ. Meth
Shigella flexneri 12.33+2.0| 13.67+2.2 8.33+1.p 16.33+3.2 11.7+1.9 33&.2| 6.70+1.5| 12.7+2.
Klebsiellapneumonia| 10.66+1.9| 18.11+2.4  7.0+1.5 15.3+23 10.7+1.9 4B.37 | 8.33+1.6] 11.7+2.(
Bacillus subtilis 12.33+2.0| 17.67+2.4 7.68+1.p 16.0+23 11.741.9 38231 | 10.7+1.9] 11.7+1.9
Escherischia coli 9.66+1.8 | 15.67+2.3 9.33+1.f 15.3+283 11.7+1.9 36233 | 8+1.63 | 10.7+1.9

Values are mean + SE (n=3) at P<0.05
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Table2: The MIC values (pug/ml) ofCostus pictus against bacteria tested in the broth dilution assa

Leaf | Root |  Stem | Flower

Microorganism

Concentration (5-65ug/ml)

Ag. | Meth | Ag.| Meth| Aqg.| Meth| Ag.| Meth
Shigella flexneri 55 40 45 30 50 50 50 40
Klebsiellapneumonia| 50 25 40 35 45 30 35 20
Bacillus subtilis 50 25 50 30 40 35 50 45
Escherischia coli 55 30 55 30 45 35 45 45

Table 3: Total phenolic and flavonoid content ofC. pictus

Plant parts Total Phenol Flavonoid
Content(pg/g)| Content(ug/g)
Leaf 148.67 +0.83]  370.08+0.94
Root 148.33+0.33  405.41+0.22
Stem 228.33+0.44  426.33+0.68
Flower 233.83+0.44  930.00+0.0

Each value in the table was obtained by calculatirgyaverage of three experiments + SE

Table: 4 Effect of methanolic extracts (100ug/ml)foC.pictus and aminoguanidine

Plant Parts % Glycation % Inhibition
BSA+ Glucose 100 0

Leaf methanol 46.4 53.6
Stem methanol 30.4 69.6
Root Methanol 37.7 62.3
Flower Methanol 31.9 68.1
Aminoguanidine 55.1 44.9

100

Scavenging %
- M W = wn [=2] e | (o] (=)
o o o (=1 o o o o o

o

20 40 60

80

Concentration pg/ml

Antioxidant activity of methanol extracts g;ﬂ iy

100 150

aFm
BAA

200 250 300 350 400

Fig. 1 Antioxidant activity of methanol extracts
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CONCLUSION

In the present study, we evaluated the antimictadmtivity of the different parts (leaf, flower,esh and root) of
Costus pictuswhich exhibited pronounced activity against akitéel microorganisms and the activity was quite
comparable with the standard antibiotics screemateusimilar conditions. The remarkable antibaatesictivity
exhibited by the methanolic extracts can be attethio the synergic effect of the antimicrobial rgepresent in it.

In conclusion, the data presented here indicatettieamethanolic extracts of flower and stenCopictuspossesin
vitro antioxidant activity against oxidative protein dege and should be considered as new sources afahatu
antioxidants. In this studyC. pictus extracts showed protective effects against gluaodeced protein
modifications, significantly inhibiting the AGEs fimation. Our findings also provide a strong ratierfar further
investigation to understand the molecular mecharo$rthe antiglycation activity of the extracts wibtoth high
antioxidant and high antiglycation activities angblere the possible synergistic antiglycation betwéhem.
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