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ABSTRACT

The antimicrobial activity of Pleiospermium alatueaves were extracted successively with differehviests viz.,
Petroleum ether, chloroform, ethyl acetate and meth Screened for their antimicrobial activity agst
Staphylococcus aureus, Streptococcus pyogenes,roEateus faecalis, Escherichia coli, Proteus vuigar
Pseudomonas aeruginosa, Vibrio cholerae. Candidacahs, Candida parapsilosis and Candida tropicaig
using disc diffusion method, the extent of thehimdniy zones, Minimum Inhibitory Concentration (MIGinimum
Bactericidal Concentration (MBC) and Minimum Furidied Concentration (MFC) were also determined. The
methanol extract of P. alatum showed the highesiréerobial activity against all the bacterial arfdngal strains
tested than the other extracts. The mean zonesifiion produced by the extracts in agar diffus@Essays against
the tested bacterial strains ranged from 7.0 to81&um. The MIC values were between 125 and.@5tl, MBC
values250 and 100@/ml and MFC 250 and 10Q@/ml values were recorded. Phytochemical analy$effierent
extracts of leaves P. alatum was analysed. The anettextract of P. alatum leaves are showed theqmee of
strong phytochemicals viz., steroids, flavonoidsintns, phenolic compounds and terpenoids than dtter
extracts. The highest mean of zone inhibition (18r8) was observed in the methanol the extract ail®um
against Staphylococcus aureus. These finding stighgasthe methanol extract of Pleiospermium alatcen be
used as a antimicrobial substance for the treatneémticrobial infections.
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INTRODUCTION

Pleiospermum alaturbelongs to the family Rutaceae and distribute lipaits of tropical and sub-tropical region of
India. All parts of the plant have been recognitethave medicinal properties. The plants are coniyncalled as
‘kurunthumulthazhai’. The leaves and bark are dsethe fomentation of rheumatic pain; the driedgitfis useful in
malignant and pestilent fevers and is used as @do#m for poisons [1]. Various extracts of thenttahave been
reported for its anti-inflammatory and analgesitivéty [2]  Oils are obtained from fresh leaf juice used toecur
rheumatic complaints by the Kanikkar tribals of &dd - Mundanthurai Tiger Reserve, Western GhaasgilT
Nadu [3].

One of the more alarming recent trends in infectidiseases have been the increasing frequencytiafienobial

resistance among microbial pathogens causing nosatand community-acquired infections. Numerowsses of
antimicrobial agents have now become less effeetiva result of the effective pressure of antintiiziousage [4].
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Infectious diseases caused by bacteria, fungisesuand parasites are still a major threat to puigalth, despite
the tremendous progress in human medicine. Theiadatis particularly large in developing countrikge to the
relative unavailability of medicines and the emexgeof widespread drug resistance [5].

Staphylococcus aureus a facultative anaerobic gram-positive coccaltéd@em and its one of the most common
causes of nosocomial post-surgical wound infect[6ng], S. aureusand Pseudomonas aeruginosae responsible
for a significant number of biofilm related infemtis Staphylococcare was currently the most common cause of
nosocomial infections. Opportunist®& aureuss involved in native valve endocarditis, otitisneednd all kinds of
infections of implanted devices [8, 9, 10]. In necgears, nosocomial infections causedPyaeruginoséhas been
recognized as an acute problem in hospitals dits totrinsic resistance to many antibiotic clasaed its capacity

to acquire practical resistance to all effectivétaotics [11],P. aeruginosas a gram negative bacteria, occasionally
associated with opportunistic diseases of humazjs [1

The major causative agents of diarrhea in humatiade Shigella flexneriStaphlococcus aureus, Escherichia coli
andSalmonella typhj13]. Escherichia colis a gram-negative human enteric species thatrierg#y a virulent but
sometimes causes weakly virulent gastroenteritis wmary tract infectionsSalmonella typhimuriuns a gram-
negative pathogen that most commonly causes ewolégi®@and S. aureuds a gram-positive pathogen that most
commonly causes abscess, food poisoning and tbrickssyndrome; both are considered to be moreentuthan
S. lactisand E.coli [14]. Natural products of higher plants may possess aswmuce of antimicrobial agents with
possibly novel mechanisms of action [15, 16]. Tlaeg effective in the treatment of infectious dissasvhile
simultaneously mitigating many of the side effabist are often associated with synthetic antimiedglf17]. Skin
diseases occur worldwide and amount to approxim@#1% of all occupational diseases encounterel [y
affect people of all ages from neonates to therBl@ad constitute one of the five reasons for roaldconsultation.
Skin diseases have been of major concern recentytal their association with the Human Immuno-deficy
Virus and Acquired Immunity Deficiency Syndrome WAIDS) [19].

Fungal associated diseases may not be as comnutheasmicrobial infections but, when present, they difficult

to treat especially in immunosuppressed persong {2Zéndida albicanss the most common species linked with
candidiasis and is the most commonly improved sgefiom hospitalized patients. Candidiasis encosgsas
infections that range from superficial, such asl ¢haush [21] and vaginitis, to systemic and poiht life
intimidating diseases. The increase @hndida albicansinfections equivalents medical developments sugh a
invasive procedures, immunosuppressive treatmemtorigan transplants and extensive use of broadispe
antibiotics [22]. Candida andspergillusspecies have been found to be the most commologitial agents in
nosocomial blood stream fungal infections (BSI)eThost common species accounting for more than &0&d
Candidaassociated BSls af@. albicans, C. glabrata, C.parapsilosis, C. traglis andC. krusej while Aspergillus
fumigatus, A. flavysA. nigersandA. terreusare the most common isolated speciedspergillusassociated BSIS
[23].

The aim of the present study was to evaluate tkhienemobial activity of petroleum ether, chloroformthyl acetate
and methanol extracts Bfeiospermum alatuteaves against bacterial and fungal strains.

EXPERIMENTAL SECTION

Collection of Plant material and preparation of extacts

The fresh leaves ®?leiospermium alatuntRutaceae) were collected from Silambur (Lat3%PN; Long, 79.31°E),
Ariyalur District, Tamil Nadu, India. During the mths of March to April 2014. Specimens were wasosisgd in the
Herbarium of Department of Botany, Annamalai Unsig, Annamalai nagar. Collected leaves were washithal
water, then surface sterilized with 10% sodium hyporite solution rinsed with sterile distilled veatand shade
dried under room temperature. The samples werengrau to a coarse powder. One hundred grams ofseoar
powder was extracted with different organic solgdikte non-polar to polariz., Petroleum ether, chloroform, ethyl
acetate and methanol for 8 hours using Soxhletrapgma The solvents were evaporated under vacuuarratary
evaporator (Heidolph, Germany) and the dried etgraere stored at 4°C until further use.
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Phytochemical analysis Screening of Extracts

The Petroleum ether, chloroform, ethyl acetate methanol extracts of leaves Bfeiospermium alaturwere used
for qualitative phytochemical analyses. Phytochatsisuch as, flavonoids, tannins, steroids, glytessisaponins,
phenolic compounds, terpenoids and alkaloids weatyaed according to described by [24, 25].

Microorganisms

Seven clinical bacterial strains isolates Gram sitp@ bacteriaStaphylococcus aureus, Streptococcus pyogenes,
Enterococcus faecaliand Gram - negative bacteriascherichia coli Proteus vulgarisPseudomonas aerugingsa
Vibrio choleraeand three fungal specigSandida albicans, Candida parapsilogiadCandida tropicaliswere used

in the present study. The stock cultures were ragiatl on Muller Hinton Agar medium and Sabouraudtise
Agar at 4°C for bacterial and fungal respectivelfe isolates obtained from Raja Muthaih Medical |€p
Hospital, Annamalai University, Tamilnadin vitro antibacterial activity was determined by using MulHinton
Agar (MHA) and Muller Hinton Broth (MHB)In vitro antifungal activity was determined by using Sabadra
Dextrose Agar (SDA) and Sabouraud Dextrose BrobBB)Sfungi) they were obtained from Himedia Mumbai.

Antibacterial and Antifungal assays

Disc diffusion method

The agar diffusion method [26] was employed for ithidal assessment of antibacterial potential fte# extracts.
Petri plates were prepared by pouring 20 ml of M&t SDA allowed solidifying for the use in suschiity test
against bacteria and fungi. The standard inoculsingubacterial suspension containinyIOFU per ml, yeast
suspension containing 4GFU per ml were swabbed on the top of the solidifespenture media and allowed to
types for 10 minutes. Plates were dried and unifpispread. The excess inoculums were drained am@lties
were allowed to dry for 5 min. After drying, thesdiwith extracts were placed on the surface optate with sterile
forceps and gently pressed to ensure the contabt e incubated agar surface. Ciprofloxacin (5isgjdfor
bacteria and Amphotercin B (100units/disc) for yemas used as positive control. 10 per cent DMS® used as
blind control in these assays. Finally, the inotedaplates were incubated at 37 °C for 24 h bactand yeast. The
zone of inhibition was observed and measured itimaters. Each assay in this experiment was regeiiee
times.

Minimum Inhibitory Concentration (MIC)

Minimum inhibitory concentrations of plant diffeteextracts were tested in MHB for bacteria and SIoB fungi
described by [27]. The plant extracts were dissblnel0% DMSO to obtain 2 mg/ml and 0.5 ml of steckution was
incorporated into 0.5 ml of MHA to get a concendratof 1000, 500, 250, 125, 62.5, 31.2 and 15.6nudfO0u! of
standardized. Bacterial suspension of the teshimngawas transferred into each tube. The conttm wontained only
organism and devoid of plant extracts. The cultubes were incubated at 37°C for 24 h for bactanid yeast. The
lowest concentrations, which did not show any ghoefttested organism after macroscopic evaluatierewdetermined
as MIC.

Table. 1. Phytochemical analysis of the differenberacts of leavesPleiospermium alatum

Petroleum Ethyl

S.NO Phytoconstituents Chloroform Methanol
ether acetate

1 Alkaloids - + + +
2 Flavonoids - _ + ++
3 Phenolic compounds + + + ++
4 Saponins - _ - +
5 Tannins + _ + ++
6 Cardicac glycosides - + _ +
7 Steroids + _ + ++
8 Terpenoids + + ++

+
(++) = Strong; (+) = Positive (present); (-) =Neggive (absent)

Minimum Bactericidal Concentration (MBC)

The MBC of the different extracts were determingdplating 100ul of samples from each MIC assay twité
growth inhibition into freshly prepared MHB and tpkates were incubated at 37°C for 24 h bacteriee MBC
values were recorded as the lowest concentratidimeofextracts that did not permit any visible bdatecolony
growth on the agar plate during the period of iratidm.
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Minimum Fungicidal Concentration (MFC)

The MFC of the different extracts were determingdplating 100ul of samples from each MIC assay tufth

growth inhibition into freshly prepared SDA and thlates were incubated at 37°C for 24h yeast. TREC Malues
were recorded as the lowest concentration of thi&ets that did not permit any visible bacterialoocy growth on
the agar plate during the period of incubation.

Table 2. Antimicrobial activity of different extracts of leaves oPleiospermium alatum

Mean zone of inhibition (mm)
S No Microbial Concentration of the extracts (ug/disc) MIC MBC/
T strains/solvents Ciprofloxacin (mg/mL) | MFC (mg/mL)
1000 500 250 .
(10 mg/disc)
1 Staphylococcus aureus
Petroleum ether 14.0 £ 0.50 12.8 £ 0.7 95+050 29.3+0.57 250 500
Chloroform 14.5+0.50 13.1+0.78 10.3 £ 0.5} 2BB76 250 500
Ethyl acetate 18.0 £ 0.50 14.6 £ 0.76 11.0 £ 0.50 8.02 0.50 125 250
Methanol 19.8 +0.76 15.1+0.78 11.3 + 0.5 2750 125 250
2 Streptococcus pyogenes
Petroleum ether 14.1+£0.78 11.8 £ 0.7¢ 85+0.50 30.1+0.28 250 500
Chloroform 14.6 +0.76 12.5+0.50 9.8+0.76 20850 250 500
Ethyl acetate 15.3+£0.57 12.6 £ 0.76 10.0 £ 0.50 8.320.50 125 250
Methanol 16.1 £0.28 13.0 £0.50 10.3 +£0.5} 2750 125 250
3 Enterococus faecalis
Petroleum ether 12.3+0.57 10.8 £ 0.7¢ 8.0+0.50 28.3+0.67 500 1000
Chloroform 12.8+0.16 11.0+0.76 9.3 +0.57 28057 500 1000
Ethyl acetate 13.6 + 0.76 11.1+0.7§ 9.6 +0.76 9.320.58 250 500
Methanol 14.1 £0.78 11.8+0.76 10.0 £ 0.50 3050 250 500
4 Escherichia co
Petroleum ether 10.3+0.57 9.3 +0.76) 7.1+0.2B 0.030.50 500 1000
Chloroform 10.8 +0.76 9.8+0.76 8.5+ 0.76| 298.76 500 1000
Ethyl acetate 11.6 +0.76 10.1 +0.2 9.0+05Ff 27.8+0.76 250 500
Methanol 12.0 £ 0.50 10.6 £ 0.76 9.3 +0.57 27M50 250 500
5 Proteus vulgaris
Petroleum eth¢ 10.1 £0.7: 9.0 + 0.5( 7.0 +0.5( 26.5+ 0.5 50C 100(
Chloroform 10.6 +0.76 9.1+0.28 7.8 £0.70] 2#0.70 500 1000
Ethyl acetate 11.3 +£0.50 9.8+0.76 8.5+ 0.50 5280.50 250 500
Methanol 11.8+0.76 10.3+0.57 9.1 + 028 29.3500 250 500
6 Pseudomonas aeruginosa
Petroleum ether 9.8+0.76 8.8+ 0.80 7.0+0.50 7290.73 500 1000
Chloroformr 11.0+0.5 9.6 +0.7¢ 7.3+0.5 30.0 + 0.5 50C 100(
Ethyl acetat 12..0+ 0.5 10.8+0.7 8.0+ 0.5( 28.1+0.2i 25C 50C
Methanol 12.5+0.50 10.3+0.57 8.5+ 0.5( 26@38 250 500
7 Vibrio cholerae
Petroleum ether 10.8 +0.76 9.6 + 0.76] 7.1+0.2B 9.02 0.50 500 1000
Chloroform 11.3+0.50 9.0+ 0.50 7.5 £ 0.50] 288.50 500 1000
Ethyl acetat 13.3+ 0.5 10.8+ 0.7 8.3+0.5 27.8+0.3 25C 50C
Methano 14.0+£0.5 10.8+ 0.7 9.0+ 0.5( 28.0 £ 0.5 25C 50C
8 Candida albicans
Petroleum ether 11.0 £0.50 9.8 +0.76 7.810.7p 6.1%0.28 500 1000
Chloroform 12..1+0.78 10.0 £ 0.50 7.8+0.76 1550 500 1000
Ethyl acetate 13.0 £ 0.50 10.0 £ 0.5(¢ 8.8+ 0.6} .7140.38 250 500
Methano 13.8 + 066 10.8 = 07! 9.6 + 0.7t 16.0£0.5 25C 50C
9 Candida parapsilosis
Petroleum ether 11.0 £0.50 9.8 +0.76 7.8+0.76 6.1%0.28 500 1000
Chloroform 12.0 £ 0.50 10.0 £ 0.50 8.1+0.78 18@76 500 1000
Ethyl acetate 13.5+0.50 103 £ 0.50 9.1+0.78 31#50.57 250 500
Methanol 14.1+ 0.28 11.0 £ 0.50 9.8 +0.7§ 14.0500 250 500
10 Candida tropicali:
Petroleum ether 9.3+0.57 8.1+0.28 7.0+0.50 3#9.57 500 1000
Chloroform 9.8+0.76 8.3+0.57 7.3+ 0.57 14.8. 10 500 1000
Ethyl acetate 10.1 £0.28 9.0 £ 0.50 8.1+0.28 0%30.50 500 1000
Methanol 10.8 £0.76 9.8+0.76 8.3 +0.57 16.(00. 500 1000

“Diameter of zone of inhibition (mm) including thisaddiameter of 6 mm
PMean of three assays; *- Standard deviation nSigant at P<0.05
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RESULTS

The petroleum ether, chloroform, ethyl acetate methanol extracts d®. alatumleaves were used to analyses the
phytochemical contents. The ethyl acetate and methextracts ofP. alatumleaves showed the presence of
phytochemicals namely alkaloids flavonoids, phenabmpounds, saponins, tannin, glycosides sterads,
terpenoids strongly than the other extracts. lrordibrm extracts showed all the phytochemicals atsgll the
phytochemicals were present in ethyl acetate extracept cardiac glycosides and saponins. In [getno ether
extract all the phytochemical analysis are absenem, phenolic compounds, tannins, steroids @mngehoids
(Table-1).

The present study different solvevitz., petroleum ether, chloroform, ethyl acetate arethenol extracts oP.
alatumleaves was showed varied level of activities agahmes bacterial and fungal strains tested. Allek&racts of

P. alatumpossessed significant antibacterial and antifuagtwity against all the bacterial and fungal stsaiested.
The mean values are presented in Table- 2. Wheuliffezent extracts were tested against the testebal and
fungal strains by using disc diffusion method MIKZBC, and MFC were also determined. The mean zone of
inhibition obtained were between 7.0 to 19.8mm. Tofloxacin (10ug/disc) antibacterial positiventrol
produced the mean zone o inhibition were from 26.5330.0mm and Amphotercin-B (100ug/disc) antifungal
positive control produced the mean zone of inlobitwere between 13.0 and 16.1 The 10% DMSO did not
produced the any zone of inhibition. The MIC valoéslifferent extracts oP. alatumranged between 125 and 500
pag/ml, while the MBC values were between 250 an@01dg/ml and MFC values were between 250 and 1000
pag/ml. The highest mean of zone of inhibition (31aBd the lowest MIC (125 pg/ml), MBC (250 pg/mBlues
were obtained the methanol extracPofalatumagainstStaphylococcus aureushe highest mean zone of inhibition
(14.1 mm) and the lowest MIC (250ug/ml) and MBCQ50y/ml) values were reduced in methanol extraatreg

C. papapsilosis.

DISCUSSION

In the present study, different solvent., petroleum ether, chloroform, ethyl acetate arelhanol extracts oP.
alatumleaves was showed varied level of activities agahes bacterial and fungal strains tested. Allek&racts of
P. alatumpossessed significant antibacterial and antifuagtiVity against all the bacterial and fungal stsailn the
present study methanol extract was found to be efsttive in antibacterial and antifungal activigd followed
by petroleum ether, chloroform and ethyl acetatee Thethanol extract d®. alatumleaves showed the highest
antibacterial activity against S. aureus followeddther strains. The mean zone inhibition is 19/ reind the
lowest MIC (125 pg/ml) and MBC (250 pg/ml) valuesrer observed in methanol extract. In antifungaviygt the
methanol extract ofP. alatum showed highest antifungal activity and it was doled by petroleum ether,
Chloroform and ethyl acetate. The methanol extofd®. alatumshowed the highest antifungal activity agai@st
parapsilosis.The mean zone of inhibition @&. parapsilosiss 16.1 mm. The lowest MIC (250 pg/ml) and MFC
(500ug/ml) was observed in the methanol extrathefeaves oP. alatum Similarly, reported the leaf extract Bf
alatum possess antibacterial and antifungal activity agfathe mutli-drug resistant strains Bf coli, Candida
albicansandsS. aureusOur findings correspond with findings of [29]. Whbbserved that the methanol extracts
of Pterospermum suberfolium, Trachyspermum ammi, pledtayum pterocarpum, Ixora coccinea, Persicaria
glabra, Terminalia ellipticaand Cicca acidashowed potential antidermatophytic activities agaifrichophyton
mentagrophytesand Microsporum gypseumSame significant results were obtained wWiper aduncumeaves
againstTrichophyton rubrunandT. interdigitale[30].

The methanol extracts @assia siameahowed a broad spectrum of antibacterial actizgginstBacillus subtilis,
B. pumilus, Micrococcus luteus, Staphylococcus asird®>seudomonas aeruginosa, Klebsiella pneumoaiak
Escherichia coliwith the mean zones of inhibition ranged from Z4enm [31]. The same trend @assia fistulaextract
showed strong antibacterial and antifungal actsitthanMesua ferreg32]. The methanol extract afanthium
coromandelicunshowed the broad spectrum of antifungal activitye MIC value at 128 pg/mL againsspergillus
niger, Auricularia polytrichaand Candida albicansand 512 pg/mL againgtrthrobotrys oligosporaand Chaetomella
raphigera[33].

Phytochemical constituents such as alkaloids, pieemmmpounds, saponins, glucosides and terpenwoieie
detected in the methanol leaves extrad® cdlatum
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Methanol extracts oPleiospermium alaturehowed potential inhibitory action on tested fungfahins. The solvent
methanol is known for its ability to isolate moratienicrobials from plants including tannins, polgtols,

terpenoids, saponins, xanthoxyllines, totarol, guresds, lactones, flavones and phenones, whilentier extracts
could isolate only anthocyanins, starches, tansasonins, terpenoids, polypeptides and lectinsgeineral, phenolic
compounds possess specific physical, chemical a&idglical activities that make them useful as drugjsenolics
were also responsible for the antimicrobial, anfiammatory, anti-feedant, anti-viral, anticanced aszasodilatory
actions [35] Phenolic compounds may affect growitl mmetabolism of bacteria. They could have an atitig or

inhibiting effect on microbial growth according tbeir constitution and concentration [36]. Tannimere used
therapeutically as antiviral, antibacterial, art@rl and antioxidant agents. Many tannin contaidings are used in
the treatment of piles, inflammation, burns an@stsingent [37]

In this study, the methanol extract of leave®oalatumshowed the highest antibacterial activity agaihstgram
positive bacteria than the gram negative bacteria.

The MIC and MBC values of methanol extract weredothan that of other extracts of tR&iospermium alatum
showed potential antibacterial effect against badtstrains tested. Similar observations were matie studying
the antimicrobial activity of seeds 8fzygium jambolanu{B8], FAME extracts of certain marine macro alga@][and
leaves oflpomoea pes-caprag0]. The majority of plant derived antimicrobiabmpounds generally have higher
MICs than bacterial or fungal produced antibiotittsys limiting their therapeutic potential [41] oefed that
seaweed extracts tested had strong inhibitory icgainst gram positive bacteri@.(aureusandB. subtili§ but it
showed weak activity against gram negative bac{&riaoli and proteus mirabili3. The greater resistance of gram
negative bacteria to plant extracts has been dostedereviously for seeds &. jambolanuni42] and bark of
Cassia siamef3].

CONCLUSION

The antimicrobial activity of thé’leiospermium alatunmethanol leaf extract, probably due to the recogmhi
phytoconstituents, further confirms its use as athecure in traditional medicine. Bioactive sulpstas from this
plant as a result be employed in the formulationaofifungal agents for the healing of a varietynaitrobial

infections. Detection of these phytoconstituentd determination of their respective antimicrobiatgncies and
toxicological evaluation with the scrutiny of fortating fresh chemotherapeutic agents should befihee

direction for research.
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