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ABSTRACT

The exhaustive extraction of Securidaca longepedunculata (Fresen) root bark harvested few days after rainy season
with methanol gave an extract yield (19.82 %), which was then exhaustively fractionated with solvents of increasing
polarity namely- n-hexane, chloroform, and ethyl acetate. The remaining residue after solvent fractionation was
regarded as methanol fraction. These four fractions were analyzed for their antimicrobial activity against some
multidrug resistant pathogenic microorganism and phytochemical screening was carried out to determine the
secondary metabolites in each fraction. The antimicrobial analysis revealed that the chloroform fraction was the
most active with mean zone of inhibition (23 mm) followed by methanol fraction (21 mm), ethyl acetate fraction (19
mm) and hexane fraction (15.5 mm). The chloroform fraction was highly potent against methicillin resistant-
Saphylococcus aureus (MRSA), Streptococcus pyogenes, vancomycin-resistant Klebsiella pneumonia and multidrug
resistant Pseudomonas aeruginosa and Pseudomonas fluorescens. Phytochemical screening revealed that cardiac
glycosides, flavonoids, tannins, and saponins are present in the entire fractions, alkaloids were present in methanol
and ethyl acetate fractions only, tannins are present in all the fractions except hexane fraction and anthraquinones
were absent in the entire fractions. The presence of these secondary metabolites accounts for the antimicrobial
activities of the fractions obtained from the root bark extract of this plant and also, justified the claimed traditional
medicine use in the treatment of bacterial infections.
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INTRODUCTION

Antibiotics are drugs used to treat infections eausby bacteria, fungi, protozoan and other harmful
microorganisms. Due to the ease of production dibetics in standardized forms, it has become easingly
popular worldwide for the treatment of differenhété of diseases. However, the downside of usinipiatits is
that many bacteria, which were previously suscéptib the antibiotics, have now become resistaspeeially
Pseudomonas aeruginosa and Pseudomonas fluorescens [1,2], Klebsiella pneumoniae [3], methicillin resistant-
Saphylococcus aureus particularly the strain implicated in nosocomialfeictions [4,5] andEscherichia coli,
Streptococcus pneumoniae, Haemophilius influenzae [6]. This incidence of antibiotic resistant of sempathogenic
microorganisms arises due to prolong use and gpwiisuse of antibiotics by patient [7,8]. Therefdie remedy
this problem of inability of antibiotics to succédsy kill pathogenic bacteria and fungi, peoplelinth developed
and developing countries are now not only embrabieidpal medicine but are using it as effective driay their
primary healthcare needs [9,10].
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Based on the foregoing disclosure, clinical micoddgists, natural product chemist and other sa&ntivorldwide
are continually contributing to the developmenplaint based antimicrobial agents. To this end thredd this paper

is to report the research findings of the effeatass ofSecuridaca longepedunculata as a plant with potential
antimicrobial agents capable of treating drug testsstrains of some pathogenic bacteria, whiclude methicillin
resistant-Staphylococcus aureus (MRSA). Securidaca longepedunculata belongs to the family Polygalaceae and it
is extensively distributed in West and East Afridiso, it is found in the Zambezian zone of Afri¢a.East Africa
because of over harvesting the plant is almostgymito extinction [14,15]. The plant is call&bvar maguguna by
the Hausa speaking people in Nigeria and other tdesnin tropical West Africa. The literal meaniodg Uwar
maguguna is mother of all medicine. It is used to treatrahts like headaches, rheumatism, diabetes, cancer,
tuberculosis, veneral diseases, abortifacientssantiany diseases. The plant parts mainly usea#b diseases are
roots, stem bark and leaves [15,16]. Previouslg, ahtimicrobial activity of the root bark of thisapt has been
investigated with the extraction solvent used thelude 70 % ethanol or aqueous ethanol [11,1Bhretl, acetone,
and distilled water [13]. Solvent fractions of {hgre acetone extract, which include hexane, dichi@thane, ethyl
acetate, n-butanol, aqueous methanol and water watected. However, only the antimicrobial acfiedt of
dichloromethane, hexane, n-butanol and ethyl aedtattions were investigated and reported [13]s Thesent
study reports findings of the antimicrobial actyviatnd phytochemical screening of fractions obtaifredn the
fractionation of the methanol extract®flongepedunculata root bark.

EXPERIMENTAL SECTION

Collection of plant materials: The fresh roots ofecuridaca longepedunculata was dug out from the soil near
Kufena mountain, Wusasa, Zaria in October, 201@ flant was identified by Mallam Mohammed Sule &albf
the Herbarium Unit of the Department of Biologicatience, Ahmadu Bello University, Zaria — Nigerig b
comparison with a voucher specimen number 900148eplant deposited in the herbarium unit. Thek ludirthe
roots was peeled off with a table knife and deleimoved with a small brush and then air-dried foow 4 days.
The dried root bark was grinded with a pestle amdgtan into coarse powder and stored in the dark aibig air-
tight glass container until when used.

Extraction of plant materials;. The coarse powdered root bark $dcuridaca longepedunculata (1 kg) was
extracted with (4 drhx 3) methanol at ambient temperature for 12 dagst{ 4 drfof methanol was used for 4
days). After each extraction period, the extracs fikered with a Whatman 1 filter paper and thembined. The
combined extract was concentrated in vacuum witbtary evaporator at 4. The extract was then dried further
in a desiccator to constant weight.

Fractionation of the crude methanolic extract: The methanol extract (190 g) 8écuridaca longepedunculata root

bark was defatted by soaking it in n-hexane (500x#) at ambient temperature and allowed to stan@ fdays to
give n-hexane fraction, which was filtered with &h&¥man 1 filter paper and concentrated under vacwitma

rotary evaporator. The air dried residue from namexsolvent fractionation was further fractionatéth (500 cni x

4) each of the following solvents of increasinggsities namely- n-hexane, chloroform, and ethylt@ee in the
same manner as described for n-hexane fractiore .aithdried residue from the preceding solventtioaation is
used for the next solvent to ensure very good ifvaation efficiency. The remaining air-dried resdafter n-
hexane, chloroform and ethyl acetate fractionatiat been carried out is taken as methanol fraction.

Antimicrobial Activity Test

Preparation of test samples:. Each of the hexane, chloroform, ethyl acetateraathanol fractions of the plant root
bark was dissolved in dimethylsulfoxide (DMSQO) sait. As a precaution not to miss trace amount tifréerobial
agent for preliminary screening, a relatively higincentration of 200 mg/ ml of each fractions werepared for
bioassay.

Test microorganisms. The hexane, chloroform, ethyl acetate and methfxactions of the plant were screened
against multidrug resistant six clinical bactesalates, which include Gram positive bacteria ngmeilethicillin
resistantStaphylococcus aureus (MRSA), Streptococcus pyogenes and Gram negative bacteria namebgimonella
typhi, Klebsiella pneumoniae, Pseudomonas aeruginosa and Pseudomonas fluorescens. Candida albicans was the
only fungus screened in this experiment. The cdihibacteria isolate and fungus were obtained fithm
Department of Medical Microbiology, Ahmadu Bello iersity Teaching Hospital, Shika, Zaria — Nigerighe
bacteria were rejuvenated on Mueller Hinton agadioma (MHM, Merck, Germany) and subculture as needed

Agar well diffusion method: Mueller Hinton agar (blood agar) was the mediwadias the growth medium and

was prepared according to manufacturer’s instrastidhe medium was dissolved into sterile distillegdter in
conical flask capped with cotton wool and boileddtssolved on Bunsen burner, the medium was stedlat 121
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°C for 15 min, cooled to 48C and then 20 ciof the sterilized medium was poured into steritgrirdishes and
then allowed to cool and solidify. These were theed for antimicrobial activity bioassay.

For the bioassay experiment, bacteria or fungupesision of approximately 1.5 x ®6fu/ cn? in sterile normal
saline were prepared as described in a previonsiatd procedure [17] as follows. About 1.5%whthe bacteria or
fungus suspension was uniformly seeded on Muelletod agar in 12 x 1.2 cm glass Petri dishes,te&tand for
15 minutes and excess of suspension was then draikdiscarded properly. Wells of 6 mm diametet a@nout 2
cm apart were punctured in the culture media ustagle borers. Respective concentrations of thdicireal plant
fractions were administered to fullness in eachl.v@lilture plates were incubated at %7 for 48 hours and then
after 48 hours bioactivity was determined by meiaguthe diameter of inhibition zones in millimetérsm) using a
transparent ruler. Bioassay experiment against bacteria or fungus was done in triplicates andntlean of the
diameter of inhibition zones was calculated. Cdatincluded use of solvent without test fractioakthough no
antibacterial activity was noted in the solventdise prepare the plant solvent fractions soluticedfor the
experiment.

Phytochemical Screening: a qualitative chemical analysis of hexane, chlamfoethyl acetate and methanol
fractions was carried out to detect the presencsonfe classes of secondary metabolites or natundupts like
alkaloids, tannins, flavonoids, saponins, anthnaojes and cardiac glycosides using standard proeedufollows.
Wagner reagent test for alkaloids, ferric chloridst for tannins, ammoniacal silver nitrate test flavonoids,
Salkowski and Liebermann-Burchardt's test for sapgnBorntrager’s test for free and combined amfhi@ones,
Legal test/ sodium nitroprusside test for cardigcasides, and Benedict and Fehling’s test for caty sugars
[18,19].

RESULTSAND DISCUSSION

In this research work the initial bulk extractiofittwmethanol as solvent gave a methanol extrad9d32 % vyield,
which was higher compared with the 1.45 % yielchwfthanol extract reported previously [20], 1.74 Bddy of
acetone extract [21], 5.0 % vyield, after 2 hoursaetion with methanol [22], and 10.90 — 12.59 %lgj after 48
hours extraction with methanol [23]. This developinis likely attributable to the differences in &nof the season
when the root was harvested and/ or whether olydbt bark was used or it was the complete robtdlwis made
up of the inner cortex and root bark) that was u3ée high percentage yield of the methanol extodtained in
this research work is likely due to debarking af tbot and then the root bark was used for theaetiém. Also, it
could likely be due to the harvesting of the pleotits in month of October, 2010, few days aftenyaseason in
Zaria, Nigeria. In addition, the duration of extian period, plays a significant role in improvegtract yield
because exhaustive extraction was carried outgdout days in this study. However, this yieldasvér compared
to when distilled water (35.80 % yield) was usedemorted in the literature [24], because distillgater normally
extract mucilage and resins in addition to the sdaoy metabolites that other non-polar and polaress would
usually extract. The use of distilled water is sy discouraged since it could lead to the decasitjpm of
precious secondary metabolites with immense thetapealue, especially, if it is concentrated osteam bath at
high temperatures [25].

The methanol extract db longepedunculata root bark was subjected to solvent fractionatiothvsolvents of
increasing polarities in order to reduce the coxipits of the extract to facilitate ease of compduisolation and
also give a better understanding of the polariGgésiot only the solvent fractions but also thattleé isolated
compounds. It also facilitates understanding of i@st bioactive fraction polarity. The result ofstlexperiment
showed that the methanol fraction, which is the tnmmdar was obtained in the highest yield, while thexane
fraction has the least yield (see Table 1). Thmnisndication that the methanol fraction contaimee components
compared to the other three fractions.

Table 1. Weight of fractionsfrom fractionation of initial crude methanol extract

Fractions  Weight (g) % Yield
Hexane 5.23 2.75
Chloroform 9.81 5.16
Ethyl acetate 12.85 6.7
Methanol 162.07 85.3

In the antimicrobial activity assay, the entire pathogenic bacteria assayed were susceptiblestéothr fractions
while the fungugCandida albicans was resistant to the entire fractions tested asvstin Table 2. Interestingly, it
can be observed that chloroform and methanol &rastiinhibit methicillin resistant -Staphylococcus aureus
(MRSA) by the same degree or extent because battidns gave zone of inhibition of 28 mm (see T&#jleThe
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ethyl acetate fraction gave a comparable resuth&b of chloroform and methanol fractions, which2is mm.
However, the hexane fraction gave the least zonehilbition value, which is 14 mm. Based on thaseifgs, the
chloroform, ethyl acetate, and methanol fractioesewery effective in inhibiting the growth of MRSAhe reason
is because their zones of inhibition exceed 15 mhich is the ideal effective zone of inhibition forude fractions
[26]. The same trend for MRSA is applicable to éhrgher drug resistant bacteria tested, whichPaeadomonas
fluorescens, Pseudomonas aeruginosa and Klebsiella pneumoniae. Despite this identical trend, there is slight
variation as observed in tiseudomonas aeruginosa assay result, particularly in its activity agaihskane fraction,
which is 16 mm. This value exceeds the ideal zdnelabition of 15 mm set for this research studghwegards to
crude fraction. Therefore, the entire four fractiare very effective in inhibiting the growth oktbacteria tested.
Considering the values obtained by averaging time zf inhibition obtained for each fraction agaiabtthe tested
bacteria. It could be observed that chloroformtfeachas the highest average zone of inhibition rt#8) followed
by methanol fraction (21 mm), ethyl acetate (19 namj hexane extract (15.5 mm) as compared fromahes in
each column of Table 3. The extents of activitiethe solvent fractions recorded in this experimanat more potent
compared to previous experiment done only on th&#hanol fraction of this plant [11].

Table 2. The Antimicrobial susceptibility test of Securidaca longepedunculata root bark solvent fractions

Test microorganisms Hexane Chloroform Ethyl acetate Methanol
Saphylococcus aureus (MRSA) S S S S
Streptococcus pyogenes S S S S
Pseudomonas aeruginosa S S S S
Pseudomonas flourescens S S S S
Klebsiella pneumoniae S S S S
Salmonella typhi S S S S
Candida albicans R R R R

Key: S= sengitive R = resistant

Table 3. Zone of inhibition (mm) of Securidaca longepedunculata root bark solvent fractions

Test microor ganisms Hexane Chloroform Ethyl acetate Methanol
Saphylococcus aureus (MRSA) 14 28 27 28
Streptococcus pyogenes 17 20 19 20
Pseudomonas aeruginosa 16 28 17 18
Pseudomonas flourescens 14 20 17 16
Klebsiella pneumoniae 16 17 16 20
Salmonella typhi 16 27 18 23
Candida albicans 0 0 0 0

In order to account for the reason why the fragtierhibited significant antimicrobial activitieshyyiochemical test
was carried out to determine the secondary metalsofiresent in each fraction. Table 4 shows thelteesf

phytochemical screening, that indicates the presericmany secondary metabolites as follows. Allddoivere

detected in both ethyl acetate and methanol frastid his is in agreement with the result obtairedMalawian

variety of the plant [13]. However, it was previbusletected in the crude water extract but absergtihanolic
extract [12]. This is the first time that alkaloidss reported to be present in the ethyl acetaterathanol fractions
of the solvent-solid partitioned methanolic extrathe presence of alkaloids may account for thénérobial

activities of the plant [27].

Anthraquinones were absent in the entire fractiomestigated. Although, it was previously reportecbe present
in both ethanolic and crude water extracts [12} @hsence of anthraquinones in this research veudk probably

be due to either the solvent (methanol) used feiirhial extraction could not extract it or may ibéas not formed
in the plant as of the time of plant collectionharvest. The plant was collected from the wild ictaber, 2010 for
this research work, while in the research of [12) as collected in April, 2010. Cardiac glycosides present in all
the fractions with exception of hexane fractios. presence has not been reported previously. Caglljaosides
present in the plant fraction accounts for itslzatterial activity especially, if its aglycone gort is steroidal [28].
However, saponins have been detected in the drdacBons tested. Each fraction contains saponinighware both
steroids and terpenoids in nature, because theg gasitive response for both Salkowski and Liebemma
Burchardt's test. Saponins have been reported tprbsent in both ethanol and crude water fractit®,13].

However, this research work has shown that thersapare distributed in the root of this plant as+polar and
polar in nature. The presence of saponins may atdouthe potent antimicrobial activities of thedtions of this
plant. Recently, it was pointed out that saponespecially steroidal saponins have very potentnaotobial

activity. This claim is corroborated by works ohet researchers [29,30,31].

Flavonoids are present in the entire fractions with exception of hexane fraction. Previously, dsweported that
flavonoids are present in the ethanolic and crudeemextracts [12]. The result of this researchknsitowed that
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the plant root possesses both polar and non-ptasorfoids. The presence of flavonoids may accoaonttlie

antimicrobial activity of the roots of this plar®7q]. Reducing sugars are present in the entirdidras tested with
the exception of hexane fraction. This is an intiica that the hexane fraction does not possessndacy
metabolites, which are glycosides in nature. Theenbe of cardiac glycosides in the hexane fragsion line with

the absence of reducing sugar in it. The othertiras possess free sugars which are reducing ans#amndary
metabolites which have reducing sugars bound taghgone unit.

Table 4. Phytochemical screening of Securidaca longepedunculata root bark solvent fractions

Plant fractions
Hexane Chloroform Ethyl acetate Methanol
Alkaloids - - + +
Anthraquinones - - -
Cardiac glycosides - + + +
Flavonoids + + + +
Reducing sugars - + + +
Tannins - + +
Saponins + + + +

Key: + = positive response, - = negative response

Secondary metabolites

CONCLUSION

This study has shown that higher yield of methagxiract can be obtained few days after the rairasse,
especially in the tropics and it also showed thatdolvent fractions obtained from the methanalaettof the root
bark of Securidaca longepedunculata are highly potent antimicrobial agents with renadulle activities against
pathogenic Gram positive and Gram negative bactsigmificantly against multidrug resistant badaenvhich
include methicillin resistan®aphylococcus aureus (MRSA) and vancomycin resistaltebsiella pneumoniae.
Interestingly, the fractions were highly active mgaPseudomonas fluorescens a bacterium, which is also difficult
to treat because only few antibiotics are availabl¢he market for treatment of diseases it caases are now
resistant. In addition, the secondary metabolitsponsible for the antimicrobial activities of tfiactions were
identified. Further research is required in ordeisblate the active compounds responsible forathtémicrobial
activity of the solvent fractions. In addition, te&ucture of the isolated pure compounds shouldi®etified with
spectroscopic techniques, which include IR, UV, Niliftl Mass spectrometry. It is recommended thatityxiest
should be carried out on the crude extracts, fsastand isolated pure compounds.

REFERENCES

[1] GH Shahidi-Bonjar; A Karimi NikAsian Journal of Plant Sciences, 2004, 3(1), 61-64.

[2] A Tyagi; V Singh; M Bharadwaj; A Kumar; K ThakuJ. Chem. Pharm. Res., 2011, 3(4), 342-374.

[3] GH Shahidi-BonjarAsian Journal of Plant Sciences, 2004, 3(1), 82-86.

[4] S Esposito; S Leone; S Noviello; F lanniello;Mbre.New Microbiologia, 2007, 30, 326-331.

[5] LS Parasa; T Sunita; KB Rao; AH Rao; JS Rao;Kidnar.J. Chem. Pharm. Res., 2011, 3(5), 736-742.

[6] SH Mirza. Infectious Diseases Journal of Pakistan, 2007, 75-79.

[71 MM Cowan.Clinical Microbiology Reviews, 1999, 12(4), 564-5.

[8] GM Araljo; LG de Rocha; RO Macedo; CA Camard9g Silva; MDF dos Santos; SM Pinheiro; ML de Assis
Bastos; VS Andradel. Chem. Pharm. Res., 2013, 5(3), 61-65.

[9] AM EI-Mahmood; JM AmehAfrican Journal of Biotechnology, 2007, 6(11), 1272-1275.

[10] Z Ullah; A Rehman; N Ullah; SA Khan; SU Khadmhmad.J. Chem. Pharm. Res., 2013, 5(3), 86-90.

[11] U Ajali; BK ChukwurahPhytomedicine, 2004, 11, 701-3.

[12] AS Kamba; LG Hassawfrican Journal of Pharmaceutical Science and Pharmacy, 2010, 1(1), 85-95.

[13] F Ngonda; Z Magombo; P Mpeketula; J Mwatsat@éZpp Pharma Sci, 2012, 2(11), 026-033.

[14] J Hutchinson; JM Dalziel. Flora of West Tropi Africa, 2 Edition. Vol. 1 Part 1, Crown Agents for
Overseas Government and Administratit®64; 183-185.

[15] A Mann; M Gbate; AN Umar. Medicinal and EconienPlants of Nupeland. Jube Evans Books and
Publications2003.

[16] FR Irvine. Woody Plants of Ghana. Oxford Unisiey Press, Londori961; 72.

[17] BA Forbes; DF Sahm; AS Weissfeld; EA Trevir®ailey Scott's Diagnostic Microbiology, EJ BaronRL
Peterson; SM Finegold (Eds.) Mosby Co., St. Loigdduri, MI,1990; 171 — 194.

[18] JB Harbourne. Phytochemical Methods: Guid&tadern Techniques of Plant Analysié® &dition, Chapman
and Hall, London1998; 83-90.

[19] AO Oyewale; A.O., AA Musa; JO Amupitah.Sci. Engr. Tech., 2001, 8(2), 3300-3311.

32



Akpemi A. Musa et al J. Chem. Pharm. Res,, 2013, 5(10):28-33

[20] C Costa; A Bertazzo; G Allegri; O Curcuruto;Tialdi. Journal of Heterocyclic Chemistry, 1992, 29, 1641-
1647.

[21] JIM Meyer; NC Rakuambo, AA Husseilournal of Ethnopharmacology, 2008, 119, 599-603.

[22] A Lino; O DeograciousAfrican Health Sciences, 2006, 6, 31-35.

[23] CO Okaoli; PA Akah; U EzugworiéAfri. J. Trad. CAM, 2005, 2(3), 54-63.

[24] TO Ajiboye; AK Salau; MY Yakubu; AT Oladeji; WM Akanji; JI Okogun.Human and Experimental
Toxicology, 2010, 29(8), 679-688.

[25] WP Jones; AD Kinghorn. Natural Product Isaati 2 Edition, SD Sarker, Z Latif, Al Gray (Eds.), Hunaan
Press Inc., Totowa, N2006; 334-335.

[26] DL Batovska; TT Todorova; IV Tsvetkova; HM Nignsk.Polish Journal of Microbiology, 2009, 58(1), 43-47.
[27] M Saleem; M Nazir; MS Ali; H Hussain; YS LeN;Raiz; A JabbaMatural Product Reports, 2010, 27, 234-
254,

[28] V Kien; L Martinkova Current Medicinal Chemistry, 2001, 8, 1303-1328.

[29] KO Soetan; MA Oyekunle; OO Aiyelaagbe; MAf#aso. African Journal of Biotechnology, 2006, 5(23),
2405-2407.

[30] CR Yang; Y Zhang; MR Jacob; Sl Khan; Yl Zhang; Li . Antimicrobial Agents and Chemotherapy, 2006,
50(5), 1710-1714.

[31] A Sharma; SC Sati; OP Sati; MD Sati; SkKtligal; DK Semwal; A MehtaJournal of Chemistry, 2013, 1-
5.

33



