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ABSTRACT

The in vitro antimicrobial activities of the aquepand ethanolic extracts of Tithonia diversifokaf, stem and root
were studied. Two bacterial isolates (Escherichiti and Salmonella typhi) and fungus (Candida adinis) were
subjected to susceptibility testinging two treatment levels of the extra@95 and 0.1 g/ml). Solvents (aqueous
and ethanol) and two antibiotics (30 pg Ampiciind 5 pg Ciprofloxacin) were included as negatind positive
control respectively. The solvents did not showragipble growth inhibition when compared to therasts and
reference drugs. The ethanolic extract showed migjtewth inhibitory effect on all the test organismwvhen
compared to the aqueous extract except for E. &iilarly, the root and leaf extracts showed lreggeowth
inhibition compared to the stem. The inhibitoryeeffwas found to be dose dependant. E. coli was susceptible
to the extracts as indicated by the mean zonehabition which decreased from 31.10 £ 1.01 mm (1p086the
positive control (Ampicillin) to 25.00 + 0.50 mmO0@) in ethanolic root extract and 22.50 + 0.58 mA®%) in
aqueous leaf extract at 0.1 g/ml concentration.hBethanolic and aqueous extracts of the varioustpferts were
found to be less effective on Salmonella typhis Ehindicated by low zone of inhibition which radgoetween 0.00
+0.00 mm (0%)-13.50 +0.29 mm (41%). The ethanafid agueous root extracts at 0.1 g/ml showed bptncy
on Candida albicans with mean inhibitory zone o6B7+0.87 mm (72%) and 25.00 £ 0.29 mm (79%) retpely.
These values compared well with reference drugdligxacin. The results indicate that T. diversédiaf and root
could serve as good sources of antimicrobial agent.
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INTRODUCTION

Mexican Sunflower T. diversifolig is a perennial broad-leaf weed species belonginé\steraceae family. It
originated in North and Central America and hasob@e naturalised as invasive species in many trbpaantries
including Nigeria [7] [8]. In Nigeria, the weed sidecome predominant in waste lands, railway bambkiding

sites, fallowed land and cultivated farm lands [1].

As an aggressive weed species of arable cropsjritéresting to note that the plant has been fdarze useful in
the treatment of several ailments such as stomath pore throat, indigestion, liver diseases aaic[11]. The
leaf extract of this plant has been found to exhéloiti-malaria [5], anti-inflammatory [12], anti-giferation [3],
pesticidal [13], antifungal and antibacterial prdjges [4]. The local healers use the flower heaustfeatment of
wound and bruises [15]. The foregoing literaturgehastablished the abundance and varied use opltnis in the
wake for search for the development of new chemafi@itic agents. In this present investigation, ithgitro
antimicrobial activities ofl. diversifoliaextracts (aqueous and ethanolic) on two bacteidafamgus isolates were
evaluated. The overall intention is to provide imfation on which part of the plant shows appreeaiowth
inhibition on the test organisms.
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EXPERIMENTAL SECTION

Collection of Bacterial and fungusisolates

Two gram negative bacterial pathogefscherichia colandSalmonella typhand a fungusCandida albicansused
for thein vitro antimicrobial activities of th&. diversifoliaparts were obtained from University College Haapit
(UCH) Ibadan, Oyo State, Nigeria.

Collection and preparation of plant samples

Natural stands offithonia diversifoliagrowing at the University of llorin, Southern-Guinesavannah zonef
Nigeria were carefully uprooted in November, 2013. The plaas authenticated by the curator as depositetidy
first author at the University of llorin Herbariu(WIH) in the Department of Plant Biology with theoMcher
number UIH 586. The plants were separated inteelgastem and root and washed with distilled weteemove
foreign particles. These were air dried under shader days after which the dried leaves, stem amat were
ground intofine powder with the use of laboratory mill, sievesing 2.00 mm wire mesh and kept in separate
plastic containers at room temperature (2%aintil they were subjected to aqueous and eti@magtraction.

Extraction procedure

The aqueous extract of the dried powder was actlibyesoaking 20 g of each of the plant parts (lsaseem and
root) in 200 ml of distilled water at room temperat (27-28C) for 48hrs. The extracts were filtered through
Whatmann filter paper No. 42 (125 mm) and concéatrdy gentle evaporation on a heating mantle T4k
ethanolic extract was done in similar manner adaéx@d in the agueous extract. The concentrateéaguand
ethanolic extracts were then preserved’@t i the refrigerator to prevent degradation uthiély were used for the
in vitro antimicrobial assays at Kappa Biotechnology Latwies, Ibadan. Nigeria.

Antimicrobial Sensitivity Testing Procedure

Sensitivity testing was done on each of the tettiquens for each of the extracts and antibiotiongi%illin and
Ciprofloxaxin) using porous paper disc of 4.75 mmdiameter [2]. Agar disc diffusion technique wesed in the
sensitivity testing using 0.05 and 0.1 g/ml concaign of the extract [9]. Sole solvents (aqueand ethanol) and
standard antibiotics (Ampicillin 30 pg and Ciprofsxin 5 pg) were included as negative and positivetrols
respectively. The tests were conducted with titbeatticated pure cultures of the test pathog&ssHerichia coli
Salmonella typhiand Candida albicansto determine their respective tolerance to thizaets. To achieve this,
sterile agar plates were aseptically inoculatech wagbbpful of the test pathogens. Each inoculum wfsaked
evenly over the surface of the agar using a flamedulating loop by the spread plate techniquents flamed
pair of forceps, the antimicrobial sensitivity disprepared were embedded in 0.1g/ml of the exteawther in
0.05g/ml of the extract, the third in drops of swdvent (ethanol and sterile distilled water) amel fourth, a standard
antimicrobial disc. These were carefully placedtus surface of the inoculated plates at a distam@gy from each
disc to prevent over lapping. Thereafter, they walewed to stand for 5 minutes to enable the exrpermeate
into the medium, prior to incubation at’87for 24 hrs and 2& for 120 hrs for bacteria and fungus respectively.

Minimum Inhibitory Concentration (MIC) deter mination

After incubation period, the diameter of inhibitiomalo around the extract-impregnated discs whest te
microorganism did not grow was measured for easb. dihe extent of inhibition was determined by meag the
diameter of the inhibition zone using a transpaneeter rule. The antimicrobial activities of thdrexts of the plant
parts were drawn from zone diameter of inhibitien éach organism and compared with negative andiyios
controls.

RESULTS

The effects of different concentrations of aqueand ethanolic extracts df. diversfolialeaf, stem and root of.
coli are presented in Table 1. The zone diameter d@bitidn regardless of solvents as well as the pfants used
for the extraction was in the range of 0.00 + (20080 + 0.29mm (Tablel). At 0.1g/ml concentratidithe extract,
E. coli was sensitive to aqueous extracts (leaf and raoit) ethanolic with zone diameter of inhibition2#.50 +
0.58mm, 27.00 + 0.29mm and 25.00 + 0.50mm respalgtiThe yield percent over the reference drug Auitipi
with zone diameter of inhibition of 31.1 + 1.01m&00%) was 72, 86 and 80 % respectively (TableAt)0.5g/ml,
the potency of the extracts decreased as indidatedw zone diameter of inhibition which rangedrfr®.00 +
0.00-12.5 + 0.29mm (Table 1). This showed that ghoimhibition of the extract was concentration dugent.
Among the plant parts, appreciable growth inhilpitiwsas not recorded under stem extract when comparézhf
and root (Table 1).
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Table 2 shows thaBalmonella typhivas less susceptible as shown by zone diametethidition which ranged
from 0.00 £ 0.00-13.5 + 0.29mm for all the extradthese range values did not compare well withtpescontrol
drug Ampicillin with zone diameter of inhibition ke of 33.0 + 1.01lmm. The inhibitory effect of teatracts
though less effective also increased with incré@sencentration (Table 2).

As for the results in Table 3, it was observed andida albicangfungus) was sensitive  as indicated by zone
diameter of inhibition which ranged from 0.00 £ @-27.50 £ 0.87mm for all the extracts (Table 1).0&tg/ml the
ethanolic root extract and the aqueous root expraegented the highest activity zone diameter bition of 27.50

+ 0.87mm followed by the aqueous root extract (5%®.29mm) (Table 3). The yield percent of ethanaot and
aqueous root extracts over the reference drug flipexin with zone diameter of inhibition values 3#.80 +
0.46mm (100%) was 72% and 79% respectively. Régsgdf the plant parts, extracts at 0.05g/ml agghtive
control (solvents) were less effective againstfthegus as indicated by zone diameter of inhibitvamnich ranged
from 0.00 + 0.00-13.50 + 0.29mm (Table 3). Among thlant parts, the stem extract showed the lowese z
diameter of inhibition on the fungus compared t&f lend root extracts (Table 3). Generally, the mdhia extract of
the T. divesifoliashowed better growth inhibition on all the testamigms than the aqueous extract with slight
variation. Similarly, the susceptibility of the lates was in decreasing order Bf coli, Candida albicansnd
Salmonella typh{Tables 1, 2 and 3).

Tablel: Inhibitory effects of different solvent extractsof T. diversifolia leaf, stem and root on Escherichia coli

Zone of Inhibition (mm)
Concentration Aqueous Ethanolic
Leaf Stem Root Leaf Stem Root
0.05g/ml 11.00 £0.29 0.00 £ 0.00 12.50 £0.29 5.00 £0.29 5.50 £0.29 12.50 £ 0.44
i (35) () (40) (16) (18) (40)
0.1g/ml 22.50 £ 0.58 0.00 £ 0.00 27.00£0.29 6.50 £ 0.50 7.00 £0.29 25.00 £0.50
i (72) (V) (86) (21) (23) (80)
Solvent control 0.00 £ 0.00 0.00 £ 0.00 0.00 +0.00 5.00 £0.29 6.00 £0.29 6.50 +0.29
0 0 ) (16) (19) (21)
Ampicillin (AP 30 pg) 31.1 +1.01 (100)

Values are expressed as mean + standard error afnsie
Values in parenthesis indicates percent growthhition over the reference drug

Table2: Inhibitory effects of different solvent extractsof T. diversifolia leaf, stem and root on Salmonella typhi

Zone of Inhibition (mm)
Concentration Agueous Ethanolic
Leaf Stem Root Leaf Stem Root

0.05g/ml 0.00+£0.10 | 3.50 +0.58| 10.50 +0.29| 9.50+0.29| 6.50+0.29| 5.50+0.29

i ) (11) (32) (29) (20) 17)
0.1g/ml 11.00 £0.29| 4.00 +0.29| 10.00 +0.76| 10.00 +0.76| 11.00 +0.29| 13.50 +0.29

i (33) (12) (30) (30) (33) (41)
0.00£0.00| 0.00+0.00{ 0.00+0.00| 7.50+0.29| 5.00+0.58| 6.00+0.58

Solvent control 0) ) ) (23) (15) (18)

Ampicillin (AP 30 pg) 33.0 +1.01 (100)

Values are expressed as mean +standard error afnsie
Values in parenthesis indicates percent growthhitioin over the reference drug

Table3: Inhibitory effects of different solvent extractsof T. diversifolia leaf, stem and root on Candida albicans

Zone of Inhibition in mm and %
) Agqueous Ethanolic
Concentration Leaf Stem Root Leaf Stem Root

0.05g/ml 8.00 £0.29| 0.00 £0.00| 12.50 +0.29| 11.00 £0.29| 9.50 £ 0.29| 13.50 £0.29

(23) (0) (36) (32) (27) (39)
0.1g/ml 10.50 £0.29| 3.50 £ 0.29| 25.00 +0.29| 12.50 £0.29| 12.00 +0.29| 27.50 £0.87

’ (30) (10) (72) (36) (34) (79)
Solvent control 0.00£0.00| 0.00 £0.00| 0.00+0.00| 11.50 £0.29| 10.00 £0.50( 12.50 +0.29

(0) (9) (0) (33) (29) (36)

Ciprofloxacin (CIP 5 pg) 34.80 + 0.46 (100)

Values are expressed as mean *standard error afnsie
Values in parenthesis indicates percent growthhitioin over the reference drug

DISCUSSION
In this present investigation, the ethanolic extaddhe plant generally exhibited broad spectrutivity against the

test isolates compared to the aqueous extractterBift solvents have been reported to have thecitgpga extract
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different phytoconstituents depending on their ity or polarity in the solvent [6]. Ethanolic &acts in this
study could have had higher solubility for more fglopnstituents, consequently the highest antimiataxtivity.
The demonstration of antimicrobial activity by aque extracts provides the scientific basis for ke of these
plants in traditional treatment of diseases, simost traditional medical practitioners use watethasr solvent in
which the decoctions are prepared [14].

The inhibitory effects of the extracts of the vasoparts were highly dependent on concentratiors dbincides
with observation made by Okigbo [9] in the poteniidnibitory effects of ethanol and cold water exts on the
diameter of zone of inhibition (mm) at varying centrations (mg/ml) of rhizome extracts of Zingilzdficinale
Rosc.,Curcuma longd.. andDiscorea bulbiferal.. on some human pathogei® aureuskE. coliandC. albicans.

The leaf and root extracts showed better poten@mnag the test isolates most importantly & coli and and
Candida albicanghan the stem extract. This could be attributetlighh amount of active components in leaf and
root than the stem. This present study furtherifiastthe reports of Orwa [11] and Ogunfolakan {@hereT.
diversifolialeaf was considered to have most of the activestitoients than all other parts. As demonstratetthis
study, the root of this plant could also be con@deas having high amount of bio-active componemith
antimicrobial activity.

Earlier phytochemical screening carried outTordiversifolia have shown that the plant contains an appreziabl
amount of secondary metabolites such as alkald@®ins, flavonoids, terpenoids, phenols and séwvather
aromatic compounds that serve as defence mechamigainst foreign organisms [6] [10] [14]. The prese of
these active substances could be used to explaiarttimicrobial activity by the root and leaf extsaof Tithonia
diversifoliawhich are more pronounced in these parts thasttéa. Similarly Tona [16] showed that diversifolia
contains sesquiterpenes lactones and Tagitinin pégticidal activity, anti-amoebic activity and iacterial effect.
The susceptibility of some of the test isolateshigh concentration of the extracts could belatted to these
compounds.

CONCLUSION

It may be inferred from this study that the leafdamot of T. diversifolia could serve as good sources of
antimicrobial agent most importantly agaifstcoliand Candida albicansvhose growth were greatly inhibited.
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