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ABSTRACT

The phytochemistry and in vitro antibacterial edfig of crude ethanolic leaf extract and alkaloidigctions of
Phyllanthus amarus on the Gram positive (Streptoascsp, Staphylococcus aureus; Coagulase negative
Staphylococcus sp and Enterococcus faecalis) andmGnegative bacteria (Escherichia coli, Enterobacte
sp.; Serratia marcescens; Klebsiella sp and Pseutha® aeruginosa) isolated from mid stream urineenearried
out using standard microbiological and disc diffusitechniques. The preliminary phytochemical anslg$ the
ethanolic leaf extracts of P. amarus revealed thespnce of phyto-constituents such as alkaloids+}+tannins
(+++), saponins (++), flavonoids (++), cardiac glyaside (+), free anthraquinones (++), deoxy-Sugatte-) and
phlobatanins (+), while combined anthraquinones wa$ detected. The results showed that P. amartractx
exhibited varying degrees of inhibitory effectsiagaboth Gram positive and Gram negative bactestdated from
urine samples. Highest mean zones of inhibition.34%.0 mm) and activity index (0.97) were obtained at
40.0mgml among the Gram positive bacteria, while the highmsan zones of inhibition (14.5 8.5mm) and
activity index (1.12) at 40.0mgthlwere obtained among the Gram negative. The resale showed that
Coagulase negative Staphylococcus sp (CS03) wasensttive to both 20.0mg/Mmbf crude extracts of P. amarus
and alkaloidal fractions. Among the Gram negatiaterobacter sp (ES03) was not sensitive to 20.Giitgof
crude extracts of P. amarus, alkaloidal fractiongleStreptomycin. Therefore, there is a need toidenshe use of
this potent ethanolic leaf extracts and the alkadoior developing synthetic drugs against uro-pgts.

Keywords: Phyllanthus amarusjro-pathogens, alkaloids, urirentibacterial.

INTRODUCTION

Urinary tract infections (UTIs) are caused by pggric invasion of the urinary tract, which leadatoinflammation

of the urothelium [1]Urinary tract infections are the most frequentlggtiosed cases, having an estimated figure of
150 million per annum worldwide [2]. Urinary traictfections are the most commonly observed infectiomany
hospitals, and accounts for approximately 35% bhaspital acquired diseases [3]. The clinical rfestations of
UTI depend on the portion of the urinary tract itweal, the etiologic organisms, the severity of ihiection, and

the patient’s ability to mount an immune resporsé f1]. The common uro-pathogens identified irtigats with
urinary tract infections were Gram negative suclEssherichia coli, Proteusp, Klebsiellasp and Pseudomonas
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aeruginosd4, 5, 6], while the Gram positive bacteria w&taphylococcus aurewsd coagulas8taphylococcusp
[2]. Escherichia colicauses 85% of community acquired urinary tractdtid@s and more than 80% of cases of
uncomplicated pyelonepbhritis [7]. The prevalence ecidence of urinary tract infection is highemilomen than in
men, which is likely the result of several clinidalctors including anatomic differences, hormonféas, and
behavioural patterns [1, 8]. In spite of the auzlley and use of the antimicrobial drugs, urindrgict pathogens
caused by bacteria have shown increasing trend=cemt years. Much of the increase has been relatesherging
antibiotic resistance in urinary tract pathogend tne emergence of multi-drug resistant bacter@ great concern
to both clinicians and the pharmaceutical industigce it is a major cause of treatment failureniany infectious
diseases [9,10]. Thus, it is necessary to searditirnative antimicrobial agents.

Plants have provided a source of inspiration fareharug compounds, as plant derived medicines hzage large
contributions to human health and well being [11,T2aditional medicine using plant extracts con#s to provide
health coverage for approximately 80% of the warlgdpulation and is still much practiced by a ¢apgoportion
of the rural populace especially those in low ineoworld population because of its availability aftbrdability
[12, 13].Phyllanthus amarusan erect annual herb of not more than one andféetftall and has small leaves and
yellow flowers belongs to the family Euphorbiaceliewas first identified in central and Southerribn in 18th
century. It is commonly called “carry me seed”,'gulf leaf flower”, “hurricane weed”, “windbreaker[14]. There
are over 300 genera with over 5000 species in thgh&biaceae worldwidd?hyllanthus amaru$as reportedly
been used to treat jaundice, otitis, diarrhoea) slger, diabetes, hypertension and gastrointdddisturbances and
block DNA polymerase in the case of hepatitis Risiduring reproduction [15,16,17]. Consequentlg,aim of this
study is to determine the in-vitro efficacy of ceudthanolic leaf extract and alkaloidal fractiofid?o amaruson
uro-pathogens.

MATERIALS AND METHODS

Source and Extraction of Plant

The leaves oP. amaruswere collected in Uyo, Akwa Ibom State. The taxoimidentification of the plants was
done at the Department of Botany and Ecologicatli8g) University of Uyo, Akwa Ibom State. The gdlavas
washed under running tap water and with distilledexin order to remove extraneous matters andragd at room
temperature for one month. The drigldnt part was pulverized in a mill and stored atythene bag untitequired.
The powdered®. amaruswas exhaustively extracted by Soxhlet Apparatiagu85% ethanol. The filtrate was
evaporated using a rotary evaporator attached vacaum pump. After complete evaporation, the ektveas
thereafter transferred into weighed bottle whicts weoperly labelled with dates and stored in ttiegerator at 4C
until required for used. The graded concentrati@@s mgml* and 40 mgmt) of the extract were prepared using
Dimethyl sulphoxide (DMSO) and then subjected ttibatterial assays.

Sterilization of Materials
The Petri dishes and pipettes packed into metabtema were appropriately sterilized in the hotaien at 180°C
for 2hrs at each occasion. The culture media weteckved at 121°C for 15mins.

Source of Bacterial Isolates

The bacterial isolates used wefaphylococcus aureu€oagulase negativBtaphylococcuspp, Streptococcus
pyogenes, Enterococcus faecaliSerratia marcescensPseudomonas aerugings&scherichia coli Proteus
mirabilis, Klebsiella spp. andEnterobacterspp. These species were freshly isolated from calnspecimens
(midstream-urine) and identified using routine cemvonal laboratory techniques including Gram stajnmotility,

coagulase, catalase, oxidase, indole, urease produccitrate utilization, methyl red, Vogues Praskr.

Carbohydrate fermentation tests such as mannitakose, glucose and lactose were also carried sing the
methods described by [18,19, 20]. Stock culturesweaintained on nutrient agar slant % 4intil needed.

Phytochemical Screening (Quantitative)

Test for Alkaloids

Half a gram (0.5g) of the plant extracts was gfinéth 5ml in 5% Hydrochloric Acid (HCI) on a steapath and
then filtered 1ml of the filtrate was treated wittiew drop of Mayer’s reagent and a second 1migomas treated
similarly with Dragendorff's reagent, turbidity grecipitation of cream and pink or red colouratie@spectively
indicated in positive test. The their 1ml portioasimreated with a few drops of picric acid whildlgw precipitate
was taken as preliminary evidence for the preseheékaloids
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Test for Saponins

(a) Frothing Test: Half a gram (0.5g) of each extract was shaken wigsly with distilled water in a test tube,
frothing that persisted on warning was taken abmirary evidence for the presence of saponins.

(b) Sodium Bicarbonate Test:Half a gram (0.5g) of each extract was added wih $odium bicarbonate and
Fehling’s solution A and B and boiled. Presencbrofvn precipitate was termed as a positive test.

Test for Tannins

(a) Ferric chloride test: Half a gram (0.5g) of each plant extract was diméth 10mls of distilled water and
filtered; to the filtrate 5% Ferric chloride reagevas added. A blue-black green or blue-green pitate was taken
as evidence for the presence of tannins.

(b) Bromine water test: Five (5) drops of each plant extract solution agemiwith 10ml distilled water and
bromide water. Decolourization of bromine wateridatied the presence of tannins.

Test for Anthraquinones

(a) Borntrager’s test for the free hydroxyanthraquinones.

Half a gram (0.5g) of plant extract was shaken wiiim| benzene and filtered. To the filtrate werelext 10%
ammonia solution and the mixture shaken. The presefi a pink, red or violet colour in the ammoni@alwver)
phase indicated the presence of free anthraquinones

(b) Borntrager’s test for combine anthraquinones

Half a gram (0.5g) of plant extract was boiled witbml dilute sulphuric acid and filtered. The fite was shaken
with 5ml benzene and 10% ammonia solution was addethe separate benzene layer. A pink red or wiole
colouration in the ammonia (lower) layer indicathd presence of anthraquinones derivative.

Test for Flavonoids

Shinoda Reduction Test:Few pieces of magnesium metal were added to 5reboh plant extract solution. The
solution was obtained by using concentrated hydooithacid to dissolve the extract. The formatidrocange, red
crimson or magenta colouration was taken as evalefipreliminary presence of flavonoids.

Testfor Cardiac Glycosides

(a) Salkowski's Test: Half a gram (0.5g) of extract was dissolved in 2wfl chloroform. Concentrated
sulphuric acid was carefully added by running itvdothe side of the test tube. A reddish brown colatuthe
interphase indicated the presence of glycon podfarardiac.

(b) Keller-Killiani’s Test: Half a gram (0.5g) of plant extract was dissoliue@®ml glacial acetic acid. This
was then underplayed with 1ml concentrated sulpharid. A brown ring obtained at the interphasdidates the
presence of deoxy-sugar, characteristic of cargigeoside. A violet ring appeared below the browrg while in
the acetic acid layer a greenish, ring formed @stve the brown ring and gradually spread througtios layer.

(c) Lieberman’s Test: Half a gram (0.5g) of plant extract was added tds3ofi chloroform and filtered; 10
drops of acetic anhydride was added to the filteddeg with 2 drops of concentrated sulphuric agighink colour
at the interphase was a positive for terpenes vehidkiish colour was the steroids.

Test for Phlobatanins

Half a gram (0.5g) of the plant extract is addethv@ drops of 40% formaldehyde, 6 drops of dilutél las also
added to boiling and cool. A precipitate was formiégositive and washed with hot water; this laftolourless
residue after washing indicated the presence aljatanins.

Test for Deoxy-Sugar

Half a gram (0.5g) of the filtered plant extractsadissolved in 2ml of glacial acetic acid contagnione drop of
ferric chloride. It was then underplayed with 1nl o concentrated sulphuric acid £0;). Violet ring observed
which settled after few minutes was an indicatiba positive test.

Alkaloidal Partitioning (Qualitative Test)

The methods of [21, 22] were used for the alkalogdatitioning. The ethanolic extract df. amaris was dissolved
in 5% Hcl and partitioned successively with 50micbforoform (CHCL) with the aid of separating funnel to give
aqueous fraction and chloroform fraction, respetyiv The aqueous fraction was then made alkalinth wi
ammonium hydroxide (NFOH) solution of pH 12 and subsequently partitiométh chloroform (CHCL) to give
alkaloidal fractions.
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Sensitivity Testing of Crude Ethanolic Leaf Extract of Phyllanthus amarus on Uro-pathogens

The crude ethanolic extracts Bhyllanthus amarusvere tested for antibacterial potency by the digtusion
method [23, 24] using Oxoid- Mueller Hinton agaiifld Laboratories, Detroit, Mich) supplemented w2 NaCl.
The Mueller — Hinton agar (MHA) was sterilized iadks cooled to 45 — 80 and then poured into sterilized Petri
dishes. Sterile filter paper discs of 6 mm diametere impregnated with extract solution of gradedaentrations
(20 mg/ml and 40 mg/ml) and then placed on to te alates which had previously been inoculateth tie tested
uropathogenic bacteria and the plates were incdbate37C for 24 hrs. Control experiments comprising
streptomycin and Dimethyl sulphoxide (DMSO) wersoaket up. The diameters of the inhibitory zonesewe
measured in millimeters .Assays were performedriplitate and the data are shown as the mean idatdn
deviation (SD).

Sensitivity Testing of Alkaloidal Fractions ofPhyllanthus amarus on Uro-pathogens

The alkaloidal fractionof Phyllanthus amarusvas also tested for antibacterial potency by ttse diffusion
method using Oxoid- Mueller Hinton agar supplemeémtéh 2% NaCl. The Mueller — Hinton agar was dieed in
flasks cooled to 45 — 8G and then poured into sterilized Petri dishestilBtéilter paper discs of 6 mm diameter
were impregnated with 20 mg/ml of the alkaloidadctions and then placed on to the agar plates whath
previously been inoculated with the tested uropgeinic bacteria. The plates were then incubated®at ®r 24 hrs
and the diameters of the inhibitory zones were mreakin millimeters. Assays were performed in tcigte and the
data are shown as the mean * standard deviatiop (SD

Determination of Activity Index (A.l)
Activity Index (A.l) was calculated as the mean ibition zone of sampleR. amaru$ divided by the mean
inhibition zone of the standard drug used (stregton).

Activity Index = Mean inhibition zone of sample.(amaru$
Mean inhibition zonetbé standard drug (Streptomycin)

Determination of Minimum Inhibitory concentration ( MIC) and Minimum Bactericidal Concentration
(MBC)

The Minimum Inhibitory Concentration (MIC) of crudethanolic extracts dPhyllanthus amarusvas determined
for each of the uro-pathogensingmicro broth method. Zero point five (0.5) ml eadhh® isolate was added to the
following varying concentrations of the extractang/ml, 10 mg/ml, 20 mg/ml, 40 mg/ml and 80 mg/mhtaining
2ml of nutrient broth. The cultures were then iratieldl at 37C for 24 hrs. After incubation, the microbial grdwt
was examined by observing for turbidity. The tubataining the least concentration of extract shgwin visible
sign of growth was considered as the minimum intbiiconcentration. To determine the MBC for eatthe test
isolate, 1ml of the broth was collected from thbetsi that showed no growth and inoculated ontoletetitrient
agar. The plates were then incubated 4C3or 24 hrs. After incubation the concentratioattehowed no visible
growth was considered as the Minimum Bactericidah¢ntration (MBC).

The results of preliminary phytochemical analydishe ethanolic leaf extracts &hyllanthus amarusevealed the
presence of phyto-constituents such as alkaloids)(+tannins (+++), saponins (++), flavonoids (+tardiac
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glycoside (+), free anthraquinones (++), deoxy-3uegst (+) and phlobatanins (+), while combinecheaquinones
was not detected (Table 1). The results of the maggical and biochemical characteristics of thar@mpositive

(Streptococcusp Staphylococcus aureu€oagulase negativBtaphylococcusp and Enterococcudaecalig and

Gram negative bacteri&gcherichia coli, Enterobactesp.; Serratia marcescenKlebsiellasp andPseudomonas
aeruginosaisolated from mid-stream urine samples are shiovilrable 2.

There was no bacterial growth when ethanolic leauele extracts dPhyllanthus amarusvere plated out on Petri
dishes containing nutrient agar and incubated &€ 3@r 24hrs. Thus, indicated and confirmed the tguof the
ethanolic leave crude extracts Bhyllanthus amarusThe results showed that ethanolic leave crudeaetst of
Phyllanthus amarugxhibited varying degrees of inhibitory effectsagt both Gram positive and Gram negative
bacteria isolated from mid-stream urine samples #a zones of inhibition increased with the inceeas
concentrations of the ethanolic leave crude exgrafiPhyllanthus amarushus, exhibiting concentration dependent
activity. Ethanolic leave crude extractsRifyllanthus amarushowed the highest mean zones of Inhibition (MM)
+SD of 14.3 +1.0mm and activity index 0.97 at 40.0 mghdmong the Gram positive bacteria, while the highes
mean zones of Inhibition (MM)SD of 14.5 ©.5mm and activity index of 1.12 at 40.0 mgnamong the Gram
negative (Tables 3 and 4). The results also shaWat Coagulase negativ@taphylococcusp (CS03) was not
sensitive to both 20.0 mgrhiof crude extracts oPhyllanthus amarusind alkaloidal fractions. Among the Gram
negative, Enterobactersp (ES03) was not sensitive to 20.0 mgnof crude extract ofPhyllanthus amarus
alkaloidal fractions and streptomycin. The resshtewed that di-methyl sulphoxide (DMSO) exhibitedimhibition

on all the isolates tested (Tables 3 and 4). Duscamltiple range tests showed significant differer(P<0.05)
among the mean diameter inhibition zones for thamlic leave crude extracts Bhyllanthus amarysflavonoids
fraction and streptomycin.

The minimum inhibitory concentration and minimumctaicidal concentration concentrations Bffiyllanthus
amarusare shown in Figs 2and 3. The results showed thatmuam inhibitory concentration of 5mg/ml was
observed with Coagulase negatS&phylococcuspp (CS01)Enterococcudaecalis(EF02) andEscherichia coli
(ECO03), while inStreptococcus pyogenéSP02) and COMtaphylococcusp (CS03), the minimum bactericidal
concentration oPhyllanthus amarus/as80 mg/ml (Figs 2 and 3).

Table 1: The Preliminary Phytochemical Screeningf Ethanolic Leaf of Phyllanthus amarus

Bioactive Compounds Inferences
Alkaloid +++
Tannin test +++
Saponins

a. Frothing test ++

b. Sodium Bicarbonates test ++
Flavonoid ++

Cardiac glycoside

a. Salkowski's test +
b. Lieberman’s test +
c. Keller-killiani’s test +
Deoxy-Sugar test +
Phlobatanins +
Anthraquinones test

a. Free Anthraquinones ++
b. Combined Anthraquinones

Keys. + = Present in small concentrations; ++ =Preseim moderately high concentration; +++ = presentvery
high concentration; - = Not detected
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Table 2: Morphological and Biochemical Characterisics of Bacteria Isolated from Mid-stream Urine Samjes

Parameters

a b [ d e F g h i

Grams reaction
Catalase test
Citrate test
Coagulase test
Motility

Indole tes
Oxidase
Urease activity
Glucost
Lactose
Sucrose
Mannitol
Vogues Proskauer

+/cocci  +/cocci  +/cocci  -/frod  -/rodr/cocci  -frod  -r/rod  -/rod
- + + - - - - - -

Keys - = negative; + = positive; a: Streptococ@ys b: Staphylococcus aureus; ¢: CON-Staphylocesqud:
Escherichia coli; e: Enterobacter sp; f: Enterocasdaecalis; g: Serratia marcescens; h: Klebsisita i:

Pseudomonas aeruginosa

Table 3: Antibacterial Activity of Crude Ethanolic Extracts of Phyllanthus amarus and Alkaloidal Fractions on Gram negative Uro-

pathogens

Crude Extracts Alkaloid fractions

Bacterial spp. Code 20mg/ml Al 40 mg/ml Al 20 mg/ml Al Streptomycin  DMCB
Escherichia coli ECO1 10.2+0.5 068 14.0+1.0 0.93 8.0+2.0 533 15.0+1.%3 NZ
Escherichia coli EC02 10.0#.2 081 10.0+2.0 081 7.7+1.C 0.62 12.4+2.0 NzZ
Escherichia coli ECO3 12.0+10° 0.93 145+05 112 89+25 068 129+1.6 NZ
Klebsiellasp KS01 10.0+1.7 0.61 132+05 0.80 81+1.C 049 16.4+2.0 Nz
Klebsiellasp KS02 75+1.3 0.47 99+1.0 0.62 75+0.7° 047 16.0+1.5 Nz
Klebsiellasp KS03 8.3+0.% 054 115+1.5 074 7.9+1.2° 0.51 15.6+0.4 NZ
Pseudomonas aeroginosaPA0O1 9.2+ 1.2 061 125+25 0.82 8.1+0.7° 054 151+2.C0 Nz
Pseudomonas aeruginosaPA02  10.2+1.8 062 12.3x0.5 075 9.1+1.0 055 16.4+2.2 NZ
Pseudomonas aeruginosaPA03 9.0+ 1.1° 048 12.8+1.° 0.68 7.2+27 0.38 18.8+1.C° NZ
Serratia marcescens SMO1 10.8+15 065 14.2+0.2> 083 74+15F 043 17.1+0F Nz
Serratia marcescens SM02 10.3+1.5 065 11.0+1.5 065 8.2+05 049 16.7+1.0 NZ
Serratia marcescens SM03 9.2+1.8 066 115+2.0 0.82 7.7+1.0 0.55 14.0+0.5 Nz
Enterobactesp ESO01 75+1°% 061 99+1.C¢ 081 7.1+05 058 12.2+1.6 Nz
Enterobactessp ES02 10.0+1.% - 12.0+05 - 8.3+1.2 - NZ Nz
Enterobactesp ES03 NZ - 99+1.0 - NZ - NZ NZ

Keys: Al: Activity Index; DMSO:

Dimethyl SulphoxideZNNo Zone of Inhibition. Each value representsrtigan

of three experiments and standard deviation. Mewittsin the column followed by the same letter dodiffer
significantly as determined by Duncan’s multiage test (P<0.05) among the treatment

Table 4: Antibacterial Activity of Ethanolic Extrac t of Phyllanthus amarus and Alkaloidal Fractions of Gram positive

Uro-pathogens

Crude Extracts Alkaloidal fractions

Bacterial sp Code 20 mg/ml Al 40 mg/ml Al 20 mg/ml Al Streptomycin DMSO
Staphylococcus aureus SAO1  8.0+0.5 057 105+15 075 7.0+10 05 14.0+ 2.0° NZ
Staphylococcus aureus SA02 92+1.¢ 056 125 29 0.76 6.9+2.1° 0.42 16.4+ 1.5 NZ
Staphylococcus aureus SA03 9.0+1.5 056 123+0.° 0.77 8.4+1.2 053 16.0+ 0.2 NZ
Streptococcus pyogenes SP01 7.0+ 0.8 - 10.5+ 0.5 - Nz - NZ NZ
Streptococcus pyogenes SP02 9.8+1.5 0.68 12.0+0.1° 0.83 76+20 053 14.4+ 2.6 NZ
Streptococcus pyogenes SP03 9.4+ 0.4 059 12.1+02 076 9.2+17 058 159+1.0 NZ
CON-Staphylococcusp CSO01 12.2+0.5 059 14.0+0.° 0.69 9.0+05 044 204+2.7 NZ
CON-Staphylococcusp  CS02  10.8+0.5 0.65 13.6+1.C° 0.82 86+1.1° 052 16.6+x1.CC NZ
CON-Staphylococcusp CS03 NZ - 8.2+ 0.2 0.79 NZ - 104+ 1.2 NZ
Enterococcus faecalis EF01 10.2+0.4 0.64 138+1.2 0.86 7.4+20G 0.46 16.0£2.° Nz
Enterococcus faecalis EF02 120+1.° 0.82 143+1.0 097 8.9+05 0.61 147+15 NZ
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Key: Al: Activity Index; DMSO: Dimethyl SulphoxideZNNo Zone of Inhibition. Each value representsriresan
of three experiments and standard deviation. Mewittsin the column followed by the same letter dodiffer
significantly as determined by Duncan’s multidage test (P<0.05) among the treatment
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DISCUSSION

Urinary tract infection is the largest single graffhospital-acquired infection and account forahb40-50% of the
total nosocomial infections [25]. The occurrence Estherichia coli, Pseudomonas aeruginosa, Enteroe®c
faecalis and Staphylococcus aureinsthe mid stream uring in agreement with [26]. The defeat suffered by
antibiotics such as penicillin, methicillin, vancgom and other antibiotics has necessitated theckdar valuable
compounds that potentiate antibacterial activity mualtidrug bacteria especially those that causeanyi tract
infections. Preliminary phytochemical tests of etblc leaf extracts ofP. amarusrevealed the presence of
anthraquinones, cardiac glycosides, saponins,analkaloids, flavonoids, which is in conformitytivthe earlier
reports onP. amarus[17, 27]. The antimicrobial effect of plant extraatould be due to the presence of some of
these phyto-constituents [28, 29]. The antibadtegtvities of alkaloids have been reported by][28

The secondary metabolites of plants exert antirbiatoactivity through different mechanisms. Tannifiosm
irreversible complexes with proline rich proteiresulting in the inhibition of cell protein synthgsand the
flavonoids complex with extracellular- soluble miois and with bacterial cell wall proteins whileethipophilic
flavonoids exert antimicrobial activity by disrupg microbial cells membranes [30, 3H. amarusethanolic
extracts tested were active against both Gramipediiacteria and Gram-negative bacteria, suggestibgoader
spectrum activity of the plant. The degree of sp8béities of the uro-pathogenic Gram positive aathm negative
bacteria toP. amarusethanolic extracts may be as a result of the physind chemical compositions of their cell
walls.

CONCLUSION

There is a need to consider the us® odmarusethanolic extracts and its alkaloidal fractionatthave shown some
measures of antibacterial potency, judging by tiéibacterial activity, activity index, minimum irthitory
concentration and minimum bactericidal concentratiothe treatment of urinary tract infection calibg bacteria.
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