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Abstract

Ethanolic extracts of Nymphaea lotus leaves westetl for antibacterial activity against
methicillin resistant Staphylococcus aureus (MR&AJ vancomycin resistant Staphylococcus
aureus (VRSA) isolated from wounds and urine udiag diffusion method(DDM) .The results
of the phytochemical analysis of the extracts shiothie presence of bio-active compounds such
as tannins, terpenes, flavonoids, alkaloids, argraones, saponins, cardiac glycosides and
phenolics. The results also showed that both MR8ARSA were susceptible to Nymphaea
lotus at different concentrations (5, 10, 20, 40) Big/ml). The zones of inhibition ranged from
8.0 £0.5mm to 24.0 £1.0mm in MRSA and from 8@5mm to 27.0+ 1.0mm. The results also
showed that the minimum inhibitory concentratiod@Mand minimum bacterial concentration
(MBC) ranging from 5 to 15 and 10-30 for MRSA arfdSA respectively. The antibacterial
activity of Nymphaea lotus extracts against MRSAVARSA showed theant active compounds

as a possible potentia@ntibiotic substance for theeatment andnanagement of staphylococci
infections.
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INTRODUCTION

Plants have long formed the basis of sophisticataditional medicine systems and natural
products and purportedly provide excellent leadséw drug developments [1]. Approximately

80% of the world’s inhabitants rely on traditiommakdicine for their primary health care and

plants also play an important role in the healthecaystem [2]. The rediscovery of the

connection between plants and health is responfibléhe launching of a new generation of
multi-component botanical drugs, dietary supplemeamd plant-produced recombinant proteins
[3]. Moreover, the emergence of multi-drug resis{@DR) bacteria is of great concern to both

clinicians and the pharmaceutical industries, sibisea major cause of treatment failure in many
infectious diseases [4-6].

Staphylococcus aureuis recognized as one of thmajor causes of infections in humans
occurringin both the communities and the hospit@ser time, the widespread use of antibiotics
has led someS. aureusto become more resistant to antibiotics especiaithicillin and
vancomycin Methicillin-resistant Staphylococcus aureus and  vancomycin-resistant
Staphylococcus aureusave become major nosocomial pathoggrls Methicillin-resistant
Staphylococcus aureU®RSA) was first described in the 1960s and it issgntly endemic
while vancomycin-resistar@taphylococcus aure ¢ RSA) is a strain oBtaphylococcus aureus
that has become resistant to the glycopeptidebiatiti called vancomycin. With the increase of
staphylococcal resistance to methicillin, vancomywas the only effective treatment for severe
methicillin-resistant Staphylococcus aureu$MRSA) infection strains till 1996 when an
intermediate resistance to vancomycin (VISA: vangamintermediateS. aureug, In 2002, a
newly reported VRSA was isolated from the cathepeof a renal dialysis patient in Michigan.

Although, there has been an increased interebeiimwestigation of natural materials as a source
of new antibacterial agents over the past two dexagkt there is still an urgent need to identify
novel substances that are active towards pathogeghdigh resistance [8]. One of the possible
strategies towards this objective involves the tdieation of plants with their bio-active
phytochemicals for antibacterial activity [1, 9Er8ening of compounds obtained from plants for
their pharmacological assay has indeed been theswasce of innumerable therapeutic agents
representing molecular diversity engineered by neat@®ne of the ways to prevent antibiotic
resistance of pathogenic species is to use new @onas that are not based on existing synthetic
antimicrobial agents [10].

Nymphaea lotuelongs to Nymphaeaceae family, It is a pererpiait that grows up to 45cm
in height; it is herbaceous aquatic plant, whosevde float or submerged in water [11]. This
plant prefers clear, warm, still and slightly acigvater and is localized to Central and Southern
Europe, Asia, the Middle East, Northern Africa,pical mountains in Africa and West Africa
especially in Nigeria. Many bioactive and pharmagatally important compounds have been
obtained fromNymphaea sppnd used in medicine and pharmacy [12]. Henceptésenstudy
was initiated to evaluate the antibacterial agtivt the ethanolic leave extracts Miymphaea
lotus (Nymphaeaceaayainst methicillin resistant Staphylococcus aureus (MRSA) and
vancomycinresistant Staphylococcus aureus (VRSA).

175

Scholars Research Library



Akinjogunla OJ et al Annals of Biological Research, 2010, 1 (2):174-184

MATERIALS AND METHODS

Plant materials

The leaves oNymphaea lotusvere collected from theu streamat Itu village, near Uyo, Akwa
Ibom State. The plant leaves were cleaned of extnas matter, and necrotic parts removed by
rinsing in fresh water. The leaves were furthereetpdly rinsed thoroughly with running
distilled water for further analysis.

Plant Identification
The plant was identified and confirmed Bymphaea lotusy Dr. Ubom of Botany and
Ecological Studies Department of University of Ugdwa Ibom State, Nigeria.

Preparation of plant extracts

A sample (50 g) of the shade-dried powdered leafeddymphaea lotusvas soaked in 95%
ethanol (200 ml) for 72 h and was filtered usingatvhan No.1filter paper. The filtrate was then
concentrated in a vacuum at°@0 After complete evaporation, the extract was et and
preserved aseptically at 5°C .The graded concénsafc mg/ml, 10 mg/ml, 20 mg/ml,40 mg/mi
and 80 mg/ml ) of the extracts were prepared aed slubjected to antibacterial activity assays.

Microbial cultures

The methicillin-resistant Staphylococcus aureus(MRSA) and vancomycin-resistant
Staphylococcus aureuf/RSA) strains were isolated from urine and wourafs subjects
attending University of Uyo Teaching Hospital frajuly 2008 to September, 2008. Stock
cultures were maintained on nutrient agar sladf@t The isolates were identified & aureus
according to colonial and microscopic morphologsovgh on Mannitol Salt agar, 5% blood
sheep agar, positive catalase, DNase productiorcaagulase productigid3]. Methicillin and
vancomycin resistance was carried out using thle diffusion method14]. Methicillin (5ug)
and vancomycin (5ug) disks (Oxoid, UK) warsed, and the inhibitory zones were determined
in accordance with procedures of the National Cameifor Clinical Laboratory Standajtb].

Bioassay

The ethanol extracts were tested for anti-MRSA antit VRSA by the disc diffusion method
[15,16] using Oxoid- Mueller Hinton agar (Difco LaboratarjeDetroit, Mich) supplemented
with 2% NaCl. The Mueller — Hinton agar (MHA) wakeslized in flasks cooled to 45 — %D
and then poured into sterilized Petri dishes. Btdilter paper discs of 6 mm diameter were
impregnated with extract solution of graded conegitans (5 mg/ml, 10 mg/ml, 20 mg/ml,40
mg/ml and 80 mg/ml) and then placed on to the ptges which had previously been inoculated
with the tested microorganismsMRSA and VRSA) Control experiments comprising
streptomycin were set up. The plates were therbiate at 37C for 24 h .The diameters of the
inhibitory zones were measured in millimeters. Assaere performed in triplicate and the data
are shown as the mean * standard deviation (SD).
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Determination of Minimum Inhibitory Concentration ( MIC) and Minimum Bactericidal
Concentration (MBC)

The Minimum Inhibitory Concentration (MIC) of thateacts was determined for each of the test
organisms NMIRSA and VRSA)in test tubes. 0.5ml each of the test isolate witead to the
following varying concentrations of the extractmg/ml, 10 mg/ml, 20 mg/ml, 40 mg/ml and 80
mg/ml containing 2ml of nutrient broth. Similar egowere set containing streptomycin was as
the control group. The cultures were then incubate8”C for 24 h. After incubation the tubes
were then examined for microbial growth by obsegviar turbidity. The tube containing the
least concentration of extract showing no visilig ©f growth was considered as the minimum
inhibitory concentration .To determine the MBC, &ach of the test isolate 1ml of the broth was
collected from the tubes that showed no growth iaodulated onto sterile nutrient agar [17].
The plates were then incubated at@Tor 24 h. After incubation the concentration teabwed

no visible growth was considered as the MinimumtBacidal Concentration (MBC). Both MIC
and MBC for each of the test bacteria were detezthim triplicate assays and the data were
shown as the mean + SD.

Phytochemical screening
The preliminary phytochemical analysis of the plartracts was performed to screen for the
presence of bio-active components present in tneekeof thdNymphaea lotugl8, 19, 20]

Test for Tannins

i.) 1 cn? of freshly prepared 10% KOH was added to 1° ainthe extract. A dirty white
precipitate indicated the presence of tannins

ii.) Powdered plant leaves of the test plant (1.0vgre weighed into a beaker and 10 ml of

distilled water added. The mixture was boiled fimefminutes. Two drops of 5% FeGlkere

then added. Production of a greenish precipitate amaindication of the presence of tannins.

Test for alkaloids

i) The extract of the plant leaves sample (0.5 g3 stirred with 5 ml of 1% HCI on a steam bath.
The solution obtained was filtered and 1 ml of fiheate was treated with two drops of Mayer’s
reagent. The two solutions were mixed and maded®® ml with distilled water. Turbidity of
the extract filtrate on addition of Mayer’s reag&rds regarded as evidence for the presence of
alkaloids in the extract

i) A few drops of freshly prepared Drangendorffsagent were added to 0.5g of the plant
extract in the test tube and colour change to breas observed.

iii) A few drops of freshly prepared Picric reagevere added to 0.5g of the plant extract in the
test tube and colour change to brown was observed

Test for saponins

0.5 g of plant extract was introduced into a tubetaining 5.0 ml of distilled water, the mixture
was vigorously shaken for 2 min, and formationroth indicated the presence of saponins.
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Test for flavonoids

A small piece of magnesium ribbon was added toneti@extract of the plant material, this was
followed by the drop wise addition of concentrateairochloric acid. Colours varying from
orange to red indicated flavones, red to crimsadicated flavonoids, crimson to magenta
indicated flavonones.

Test for Terpenes

To 0.5g of the extract, 3.0ml chloroform was added filtered, 10 drops of acetic anhydride
and 2 drops of b80O, were added to the filtrate and the colour changefblue to green was
observed.

Cardiac glycosides:

0.5g of the plant extract was dissolved in 2mlaligsd in 2ml of acetic anhydride and cooled in
ice bath. Concentrated,50, was carefully added drop by drop . A colour chafigm violet to
blue to green indicated the presence cardiac giyeoAlso 0.5g of the plant extract was
dissolved in 2ml of chloroform, Concentrateg3@, was carefully added drop by drop to form a
lower layer. A reddish- brown colour at the intedandicated the presence of cardiac glycoside

Anthraquinones

0.5g of plant extract was shaken with 10ml of beezand filtered and 5ml of 10% ammonia
was added to the filtrate. The mixture was shakehthe presence of pink, red or violet colour
indicated the presence of anthraquinones

RESULTS

The results of thén vitro antimicrobial activity of the ethanolic crude extts of Nymphaea
lotus leaves at different concentrations (5, 10, 20,80),mg/ml using agar diffusion method on
the isolates varied as shown in Tables 1 and 2.ridéw@n zones of inhibition the extract ranged
from 8.0 + 0.5mm to 24.0 £ 1.0mm against MRSA (Edbland from 8.0 £ 0.5mm to 27.0x
1.0mm against VRSA (Table 2). The extracts shoviredhighest zone of inhibition (24 £ 2.0
mm) against VRSA at 80mg/ml and highest (24 + 1fi)ragainst MRSA at 80mg/ml (Tables 1
and 2). The minimum inhibitory concentration (MI@nhd minimum bacterial concentration
(MBC) of the plant extracts on both MRSA and VRS&nged from 5 to 15 and 10-30
respectively (Tables 3 and 4). The results of thdimpinary phytochemical analysis of the
extracts showed the concentrations of bio-activepmunds in the ethanolic crude extracts of
Nymphaea lotuseaves (Table 5). The following bioactive composineere identified from the
ethanolic crude extracts ofNymphaea lotus leaves; tannins, flavonoids, alkaloids,
anthraquinones, saponins, terpenes, cardiac gtle®siand phenolics (Table 5). The
anthraquinones, terpenes, and cardiac glycosides tive most prominent bioactive compounds
in the extract.
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Table 1: Antibacterial activity of Nymphaea lotus against Methicillin Resistant
Staphylococcus aureus (MRSA)
Mean zones of Inhibition (MM) £SD

Bacteria 5mg/ml  10mg/ml 20mg/ml  40mgd  80mg/ml  Streptomycin
(30ug)

MR-SA1 8.0+1.0 12.0+1.0 12.0+2.0 20R% 23.0+1.0 24.0+2.0

MR-SA2 10.0+1.5 15.0+2.0 17.0+15 20.0%1. 220%x15 20.0+2.0

MR-SA3 8.0#0.5 8.0+05 100+1.0 150+1.0 20.0&@3. 18.0+3.0

MR-SA4 NZ 80+10 12.0+2.0 1220 150%+3.0 18.0+1.0

MR-SA5 8.0+0.5 8.0+1.0 10.0+1.0 13.0+x1.0 15.0%1. 21.0+20

MR-SA6 8.0+1.0 10.0+2.0 150+1.0 18.0+3.0 20.0&2. 20.0+1.0

MR-SA7 NZ 80+10 80+1.0 10.0x15 1506 12.0+2.0

MR-SA8 NZ 9.0+05 120+10 150+x20 22.0&1 20.0+1.0

MR-SA9 8.0+1.0 12.0+x0.5 120+1.0 150%+2.0 24.0&1.22.0+1.0

MR-SA 10 8 .0+0.5 10.0+0.5 12.0+1.0 20.0+1.0 20.0&1. 26.0+1.0

Key: MR-SA 1-5: Methicillin Resistar§taphylococcus aureisolatedfrom wounds
MR-SA 6-10: Methicillin Resistarbtaphylococcus aureusolated from urine
NZ - No Zone of Inhibition

Table 2: Antibacterial activity of Nymphaea lotus against Vancomycin Resistant
Staphylococcus aureus (VRSA)

Mean zonésnbibition (MM) £SD

Bacteria 5mg/ml  10mg/ml  20mg/ml40mg/ml  80mg/mi Streptomycin
(30ug)

VR-SA 18.0+1.0 8.0+1.0 10.0+20 20.0+2525.0+1.0 220+3.0

VR-SA 2 9.0+1.5 120+20 14.0+15 180@& 21015 21.0+x2.0
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VR-SA3

VR-SA4

VR-SA5

VR-SAG6

VR-R 7

8.0t0.5 8.0+05 100+1.0 150%+1.0 20.0+x2.0 20.0+3.0

10.0+0.5 10.0+1.0 12.0+2.0 152& 15.0+3.0 20.0+1.0

10.0+0.515.0+1.0 150+1.0 150+2.0 220+15 19.0%+2.0

8.0+1.0 120+15 150+1.0 21.0+3.0 24.0+2.022.0+1.0

8.0+0.5 8.0+10 120%x15 120+15 21.0+1.0 25.0+3.0

VR-SA 88.0+0.5 10.0+0.5 10.0+1.0 140+2.0 18.0+1.0 20.0+1.5

VR-SA 9 10.0+0.513.0+0.5 18.0+1.0 20.0+20 27.0+1.0 23.0%x1.0

VR-SA 10 NZ 90+05 120+1.0 12.0+2.0 150@&1. 150%*1.0

Keys; VR-SA 1-5: Vancomycin ResistaBtiaphylococcus aureisplatedfrom wounds
VR-SA 6-10: Vancomycin ResistaStaphylococcus aureusolatedfrom urine
NZ - No Zone of Inhibition

Table 3: Minimum Inhibitory Concentration (MIC) and Minimum  Bactericidal

Concentration (MBC) of extracts ofN. lotus on Methicillin Resistant
Staphylococcus aureus (MRSA)

Bacteria MIC MBC

MR-SA 1 5.0£1.0 10.0+15
MR-SA 2 10.0+1.5 20.0+2.0
MR-SA3 10.0+0.5 10.0£3.0
MR-SA4 50+10 10.0+1.0
MR-SA5 10.0+0.5 200+£15
MR-SA 6 10.0 £+0.5 30.0+1.0
MR-SA 7 10.0 +0.5 20.0+1.5
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MR-SA 8 5.0+1.5 20.0+0.5
MR-SA 9 10 .0£1.0 30.0+1.0
MR-SA 10 5.0+1.0 20.0+0.5

Keys; MR-SA 1-5: Methicillin Resistai@taphylococcus aureusolatedfrom wounds
VR-SA 6-10: Methicillin ResistarBtaphylococcus aureusolatedfrom urine

Table 4: Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal
Concentration (MBC) of extracts ofN. lotus on Vancomycin Resistant
Staphylococcus aureus (VRSA)

Bacteria MIC MBC

VR-SA 1 5.0£1.0 10.00+
VR-SA 2 16106 30.0+2.0
VR-SA3 0%0.5 20.0+3.0
VR-SA4 0%1.0 15.061.
VR-SAS5 006 10.0+2.0
VR-SAG6 .0@1.0 30.0+1.0
VR-A 7 0.0 +0.5 20.0+3.0
VR-SA 8 10 .0+0.5 30.0+1.0
VR-SA 9 5.0+0.5 10.0+1.0
VR-SA 10 10 .0+0.5 10.0+1.0

Keys; VR-SA 1-5: Vancomycin Resistatiaphylococcus aureisplatedfrom wounds
VR-SA 6-10: Vancomycin ResistaStaphylococcus aureusolatedfrom urine
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Table 5: Phytochemical analysis of the ethanol exdrcts ofNymphaea lotus leaves

Plant Constituents Tests used Occurrence

Alkaloids Drangendorff’s test ++

Mayer's Reagent test +

Picric Acid test -
Flavonoids General test ++
Phenolics Frothing test ++
Saponins General test +
Tannins General test +
Anthraquinones General test +++
Cardiac glycosides Liberman’ s test +++

Salkowski test +++
Terpenes Chloroform test +++

Keys: + =  Present in small concentrations

++ = Present in moderately high cotagions
+ + + = Present in high concentrations

DISCUSSION

The worldwide emergence of bdthRSA and VRSAcan have severe public health implications
as these organisms can cause a variety of nosdcamdacommunity-acquired infections and
potentially life-threatening diseasét is important and valuable to find compoundsttha
potentiate antimicrobial activity against MRSA aviRSA. While the battle between man and
microbes continues, starting with the defeat saffdvy penicillin, methicillin to the emergence
of vancomycin resistant microorganisms [21, 22]eliRtinary phytochemical screening of
Nymphaea lotusrevealed the presence of alkaloids, tannins, gdlesnosaponins, cardiac
glycoside, terpenes and flavonoids. Some workenge haso attributed to their observed
antimicrobial effect of plant extracts to the prese of these secondary plant metabolites and it
is responsible for their use as herbs [23] Hertoe presence of the secondary metabolites such
as anthraquinones, cardiac glycosides, sapa@nsins, alkaloids, flavonoids and phenaolics in
Nymphaea lotusnay be responsible for its potential usedasg againstMRSA and VRSA
Antimicrobial activities of alkaloids and flavonagichave been reported [24, 25].Tannins are
important in herbal medicine in treating wounds &mdrrests bleedings [26]. Phyto-constituents
such as saponins and phenolics compounds haverggerted to inhibit bacterial growth. The
results obtained showed that ethanolic extractdyofiphaea lotugxhibited inhibitory activities
against MRSA and VRSAbacteria with different degrees as demonstratechbgsuring the
diameters of inhibition zones and these resultsimmonformity with the results obtained by
[6,11]

In conclusion,S. aureusis a major cause of serious nosocomial infectiooligated with
morbidity and mortality. Emergence of MRSA and VRSAo antibiotics will make infections
difficult to treat. Therefore, is need to considlee use of this potent extracts that have shown
some measures of antimicrobial potency, judgingHhgy antimicrobial activity, activity index
(A.l);, Minimum Inhibitory Concentration (MIC) and iimum Bactericidal Concentration
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(MBC) results of the ethanolic crude extracts intcolling MRSA and VRSA infections as well
as provide a new strategy to treat reemerging fiafies.
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