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ABSTRACT

Plant extracts are a valuable source of novel atibrial compounds to combat pathogenic isolatesrdasing
concern for antimicrobial resistance in infecticagents and antibiotic side-effects makes it mangidtosearch for
alternatives with greater efficacy and lesser siffiects. The aim of the study was to evaluatetion iactericidal
activity of five locally found plants, in dependeran time and concentration against clinical iselbf multidrug-
resistant bacteria. Plant material (F. geniculatiegves), B. diffusa (whole plant), M. indica (see@) pinnata
(seed) and C. tora (leaves)) were extracted andotlied in methanol for its further antibacterialagvation.
Bacterial strains were isolated form clinical sampl(E. coli, K. pneumonia, P. aeruginosa and S.eas.
Minimum inhibitory concentration (MIC) for each plaextract was measured by broth dilution methacherkill
assay was carried out at doses equivalent of MIGIE; and MICx2, to estimate changes in the growthve of
investigated pathogen®ercentage inhibition was monitored for all fouraexined microorganisms. Minimum
inhibitory concentration recorded variably rangirgetween 1 — 6 mg/ml for all five plant extractspi$essed
growth of E. coli and S. aureus was recorded dugogplete period of investigation i.e. at 0, 26424 h by all
plant extracts except for Madhuca indica seed extwenich showed strong microbial inhibitory potehtagainst S.
aureus but was weak against other pathogens. Rigi@osa was not very susceptible to any of theaetar It was
evident from the study that methanolic extractlofige plants posses antimicrobial activity.
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INTRODUCTION

Many researchers around the globe consider thatalgiroducts are rich source of novel bioactivenpounds and
could be an alternative to allopathic medicines Rlants are ample source of a wide variety of iséan/
metabolites, such as; alkaloids, terpenes, flandmaeind tannins, all of which are known to possessicmal
property [2]. For many centuries plants or pamlaits are used for wound healing and as antisejigbiotics are
a foundation in the treatment of bacterial infeatioSuitable dose prescription is essential to dvgoutcomes and
to avoid the emergence of resistant organisms.[B#fibiotic consumption in itself is a primary kisactor for the
development of antibiotic resistance.

Many herbal medicines are used as antibiotics fpakty in developing countries. For many yearssehenedicines
are used in native medicinal system for differéabtiers/infections such as gastrointestinal (catidigestion, loss
of appetite, and diarrhea), respiratory (sore tis;oaough, and bronchial problems), inflammatoryd a
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cardiovascular disorders [5,6]. Herbalism pres&ilbeany plants to treat bacterial infections, howgvkese
remedies are not well investigated for its potémtke in antimicrobial activity.

Indian herbal remedies are still widely acceptedrallopathic medicinal system in developing anderdeveloped
states of India. Some of these remedies are claesebdetter replacement for antibiotics. The ainmhef current
study was to assess the ovemllitro bactericidal activity of five locally found plantsaditionally known for its
medicinal properties, in dependence on time andcertnation against clinical isolates of multidriggistant
bacteria. To the best of our knowledge, this isfite study dealing with the evaluation of noveicrobiological
characteristics of methanolic extracts Kitus geniculata(leaves),Boerhaavia diffusalwhole plant),Madhuca
indica (seed)Pongamia pinnatdseed) andCassia tora(leaves).

MATERIALS AND METHODS

Plants material

Plants were collected from localities of rural Raindharkhand, India, authenticatiedthe Department of Botany,
University of Ranchi, Ranchi, India. Table 1 listeedicinal plants, parts of plant used for extractend the
specimen voucher number. Seeds/leaves/whole plare dried under shade and crushed to prepare asséithi
pulp mixture. The mixture (50 g) was extracted withthanol solvent (500 ml) by using Soxhlet exwatbr 48-52
h. After complete extraction, the methanol solvesats evaporated by using rotary evaporator (YanmRuiary
Evaporator, Model-RE 801) under reduced pressubtain methanol crude extract. Crude extracts ikezed
separately through Whatman No. 41 filter paperetoave particles. The particle free crude extract exaporated
completely by using rotary evaporator under redymexsure to obtain dry crude extracts. The resleliten the
separatory funnel was re-extracted twice follow Hane procedure and filtered. The combined extraete
concentrated and dried by using rotary evaporatmten reduced pressure. Methanol was used as ansdbwe
further antibiotic evaluation.

Bacterial strains

Microorganisms used in this study were isolatednfrdinical samples at Laboratory of the One PoirdgDostic

Centre at Ranchi, Jharkhand, India. Clinical iss8atvere:Klebsiella pneumoniaEscherichia coli Pseudomonas
aeruginosaand Staphylococcus aureuddentification of microorganisms was carried dayt the use of their
biochemical profiles as recommended in the mantiBhotériologie Medical [7].

Inocula prepration

The bacterial strains grown on nutrient agar atC3ftt 18 h were suspended in a saline solutior?0\®/v) NacCl
and adjusted to bring a turbidity of 0.5 Mac Fadatandard (f0CFU/ml). To obtain the inocula, these suspensions
were diluted 100 times in Muller Hinton broth tagil@ colony forming units (CFU)/ml [8].

Minimum inhibitory concentration

The tubes containing peptone (10 g), NaCl (10 @) ¥east extract (5 g) were prepared, autoclavedresykective
concentrations of the samples were added. Eaehvials inoculated with 10 of 18 h old cultures (fOCFU). A
control tube was added with inoculums without aample was prepared along with a sterile media tublkethe
tubes were incubated at 37°C (44°C Eorcoli) on a shaker with 140 rpm for 24 h and the grow#s measured at
660 nm. The % of inhibition was calculated by gstine formula below

OD of culture with sample (Test)
% Inhibition = 100 - | oo X 100

OD of culture without sample (Control)

The MIC was defined as the lowest concentratioexfact at which no colony was observed after iatiob. So,
the MIC was defined as the lowest concentratiomtath no visible growth was observed.
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Time-kill assay

In order to assess the antibacterial property WMt&/2, MIC, and MICx2 concentration over time, gritmprofile

curves were plotted [9]. A 18 h culture was hareddby centrifugation, washed twice with phosphatie, and
resuspended in phosphate saline. The final suspengs adjusted using the McFarland standard. Metltaplant
extracts were added to aliquots of 25 ml Muellentbih broth (MHB) in a 50 ml Erlenmeyer flask (37°@)
achieve corresponding concentrations of MIC/2, M@ MICx2 after addition of the inocula. One mlinbcula
was added to all Erlenmeyer flasks. Finally, 1 wition was removed and the growth of respectiveraoiganisms
was monitored using this portion by measuring @btitensity at 660 nrasing UV-Visible spectrophotomet@gV-

9100; Ruili Co., Beijing, China). The growth of mdorganisms was measured at 0, 2, 4, 6 and 24thebgbove
method.

RESULTS

Inhibitory role of plant extracts

Growth of E. coli, P. aeruginosa S. aureusand K. pneumoniawas investigated at variable concentration of
methanolic extracts ofF. geniculata M. indica B. diffusa P. pinnataand C. tora Percentage inhibition was
monitored for all four examined microorganisms. Miom inhibitory concentration recorded variably garg
between 1 — 6 mg/ml for all five plant extractshibitory performance based on MIC fBr pinnata B. diffusa F.
geniculataandC. torag were better again&. coli andS. aureuswhich was recorded as 0.8 and 1 mg/ml, 2 and 1
mg/ml and 1.5 mg/ml, respectively. Inhibitory roté all five plant extracts were only effective aigtmest
concentration i.e. 5 — 6 mg/ml agaifstaeruginosandK. pneumonigTable 2).

Time-kill assay

Time based analysis of inhibition & coli by F. geniculata B. diffusa P. pinnataandC. tora were significantly
greater at doses equivalent to MIC/2, MIC and MIC38ppressed growth &. coli was recorded during complete
period of investigation i.e. at 0, 2, 4, 6, 24 leept forM. indicafor which growth was restricted till second hofir o
incubation later elevation was recorded ingg@Figure 1). Growth oP. aeruginosavas almost unaffected by any
of the doses i.e. MIC/2, MIC and MICx2. A grade&vation was observed in @@from 0 — 24 h for all five plant
extracts. It was however notable that growthPofaeruginosawas similar in response to all extracts exdept
geniculatain which variation was observed in growth curvéhaiespect to doses (Figure 2). Growth curvesof
aureuswas similar for all five plant extracts used ifstinvestigation. Ok}, observed for all plants extract were
ranged between 0.1 — 0.4, which was significardlydr comparing to OF, measured for plants extracts against
other microorganisms (Figure 3). Response of plarteacts againgk. pneumoniavas similar to as of response
againstP. aeruginosaA gradual increase in microbial density was obseérwhich was ranged between 0.1 — 1.5.
However, restrained growth was observed in medigatoing extracts oP. pinnata C. tora andF. geniculata
Antimicrobial performance oP. pinnataagainstk. pneumoniawas better comparing to all other plant extracts
(Figure 4).

DISCUSSION

Earlier studies have well documented evidencesatipg medicinal properties of plant products [1®fedicinal
plants are widely used around the globe as tramitisemedies against many diseases. These plaotuiqe
bioactive molecules that allow them to impede melialpathways of other organisms, thus, activelstipgate in
self defense mechanisms and contribute to thetaesis to diseases [11]. In addition, bactericidéivdy of these
bioactive compounds has been observed by researelgainst many serious infectious organisms [12]thie
present study time kill analysis of methanolic agts ofF. geniculata(leaves) M. indica (seed)B. diffusa(whole
plant), P. pinnata(seed) ancC. tora (leaves) againgE.coli, S. aureus, P. aeruginosmdK. pneumoniaevealed,
antibiotic potential at MIC/2, MIC and MICx2 equieat doses.

In this study we have observed effective inhibitidnmicroorganism by methanolic extract of all figkants extracts
investigated. However, antibacterial performandefew selected extracts were remarkably great. Sschffect of
Madhuca indicaseed extract again§&. auerusit was completely efficient in inhibiting growtbubstantially. An
earlier study reported that methanol extract ofvéics, leaves, stem and stem barkvbfindicahave antimicrobial
activity [13].
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Methanolic extract ofP. pinnata seeds showed great antimicrobial property agdmebli, S. aureusand K.
pneumonialt is to be noted that these three microbes srdgminantly found in urinary tract infection anash of
its strains are multi drug resistant [14,15,18].pinnatais not well studied for its medicinal propertidgwever,
many countries traditionally use the seed oil fmuwd healing and as antiseptic. More studies ayained to
evidently establish its method of inhibition of mabial growth.

Table 1: Details of types of extracts used from mécinal plants

Plant Extract Specimen voucher number
Boerhaavia diffusa] Whole plant
Pongamia pinnata| Seed

Ficus geniculata | Leaves
Madhuca indica Seed
Cassia tora Leaves

le 2: Microbial inhibitory role of plant extracts at various concentrations.

Scholars Research Library

E. coli P. aeruginosa S. aureus K. penumoniae
Co
nc. oD % MIC Conc. oD % MIC Conc. oD % MIC Conc. oD % MIC
(m (660 inhibi (mg/ (mg/m (660 inhibi (mg/ (mg/m (660 inhibi (mg/ (mg/m (660 inhibi (mg/
ol nm) tion ml) )} nm) tion ml) 1) nm) tion ml) 1) nm) tion ml)
ml)
o 2 0 100 2 6 0 100 6 2 0 100 6 0 100
% 15'7 0.06 92.31 5 0.13 86.02 1.75 0 100 1.75 5 0 100 5
@ 15 0.16 79.49 4 0.52 44.09 15 0.39 54.65 0.28 56.92
g 15'2 0.38 51.28 3 0.93 0 1.25 0.61 29.07 3 0.33 49.23
v 1 0.75 3.85 2 0.93 0 1 0.83 3.49 0.62 4.62
6 0 100 6 6 0.01 98.92 6 1 0 100 1 6 0 100 ¢
§ g 5 0.12 84.62 5 0.11 88.17 0.9 0.16 81.40 5 0.29 55.38
§ 5 4 0.22 71.79 4 0.19 79.57 0.8 0.39 54.65 4 0.48 26.15
= = 3 0.53 32.05 3 0.58 37.63 0.7 0.64 25.58 3 0.56 13.85
2 0.77 1.28 2 0.92 1.08 0.6 0.85 1.16 2 0.65 0.00
B 2 0 100 2 6 0 100 6 1 0 100 1 6 0 100 6
=]
1% | o1 | 7049 5 024 | 7419 09 | 009 | 8953 5 024 | 6308
‘% 15 0.39 50.00 4 0.49 47.31 0.8 0.24 72.09 4 0.41 36.92
—% 15'2 0.52 33.33 3 0.72 22.58 0.7 0.48 44.19 3 0.54 16.92
m 1 0.77 1.28 2 0.92 1.08 0.6 0.79 8.14 2 0.63 3.08
< 1 0 100 6 0 100 6 1 0 100 1 6 0 100
% % 0.9 0 100 5 0.21 77.42 0.9 0.099 88.49 5 0 100 5
=1 = 0.8 0 100 0.8 4 0.32 65.59 0.8 0.24 72.09 4 0.22 66.15
S 2 0.7 0.23 70.51 3 0.59 36.56 0.7 0.51 40.70 3 0.49 24.62
0.6 0.42 46.15 2 0.86 7.53 0.6 0.84 2.33 2 0.63 3.08
2 0 100 6 0 100 6 2 0 100 6 0.01 98.46 6
g 15'7 0 100 5 0.12 87.10 1.75 0 100 5 0.12 81.54
% 15 0 100 15 4 0.39 58.0¢ 15 0 100 15 4 0.39 40.0
O 15'2 0.33 57.69 3 0.51 45.16 1.25 0.31 63.95 3 0.58 10.77
1 0.64 17.95 0.91 2.15 1 0.79 8.14 2 0.63 3.08
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E. coli

EMIC/2 mMIC = MICx2

Figure 1: Time kill curve of Boerhaavia diffusa (BD), Madhuca indica (MI), Pongamia pinnata (PP),Cassiatora (CT) and Ficus geniculata

(FG) againstE. coli at 0, 2, 4, 6 and 24 h.

P. aeruginosa

EMIC/2 mMIC = MICx2

Figure 2: Time kill curve of Boerhaavia diffusa (BD), Madhuca indica (MI), Pongamia pinnata (PP),Cassia tora (CT) and Ficus geniculata

(FG) againstP. aeruginosa at 0, 2, 4, 6 and 24 h.
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S. aureus
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EMIC/2 mMIC = MICx2

Figure 3: Time kill curve of Boerhaavia diffusa (BD), Madhuca indica (M), Pongamia pinnata (PP),Cassia tora (CT) and Ficus geniculata
(FG) againstS. aureusat 0, 2, 4, 6 and 24 h.

K. pneumonia

B MIC/2 mMIC m MICx2

Figure 4: Time kill curve of Boerhaavia diffusa (BD), Madhuca indica (MI), Pongamia pinnata (PP),Cassia tora (CT) and Ficus geniculata
(FG) againstK. pneumonia at 0, 2, 4, 6 and 24 h.

Antimicrobial activity of C. tora leaf extract and. diffusawhole plant extract have been mentioned in earlier
studies [17,18]. Our study also revealed strongraatobial activity against. coli andS. aureudor both extracts;
however, their activity was weak agaifstaeruginosaandK. pneumoniaA study by [19] also claimed presence of
antimicrobial and antioxidant property GassiaSp (2009). Studies on antimicrobial propertyrofgeniculataleaf
extract is limited, our study is first to claim @stion againsE. coliandS. aureus

Based on the obtained results, all compounds as$ess active according to MIC values. The time-&ikay
suggested that investigated plaetdracts completely inhibited the growth Bf coli andS. aureusand they also
exhibited prolonged antibacterial activity agaittst P. aeruginosaand K. pneumoniaas determined by time-Kkill
curves. Antimicrobial activities againkt coli andS. aureuswere similar for all plants extracts. It was ttHere

hypothesized that these two strains were more ptibt®to bioactive compounds present in the exahinerbal
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antibiotics. LargelyP. pinnataseed extracts was regarded as best among altextrad effective at all doses i.e.
MIC/2, MIC and MICx2. Nevertheless, more studyaguired to ascertain its dosesPapinnatais considered to be
toxic causing serious nausea and vomiting. Its titolesits such as triglycerides and its disagreetdsite and odor
also pose obstacle in way of making it a suitablib#tics against many infections.

CONCLUSION

It was evident from the study that investigated hmablic extracts of plants or parts of plants pesiy have
microbial growth inhibitory potential. In particulahe bactericidal effects were more prominentragd. coli and
S. aureusthan againg®. aeruginosandK. pneumonia
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