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ABSTRACT

To assess antibacterial activities of MISKAE onng8alella sp., isolated from Acute GastroenteritisGE).
Salmonella causes major AGE outbreaks among childtealso causes typhoid and intestinal invasiviegtions.
Antibiotics are used for the treatment of theseedtibns. Now a day, microorganism’s develope rasist.
Alternative treatment strategy is needed to cuttadl effect of Salmonella. Traditional System oflilae (TSM) is
most useful for the treatment of multidrug resisttiDR) pathogens. MISK is selected and extractdguwater
(MISKAE). It was subjected for antimicrobial assgydisc diffusion method. MIC, MBC, % inhibitio&s4 along
with qualitative phytochemical analysis of this igl@xtracts were done using standard methods. teselealed
that MISKAE showed good antisalmonella activity grdduce 7.340.6 to 15.0+1.0mm zone of inhibitioh a
200pg/disc concentration. MISKAE showed good MI@ BBC with 98.8% inhibition at 200pg/ml concentoati
for Salmonella typhi 14. I§g required for killing Salmonella ranges from 101t@® 800 pg/ml concentration.
MISKAE could be considered as a effective medidnéhe treatment of Salmonella infection. Flavahdiannins
and Polyphenols were considered as a chemical ptswa inhibits the growth of Salmonella.
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INTRODUCTION

Salmonellais one of the most important causative agents@EAs well as typhoid. Non typhoidal Salmonella is
major reason for gastroenteritis and play a mapbe in outbreaks [1]. They also cause major outgemong
children [2]. Salmonellaare also considered as a major causative ageobdfborne illness. This bacterium also
causes life threatening invasive infection liketgeprthritis [3]. Though gastroenteritis is a skffited infection
may cause invasive infection in children and immoaampromized individuals and needs antibiotic tresit.
Quinolones were used for the treatmenSafmonellacausing infections. Now a day, antibiotics are efféctive
due to the development of drug resistance, whickvidenced through various scientific findings frondia and
abroad [4, 5, 6, 7]. In this situation, use of biatiics leads to various side effects and needléhelopment of an
alternative strategy for better treatment. Onehssirategy is the development of medicine from ients.
Mangifera indicais commonly called as mango in English and Mangalamil and belongs to the family
AnacadiaceaeMangifera indicaseed kernel is one of the most powerful plant peaditionally used for the
treatment of diarrhoea, dysentery etc., [8, 9, 110, 12, 13, 14]. Few studies are also reportedntimécrobial
activity of this plant using different microbial egies. This study also describes antimicrobialvagtof seed kernel
in a holistic manner and taken this differently lwthe aim of screening antisalmonella activitiesMzngifera
indica seed kernel aqueous extract (MISKAE).
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MATERIALS AND METHODS

Preparation of plant material

Mangifera indicaseed kernel was collected from the local marke¥atiurai, Tamilnadu, India. Seed kernel was
dried properly and was ground into powder and thiemed using a sieve. Two hundred grams of powdplaut
were transferred into airtight containers and st@eroom temperature.

Extraction of the plant material

Plant active components were extracted using thek exdraction method [15]. Water was used for thraztion.
The filtrate was obtained by means of a vacuurerfitump. The final filtrates were filter-sterilizedth syringe
filter (pore size of 0.4@m). Sterile extracts obtained were stored sepgratdabelled, sterile capped bottles, in a
refrigerator at 4°C.

Determination of antibacterial activity
Antimicrobial activity was performed by disc difios method [16].

Assessment of MIC, MBC and IC50
It was performed by making use of the method of Kemand Fatena [17] with a few modifications. Ip&formed
as mentioned in Table 1

Determination of % inhibition

It is a calculation of inhibitory effect of extracht a particular concentration by making use tdl teiable count
value of GC tube and dilution tubes. It was calmdaby making use of the following formula.

Number of colonies m tube GC — Number of colonies m difution tube

X100

Number of colonies in tube GC

Determination of ICsg
According to the FDA, Ig, represents the concentration of a drug that isired for 50% inhibition inn-vitro. It is
obtained from the %inhibition and the concentrattbextract used. Igwas calculated by using the formula.

Concentration of Extract X 50

% inhibition
Table —1 Assessment of MIC, MBC and 16

Tube No. AC 1 2 3 4 5 6 7 8 9 14 11 GC Blan
Volume of Mueller Hinton broth in pl 1900 1800 18101820 | 1830( 1840 1850 1860 1870 1880 1890 1895 190@000
Volume of Extract / antibiotics in 10C 10C 90 8C 70 60 5C 40 30 2C 10 5 0 0
Initial Total Extract concentrationinpyg 100 200800 | 1600| 1400 1200 1000 80D 600 400 200 100 0 [t
Bacterial Suspension in pl 0 100 100 100 1p0 100 0 10100 100 100 100 100Q 10 0
Final Volume in pl 20000 2000 200p 2000 20p0 2000 0D 2000| 2000] 2000 200p 20Q0 2000 200
Final extract conc. pg/ml 50 1000 900 800 700 600 00 5 400 300 200 100 50 0 0

A.C = Antibiotic Control, G.C = Growth Control

Incubate foi24 hours at 37°

Read OD at 620nm, it will provide MIC value

Inoculate each growth contents (0.1ml) on Muellentéh Agar by spread plate method (After Propeufish)

Incubate for 24 hours at 37°C

Count number of colonies

Calculate % growth inhibition and MBC

Finally calculate |G

Qualitative Phytochemical Screening
Freshly prepared MISKAE were tested for the presaigphytochemical constituents using standard ou=tii18].

Statistical analysis
All the results were expressed as mean +SD. Thewlate statistically analyzed by one way ANOVA &hdalues
<0.05 were considered significant
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RESULTS AND DISCUSSION

MISKAE is one of the most important phytomedicitraditionally claimed for its antidiarrhoeal actiwi19]. It is a
refrigerant, employed to kill abdominal worms, ctomevomiting, diarrhoea and hyperacidity [20]. Rat scientific
reports also support the use of this plant as aidiarrhoeal agent [12, 13]. MISK is consideredaas effective
medicine for AGE caused by microbial agei@almonellais one of the invasive bacterium [21, 22] causadous
life threatening infection. These organisms wemgstant to multiple numbers of antibiotics [7]. abhability of
surface factors and enzymes are responsible foni@nbbial resistance [23, 24, 25].

MISKAE was subjected for antimicrobial assay agathe strains oBSalmonella enteritidis, Salmonella paratyphi
A, Salmonella typhand Salmonella typhemuriunAll these organisms were responsible for caugi®E. These
organisms were isolated from the stool samplesfetied patients admitted in inpatients ward of Vi medical
Mission, Madurai, Tamilnadu, India. Concentratidike 50, 100, 150 and 200 pg/disc of MISKAE weredigor
antisalmonella assay. Out of ten strains of Saliernested, onlySalmonella enteritidid35 was inhibited at 50
pg/disc concentration (Table 2). SimilaBalmonella enteritidid01 inhibited at 100 pg/disc with 7.7+£0.6 zone of
inhibition. Other strains were inhibited at 150 ¢igé concentration with a zone of inhibition ranfresn 7.3+0.6 to
10.0+£0.6mm and 9.7+0.6 to 15.0+1.0 at 200 pg/d@wcentration. MISKAE produced the best zone ofhitldn
againstSalmonella typhi4 andSalmonella typhimurium (15.0£1.0 and 15.0+1.2 respectively).

Table 2: Antisalmonella activities of MISKAE (n=3)

S No Test Strain Zone of Inhibition in mm (mean+SD)
T 50ug/disc| 100upg/disqd 150pg/disg  200ug/digc
1 Salmonella enteritidis 51 - - 07.3+0.6* 11.0+2.0*
2 Salmonella enteritidis 93 - 08.0+1.0* 12.0+0.6*
3 Salmonella enteritidis 10 - 7.7+0.6 08.3+0.6* 11.0+1.2%
4 Salmonella enteritidis 13§  7.3+0.6 8.3+0.6 10.0+0.6% 13.0+1.0
5 Salmonella paratyphi A 2 - - 09.3+1.2* 12.0+1.2*
6 Salmonella paratyphi A 3 09.7+1.2* 12.0+0.6*
7 Salmonella paratyphi A 9 09.0+2.6* 14.0+0.6*
8 Salmonella paratyphi A 1 07.7+0.6* | 09.7+0.6*
9 Salmonella typhi 14 10.0+1.7* 15.0+1.0*
10 Salmonella typhimurium 7 - 08.3+2.3* 15.0+1.2*

* one way ANOVA and P value$.05 were considered significant

MIC and MBC assessment along with Percentage ititniband 1G, is essential to validate the efficiency of the
drug. Hence a new modified procedure was adoptaddess these parameters. The MIC value of MISKgsinat
Salmonellasp., were varied from 053.6+14.4 pg/mL and 144.7&28y/mL. Effective MIC of MISKAE was noted
for Salmonella enteritidisl35 (053.6+14.4 pug/mL) followed b8almonella enteritidistl01(066.1+14.4 pg/mL).
Least MIC of MISKAE was noted agairSalmonella enteritidi§1(144.7+28.8 ug/mL). Bacteriostatic nature of the
extracts was revealed in MIC assay whereas baictariconcentration of the extracts was assesset1BZ
assessment. MISKAE showed best MBC agai®Batmonella enteritidislO1 (116.6£28.8 pg/mL). 366.6+28.9
pg/mL concentration of MISKAE was needed for kijiof Salmonella enteritidi§1(Table 3).

Table 3: MIC and MBC activities of MISKAE against Salmonella strains

S. No Test Strain MIC (ug/mL) | MBC (ug/mL)
1 Salmonella enteritidis 51 | 144.7+28.8* 366.6+28.9*
2 Salmonella enteritidis 93 | 137.5+25.0* 258.3+38.1*
3 Salmonella enteritidis 101]  066.1+14.4* 116.6+28.8*
4 Salmonella enteritidis 135 053.6+14.4* 141.6+14.4*
5 Salmonella paratyphi A 144.7+28.* 35C.0+50.0*

6 Salmonella paratyphi A 132.2428.* 316.6+28.*

7 Salmonella paratyphi A 9| 107.2+28.8* 233.34£50.0*
8 Salmonella paratyphi A 10 100.0+25.0* 300.0+28.8*
9 Salmonella typhi 14 072.3+14.4* 216.6+28.8*
10 Salmonella typhimurium 7  085.8+43.3* 183.3+28.8*

* One way ANOVA and P value$.05 were considered significant
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Number of bacterial cells in a test Vs control exps the nature of inhibition by MISKAE ddalmonellaMISKAE
showed effective control almonellastrains which is expressed in terms of % inhibitiBercentage inhibition of
MISKAE at 200 pug/mL ranges from 12.5 to 98.8%almonella typhil4 culture was inhibited upto 98.8% at 200
pg/mL concentration. Least % inhibition was notgadiastSalmonella paratyphi A0 (Figure 1). Concentration
required to kill 50% of the population completelyens assessed in dCassay. 1G concentration of MISKAE
ranges from 101.3 pg/mL concentration to 800 pgbémhcentration. This indicated that all the testaoigms were
inhibited at any one of the concentration (Figuje Salmonella typhiand Salmonella typhimuriunwere best
inhibited at 101.3 and 104.3 pg/mL concentrati@pestively.

Figure 1
Effect of MISKAE with reference to % inhibition at 200ug/ml

[
D 0 ON
o O O o
| I I S
®
w
©
©
©
N

N
o
1
=
a1

H % Inhibition

Percentage Inhibition
ey
o o
N
o]

Test Strains

Figure 2
Effect of MISKAE with reference to IC,

200 - 120 1066 12p.7 115.1 118.8 103.2 101.3 104.3 mIC50
1 o
0 -

QR o

& W &
N W@Q %.\ﬁ ‘&(&
N

Test Organism

Concentration
(&3]
o
o

Secondary metabolites of the plants are considaseal defense mechanism exists in plant body. Téesendary
metabolites are also used as a defense systemnorhalso. To understand the phytochemials available
MISKAE, this study was conducted and detected thailability of flavonoids, tannins, phenolic compuils,
triterpenoids, saponins and steroids (Table 4).
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Table 4: Phytochemical features of MISKAE

S.No | Phytochemicals| Resulf

1 Flavonoids +

2 Anthraquinones -

3 Triterpenes +

4 Tannin: +

5 Saponin +

6 Alkaloids

7 Steroids +

Sometimes microorganisms do not allow the entrgtabchemicals by producing biofilm. Biofilms are jorafactor
responsible for antimicrobial resistance. Hencéhia study, MDR pathogens with multiple virulentfars were
selected and subjected for antsalmonella screehinthe present study, ten different strainsSaimonellawere
selected and subjected for screening antisalmorelizity of MISKAE. MISKAE are helpful in contrdlhg the
growth of Salmonellawhich is evidenced in different mm of zone ofibition at 50 to 200 pg/disc concentrations.
Peoples from different parts of the world use vasiparts of this plant for screening antimicrolaietivities. They
used different pathogenic or nonpathogenic orgasibmot none of them usesalmonellaisolated from Madurai
district of Tamilnadu, India [14, 26, 27). MISKAEquuced a maximum of 15mm zone of inhibition at @@adisc
concentrations. Some strains were inhibited at §@ligpc concentrations also. MIC and MBC results evalso
expressed the effectiveness of this plant partraardimicrobial agent. It could show bacteriosta& well as
bactericidal action on Salmonella strains.

Salmonella enteritidid35and Salmonella enteritidiS1 are belong to same category of species buthitiyavas
noted in the inhibitory pattern. 101 strain wasihited at 50 pg/disc concentration whereas 51 itggbonly at 150
pg/disc concentration. When comparidgimonella typhandSalmonella typhimuriupBSalmonella enteritidisvere
less inhibitory by MISKAE. Difference in inhibitorgattern could be due to the availability of vakasurface and
virulence factors. Due to the availability of thefetors pathogenic bacteria thrive in any kind stfessful
environment. Surface factors mediate flow of focatenials from outside environment to inside. Exsanay have
efficient phytochemicals but it may not enter irsttie host cell. This could be a reason for diffeesin sensitivity
pattern. One of our unpublished data revealed tbgemce of multiple virulence factors in strainsa®@ 101. Rajan
et al.,[11] showed thaMangifiera indicaseed kernel contains phenolic compounds, tanfiamgnoids, which is
closely related to this study report and confirtms &vailability of these phytochemicals. Iron birglicapacity of
tannic acid prevents the growth of microorganismgieventing the action of extracellular enzymdsisTdeprives
the entry of growth factors required for microbgmbwth. It also prevents oxidative phosphorylatibannins also
precipitates extracellular proteins thereby groisthrevented. Phytochemicals available in the MI&Kdirectly or
indirectly interferes with microbial metabolism apievents microbial growth [28, 29, 30, 31, 32].

This study showed MISKAE inhibited the growth of RDvirulent strains oSalmonellalt may due to prevention
of biofilm and action on pathogenic islands of gaghogen. One of our unpublished data revealecettpession of
virulence genes likstn, pefandsefwere stopped by the action of MISKAE [33].
CONCLUSION
MISKAE could be considered as an effective phytoiciad for the treatment of typhoidal as well as ngphoidal
strains ofSalmonella Further studies on fractional and molecular ctiarézation of the phytochemicals on virulent
pathogens confirm the uses of this plant material.
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