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Abstract
The continuous emer gemade ngfern emgi $thente flda ctaeryi
the globe. The antibiotic resistance crisis he
medi cati ons. However, the | ack of new drug
antimicraolkiealonr e$i $sth@ bi ggest wupcoming cal ami
pl ants as a source of eme thtaesddt ayvom peeost tepniraircatrl o d x t
activities against the miceoless tdveed ashodueecrets h &
antibiotics. TradiutcihhomaITéelmend ha@ikmal j(pied ol sna,| | a
ar j améah i r(Swerta tirayita) have been used for long to treat various diseases, Thus
the ethanolic, ethyl acetate and chloroformagtracts of these plants were tested against a
Pseudomonaseruginosastrain which showed resistance to thirty antibiotics available in the
market and only seitive to plymyxin B. The extraction method was done via Soxhlet apparatus
and Rotary evaporatoilhe potential antimicrobial activities of crude extract against resistant
Psedomonaseauginosawas obtained via ag well diffusion method. Only ethykatate extract
of Haritaki (Te r mi n a | i, ehyl @adetaté extraat)of ArjunT(e r mi nal iethan@ic | una)
extract of Chirata(Swertia dirayita) showed significant activity against resistédgedomonas
aeruginosa.The highest Zone of was found in ethydetate extract of Haaki (Ter mi nal i a
¢ h e b enlresigtanPsedomonasauginosafound (16 millmeter in diameter)The minimum
inhibitory concentration (MIC) anthi ni mu m b aocnt ceer ni t@iBad} ai levhigt acetate
extract ofHaritaki (Ter mi nal i wasc hfedbwnhnd) 25 milligram per |
milligram perr ensipd.titiihteenr esMBE)s t hus represent

antimicrobial drugs from these medicinal plan
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CHAPTER 1: |l ntroduct i



1.Blackground

Anti balogocknown as antimicrobials are the typ
bacteri al infection. The antibiotics elihtether m
fiasti Peat ccldliisnc,obvpwa &ldex ander9 2Bl eamdh gmadrne 1t ha
compounds have been found since, but no new c
drugs couppedswithinongehas | ed to bacteria bec:
medi cTihneesddeat h by amnceni wirlobiiahcreasese to ten m
t he gl obal report WHO anh201di)oti c resistance by

I n Bangl adesh, It I's estimated that around 8
prescription (M&rgame iebtelaibewinngOmiloaobi al res
antibiotics wildl present a greater danger to
unl ess world | eaders agree international acti
Because oifndihdkecenmrdeionfg drug resi stance among i n
constantly (bRaghgu nzdNhr8gahcealy s , researchers are ¢
antimicrobial mol ecul es which havengatbirvadasg

Grampositive bacteria without havi2n0gl 7Mjany or ar
From the anci epnltanpesr ihoadv eo fb eteinmeused and consi
medi ci nal compounds. Thus | nbarseecde ndr uygesarhsa s ti
tremendously and there is some hope seen in c
treat ment of sasnctureayp | hea e smuacshe | ess or al most
Bangl adesh has veersy fiiedhoBil deaeuonas and i s famo
of medi cMopak phant 500 plants species have beer
having medicinal valwues (Yusuf et al ., 1994).
Hari Takmi fal i Ar jc(hhTeebr unli an)a,lainad h a r(@mertead)rayita) these

threecommon medicingplants are most frequently used to treédgeases and it is found that the

crude extracts of these three medicinal pldhsr | Tak mi fal i Ar jc(lTeel uri an)a,l i a
ar j am@lh i rSaverta chirayita) have the potential antimicrobial activity agaiadtrain of

multidrug resistancPseudomonasesuginosa



1.2 Aim of the project
The project was established by focusing the following objectives:
1 Isolating the crude extractsfrarha r | Tarkmi fal i Ar jdldirebmi apl i a ar
an@hi rnSavertea dirayita).
1 Discovering any potential antimicrobial activity Bfa r i Takmi fal i Ar jchhrebul
( Ter mi nalain@h a (Sweérte aiyayita).
1 Comparison of the antimicrobial taty of these plant extracendthe antibiotics thare
available in thelocal market and their sensitivity against the multidrug resistance
Pseudomonasesuginosa
1 Establishing rmimum inhibitory concentration (MIE values ofthe plant extracts and
sensitive antibiotics

1 Establishing minimum bactericidal moentration (MBC) values dhe plant extracts and

sensitive antibiotics.



1.3Terminalia chebula

Fig. 1: Fruits of T. chebula(left) Fig. 2: Dried fruits and powder of T. chebula(right)

| mage sour Geeminal@ohebgyldbe 0

1.31 Taxonomy:
Current nameTerminalia chebula,
Botanical description
Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida
Order: Myrtales
Family: Combretaceae
Genus: Terminalia

Species: chebula



1.3.2 Description of Terminalia chebula

Terminalia chebuldqT. chebulg is a flowering evergreen tree of the family Combretaceae. It has
several common names such as black myrobalan, ink tree, or chebulic myrobalan (English),
haritaki (Sanskrit and Bengali), harad (Hindi), harada (Marathi and Gujrati) Karkchetgu)Tel

and Kadukkaya (Tamil). In Tibet,. chebula s cal |l ed as the fAKing of M
T. chebulas a medium to large highly branched deciduous tree with a height up to 30 m and girth
1-1.5 m. Leaves are 180 cm long elliptical with an acutg@ and cordate base. The vasculature

of the leaves consists of&pairs of veins. Flowers are short stalked, monoecious, dull white to
yellow with a strong unpleasant odour and are found in simptartal spikes or short panicles
(Gupta, 2012).Fruits are 36 cm long and 1-3.5 cm broad yellowisigreen ovoid drupes
containing one oval seed. chebulais capable of growing in a viaty of soils, clayas well as

shady. The trees may grow at places up to a height of about 2000 m from the sea laveleas i

with an annual rainfall 10050 cm and temperatureld° C.T. chebulathough, is a native of

Asia, but also found in Nepal, Sri Lanka, Myanmar, Bangladesh, Egypt, Iran and Turkey and also
in Pakistan and Yunnan, Tibet, Guangdong, Guangxi prowhdehina. In India, it grows in
deciduous forests of Himachal Pradesh, Tamil Nadu, Kerala, Karnataka, Uttar Prautisia,
Pradesh and West BendRlullaiah, 2003

1.3.3 Phytochemical properties:

T. chebhloagh, containskeevamnmal nish yetrdod e $ disn $ e
fructose, reetsgi nh o wei vxeerd, oiitl si s fairly rich in
tannin content). Hur tc nleabrugl dalayn nd enp eerochs et iotf s
(Kumab) PO chief components of tannin are che
gallic acid, corilagin and ell agic acid.
Tanni hs oflierbaul @&af pyrogall ol (hydrolysabl e) ty
tannins (galliid, aguni, c &lhediud,i cchmebul ani n, cor |
aci d, chebul egic acipdenGgdaédbDigi ocosaci dastari B
tiOigal Dgylucose and terchebulin) Twhicd(elmnuph e | S
a., 20Phytochamithalaggui nhbkaes, et haedioide acid
glucopyranose, terpinenes and t er(pPAunlelnaoilash .h a vz
& Sri vastTarviat,e r2pleln0o)i.ds anddetemeiirsoglay easTiidosn s
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chebkKihrmada. ,et)lReOc3e nt s tuddchibads c bchobnutlaa ns mor e phen
any ot H{Sal epdn® et 2 )

1. Rharchao gircoaperpti es:
In Tibet,T.chebula s cal |l ed aesdi &(ieAqndedian g 200f0 9V . 't was
as it carries away all the diseasEschebulahas a very wide range of pharmalogical properties.

They are elaborately described below.

1.341Ant i bacteri al activity

Two antibacterial compounds, gallic idcand ethyl ester against methicitiiasistant
Staphylococcudiave been isolated from ethyl alcohol extract of fruit$.ofhebula(Sato etal.,

1997. Various extracts of. chebulaexhibit antibacterial activity against a number of bacterial
speciegAhmadetal., 1998) T. chebulas well effective againdtelicobacter pyroli a bacterium
responsible for gastritis, ulcer and stomach cancers. The ether, alcoholic and agueous extracts of
T. chebulawere tested againdtlelicobactor pylorj but aqueous xtract of the plant, at a
concentration of 2.5 mg/ml, inhibited urease activity &f. pylori (Malekzadehet al., 2001)

Tannins extracted from immature fruits ®f chebulainhibited Staphylococcus aureusnd
Klebsiella Pneumonia in vitrand promoted daneous wound healing in rats due to a powerful
antibacterial and anggenic activity of the extract (Li et al., 201Heveral biologically active
components were isolated from butanol fraction of fruit extradt. athebulaand tested against

six intesinal bacteria. Ethanedioic acid showed strong and moderate inhibitory activity against
Clostridium perfringensindEscherichia coliespectively, with no adverse effects on the growth

of the four tested lactic acioroducing bacteria. Ellagic acid exertadpotent inhibitory effect
againstC. perfringensandE. coli,b u t little or no inhibit4don wa
caryophyll ene, eugenoltpheil s anaie et eibal - oseear
terpinene, terpined-ol, terpindene, or triacontanoic ac{gKim et al.,2006) The ethanolic extract

of T. chebuldruit was found effective against both grgoositive and grarmegative bacteria such

as Salmonella typhBESFP 4SStaphylococcus epidermiddTCC 3615,Staphylococcus aureus

ATCC 25923Bacillus subtilisMTCC 441 and®’seudomonas aerugino83 CC 27853 suggesting

its broad spectrum antimicrobial activiigannan et al., 2009)



1.34.2 Antifungal activity :

Aqueous extract of. chebulahas been reported to show antifungalhdistiagainst a number of
dermatophytes e(g. EpidermophytgnFloccosum Microsporum gypseurand Tricophyton
rubrum) and yeastse(g. Candida albicangDutta et al., 1998 & Mehmood et al., 1999 & Vonshak
et al., 2003)Aqueous, alcoholic and ethyl acetaidracts of leaves daf. chebulavere also tested
against five pathogenic fungh$pergillus flavusA. niger, Alternaria brassicicolaA. alternata
andHelminthosporium tetramejaising paper disc method and were found effective compared to
that of the réerence standard Carbendazihinde et al., 2011)

1.34.3 Antiplasmodial activity:

The water extract of. chebulasshowed antiplasmodial activityg vitro by its ability to inhibit the
uptake of [3H] hypoxanthine into tii#asmodium falciparurK1l multidrug-resistant strain and
vivo (Pinmai et al., 2010)Acetone seed extract df. chebulawas also found to have good

antiplasmodial activity in a stuqfdagavan et al., 2011)

1.34.4 Molluscicidal activity :

The molluscicidal activity of ethanolic et of T. chebuldruit powder was studied against the
vector snailLymnaea acuminatand was found time and concentration dependent. Column, thin
layer and high performance liquid chromatography analyses demonstrated that the active
molluscicidal compor& in T. chebulavas tannic acid. Henc&, chebulacould be a potent source

of molluscicides against the snhilacuminatagUpadhyay & Singh, 2011)

1.3.4.5 Anthemintic activity:

The ovicidal and larvicidal activities of ethyl acetate, acetone, andamat extracts of dried

leaves and seeds ©f chebulavere testedn vitro on Haemonchus contortusased on egg hatch

and larval development assays at 50, 25, 12.5, 6.25 and 3.13mg/ml. The extracts of leaves and

seeds off. chebulashowed complete inhiban at 50mg/m{Kamaraj & Rahuman, 2011).

1.3.4.6 Antiviral activity:
The extract of fruits of . chebulashowed inhibitory effects on human immunodeficiency vitus

reverse transcriptag®ekkaway et al., 1995Hot water extract of. chebulashowed antherpes



simplex virus (HSV) activityn vivoand anticytomegalovirus (CMV) activity botim vitro andin

vivoin a study(Yukawa et al., 1996)A study proved that. chebulafruits contain four human
HIV-type 1 integrase inhibitors such as gallic acid ¢hree galloyl glucoses, and suggested that
gal | oyl moi ety had a maprooessing a H¥L infegrase hy thése b i t i ¢
compoundqAhn et al., 2002)T. chebulacan also be used in sexually transmitted diseases and
AIDS (Vermani & Gag, 2002) Recently, acetone extract ©f chebulahas emerged as a new
alternative to treat pandemic swine influenza A infection due to its low cost, easy preparation and
potential effec{Ma et al., 201Q)Herpes simplex virus 1 (HSY) is the cause offelong latent
infection of sensory neurons. Two hydrolyzable tannins, chebulagic acid and punicalagin, isolated
from the dried fruits off. chebulainhibited HS\A1 entry at nofcytotoxic doses in A549 human

lung cells(Lin et al., 2011)

1.34.7 Antimuta genicand anticarcinogenic activities:

In all cell lines studied, the extract decreased cell viability, inhibited cell proliferation, and induced
cell death in a dose dependent mar($&leem et al., 2002Acetone extract of. chebulahas

been reportedot contain phytochemicals with promising antimutagenic and anticarcinogenic
propertiegArora et al., 2003)One of the fractionated compounds from ethanolic fruit extract of
T. chebula chebulagic acid, showed potent dual inhibition against COX ab@®> It also
showed antproliferative activity against HGL5, COLO205, MDA-MB-231, DU145 and K562

cell lines(Reddy et al., 2009)

1.3.4.8 Antioxidant activity :

T. chebulas an excellent antoxidant. In a study, 6 extracts and 4 pure compoundls diella
exhibited antlipid peroxidation, antsuperoxide radical formation and free radical scavenging
activities at diferent magnitudes of potency (Chen et al., 2008 aqueous extract ©f chebula
protected the antioxidant enzymes from reactive oxygecies (ROS) produced by gamma
radiation in the rat lier microsomes and mitochondria (Naik et al., 2004 ethanolic extract of

the fruits of T. chebuladecreased the level opld peroxidase in albino rats (Suchalatha et al.,
2005) In histopatholgic examination of the rat livers showed tlathebulaextract reduced the
incidence of liver lesions including hepatocyte swelling and neutrophilic infiltration, and repaired

necrosis induced kyBHP (Lee et al., 2005)-urther, a hepatoprotective cooynd, isolated from



the ethanolic extract of the fruits ®f chebulawas identified as a mixture of chebulic acid and its
minor isomer, neochebulic acid that also reduced théoteyt hydroperoxide (BHP)-induced

cell cytotoxicity in isoléed rat hepacyte experiment (Lee et al., 2008 aglycone isolated from

the fruits ofT. chebulatriethylchebulate, significantly inhibited FeSO4 /@gduced microsomes

lipid peroxidation and protected both H2Gduced RBCs hemolysis and RBCs ab&molysis

in a dosadependent manner. Furthermore, triethylchebulate demonstrated potent DPPH free
radical scavenging ability and moderately suppressed-amideed mitochondria ROS formation,
(Chen et al., 2011)

1.34.9 Antianaphylactic and adaptogenic activities:
T. chebulaalong with several other medicinal plants helps to resist against a nuhgbesssors
in different ways (Rege et al., 1999). chebula,when given following anaphylactic shock,

reduces the serum histamine level showingangtantianaphwgctic activity (Shin et al, 2001)

1.34.10 Antinociceptive activity:

The petroleum ether, chloroform, ethanol and water extracls cfiebulafruits were evaluated
for their analgesic activity usingpe tail immersion model in micdhe results suggéed thafT.
chebulacould be a potential candidate for bioactivMfyided isolation of natural analgesic agents

in the management of chronic pain (Kaur & Jaggi, 2010)

1.34.11 Antiulcerogenic activity:
TheT. chebulaextract increased mucus productionaspirin and ethanehduced ulcer models
and showed antisecretory activity in pylorus ligated model leading to a reduction in the gastric

juice volume, free acidity, total acidity, and sigrantly increased gastric pH (Sharma et20]11)

1.34.12 Anti -arthritic activity :

The hydroalcoholic extract of. chebulaproduced a significant inhibition of joint swelling as
compared to control in both formaldehymeluced and CFAnduced arthritis.T. chebula

treatment also reduced serum TNF | e v e | and synowil,dl6ared-fbessi or
The authors believed th@t chebulacould be used as a diseamedifying agent in treanent of

rheumatoid arthritis (Nair et al., 2010)



1.34.13Wounds healing ectivity:

Topical administration of alcoholic extract of the leave$.athebulacaused much faster healing
(Sugun et al., 2002)n another study, healing activity of ethanol extract othebulaagainst the
indomethacinnduced stmach ulceration was perted (Bhattacharya et al., 200T) alloxan
induced diabetic rats, the hydroalcoholic extrack.athebuldruit exhibited 82% reduction in the
wound area due to faster epithBiation compared to controls (Singh & Sharma, 200%)e

wound healing aovity of ethanolic extract of fruits of . chebulan the form of an ointment with

two concentrations (5% and 10% w/w ointment of bark extract in simple ointment base) showed
significant response in excision and incision models irinaltrats compared ta@ontrols
(Choudhary, 2011)

1.34.14 Cytoprotective and antiaging activities

Gallic acid and chebulagic acid, isolated from fruit extracT othebula blocked cytotoxic T
lymphocyte (CTL)mediated cytotoxicity. Granule exocytosis in response teGID8 stimulation

was also blocked by the above phytochemicathatequivalent concentrations (Hamada et al.,
1997) The ethanol extract of the fruits @t chebulainhibited oxidative stress and the age
dependent shortening of the telomeric DNA len@tla et al., 2004) The extracts of. chebula

gall were tested for antioxidative and tyrosinase inhibition activities as well as for proliferative
and MMR2 inhibition activities on early aging human skin fibroblasts to evalinawgro antr

aging activity(Manosroi et al., 2010)

1.34.15 Cardioprotective activity:

Cardioprotective effect of ethanolic extract Taf chebulafruits (500 mg/kg body weight) was
investigated in isoproterenol induced myocardial damage in (@ighalatha & Devi, 2004;
Shuchadtha & Devi, 2005; Suchalatha et,&007)

1.34.16 Hepatoprotective activity:
The 95% ethanolic extract af. chebulafruit showed hepatoprotective activity against -anti
tuberculosis (aB) druginduced toxicity which could be attributed to its ppriaent anti

oxidative and mmbrane stabilizing activities (Tasduq et al., 2006)

10



1.34.17 Chemapreventive activity:
In an investigation]. chebulaextract treatment prevented nickel chloride induced renal oxidative

stress, toxicity and cell proliferati response in male Wistar r§irasad et al., 2006)

1.34.18Hypolipidemic and hypocholesterolemic activities
T. chebulaextract administration showed hypolipidaemic activity against experimentally induced
atherosclersis (Thakur et al., 1988nd typocholesterolemic activity against cholestenoluced

hypercholeterolemia and atherosclerosis (Shaila et al., 1998)
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1.41 Taxonomy:
Current nameTerminalia arjuna
Botanical description
Kingdom:
Division:
Class:
Order:
Family:

Genus:

Species:

Plantae
Magnoliophyta
Magnoliopsida
Myrtales
Combretaceae
Terminalia

arjuna
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1.4.2 Description of Terminalia arfjuna:

T. arjuna(Terminalia ajuna) is an ayurvedic plant which hasportant medicinal value. Is
commonly known as Arjuna, Indradru, Partha and Veeravrig@harma and Yelne, 200&hich
belongs to Combretaceae famdgd it is comprised afearly 200species distributed around the
world. About24 species offerminaliahave been reported from vaus partsof India, some
selected specieare T. arjuna, Terminalia bellirica, Terminalia bialata, Terminalia catappa,
Terminalia elliptica, Terminalia porphyrocarpa, Terminalia mantatg. In India,T. arjunais
about 6680 feet in heightbuttressed tmk and horizontdy spreading crown and drooping
branches distributed in IndiBangladesh, Burma, Mauritius and Sri LarfKapoor et al., 2014;
Chopra etl 1958 &Nadkani 1976).

T. arjuna is distributed throughet sub IndeHimalayan tracts ofUttar Praésh, Punjab,
Bangladesh Souh Bihar, OrissaWest Bengal andMadhya Pradesh mainly along rigate,
rivulets and ponds. It isnown by its various vernaculaames, the most commonly usetks are
Arjuna (Common Name)Arjun (Hindi, Bengali & English, Marudhu (Tamiland Malayalam),
Tella Maddi (Téugu), Sadaru(Marathi), Sadado (GujaratiNeer matti (Kannada) and some
traditional formulations prescribe the name of Arjunarishta anérjunaghrita Leaves ofT.
arjuna are simple, oftenrenulations, bornsuboppositeshortly acute or obise at the apex,
coriaceous andblong or elliptic and theiupper fae is pale or dark green and tlogver face is
pale brown. The &e growsvhite sessile bisexuflbwers in short auxiliary spikes or aterminal
panide arrangemenkruits of T. arjunaare drupe, ovoid, firouswoody andsmoothskinned with
five hard wings or angles which are obligaed curved upwards. Stem bark is simple, smooth and
pinkish-grayin color in external view. An inteal view, the barks soft and reddish color (Ali,
1994).

1.4.3 Phytochemical properties:
The analysis off.rtjaenape amd |l ekttrlret gr dsence of

including proteins, carbohydrates, ptheernooil dss,, t
terpenoids and al kal oi ds. Sever al studies hav
parts of wvarious medicinal pl @aBtewwh&cRi aeg 1

(Krings & Ber garg,unZaOwildespalad!| smmedi ased 1 n t he

system of medi cine to <car e( Nfeoma vear.i o0 tdR@le2
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phyt ochemical anal ysis revealed a | arge amourt
compounds and tdemsnipnrse seemd dlInylcnoeshailh @ Bla nedtaft r a ct
al ., 2013) .

l1.2Rharcihaogi cal properties:
T. arjunais a tree having an widespread medicinal potentiahast of the diseases patrilarly
cardiovascular disorders. lis also exhibitedanimicrobial, gastroprotective antioxidang

anticanccnagd amyponauh @algent er, Anarag &Gopi, 2016)t | vi t i e ¢

l1.4Cardioprotective activity:

|l t swhoumd ttehaptentoi ds are essentialtiyesesploaoch d
and aqueous Danmjku resrtjruancitcs aocfi d, arjunetin and
their potenti al to inhibit CYP3AM4,l iG¥R2 Dt ca nod
(Vvarghaeas$e )2Rar5 bavmk hasepfetestavadiucetd Dax di ot
and may have potenti a(llSiansg ha ectaradli.o,p r200t0e8c)t.i v e
The protecfTavebabkeektofhct on | eft ventricul al
chronic heart f d&iel proes sarmd et oneclhwani cddicetchautiso
After 1liSsdmryst efenol administration, rats exhi
LV remodel i ngdade®amgbai dhefrl epphelnsdttiiovi apd T
t rtemae nt Tawijtuhmpr ov ed cardi ac functions and bar
attenuated hypertroparyj eemalr tfs bbrersa fsi wifa It heef fLa/
myocardi al remodel i ng, and aut omomsns icblcyontt hrood
mai ntaining endogenous antioxidant enzyme act
| ev(eRasr valen, e X0 v®)c.h-eemper fusi on injury induced
injury of hear't andar en epmoadwaeTratmej b nierda t eldé s alwb i t
( Kumarl .et 2009) .

Physicochemical property and inotropic effect of the aqueous extracagtinabark (TAAQE)

were investigatedn adult rat ventricular myocytes in comparison with extracts pedpar
sequentially with organic extracts. They found that TAAQE decoctions exerted positive inotropy,
accelerated myocyte relaxation and increased -caffetheced contraction concentration

dependently. TAAgEnduced cardiotonic action via enhancing SR fumgtia unique action
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minimizing the occurrence of arrhythmias, makes TAAQE a promising and relatively safe
cardiotonic beneficial to the healthy heart and therreat for chronic heart diseasBlferoi etal.,
2011).

1.4.4.2 Antioxidant activity:

Arjungemid its gl ucosTiadre aanrde eexhtirba ctteedd af rnoond e r
scavenging activity on the superoxide release
i nhi bitory action on the hypochllofeowar a& iBlh ytra
200barjunae bark powder has significant anti o>
E and al so has a diagemifci ecdrddchly)f2a2duldpd lae tter o
The antioxidant and antd mauxtargemti cofacTtA vhiatrike.s To
of the sTamjbAbRKkKA)ofhas shown pot entsi @antDiP@PHi da
assay, superoxide radical scavenging activity
ALTA showedt sriegdnucftpieoanneint age obotmh cpohyche o
erythrocytes (PCE) and nor moc hsrhoomaetdisd ger §yt bm
reduction(Vinswanmdtiaa 2@t1 0) .

The antioxidative proplethdamnmk pdffABERrt hgaiohs ke xs
fluorideduUNa®d) oxi dative E€86reésla. en2@m®&) muri ne
Di et hyl et her , et hyl actanajf exerntde de thhyapnool Ii pe X1
antioxidative eddseetilsevad!l swef ldd TBedwrhw8b§ht ir
(PX)Y7 induced hyperlipidemic albino Wi star r
fractTaornj poofasesses the potent properties of b
tharrotfhm@8ubroamani am et al ., 2011).

ThBarjbamak agqueous extract sign-ihdoaestl ynpreau

oxidative stress and decline in endogenous an
admi ni stTraartjioona 01f2 weeks I n rabbits caused
antioxidants; superoxide dismutase (SOD), cat

i nduction of heat shock aplr.ot & G078 .i( fHISPar2t) d dGrar
ado observed bet ween f riemei D@ idcaanha gsec aavcetnigviintgy a
phenolic/ fl @omdar dcalcgnt2e0nt3) .
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1443Ant i bacteri al activity
Thanti microbial propertTars] loafawlanmed ot &thed x t

antimicrobial activity showed that hi gher int
positiveMbmradaller,et@2 013) .

Met hanol ext rTaartj efxraoinb i it eerdk noefdi ci nal as wel |

Met hanelt hanol , acetone, agueous both hot and
offarj weae tested for their adttapnh ylr@mdbo ad
aurdcs netopadPret eus , mMEsahielri s hi Psewddmonas
aerugamahasnadl a a)] bipaam®gens causing ear i nfect
evaluated, acetonic | eaf eSxaturreecut®r gasni ¢ obadk't
showed al most equal inhibitionPadr ad.lgAbeeasutse d C

extrdatjbadmk exhibited Seouwrdé pascetjiav ietty aalg.a,i n2s0t1l 2

l444Ant i carcinogeni cpramperatnite snut ageni c

The anticarcinogenic and altair jynuwteagnevne sct ipgoatt eendt
hi giht éTdne r ©aej eoearacts in reducing metaphase
B.( AFB1) is quite significant, the reduction v
12. 32 %, 28. 00 %, and 36. 88%l arejsipoeebh ei v dlrpeatdi f
durations vik. K Si2ei | &8l wvntdhe& 2number of sister
from a highdil. 4UdOvelerddeb®D. @P&@r 7c@DIl with |iver
activation dy otf eetnrtraiaxTrmae r4de8pl i cati on i ndex was

i n itashieex@er i ment . Si mil ari & ireexopdesr iwreernet sn otthi acte da
reductions in clastogeny ranging from 15.22% t
and the total freqguencies in aberrant <cell s g

concentTarnij embrodch sofate(x3ptomaadl ee,t 2014) .

1.4.4.5 Gastroprotectivepr oper ti es:

The effect of niearhjainbodh@ /ck gemg or kagcOt b ody wei ght ) o
sodiumg/(B® bodyweight in water, orally) induc:é
effekar jofras assessed from volume of gastric |
conceinomna acid output i n -practtaiic g wd kE)ey d Ftyhpes dl
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peroxide (LPO), reduced glutathionsup6&BHDPXxi de
di smutase (SOD), catalase (CAT)eStgphosaethasne(]|

and myel operoxidase (MPO) in gastric mucosa.
c 0 mp l-heexxecss e , hexosamine, sialic acid, fucose
l evel s of RNA in gasterisd ommacds d i Mesruee sa sveg £s ald.
cont ent and also for the histological exami n,
observed in ulcer i Tduc@dB@A) mabsmparedtéed wit
(DI'C). At sigoi éasanwas -SHh s eGSvHe, d eantz yprH,c MRt i 0>
bound carbohydrate complexes, adherent mucus
in volume of gastric juice, free &8RO tetveal saali

MPO activitiTAes ait 8 Db@Gpared to TGrCowmat 8. actt @&s
gastroprotective agent probably due to its f
natubeva.l et007) .

l446Hy pochoblkaémi c properties:

The effect of an Aywurnjwekhn cAf joa ma Bvavsa bdhsasnd s s e d
36 hypertensive patients at stage |11 with in
groups, one gr oupmgrwataccesi vdeadi | ayt) e naordAdo | tuhfied @oKtwhaet rh e
(2 twice daily) along with atenol ol for 6 mc
SBP and<DBPOL) in both the groups. However, L
reduced ilnmplitdAse] an & 0dwau haas compar ePkOt 60&a) eno
due to negative chronotropic af®Raian et rTéhykod )e f |
admi ni stTraatjino@mamkofpowder along with isegmatts nwi tflo
coronary artery di seacsheolreesstelrtodd il % de&% eiars e
and 11% in triglycerides, confirming its i mme
with EKRalinls, 2005)
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1.5 Swartia chirat:

Fi gSwdrhiydapd ant Fi g. 5Sweérrhiiedlapd a nt

| mage souriSewar Gowigat 8i r a

1.51 Taxonomy:
Current nameSwertia chirayita
Botanical description
Kingdom: Plantae
Division: Trachephyta
Class: Magnoliopsida
Order: Gentiarales
Family: Gentianaeae
Genus: Swertia

Species: chirayita
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1.5.2 Description of Swertia dirayita:

Swertia iGhiarlasyoi tkanown as Hai ma, kirata Tikt a,
in urdu |l anguage it i's cahdednCArmebavat a,ndClFia
Qasabuzzarirah. Chiretmad® 82 Kit st imaaioS8sdrpch a Hads
pl ant Swertia chirata beliongs |t doagEieadyi amnfa csenaae
whichessis of 180i cApere eisesofexwhst in I ndi;an sub
Clarke 1885; KH9Bhkar pahadtBasuindigenous to F
4000 ft from Kashmir, Nepal to Bhutan (Bhatt a

1.5.3 Phytochemical properties:

The man chemical constituents of this plant are two bigeinciples, viz, ophelic acid, an
amorphous bitteprinciple and chiratina yellow bitter glucoside. Thglant also containesins,

tannin, gum, carbonatgshosphateand 46% ash, lime and magnegidadkarni, 1976; Chara,

1982). A number of workersave shown that thelgnt contains bitter glucosidabmponents,

chirain and amarogentin, swerchirigentiopicrin, phyto®rd and also a number of acigllow
crystalline phenis and saccharine (Kort&€955;Dalall and Shah, 1956; Korte and Schicke, 1956).
Xanthones aranothemain secondary metabolites of Swertia species. Structures of xanthones are
relatedto that of flavonoids and thehromatographic behaviors are atsmsidered asimilar.
Xanthones are sometimes considerad the parent polyhydroxylated compounds but most
xanthones are mono or poly methyl ethers or are found as glycokidst®ttmann and Miura,

1977). Unlike iridoids, xanthones are apparently not present in all plant species investigated in the
family Gentianaceae. This is documented by the systematic stiHpsitttmanrKaldaset al,

1981) The natural xanthones are mainly isolafemm about 150 plants associated with four
families; Guttiferae, Gentianaceae, Moraceae and Polygalaceae. 278 natural xanthones were
reported from total of 515 xanthon@4eira and Kijjoa,2005) In this period, the xanthones from
higher plants appear to be associated mainly with the families Clusiaceae (55 species in 12 genera)
and Gentianaceae82pecies in 8 gener&anthones isolated from nature are classified into six
main groups; simple xanthones, xanthone glycosides, prenylated xanthones, xanthonolignoids,
bis-xanthones and miscellaneous xanthones. These are further subdivided accahdirtpgvee

of oxygenation into nof mono, di, tri-, tetra, penta and hexaoxygenated substances
(Mandalet al, 1992 Sultanbawa, 198@emirkiran, 200Y.
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http://scialert.net/fulltext/?doi=crc.2011.1.15&org=12#706145_ja
http://scialert.net/fulltext/?doi=crc.2011.1.15&org=12#706518_ja
http://scialert.net/fulltext/?doi=crc.2011.1.15&org=12#706100_ja
http://scialert.net/fulltext/?doi=crc.2011.1.15&org=12#72265_b

Mangiferin is the most common -@ycosides irS. chirayitgS. mussotjiS. cordatasS.
macrospemaandS. connata Xanthone @glycosides (swertianolin) froi8. japonicaandsS.

ciliata (Plouvieret al, 1967 have been reported. The first xanthongl@oside, norswaianin-
1-O-glucosyt3-O-glucoside has been isolated fr@nperennigHostettmann and Wagner, 1977
Xanthones irBwertia chirata, S. speciosadS. paniculatavere deérmined by HPLCMineral
elements, based on their concentration can play different roles in human health and plant life. Nine
elements (Zn, Cu, Mn, Fe, Co Na, K, Ca and LigirchirayitaandS. specioshave been analyzed

by atomic absorption spectromgifNegi et al., 2009 & 2010).

1. ®har ohapc c al properties:

The dSemeuestxiha bit variety of biological activity
antimicr-ohbif &dlammatndriy, anticarcinogeni c, antii
antioxidant, anticholinergic, CNS depressant
Swerhtaivee r ai sed egreamdatl yi n{ Negst et al ., 2011)

1. 3Hepatopr @nh @ chaenpvaiet atco x ive t i e s :

Sweroside andtweompopnds -hmlpthe opg ot ecti ve acti
reported and both compounds (Kaorned bh eai | M Pi9gis 2@81d a s
al so kngamewsiymolm i s hepatoprotectigetiostprablr
al so pChaenerj ee aRas tPoaagkir assrhd ) MeQOr50t ra, 1998

1.832A2nti mi amab-Haait i ammat ovy ti es:

Antibacterial activity of rectified spirit>dract of Swertia chirayitawere tested against eight

bacteria atlifferentconcentrationsAt 90 e€g/ di sc dose, the produc
the same bacteria was 16mb3mm and 12mm respectively (Sultana et al., 2007).

Ursolic aichfdmmatorantand anti microbi al activit
Rastogi and Nbentrerr it o caleexrlie 8 89) . 1 s used in the t
i nf ed®h cosdsl 1a91 B. 0,
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1.3BAntiandalchemoprot ecti e :

SwertifrancheSwdédtriamalhetss df darmodn t o be potent i
pol ymer ase activity of -homaer senmunadRTE)cCcpéns
(Ghosgal,al;BhAal t aecth aarljy@r7a2l and t opindaali nconngp anamds
are useful foirsdaxred reaudse@htdshfahlar ete salv.i,r us9 15
Mengi ferin compound, whi ch i s i sol at ed from
infl ammatory activity 1in arritrhg i docadnprmiddie,l aand
| 66, anglanmmaN and up -T@giuh athenj] of nt Kbomempbpgehate:
2003) . 't i s al so pfroouned ttiov eb ea gee N0 O dbYrog hd hme mee t

1. 3Meuroprotective antdimentab:rel axant
Xant hones espeacriealrleyp ommatnegdC étea 1 aail v en eCtNiSmusl ag yi sotn

(Bhatt aecth daaBly.@ver al l Xant h oonaecst iavree ciommpsotrittaunetn tb
drug which shows CNS dowmtrrse wlhattitdgr Wwiam ty ma @ &
pani ciusl autsaed i n the I ndian System of Medicine

ment al @®ir adkead da 39 § 2

l1.%8ardiotonic, convul sant and choleretic act
Mangi ferin was the first xanthone to be invec
exhiabikroad spectrum of bi ol ogi cal activitie:
cardiotonic, convul s@Gmd e &aliadl 7@8thatl teaeadh, aardy9ay @t i v i
't i s al gad dfoa drsd stulceht ais swer t i amaBrhian thaecvhe r ayrat
al . ,). 1974

1. Hypoglycemic activity:

1, -38i hyd3,abt ymwet hoxyxant hone (swerchirioh) Swesol al
chirawpnista, very significant bl ood suagded |laonver i
t ol but atnri edeet epd é@h dbe mldaOlyadt sc| ass of pentacyclic
bel ongs to t hamy trieimebd Ifiinme,ll ucdkiaogh &84 remloil g aci d, u

Among them kairatenol is found to be hypogl yc
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Rastogi and .Mewherrottiraanat 9@8)a secoiri dBawied t ghyc
chirmagvitmag aneard tgyesti [&adli.2,p p

1.3GBGastroprotective activity:
Amar osiwteriisn a Secoiri doiSweglty @oawmildd  agpanldlad ot ok
shielding (Niiho et al., 2005).

1.3t her activities:

The anti mal ar64alc odfrtuagt meslUaSyHh ¢ aof t he i n§redien
chirayetaeported to p6GbhbdeablaNS ThregrteeS8alone Xt
chirsayowadni fi cant ant iJfueteed asne{Maal eotojpeelj § 5agai n
Some of the Herbaceo#®thd, K mdbdiabeawmemts Mekest Aywydh
oint ment restrain chirayita essence in variabl

and antibacterial effects (Edwin and Chungath

1 . BExtraction of selected plants:

Thetudy of medi ci naclt elltahn t telxemma @ mét yhoenc eaxmtdr act |
proceduriess aamand mptortant step in the processi ng
mat e rMoaslts .c ormandoint i ton al met hods such as macer a
commonly wwsnmad | atr eslearch se¢ctumigngr Emat e rSpnail $ e N
The i1nitial stage of studying medicinal pl ant
bi omol ecules of the plants prior t ot heex tlreaacvte so,
bar ks, roots, fruits and fl owers. TheBotchan be
fresh and dried sample can be used in medici
samplsepreferred as freehdstbmptesenrer &aragf ast
(Azwad20Ha,

I n a study the c¢comparMosram ghaeltevweveens efisrdeoswhe da nndo ds
effect in total phenolics but with higlh3r. f I a
Lowering particle size increases surface con
Grinding resulted inpecwadersed ssnadindeels sm@aypa reisz e C

smal | ers pvéritcihaalbeetatdasr sat f ave ¢thicoemxtsioalcvent s ani
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partipcpd apar ati ofoi efiimpioentanekeraoltvenmtt mmust
contact with the target analwhidcshoanrsdidgealretdi ccrl e
efeinti extl myetsitom ao f nanopaQetnitcellelsap paoshivaeteidcalh y
Pl anetary Ball Mi | | ( PBM) showed 82.09% high
maceratieni nhe®Bf gqqet hanol for 3 days (Bor han
purposhss sBhudy the dTedrendi rmpaolwldéerdi@eimnaf i a her |
(barSkwe),ti a (clmiotsyi t ®aves and fl owers) were us

I n Soxhl et extraction method, finel ¥t hgroobuned p
madreom a strong filter paper or cellulose, wh
apparatus (Figure 6). Extraction solvents is
t hi mbl e, condenses in the ciochdeoskeentandeaches
arm (Figure 6), the |liquid contenéessemptcedtir

(Azwanida, 2015).

condenser
extraction
chamber
extraction | Soxhlet
thimble extractor

outlet valve

receiving
flask

Fig. 6: Soxhlet apparatus

|l mage source: Google ASoxhl et appar
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1.7 Selected organism for testing aminicrobial activity:

In this study, only a highly resistant strainRgeidomonas aeruginodaacteria was selected. The
bacteria were collected from the food borne b
laboratory, where it had been already idfeed. The morphological description éfsedomonas

aeruginoséabacteria is given below.

1.7.1 Psedomonas aeruginosa

Pseudomonagenus is comprised of 12@ecies. They are mostly leave in moist environment such
water, soil.Pseudomonas aeruginosa,motike, nonfermenting Gramnegative bacteriuman
opportunistic pathogen that resufespiratory infections, urinary tract infections, gastrointestinal
infections, keratitis, otitis media, and bacteremia in patients with compromised host defenses [e.g.,
cance, burn, HIV, and cystic fibrosis (CF)]. These infections often result in significant morbidity

and mortalityP. aeruginosalays an increasingly prominent role in hospital infections.

The bacteria itselfs a ubiquitous and metabolically versatile miadbat flourishes irmany
environments. It can grownder both aerobic and anaerobiaditions, and possesses several
virulence factors that contribute to its pathogeneShifek et al., 201p It is found thaf.
aeruginosgpossesses an intrinsic resistance to many ambbials because dfs outermembrane
barrier, the presence of multidrug efflux transporters, and endogenous antimicrobial inactivation
(Poole, 2011 Although antipseudomonas agents (e.g., carbapenems) have been discovered and
developedP. aeruginosaeadily acquires resistance to individual agents via chromosomal

mutations andhateral gene transfePfole, 2011

It wasfound thatPseudomonas aeruginopassesses multifactorial mechanisms of responses and
regstance to antimicrobials. Tlaatimicrobids were originally deMeped and used to kill bacteria,

however recent work revealdtiat the biological functions of antibiotics are not limited to
bactericidal (killing) or bacteriosiia (growth inhibition) effectsThe most likely function of
antibiotc s i n natur al ecosystems is in intercellul

collective behavior of the bacterial populatitum@res et al., 206Aminov, 2013.
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1.8 Determining the minimum inhibitory concentration (MIC) and minimum

bactericidal concentration (MBC) of the extract:

Any newly reportedgodrendg adrahipin edctb y xmaasursi ng
inht broyncentratvahsee. MMCL <can be termed as th
antimicrobials that i1s required to inhibit th
peri od of ti megs,wi mdRsdtn hdo@&mnso.n | MI C i s t he mo s

measur ement used in determining the activity
(Turni d®eO QeBt) al . ,

The serial broth dilution method is @osBecommo
broth dilution requires various dilutions of
suitable solvent. Selection of appropriate sol

role and has signiéasanememtfs uiemclabi nEMh&n ol
the most common solvent HhwadhtaRemamsgdl I N88 he
DMSO are mositnoeg etfreyabbhee ODMISOc ii ksl ea ihni gvhd tye rp. o

substance wiohvenxtcepanoohpai2go 6Gp wever, DMSO i n
bi oassays have been repodAn<sdl, feltO 6dBh.er ef antei mtt
concentrations of DMSO should be taken in st

detetmbna Different organi sms may GeXihuhdei t di
concentration of the solvent (DMSO) should be
(2.5%) would not inhibit the gr20wtLIHhmdb hi mumr oo
bactericidal concentration (MBC) can be deterr

MI C containing tubes.

1. Gbjestive
T To test the ethanol, chlorTefroni madrdrathieyl)| ¢
Ter mi nah@aarskwge)r,t i a (chhiontayi tteeaves abighy f | owe
resistant strain dP’sedomonas aeruginosacteria.
1 To identify the Minimum inhibitory concentration (MIC) and minimum bacteriocidal
concentration (MBC) values of the extract whidiowed highest sensitivity against the

resistant strain dP’sedomonas aeruginosacteria.
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2. Met hodol ogy:

The expwadaremited i n the lyi otfecBhRAC olgryi M,earbsoirtayt
antimicraahi ®ertmiensaloifa c¢ he b ulaa@werfi®ahirayitaagalnst a ar |
multidrug resistantPseudmonas aeruginosand comparison of their activities with locally
available antibiotic.he experiment process mainly involved preparing the etlogtade and

chloroform extract offTer mi nal itah ec heetblud raq | and ¢€elteryni nat e da
arjand finally the et hanS®weratnida Acthhigrta ypicteap.at e n
crude extracts their ypotenteistieglmuttygugmasissanto bi a l
Pseudmonas aeruginos@ agar diffusion method’he antibiotic diskpolymyxin B is used as a

control to examine the activity index. After finding out the antimicrobial activity of crude extracts

of the seledd plants, the MIC (minimum inhibitory conceatibn) and MBC (minimum
bactercidal concentration) is determined. To make sure whetheortfanism were resistant or

not, the selected bactei®seudmonas aeruginos&eds to be tested via disc diffusion hoet at

the beginning of the experiment.

2.2 Collectionof the plants sample
Thereadilymadefine ground powderof e r mi nal i( & r altedr 3 Llnaa | (i kaa rak § )u,n a

Swerti a (crhoiortasy,i tlaeaves and fl owers) bought f

Bangladesh. The powder of the selected plants
Finally, they were transpfeecrtrievde liyn ashtge ra tl oer eadun)
temperature and kept awaey fursem direct sunligh

2.3 Extraction process:

During extraction process, each time 75 grams of the ground powder was measured via electronic
balance and then the powder was carefully placed on the extraction thimside theSoxhlet
apparatus. The roun@ceivingflask of the apparatusas then filled with250 ml of extraction
solvent such as ethanol or ethyl acetate or chloroform. Destrgction,the Soxhletshould be

run at different temperatures. As different solvents boiling temperature varies from solvent to
solvents. The boiling temperature of ethyl acetaldoroform and ethanol are 77.1, 61.2

and 78.37 repectively However, the Soxhlet apparatus was atia temperaturevhich was

little lower than the exact boiling point of the solvents as it reduces the chance of buhigng.
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extraction cycles were repeated foreito four cyclesonsecutively and it took almost three to
four hours and then the cycle was stopped as the color of cotton inside the extraction thimble
become colorless.

The contents of the round flask is then transferred into the receiving flask of the rotary evaporato
Plants extractcontentsevaporation and condensation is done into the rotary evaporator at the
temperature of 80 . The solvent of the plant extract contents that recovered from Soxhlet was
evaporated to a point where the extract become concentrated. The extract wasaped via
spatula and collectad the sterile petri plates and stored into the incubator at 4&r a dayuntil

the extractwas completely dried. Then the dried crude extract again scraped and crushed via
spatula and then stored into the sterile muzatrifuge tubes as it is easier to measure the weight
of the extracts and then stored those tnis&le a sterile jar for further us€he process ithen
repeated for each plants using the mentiondeests that is described above.

2.4 Collection of the multidrug resistant bacterial strain:

The highly multidrug resistant strain d?seudmonasaeruginosa was collected from the
biotechnology lab of BRAC University which was stored in the culture fridge in cetrimide agar
media. Before using the bacteria it was again transferred into cetrimide agar medium and regularly
maintainedhrough subculture. Ehpurpose of using cetrimidgar other than nutrient agahe
cetrimide agar is a selective media Rseudmonaaeruginosa

2.5Preparation of media:

2.5.1 Preparation of Cetrimide Agar media:

Cetriamgias ed f or t he selgeamyaladicdteehrsaduint)omaoorta st
aerugilfThesaequired amstntmeafsuagar i at el ectronic

distilled water in a conical flask and then w
fully boiled and become transparent vyell owish
covertehd awiumi num foi |l mawteh . i Af tva sn t sok eahni pabuat tobce
machi ne and 11251 psi for 45 minutes. After autoc
sterile medium sized petri di shes. When the a

were storesi a¢ ¥he refrigerator for further u:
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2.5.2 Preparation of Muller -Hinton Agar (MHA):

Muller-Hinton Agar(MHA) mediaweremainly used to observihe antimicrobial activitiesf the

both antibiotics and the plant extractdvadler-Hinton Agar(MHA) typically used in determining
antimicrobial activity of anbiotics and extracts.

Threequired amount of agar at mixed wetbBudiest il
in ¢owwi csdandl| abB&n wer e heaetaetdi nagn du ndtiisls offl hvee da gb
mouth of the conwcah &l amknwemsfoblvepager. Aft
then pltacead i@aut ocl avaen dnalcbh bpnsaii aftdard 211 Af t er au
mi xture is then poured intWhenhe¢e het adihle Ppled irgl e

d shes were then | abéeheddendhwerefsigeeatatr 4c

2.5.3Preparation of Brain Heart Infusion Broth:

Brain Heart infusion brotlwere used in serial broth dilution determine theninimum irhibitory
concentation (MIC)and minimum bactetidal concentration (MBC).

The required amount of broth at first measur ec
a nfohal volumeof the solution was mad200 ml.T h €@ ml aliquotsvereaddedin 20 sterile

15 ml testube After autoclaving the tubes, they were appropriately labelled and stored in a clean

beaker and stored at room temperature.

2. ubculture of the selected isol ates
Twent Wwofuolsdedou | t ur ed s tPsadmonagefuginosavsasuset teobserve
antimicrobial activity. The subculture of the bacteria required a loop full of selected bacteria from
stock culture and streaking it on fresh cetrimide agar media. Before streaking the loop was heat
steriled and thenooled. The streaking plategere thenincubated at 37 for 24 hours and after

taking the samples the culture were stored at #or further use.

2.Preparation of physiological saline:
Physi obhbgheaivas made tpoe mpsriegpma raen o aictt ewal sa | mastucsh
standar d Alti sf8% guNaClevais.dissolved in 8@l deionized or ditilled water in

clean conical flaskT h ehewaterwas addedo bring total solution volume th00 ml.T h €lL@
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ml aliquotswere in10sterile 15 ml testube After autoclaving the tubethey were ppropriately

labelled and stored indean beaker and stored at room temperature.

2 .Prpear ati on of McFarland standard 1 sol
McFarland  standard 1 solutiovere used as a reference to  adjust
theturbidity of bacterialsuspensionso that the number of bacteria wi# givenwithin a range to
standardize mictmal testing. The preparation of McFarland standard 1 solution was mainly made
for theantibioticsusceptibilitytesting by measurement wiinimum inhibitory concentratiaon
Another eason was i& suspension used is toeavy or too dilute, an error in thesult (either
falsely resistant or falsegusceptible) for any given anticrobial agent could occur.

McFarland standards weraade bymixing specified amounts dfarium chlorideandsulfuric
acidtogether. Mixing the two compounds formdarium sulfateprecipitate which causes
turbidity in the solution. AMcFarland standard solution wagprepared by mixing 0.1ML of
1.175% barium chloride dihydrate (Ba&12,6), with 9.90mL of 1% sulfuric acid (HSQu).

The standard wenrgisually comparedo a suspension of bacteria in stesédinewhen required.
When the bacterial suspension was found too turbid, itdiated with more diluent and when
suspension wasot turbid enough, mofeéseudmonaaeruginosavasadded McFarland standard

1 solutionhadthe celldensity of 3.0 x 18 CFU/ml (ColonyForming Units) per ml.

2.9 Disc diffusion method

Agar surfacéeMuodoHervbbohvapy asttbrye ack esit er i l e cotton
ref er enc e Psbuglmonamerugiadsa s(t rfariaom t he palysnel whgi cal v
c o mp ar éevdFanamdtstandardl solutionAnt i bDiogdxsof 6 mmgsesbtedwe.
iand was placed on solidified agar plates at
to standbVJhetopl a0emdwaheE3FmwuThaet edi sondt €5 uswa
mai doviewdeter miamei sthaance against the reference

Around 30 different antibiotic discs were use

2. AQar dwdlflusi on met hod

Agar surf actdudbHesaoh PpAgarbwaa steeakedcotton
ref er enc e Pshuglnonamerugiadsa s(t r ain from the physiologi
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c o mp ar evdFanandtstandardl solutionAgamat pl was punchedk whohenm
of 4 mm sicceobpdadah Geampd &c avh swiptohurmi cr opi pett
Before that the raw extracts were diluted wit
may dissolve. Three di f-rheetrraylf oxoldeént 2. 3 %5 owb
concentrated chloroform water wer A ounsge dwittoh dtil
extraensi ai ve (almdliymyxiirci )i eswad psadlkes plsatbes
wertdahl owed ft@or s3@nmibry. The pl ate@sowese incub

2. DéaterniMachgrndéy of the extracts:
After 24 ncaubrasg i orcl panri edb,netshearound the wells
measwrsechg a measdri wpopwaeake The activity inde:;

then mbsgsusedg tfloe niud &al.bwr mgl a was repeated t

Zone of inhibition of the plant ext
Activity +ntdex—FCAt)y——=
Zone of inkbobtrobbnaotibhetic ( mm)

2. D2termining the MileQ nanrdsebiBdCacorfa dth e

The MIC (minimum inhibitory concentration) an
was only detextnriacetd tfhoat tshhreowed t he highest 2z
or activity index. Téremernihlyiseh awledlaulbae e ht gaest:
i nhi bition ) nacttdiawnettye ri n(dnrenx t oo .

Determining the MlIdidicdodB&ntr egqgui oedot hpl ant

undi Vot acthes of Br dirgtBHHaadt rlesfpesitowve sol vent

in different PBPMEOIi Wangedhataby tusbdsto dissol ve
The ctornacteinon ofDMShGe) suocslavdegrietd hen 2. 5%Wevikswl vant |

(2.5%) would not inhibiThehetgybwaliiletv ntaeni ¢ x @D
chebweleae t hen di (BHHDWMSIE 0 IntToh@ Hle + DBEMSIOrwaacst
mi xed in such hwad 4thamg eaft ht mEe rancaentialtiean ecxh er ba

concenThaeanbhi bhe pl an@BHEMS @Etthyslolaudgadenh e ik amn@c
odifferent sowool®2amg@dt i hog0E M08 magl.21 mgl61
md mlmd l.23 mql md el md @88 mqpl mdInO 12 mimgnd In8 18
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md ml md2nd md2nd am@d mMiBeOr e addeduwndi dutf ¢@r eolt umes
Heart bnbaAfatieorn ®bi s0d 0imh o ¢ u I eBseudntomaaetuginosa

was afdrdoend t he physi ol ogi cal saline which was ¢
and 1W0bf i nomaiuhnhtmceallIL0Of orming units wdhe tran
total volume of m®mbAc ht utbueb ec owa saimma cheg D@@lyf gr o wt
i noculumaigr pwt h asounbte todo minrod he a culs ean lays vepxotsri a
contr otlubaenndBt¥bl br ot h wascomutr odss negati ve

The tulkes hwe at AT BHaoruerds. After thecubhesoar peob
carefully. The inocul ated ttulbes se xwtirtahc ttnhweh ilcohw e
tubidwetg considered as the minimum inhibitory
MBQ hleOOl t hien o c wlracdtfehde ac hr ¢ udberse ask Ptl ertitlead wlias
MHAagar plates. The concentration at which no
wad determined a9 dmilmicmantuniebmacoferi he extract.
Same procedure was fol | MB@doft ot e t eaorhtiyymed xtidmet il
B (ARI STOPHARMAs ¢T Dgompari sons between the ext
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CHAPTER 3: Results
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Theantibiotics susceptibility and zone diameter interpretatizartagainsthemultidrugresistant
Pseudmonas aeruginos#rainshowed in table IThe averageone of inhibitionand the activity
indexes of ethyl acetate and chloroform extract of the fruiteohinalia chebulare summarized

at at table 2 ané. The average diameter of the zone of inhibiaon the activity indexesf ethyl
acetate and ethanextract of thebarks ofTerminalia arjunaand theeaves, roots and flowers of
Swertiachirayita on rultidrug resistanPseudomonas aeruginostrainshowed at table 4, %

and 7 respectively. All the extracts showed antimicrobial activity more or less except for
chloroform extract o erminalia chebulandethyl acetate extract &wertiachirayita. TheMIC

and MBC value of polymyxin B and ethyl acetate extractTefminalia chebulaand their

comparisonsre represented on figure 41 and 42 respectively.

3.1 Extract yield:

Percent of yieldvas calculated as follows:

Extract yield %= (W1/W>) x 100

Where, W1 is net weight of powder in grams after extraction anglidMotal weight of wood

powder in grams taken for extraction.

The yield of ethyl acetate extractbfe r mi nal ( arohébyl avas, 2.7 gr ams
Extract yield %= (2.7/75)x 100= 3.6%

The yield ofchloroform extractof e r mi nal ( arcoahébYWl avas, 0.7 gr ams
Extract yield %= (0.7/75)x 100= 0.93%

The yield of ethyl acetate extractbfe r mi anrajl (mar ks) was, 1.9 gr ams
Extract yield %= (1.9/75)x 100=2.5%

The yield of ethanol extracf@ e r mi aarajl ibmar ks) was, 4.8 gr ams

Extract yield %= (4.8/75)x 100=6.4%
The yield of ethyl acetate extract®fwe r t i a (clmiot a3y i §t @ aves and f | owe
Extract yield %= (1.8/75)x 100=2.4%
The yield of ethanol extract&wr t i a ¢hooagitheaves and fl ower s
Extract yield %= (2.4/75)x 100= 3.2%
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3.2 Antibiotics susceptibility and zone diameter interpretation:
Tablseholws that the | ist whast3hfhetter srtdesdidmanastnitbi ot
aeruginosastrainwass e n sfiop b V¥ g my x i .Mhe Bseudmohageruginosastrain was

found resistant against other 28 tested antibiatnckintermediate to Imipenem

Table 1: Antibiotics susceptibility and zone diameter interpretation againsthe resistant

Pseudmonas aeruginosstrain:

CSLI CSLI CSLI

Tested CSLI Disc Refared Referred  Referred Zone

Antibiotics Symbol Content Resistant Intermediate Sensitive Of

Against In Values Values Values Inhibition
Pseudmonas (mcg) In In In Produced

aeruginosa (mm) (mm) (mm) In

Or Or Or (mm)
Less Less More

Amoxycillin AMC 10 o} o} o} 0(R)
Ampicillin AMP 10 o} o} o} 0(R)
Azithromycin AZM 15 o} o} o} 0(R)
Ceftazidime CAZ 30 14 1517 18 0(R)
Ciprofloxacin CIP 5 15 16-20 21 12 (R)
Cephalexin CL 30 14 1517 18 0(R)
Clindamycin CD 2 o} o} o} 0(R)
Ceftriaxone CTR 30 13 14-20 21 0(R)
Chloramphenicol C 30 o} o} o} 0(R)
Cefoxitin FOX 30 o} o} o} 0(R)
Deoxycyclin DO 30 o} o} o} 0(R)
Erythromycin E 15 o} o} o} 0(R)
Gentamycin GEN 10 12 1314 15 0(R)
Kanamycin K 30 13 14-17 18 0(R)
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CSLI CSLI CSLI

Tested CSLI Disc Refared Referred  Referred Zone
Antibiotics Symbol Content Resistant Intermediate Sensitive Of
Against In Values Values Values Inhibition
Pseudmonas (mcg) In In In Produced
aeruginosa (mm) (mm) (mm) In
Or Or Or (mm)
Less Less More
Levofloxacin LEV 5 13 14-16 17 0(R)
Imipenem IPM 10 13 14-15 16 14.5(1)
Moxifloxacin MXF 5 14 1517 18 0(R)
Meropenem MEM 10 13 14-15 16 0(R)
Metronidazole  MTZ 50 o} o} o} 0(R)
Nalidixic Acid NA 30 0 0 0 0(R)
Nitrofurantion F 300 o} o} o} 0(R)
Netilmicin NET 30 12 1314 15 0(R)
Polymyxin B PB 300 11 ) 12 17(S)
units
Rifampicin RD 5 o} o} o} 0(R)
Streptomycin S 10 o} o} o} 0(R)
Tetracycline TE 30 o} o} o} 0(R)
Tobramycin TOB 10 12 1314 15 0(R)
Tigecycline TGC 15 o} o} o} 0(R)
Piperacillin PIT 10 17 o} 18 0(R)
Ticarcillin TCC 10 14 o} 15 0(R)

Key:
0 = not found, mcg = micrograms, mm= millimeters CLSI = Clinical and Laboratory
Standards Institute, (R) = Resistant,(l) = Intermediate, (S) = Sensitive.
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3.3 The antibacterial activity and zone diameter interpretation ofethyl acetate

and chloroform extracts of Terminalia chebulafruits againd the multidrug

resistant Pseudmonas aeruginosa

Figure 7 and 8 Effects of ethyl acetate and chloroform extract off. chebulain contrast to
control Polymyxin B.
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Table 2: Averagezone of inhibition of ethyl acetate and chloroform extract of the fuits of

Terminalia chebulaon multidrug resistantPseudomonas aeruginossrain:

Sample Zone of inhibition in diameter
(mm)
Ethyl Acetate extract oOf. 16
chebula
Chloroform extract off. No zone of inhibition found
chebula
Polymyxin B 17

Table 3: Average activity index of ethyl acetate and chloroform extract of the fruits of

Terminalia chebulaon multidrug resistant Pseudomonas aeruginossrain:

Sample Activity index
Ethyl Acetate extract of. 0.94
chebula
Chloroform extract off. 0
chebula

Table2, above showed that the ethyl acetate exwhderminalia chebulayot goodantibacterial
activity against thenultidrugresistanPseudomonas aeruginagdowever the chloroform extract
of Terminalia chebuladid not show any antimicrobial activity at.alhe zone of inhibition in
millimeter of the ethyl acetate extract ®erminalia chebulashowed almosas similar zone of
inhibition as the control antibiotiagbymyxin B. Thezone of inhibitionof the ethyl acetate extract
of Terminalia chebulavas 16 nrm in diameterand the zone of inhibitioaf the polymyxin B was
17 mm in diametein table 3the activity index of thethyl acetate extract derminalia chebula
wasfound0.94 where thactivity index of thechloroformextract ofTerminalia chebulavasfound

0 (zero). So thethyl acetate extract dferminalia chebulgroved a good as reference antibiotic
polymyxin B, which was found tbe the only availablantibioticin the local market that was

sensitiveagainst the resistaRseudomonas aeruginasa

38



3.4The antibacterial activity and zone diameter interpretation ofethyl acetate

and ethanolextracts of Terminalia arjuna barks against themultidrug

resistant Pseudmonas aeruginosa

Figure 9 and 10 Effects of ethyl acetate and ethanol extract of. arjuna in contrast to

control Polymyxin B.
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Table 4 Average diameter of the zone of inhibition of ethyl acetate andthanol extract of

the barks of Terminalia arjuna on multidrug resistant Pseudomonas aeruginosarain:

Sample Zone of inhibition in diametr
(mm)
Ethyl Acetate extract of. 8
arjuna
Ethanol extract of 11
T. arjuna
Polymyxin B 17

Table 5. Average activity index of ethyl acetate and ethanol extract of the bark of

Terminalia arjuna on multidrug resistant Pseudomonas aeruginosatrain:

Sample Activity index
Ethyl Acetate extract of. 0.47
arjuna
Ethanol extract of 0.65
T. arjuna

Table 4,showed that both the ethyl acetate and ethanol extracerafinalia arjura got lower
antibacterial activity against tieultidrugresistanPseudomoas aeruginosaHowever, the both
extracts ofTerminalia arjura did not showashigh antmicrobial activity asTerminalia chebulé s
ethyl acetate extract. €wone of inhibition in millimeteof the ethyl acetate and ethanol extracts
of Terminalia arjunawas quite lower than theontrol antibiotic plymyxin B. The zone of
inhibition of the ethyl acetate and ethanol extracTefminalia arjura was 8 mm and 11 mm
respectivelyandthe zone of inhibition of the polymyxin B found to bé mm in diametetn the
table 5,the activity index of thethyl acetatand ethanoéxtract ofTerminalia arjura wasfound
0.47 and 0.65espectively So theethyl acetateand ethanoéxtract ofTerminalia arjura proved

to have lowerntibacterial activityagainst thenultidrugresistanPseudomonas aeruginasa
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3.5The antibacterial activity and zone diameter interpretation ofethyl acetate

and ethanol extracts ofSwertia chirayitaroots, leaves and floweragainst the

multidrug resistant Pseudmonas aeruginosa

Figure 11 and12: Effects of ethyl acetate and ethanol extract db. chirayitain contrast to

control Polymyxin B.
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