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ABSTRACT KEYWORDS
Of the 812 strains of microbes belonging to 27 genera (isolated from food, Eucalyptus citrodora gum;
fish-pond-water, lizards, cow, pigs and mithun) tested against Eucalyptus Salmonella enterica;
citriodora gum (EG), 157 (19.3%) strains were detected sensitive. All the Escherichia coli:

strains detected sensitive through disc diffusion method had an MI1C 0.25 mg
to 5 mg/ ml while those resistant had an M1C of 10 mg to 25 mg/ ml. Signifi-
cantly (p <0.01) more number of microbial strains isolated from lizards

Klebsiella pneumonia;
Raoultella terrigenae;

(91.6%) and and mithuns (88.4%) were resistant to EG than strains of cattle Saphyl ococcus_ayreus;
(66.7%), pig (65.1%), water (75%) and food origin (65.8%). However, there Bos frontalis;
was no significant difference in sensitivity pattern of strains of lizard and Axone.

mithun origin (p, 0.33) also among strains of pig, cattle, water and food origin
(p, 0.96). Resistant and sensitive strains were distributed among majority of
them genera. All the strains of Aeromonas salmonicida ssp. achromogenes
(2), A. sobria (2), Citrobacter amalonaticus (11), Edwardsiella hoshiniae (1),
Escherichia blattae (3), Hafnea alvei (3), Klebsiella oxytoca (8), Kluyvera
cryocrescens (6), Lactobacillus acidophillus (1), Leclercia adecarboxylata,
Proteus myxofacience (1), Raoultella terrigena (6), Salmonella enterica ssp.
houtenae (3), Salmonella enterica ssp. salamae (11), Serratia fonticola (1),
Se. Marcescens (2), Se. odorifera (5), Se. plymuthica (1), Streptococcus milleri
(3), Sr. alactolyticus (1) and Xenorhhabdus luminiscens (1) were resistant to
EG. On the other hand, all strains of Candida albicans (1), Leminorella
ghrimontii (1), Micrococcus spp. (2), Providencia heimbachae (1), Staphylo-
coccus aureus (4), Staph. xylosus (2) and Streptocococcus caseolyticus (1)
were sensitive to EG. It may be an important question to ponder upon why
majority of strains of certain bacteria were resistant to EG and a few strains
were sensitive viz., Citrobacter freundii (3 of 74), Erwinia ananas (2 of 12),
Escherichia coli (6 of 73), Klebsiella pneumoniae ssp. pneumoniae (4 of 63),
Proteus penneri (3 of 16), Pragia fontium (1 of 14), Providenciarettgeri (1 of
5), Salmonella enterica ssp. indica (1 of 45). Similarly, resistance in a few
strains of some species comprising mostly sensitive EG strains was also
puzzling, such strains were detected among Staph. sciuri (3 of 17), Proteus
mirabilis (3 of 8) and Aeromonas caviae (4 of 11). These exceptions may help
in futurein understanding the factors responsible for resistance or sensitivity
to EG. The study hasindicated that drug resistance against herbal productsis
common in strains of some species of microbes whilein othersitisrare.
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INTRODUCTION

I ndi scriminatethergpeutic useof antimicrobidsin
medical, veterinary, agricultureand aguaculture, and
much moreinfactory farming haslead to emergence of
multipledrugresistant (MDR) and total drug resistant
(TDR) super-bugscausinginfectionsamostimpossble
totreat. Indiscriminate use of antibioticsdaily isen-
couraging the devel opment of drug resistancein bacte-
ria. Such bacteriaare ableto transfer their resistanceto
other rlated bacterid strains. Stephen H Buhner” states
“In a way that no researcher understands, bacteria learn
res stanceto multipleantibioticsfrom encounteringonly
oneantibiotic”.

Theuseof herbstotreat diseases is almost univer-
sd among non-indudtridized societies, andisoftenmore
affordabl ethan purchasi ng expens ve modern pharma-
ceuticals. The WHO!@ estimated that 80 percent of the
population of someAsian and African countries pres-
ently use herbal medicine. Much of theworld popul a
tion hasonly limited accessto prescriptiondrugsandis
dependent on plant derived dternativetherapies. Such
alternativetherapiesare also perceived to be aseffec-
tive asprescription drugs but with fewer side effects3.

It ishypothesized that most of thebacteriaare sen-
sitiveto herba drugs! and thereisno resistancedevel-
opment.

Thetop 15 antibiotic herbsused sinceagesincludes
acacia, doe, cryptoleps's, echinacea, euca yptus, gar-
lic, ginger, golden sedl, grapefruit seed extract, honey,
juniper, licorice, sage, usneaand wormwood!¥. Euca-
lyptus, thegum tree, isan invasive worldwide plant
which attracted attention from researchersand envi-
ronmentalist becauseof itsfast growth, multi-utility aro-
matic oil and itsability to drain swamps. Morethan
170 species, varietiesand provenances of eucaypt have
beentriedin Indid® however only few havebeen grown
at plantation scaleincluding E. hybrid, E. grandis, E.
citriodora, E. globulus and E. camaldulensig®. In
North eastern Indiaeucd yptus plantation isdominated
by E.citriodora. Thisplantation hel ped not only in eco-
nomic upliftment of thevillagersbut asoinkeepingthe
affected ecology in balance duetofeling of perennial
treesand practice of jhumming.

Theeucayptusoil has been used ascomponentin
pharmaceutical preparationsto relieve the symptoms
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cold andflu, in productsto soothethe bronchitisirrita:
tion ascough sweets, [ozenges, ointments, inhdantsdue
toitsdecongestant and antimicrobial activity®”. Cin-
eole in the oil controls secretion of inflammatory
cytokines thus the mucus secretion and asthmatic
attackg¥. Eucalyptus oil not only acts against infectious
agentsbut dso modulateimmunesystem!®. Eucalyptus
oil (EO) isavduabletopicd anti-inflammatory and an-
algesic to become an ingredient of most of thelini-
mentg°1Y, Onthe other hand gum of eucayptus, the
dried gummy exudate frominjured bark of eucayptus,
whichismoastly composed of kinotannicacid, kino red,
glucoside, catechol, and pyrocatechal, isusedin medi-
cineasastrong astringent useful asantidiarrhoed and
haemostatic agent on injuries, since more than 100
yearg'2%3, Although eucal yptusisfamousasgumtree
and itsgum hasbeen used in medicine, informationis
scant onantimicrobid activity of eucalytusgum (EG).
Therefore, inthe present investigation eucal yptusgum
collected from E. citriodorain Jharnapani, Nagaland
waseva uated for itsantimicrobial effect on someim-
portant pathogens of zoonoticimportanceisolated from
environment, food, water, pigs, cow and mithun (Bos
frontalis).

MATERIALSAND METHODS

Eucalyptusgum

Reddish-brown resin was collected from 6-7 year
old Eucalyptus citriodora trees in foot hills of
Jharnapani, Nagaland. It was dried at 50°C for three
days, cleaned and crushed to powder. Solution of pow-
der was made (25%) in pure (99%) ethanol at 25°C on
arotary shaker for 18-24 hr. Each ml of acoholic solu-
tionwas adjusted to contain 250 mg of gum. The solu-
tionwasstored at 20°C till used to makeitsdilutionsin
buffered peptone water or adsorbed on 6 mm sterile
filter-paper discs (Hi-MediaMumbai). Each disc was
dried after soaking in gum solution at 50°C for 18 hr.
Each disc contained 5 mg of the gum.

Microbial strains

Atotal of 812 strains(TABLE 1) of microbesbe-
longing to 27 different generaand 85 speciesof public
health concern, isolated earlier from fish-pond water
(12), food (218, Axonel Akhuni, afermented local food
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of Nagaland), clinica samplesof mithun (112), pig (83)
and cows(12) and dso fromlizardsinhabiting animal
sheds(368) wererevived from theglycerol stockskept
at Microbiology Laboratory at ICAR Research Com-
plex for NEH Region, Jharnapani, Nagaland. All the
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strainsweretested for purity and identity as described
earlier™, A referencestrainof E. coli (E-382), received
from National Salmonella Centre, IVRI, |zatnagar,
India, sengtiveto dl common antimicrobid drugs, was
used ascontrol sengtivestraininal experiments.

TABLE 1: Sensitivity of microbes(isolated from different sour ces) tested against 5 mg Eucalyptuscitriodoragum discsin

discdiffusion test.

. Wall lizards M ithun Pig Cow Water Food (Axane) Total

Bacteriatested
T S T S T S T S T S T S T Sensitive (%)

Aerononas p. 3 3 16 2 30 10 0 0 0 0 0 0 4 15(30.6)
Becillus op. 0 0 0 0 7 2 0 0 0 0 87 34 A 36(38.3)
Budvicia aquatica 0 0 6 2 2 0 0 0 0 0 0 0 8 2(25.0)
Citrobacter 76 2 8 0 3 3 0 0 3 0 1 0 a 5(5.5)
Candida albicans 0 0 0 0 0 0 1 1 0 0 0 0 1 1(100.0)
Edwardsiella 0 0 0 1 1 1 0 2 2 0 0 9 3(333)
Erterobacter 25 4 9 1 0 0 1 0 3 1 10 1 48 7(14.6)
Enterococcus spp. 79 8 12 1 0 0 0 0 0 0 68 20 159  29(18.2)
Erwinia ananas 2 0 0 0 9 2 0 0 1 0 0 0 12 2(16.7)
E<cherichia 40 0 24 2 6 4 7 3 0 0 8 0 & 9(10.6)
Hafnea alve 2 0 1 0 0 0 0 0 0 0 0 0 3 0(0.0)
Klebsiella 35 0 13 0 13 2 0 0 3 7 0 0 71 4(5.2)
Kluyvera cryocrescens 0 0 5 0 1 0 0 0 0 0 0 0 6 0(0.0)
Lactobacillusacidophilus 0 0 0 0 0 0 0 0 0 0 1 0 1 0(0.0)
Leclercia adecarboxylata 1 0 0 0 0 0 0 0 0 0 0 0 1 0(0.0)
Leminorela ghirmontii 1 1 0 0 0 0 0 0 0 0 0 0 1 1(100.0)
Micrococcus Sp. 0 0 0 0 0 0 0 0 0 0 2 2 2 2(100.2)
Proteus 7 1 10 4 3 2 0 0 0 0 13 4 B 11(33.3)
Pragia fontium 9 0 0 0 4 1 1 0 0 0 0 0 14 1(7.1)
Providencia 0 0 0 0 1 1 0 0 0 0 5 1 6 2(333)
Psudomonas 2 1 2 1 2 1 0 0 0 0 9 3 5 6(40.0)
Reoultellaterrigena 5 0 0 0 1 0 0 0 0 0 0 0 6 0(0.0)
Sdmonela 59 1 0 0 0 0 0 0 0 0 0 0 50 1(1.7)
Serratia p. 2 0 6 0 0 0 1 0 0 0 0 0 9 0(0.0)
Staphyl accoccus p. 9 9 0 0 0 0 0 0 0 0 14 10 3 19(82.6)
Sreptocaccus 5 1 0 0 0 0 0 0 0 0 0 0 5 1(20.0)
Xenorhabdusluminescers 1 0 0 0 0 0 0 0 0 0 0 0 1 0(0.0)
Taa stransteted 368 31(84) 112 13(11.6) 83 20(349) 12 4(333) 12 10(83.3 218 75(344) 812 157(19.3

Eucalyptusgum sensitivity assay

Discdiffusionassay asdescribed earlier for herbal
preparations>1was used to determine antimicrobia
activity of 5mg EG discs. Discswere applied onto
agar plaeswithin 15minof ssedingwithtest Sraingrown
for 8hinbrainheartinfusion (BHI, Hi-Media) broth at
37°C. For dl microbid strainssengtivity assayswere
performed on Mudler Hinton agar (MHA, Hi-Media)

except the streptococci, enterococci and micrococci
whichweretested on brain heartinfusonagar (BHIA,
Hi-Media) to support the sufficient growth to observe
theinhibition zone. Referencecontrol strain of E. coli
was tested on both BHIA and MHA.. Antimicrobial
activity wasindicated by appearance of zoneof inhibi-
tion was measured in mm after 24 h of aerobicincuba-
tionat 37°C. Thestrainsshowing noinhibition of growth
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around disc were considered asresistant to EG

MIC of reference and sel ected five strains each of
E. coli, A. caviaeand B. coagulansand four strainsof
Saph. aureuswas determined through broth dilution
method™®! 17 using buffered peptonewater (BPW, Hi-
Media, Mumbai) asgrowth medium and EG dilutions
used were 100 mg, 50 mg, 25 mg, 10 mg, 5mg, 4 mg,
3mg, 2mg, 1 mg, 0.5mg, 250 pg and 100 pg/ml). All
diluationswere madein medium beforeinocul ation of
thetest strain (~1000 cfu/ ml). Tubeswereincubated
overnight at 37°C and then observed for turbidity an
indicator for bacteria growth.

Comparison between strainsof different originand
of different bacteriawas statistically eval uated using X2
test.

RESULTS

Of the812 strainsof microbesbe ongingto 27 gen-
eratested against 5 mg Eucalyptus citriodora gum
(EG) discs, 157 (19.3%) strains showed zone of inhi-
bition of growthindicating their sensitivity toEG (TABLE
1). Zoneof inhibition around discsof EG variedfrom 8
mmto 20 mm( urel). Thezoneof inhibitionaround
discsof EG for reference sensitive strain was 15-16
mm under repeated testsboth on BHIA and MHA in-
dicating that growth medium hasno or little effect on
sengitivity assay against EG discs. Of the 157 senditive
grainsonly 19% strainshad inhibition zoneof €°15 mm.
Although most of the staphylococci were sensitiveto
EG (82.6), zone of inhibition for most of the strains
(95%) was below 15 mm. Similarly many of the
aeromonads (30.6%) weresensitiveto EG but inhibi-
tion zoneof >15 mmwasevident only in 34%EG sen-
stivestrains. Ontheother hand majority (89.4%) of E.
coli wereresistant to EG, zone of inhibitionfor 56% of
thesengtivestranswas>15 mm. Although szablenum-
ber of Bacillus strains (38.3%) was sensitive to EG,
zone of inhibition remained below 15 mm for 91%
grans.

Thedifference between extentsof sengtivity of dif-
ferent bacterid strainswasfurther reveded by minimum
inhibitory concentration (MIC) results(TABLE 2). From
theresultsit wasevident that MIC by broth dilutionmethod
and zoneof inhibition around EG disc corrdlated well (r,
-0.81).All thegtrainsshowing sensitivity againg EG discs
had anMIC 0.25mgto5mg/ ml whilethoseresgant to
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Figurel: Proportionsof eucalyptusgum sensitivestrains
of different genera showinginhibition zone (in mm) ar ound
discscontaining 5 mg Eucalyptuscitriodora gum.

TABLE 2: Zone of growth inhibition around Eucalyptus
citriodoragum (EG) discs (5 mg) and minimum inhibitory
concentration (MIC) of selected strains of some bacteria
isolated from different sour ces.

Zoneof inhibition MIC of

Bacteria Sour ce inmm EG /mi
Aeromonas caviae Lizard 10 3mg
Aeromonas caviae Mithun 11 3mg
Aeromonas caviae Mithun 0 25mg
Aeromonas caviae Pig 5 mg
Aeromonas caviae Pig 10 ng
Bacillus coagulans Axone 22 250 g
Bacillus coagulans Axone 11 3mg
Bacillus coagulans Axone 0 25 mg
Bacillus coagulans Pig 15 500 ug
Bacillus coagulans Pig 0 10 ng
Escherichia coli Reference 16 500 ug
Escherichia coli Lizard 0 25 mg
Escherichia coli Cow 15 500 ug
Escherichia coli Cow 5 mg
Escherichia coli Cow 25 mg
Escherichia coli Mithun 12 2mg
Saphylococcusaureus  Lizard 11 2mg
Saphylococcusaureus  Lizard 11 2mg
Saphylococcusaureus  Lizard 10 3mg
Saphylococcusaureus  Lizard 10 3mg

EG hadan MIC of 10mgto 25 mg/ ml.

Most of thestrainsisolated from lizards (91.6%)
and mithun (88.4%) sampleswereresstantto EG The
ratio of resistant strainsisolated fromlizardsand and
mithunswassignificantly (p <0.01) higher than strains
of cattle (66.7%), pig (65.1%), water (75%) and food
origin (65.8%). However, therewasno significant dif-
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ferencein sensitivity pattern of strains of lizard and
mithun origin (p, 0.33) and, also among strainsof pig,
cattle, water and food origin (p, 0.96).

Of the 812 strainsof 27 genera, resistant and sen-
stive strainswere distri buted among majority of them
(TABLE 1). However, afew generacontained resis-
tant strainsonly viz., Hafnea (3), Kluyvera (1), Lac-
tobacillus(1), Leclercia (1), Raoultella(6), Serratia
(9) and Xenorhabdus (1), while al strains of afew
generaincluding Candia (1), Leminorella (1) and Mi-
crococcus (2) were sensitiveto EG. But both the ex-
ceptionsweretherein generawherenumbersof repre-
sentativestrainswereless.

Comparison of resultsamong strainsof different
speciesindicated that that it was not only genuswhich
largely decided theresi stance but among strains of dif-
ferent speciesdifferencein sengtivity wasmarked. All
the strains of Aeromonas salmonicida ssp.
achromogenes (2), A. sobria (2), Citrobacter
amalonaticus (11), Edwardsiella hoshiniae (1), Es-
cherichia blattae (3), Hafnea alvel (3), Klebsiella
oxytoca (8), Kluyvera cryocrescens (6), Lactobacil-
lusacidophillus (1), Leclercia adecarboxylata, Pro-
teus myxofacience (1), Raoultellaterrigena (6), Sal-
monella enterica ssp. houtenae (3), Salmonella
enterica ssp. salamae (11), Serratia fonticola (1),
Se. Marcescens(2), Se. odorifera (5), Se. plymuthica
(1), Sreptococcus milleri (3), Sr. alactolyticus (1)
and Xenor hhabdusluminiscens (1) wereresistant to
EG Althoughrare, dl strains of afew species of mi-
crobes were always sensitive to EG, these included
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Candida albicans (1), Leminorella ghrimontii (1),
Micrococcus spp. (2), Providencia heimbachae (1),
Saphylococcus aureus (4), Saph. xylosus (2) and
Sreptocococcus caseol yticus (1).

It isimportant question to ponder upon why ma-
jority of strainsof certain bacteriawereresstant to EG
and only afew strainswere sensitiveviz., Citrobacter
freundii (3 of 74), Erwiniaananas (2 of 12), Escheri-
chia coli (6 of 73), Klebsiella pneumoniae ssp.
pneumoniae (4 of 63), Proteus penneri (3 of 16),
Pragia fontium (1 of 14), Providencia rettgeri (1 of
5), Salmonella enterica ssp. indica (1 of 45). Simi-
larly, resistance only in afew strainsof some species
comprising mostly EG sensitive strainswasa so puz-
zling; such strainswere detected among Saph. sciuri
(30of 17), Proteus mirabilis (3 of 8) and Aeromonas
caviae (4 of 11). These exceptionsmay help in under-
standing thefactorsresponsblefor resistance or sensi-
tivitytoEG

Sengitivity to EG among 49 aeromonadsof 8differ-
ent specieswas evident in 30.6% strains (TABLE 3).
Thoughingenera bacterid isolatesfromlizardswere
significantly moreresistant to EG, dl three aeromonads
(A. caviae) fromlizardsweresengtiveto EG and skewed
thedigtributionsgnificantly (p, 0.04). Ontheother hand
thedifferencein sengitivity of aeromonadsto EG among
drainsof pigor mithunoriginwasof littlesignificance(p,
0.19). All speciesof aeromonadscontained afew strains
sensitive to EG except A. samlonicida ssp.
achromogenes (mithun) and A. sobria (pig) but dueto
lessnumber of strainsunder study the differencewas

TABLE 3: Sensitivity pattern of aeromonadsfrom different sour cestested against 5 mg Eucalyptuscitriodora gum discs.

Wall lizards Mithun Pig Total
Aeromonas pp. - - i, -

No.  Sengtive No.  Sensgtive No.  Sendgtive No.  Sensitive
Acaviae 3 3 3 1 5 3 11 7(63.6)
Aeucranophila 0 0 7 0 6 2 13 2(154)
Ahydrophila 0 0 3 1 0 0 3 1(33.3)
A.salmoi cida ssp. achromogenes 0 0 2 0 0 0 2 (0.0
Asalmonicida sgp. salmonicida 0 0 0 0 2 1 2 1(50.0)
Aschubertii 0 0 1 0 2 1 3 1(33.3)
Asobria 0 0 0 0 2 0 2 0(0.0)
Averonii 0 0 0 0 13 3 13 3(23.1)
Total 3 3(100.0) 16 2(12.5 30 10(33.3) 49 15(30.6)

daidicdlyinggnificant (p, 0.47).
Testing of 94 strains of 14 species of Bacillus

(TABLE 4) isolated from Axone (87) and pigs(7) re-
vesal ed that resi stance to EG wasindependent of origin
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of strains(p, 0.73) and species of bacteria(0.79) ex-
cept afew deviationsviz., dl strainsof B. licheniformis
and B. stearothermophilluswereresistant to EG while
only one third number of strains of B. brevisand B.
marceranswereresistant to EG

Similarly among Enterococcus and Enterobacter
strains(TABLE 5) origin effect on EG resistancewas
insignificant (p>0.29) and no difference was evident
among strainsof different species(p>0.8) of both group
of potential opportunistic pathogens.

DISCUSSION

Eucalyptusbeing one of the 15 most common anti-
microbial herbshasbeen studied alot and itsessentia
oil hasbeenfoundto bevery effectiveon severd patho-
genic bacteriaisolated from clinical samples particu-
larly those associated with respiratory tract infectiong®”
and dental problemd*3. Eucalyptus gum has mostly

TABLE 4: Resistance pattern of Bacillusstrainsisolated
from food (Axone) samplesto 5 mg Eucalyptuscitriodora
gum discs.

Bacillus spp. tgf[)éd Sensitive Regstant Res(i)/sotnat
B. anthracoides 3 0 3 100.0
B. badius 5 2 3 60.0
B. brevis 3 2 1 333
B. circulars 4 2 2 50.0
B. coagul ans* 0 12 18 60.0
B. laterosporus 1 0 1 100.0
B.lentus 7 6 1 143
B.licheniformis 6 0 6 100.0
B. marcerans 3 2 1 333
B. mycoides 2 0 2 100.0
B. pertothenticus 15 8 7 46.7
B. stearathermophilus| 1 0 1 100.0
B. stearathermophilus Il 4 0 4 100.0
B. subtilis 3 0 3 100.0
Tad 87 34 53 60.9

TABLE 5: Resistance patter n of enterococci and Enterobacter spp. strainsisolated from foods, Mithun and lizardsto 5 mg

Eucalyptus citriodora gum discs.

. Food (Axone) Mithun W all lizards Total
Bacteriatested - - - -
No. Resistant No. Resistant No. Resistant No. Resistant (%)

E. asacchrolyticus 1 0 0 0 0 0 1 0(0.0)
E. avium 4 3 0 0 1 1 5 4 (80.0)
E. caecorum 28 21 0 0 0 0 28 21(75.0)
E. cassdiflavus 3 2 10 9 15 15 28 26 (92.9)
E. dispar 5 2 0 0 22 20 27 22(815)
E. faecalis 3 2 0 0 1 3 (75.0)
E. faecium 4 2 0 0 1 5 3(60.0)
E. gallinarum 6 6 2 2 0 0 8 8(100.0)
E. hirae 7 5 0 0 35 31 42 36(85.7)
E. malodoratus 3 2 0 0 0 0 3 2 (66.7)
E. mundatii 3 1 0 0 0 0 1(33.3)
E. raffinosus 5 4 0 0 0 0 5 4 (80.0)
En. agglomerans 6 5 4 3 5 5 15 13(86.7)
En. amnigenusl 1 1 3 3 5 5 9 9(100.0)
En. amnigenusl| 0 0 0 0 3 0 3 0(0.0)
En. cancerogenus 0 0 0 0 1 1 1 1(100.0)
En. cloacae 0 0 0 0 3 2 2 (66.7)
En. gregoviae 3 3 1 1 7 7 11 11 (100.0)
En. hormaechei 0 0 1 1 0 0 1 1(100.0)
En. sakazaki 0 0 0 0 1 1 1 1(100.0)
All Enterococci 72 50(69.4) 12 11(91.7) 75 69 (92.0) 159 130 (81.8)
All Enterobacter spp. 10 9 (90.0) 9 8 (88.9) 25 21 (84.0) 44 38(86.4)

Besides, strain of En. aminigenus | of water origin and En. cloacae strains, each of water and cow origin, were also resistant to

5 mg Eucalyptus citriodora gum discs.
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been used asan astringent in medicinesince morethan
acentury™ littleisknown about itsantimicrobid ac-
tivity. Antimicrobid activity of euca yptusgum observed
inthe present investigation against more than 19% of
bacterid strainshaving potentia association either with
throat infections, diarrhoed infectionsand wound in-
fectionsisvery important. Althoughisolated from envi-
ronment, water, food and animals, strains of the mi-
crobesin the study hasfrequently been reported to be
associated with systemic aswell asloca infectionsof
throat and upper respiratory tract gastrointestinal tract
and wounds*®23, Thus antimicrobial activity of EG
against the potentially pathogenic bacteriaisof thera-
peutic val ue because EG has been used since centuries
without knowledgeof itstruevaueasgurgleinthroat
infections, liniment ininjuriesand wounds and decoc-
tum or powder in diarrhoed*. For wounds, injuries,
gurglesand ashaemostatisEG isused as1:16t0 1:40
dilutions, i.e., 2.5% to 6.25% sol ution*? the concen-
tration sufficient to arrest the growth of eventhe strains
showing resistancewith disc diffusion assay (TABLE
2). Inthestudy all Saphylococcusaureusstrains, the
major cause of wound infection and contamination,
were sensitive to EG and MIC was not more than 3
mg/ ml i.e., 0.3% solution of EG caninhibit thegrowth
of Saph. aureuswhilein practice EG hasbeen safely
used up 6.25% solution*3. From the MIC values
(TABLE 2) for different microbesitisevident that in
therapeutic concentrations EG may effectively restrict
the growth of most of the common pathogensasMIC
was never morethan 25 mg/ ml (2.5% solution).

MIC for aeromonads and E. coli, the two most
common causes of acute, chronic andtravellers’ diar-
rhoed®! varied from 250 pg to 25 mg/ ml while the
recommended dosefor diarrhoeic patient in only 100-
300mgi*¥, i.e., evenif thestrainissensitiveto EG and
MICis250t0 500 pg then to achieve the bacteriostatic
conditionsintheintestinedosewill bemuch morethan
the recommended dosagesi.e., to havethe bacterio-
static or bactericidal dose EG havelittlevaluein gas-
trointestinal disorders. However, to comment on its
antidiarrhoedl value one must remember that eventhe
useof most potent antimicrobia sin management of di-
arrhoeal disordersishighly disputed?!. Therefore, the
use of EGfor control of infectiousdiarrhoeamay be
very import dueto its potent astringent and alimited
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antimicrobia action against common bacteriaassoci-
atedwith diarrhoea.

Pant medicinesareconsdered dent proof against
the evolution of antimicrobial drugsresistance prob-
ably dueto their much complex chemistry than antibi-
otics. Antibioticsaremade of onepurechemica aganst
which bacteriacan easily mount an action to survive.
Unlikeantibiotics, plant extractssuch aseucadyptusgum
contain many antibacteria substances. It wouldbemuch
harder for bacteriato develop resistance against an
extract with multipleantibacterid substances>®. Alim-
ited work using thyme (on methicillin resi stant Saph.
aureus, MRSA), itisshown that bacteriacan not de-
velop resistanceto herba medicines®28, Herbal anti-
microbiastherefore, may haveasgnificantdinicd vaue
intreatment of infections caused by resistant microbia
straing?’. In contrast, observation of this study indi-
cated that res stant to herbal drug, i.e., eucalyptusgum
Isnot uncommon in common bacteriaoften associated
withinfectionsin humanand animds. Inthe study only
about 19% bacterial strains are sensitiveto EG i.e,
majority (>80%) were resistant to EG, the observa-
tions can not be compared in paucity of earlier obser-
vationson EG However, the observations corroborate
with studieson other herbsviz., report of herba drugs
assource of MDR straing® and resistancein >75%
bacterial strainsagainst essentid oilsof Artemesiavul-
garig?, >20% to Selinum wallichianum essential
0ill*® and in >62% strains against lemon grass
(Cymbopogon citrates) oil*¢. Thusit may be suggested
that dternativetherapiesand herbd drugsthough prom-
ising, may not bethefinal antimicrobia shot to infec-
tions.

CONCLUSION

The study concludesthat antimicrobial activity of
EG though fegble, wasimportant againgt bacteriaoften
associated with superficid infections. Noneof thestrain
tested had MIC morethan >25 mg/ ml, which quitein
range of recommended dilutions of thisval uablegum.
The study reved ed that Saph. Aureusstrains, mostly
associated withwound infection were sensitiveto EG
whilemost of the E. coli strainswereresistant. Detec-
tion of afew EG resistant Saph. aureusand few EG
sendgitive E. coli may be useful infurther studiesto un-
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derstand the mechanism of action of EG asantimicro-
bia and evolution of resistance against herba drugs
specificdly to eucdyptusgum.
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