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ABSTRACT

Terminalia macroptera alstone belonging to the Costdceae family have been investigated for evadumadif their
phytocchemical composition and antibacterial prdfge. Aqueous and ethanaglig extract of plant were tested
against three clinical strains of Escherichia c(iSBL) and three clinical strains of Klebsiella pngonia (ESBL),
by well plate and dilution methods. Selected antibdal agents (ceftazidim and ceftriaxon) wereduas positive
reference standards in the tests. The screeningated the presence of metabolites such as flavengitenolic
compounds, tanins, saponins, sterols, terpens amdiar glycosids. The aqueous extract has preseited
bacteriostic power against almost tested strainmoudlgh a ratio MBC/MIC=4. However, ethanolig, extract
showed strong antibacterial activity against E.ioglth minimum inhibitory concentration (MIC) andinimum
bactericidal concentration (MBC) ranged from 6.25625 mg/ml and 12.50 to 50 mg/ml, respectivelglso showed
on K. pneumonia strains MIC varying between 6.28 &3 mg/ml and MBC 12.50 to 50 mg/ml. So ethapglic
extract was found to be potential bactericidal agsiall strains tested.

Keywords: Terminalia macropteraaqueous and ethanolic extracts, phytochemicdysisaantibacterial properties

INTRODUCTION

In recent decades, there is a progressive inciaasatibiotic resistant strains of clinically impant pathogen§l,
2]. Despite the advancement in science and technadogyhe discovery of many natural and synthetiogdyu
infectious diseases are still the leading causearbidity and death, especially in developing caest3, 4].The
outlook for the use of antimicrobial drugs in théufe is still uncertain. Alternative actions mbs taken as to
reduce the incidence of conventional therapeuilariato treatments. Among the potential sourcesei agents,
plants have long been investigated. They are krtovmmoduce a variety of compounds to protect théraseagainst
a variety of pathogers].

Thus, in order to face the challenges of bacténf@ctions and emerging drug resistance issuesy reaientific
researchers try to evalue the quality, safety dfidaey of the medicinal plants through high thrbpgt modern
techniques and looking for new leads to developeb@iew chemical entities and drugs against miedabfection.
It is in this line of alternative therapeutic appch that we have designed this studyTa@mminalia macroptere
(Combretaceae) that has been locally used to tmaay diseases in lvory Coast and tropical countfesfrica. In
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other earlier studies, different parts of plantéddeen used in the treatment of diseases suchsts-gatestinal,
disorder like dysentery and acute diarrf@la the eczeméZ]; stomach ache8] and other biological properties of
the plant have been carried out.

The present work aims at identifying active phyemical compounds and to study the antimicrobiapprties of
the aqueous and ethanefigstem bark extracts dferminalia macroptera

MATERIALS AND METHODS

Plant Material

It consists of bar@erminalia macropterduill. et Perr. ¢ombretaceae These barks were collected in April 2012
in Niakara (north of Ivory Cost). Their authentioat was performed by professor Ake-Assi of Natio@anter
Floristic (NCF), University Felix Houphouet Boigw§ Cocody-Abidjan where a sample is retained.

Bacterial strains

The bacteria used for the biological testsBseherichia coli(EC) andKlebsiellapneumoniagdKP) ESBL. All the
bacteria strains were provided by the departmenbaatteriology and virology, Institute Pasteur obry Cost.
(I.P.IC).These strains come from to organic produet: urine (EC 326, EC 529, KP 421), pus (EC, K92 322)
and sputum (KP 314).

Preparation of plants extracts

The stem barks of. macropteracollected were washed cut and has been dried sipeteder by a type IKAMAG-
RCT grinder. According to the methods described%$0], 100 g of plant powder have been macerated inoi L
distilled water then homogenized under magnetid¢atign for 24 hours at 25° C with a IKAMAG-RCT type
agitator. The homogenate obtained, has been filtstecessively two times through hydrophilic cot{gotton
wool) then once through whattman paper n°2. Thamel of filtrate obtained is first reduced with & vapor Blchi
at 60° C. Then, the rest of the filtrate is evapegtavith a med center vent cell drying oven at 68ad give a brown
powder which is the aqueous extract. The same psos@s carried out by using ethanol 70% insteadistilled
water to obtain ethanolic extract 7q%d]. The end, all the plant extracts obtained are kepfrigerator until used
for testing antibacterial.

Study of the antibacterial activity of different extracts

For each bacterial strain, inoculums was prepayekdomogenizing 0.3 ml of a suspension opalescdmiBs in to
10 ml of Muller-Hinton broth concentrate twice inder to obtain a bacterial load estimated at 5@BU/ml and
constitute the dilution 10

Determining zones of inhibition of growth

The susceptibility test have been carried out otieviiHinton agar (Bio-Rad, France) by using wéllg] so , like in
the case of classic anti-biogram realization, eaeh or hole of 6 mm in diameter has been filledha80 pl of
extract concentration 200 mg/ml. Taking care toasafe two holes at least 20 mm. A control well wasied out
for each bacterial strain with 80 pl of the solatimixture of DMSO/Sterile distilled water V/M 3, 14]. After a pre-
release of 45 minutes at room temperature undendbd, the whole was incubated in an even at 36t @8 to 24
hours. Meanwhile, the Ceftazidim (CAZ) and Ceftrax(CRO) used as positive controls. After incubgtitre
action of extracts is determined by measuring aa af growth inhibition (lack of colonies) aroure: twell.

Determination of Minimum inhibitory concentration ( MIC) and Minimum Bactericidal concentration (MBC)
Dilution method in liquid medium was used to detgerthese antimicrobials parametgtS]. This, in a series of 8
hemolytic tubes numbered, @ G, was introduced 1 ml of the bacterial inoculum®ested to 5.1WFC. Then 1
ml of a plant extract with a known concentratiogading to the range of prepared concentrationddaed in the
same tubes. This distribution of plant extract &de so that 1 ml of plant extract 200 mg/ml is d¢farred to the
tube G, that of 100 mg/ml, to the tube, @d so on until to £tube which receive 1 ml of plant extract of 3.125
mg/ml. The G receive, instead of plant extract, 1 ml of DMSG@tidled water (1/9, V/V) was used as control. This
distribution of plant extract concentration is wiatlown to each tube containing 1 ml of inoculunready reduced
the concentration of the plant extract in the meddhlf. So the tube Concentration increased from 200 mg/ml to
100 mg/ml, 100 mg/ml to 50 mg/ml for,Go on until a concentration of 3.125 mg/ml fgr This experiment was
performed identically for each extract tested. €hght (8) first tubes (Cto G) are collected “experimental tubes”
and the last tubegGs rated “growth control tube orcT. These loaded tubes are incubated at 37°C fdrazds. The
experience has been reported three times.
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The MIC is the concentration of the first tube whér finds no trouble visible to the naked eye.rRrthe MIC
lowest concentration that allows at most 0.01%isahof bacteria in the first suspension to surwvi¢hin 24 hours
corresponds to MBC. Therefore, the calculationhaf tatio MBC/MIC of the extracts has permitted &edmine
their antibacteriapower.

Phytochemical analysis
The phytochemical analysis of the different extrattTerminalia macroptera have based on the catoradand
precipitation tesf16, 17]

Test for alkaloids

0.5 g of extract was diluted into 10 ml with acldadol, boiled and filtered. To 5 ml of the filteatvas added 2 ml
of dilute ammonia. 5 ml of chloroform was added ahdken gently to extract the alkaloidal base. dtileroform
layer was extracted with 10 ml of acetic acid. TWw&s divided into two portions. Mayer’s reagent \&dded to one
portion and Draggen dorff's reagent to the othdre Tormation of a cream (with Mayer’s reagent)exdtdish brown
precipitate (with Draggen dorff's reagent) was relgal as positive for the presence of alkaloids.

Test for polyphenols and tannins
About 0.5 g of the extract was boiled into 10 mivedter in a test tube and then filtered. A few drop 0.1% of
ferric chloride was added and observed for browgiglen or a blue-black coloration.

Test for terpenoids (Salkowski test)
To 0.5 g each of the extract was added 2 ml ofrofdom. Concentrated 130, (3 ml) was carefully added to form
a layer. A reddish brown coloration of the integardicates the presence of terpenoids.

Test for glycosides
Extracts was treated with 2 ml of glacial acetieda@dd 1 drop of FeCI3 and 1 ml of concentrates®
appearance of brown coloration indicates the gigess

Test for flavonoids

Three methods were used to test for flavonoidstFiilute ammonia (5ml) was added to a portiommfaqueous
filtrate of the extract. Concentrated sulphuricdagiml) was then added. A yellow coloration thagaglipears on
standing indicates the presence of flavonoids. s#gpa few drops of 1% aluminium solution were addo a
portion of the filtrate. A yellow coloration inditss the presence of flavonoids. Next, a portiothefextract was
heated with 10 ml of ethyl acetate over a stearh fmat3 min. The mixture was filtered and 4 ml béffiltrate was
shaken with 1 ml of dilute ammonia solution. A gl coloration indicates the presence of flavonoids.

Test for saponins

To 0.5 g of extract was added 5 ml of distilled evah test tube. The solution was shaken and obdefor a stable
persistent froth. The frothing was mixed with 3 gsf olive oil and shaken after which it was olsdrfor the
formation of an emulsion.

Fehling’s test
Filtrates were hydrolysed with dil. HCL neutralizedth alkali and heated with fehling’'s A and B sidu.
Formation of red precipitate indicates the preseiceducing sugars.

Test for steroids and terpenoids:

9 ml of ethanol was added to 1 g each of the eterand refluxed for a few minute and filtered. Eatlthe filtrates
was concentrated to 2.5 ml in a boiling water b&tstilled water, 5ml was added to each of the eomated
solution, each of the mixtures was allowed to stamnd. h and the waxy matter was filtered off. Eaflhe filtrates
was extracted with 2.5 ml of chloroform using aa@gting funnel. To each 0.5 ml of the chloroforntrasts in a
test tube was carefully added 1 ml of concentratdghuric acid to form a lower layer. A reddishbrointerface
showed the presence of steroids. To another 0.&agt of the chloroform extract was evaporated yoaBs on a
water bath and heated with 3 ml of concentratedhaulc acid for 10 min on a water bath. A grey cafalicates
the presence of terpenoids.

Statistical analysis

The data are presented as mean + S.E.M. All thee \date analyzed by one-way ANOVA and differencesvben
the means were assessed with Newman-Keuls Muttqplgparison test. Differences were considered sagmif at p
< 0.05. All analyses were carried out using Gragth goftware, version 5.01 (USA).
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RESULTS

The antimicrobial activity of the aqueous and ett@ry, extracts ofT. macropteraagainst three strains & coli
(ESBL) andK. pneumoniadESBL) are shown in table 1. Comparatively to dtad antibacterial agents, the plant
extracts have shown significantly (p < 0.05) maximzone of inhibition against all tested bacterigyireg 12.33 to
18.33 mm for aqueous extract and 15.67 to 22.33onmathanolic extract. If the plant extracts haveved the best
activities against all the tested microorganisrtis,riot the case of the standard antibiotics: e&dien (CAZ) and
ceftriaxon (CRO). These antibiotics have given linwest activities. The diameters of zone inhibitiohthese
antibiotics have varied from 6.67 to 16.00 mm. @& basis of these inhibition diameters, ethanoticaet has been
proved as the most active as aqueous extract waitimum diameter 22.33 mm against 18.33 mm for agsieo
extract.

Table 1: Sensitivity of aqueous and ethanolig, extracts of stem bark on bacterial strains: zonefdnhibition diameters (mm)

Bacterial strains Agueous Ethangdic Ceftazidim  Ceftriaxon
E. coli792 16.00+1.00 20.67+0.68 8.00+0.66 10.33+0.88
E. coli326 18.33+0.88 22.33+0.38 16.00+0.38 14.00+0.88
E. coli529 16.33+0.88 20.33+0.33 12.33+0.88 12.67+0.88
K. pneumoniad21 12.33+0.33 16.33+0.38 16.00x0.57 9.33+0.57
K. pneumonia®22 14.00+0.57 19.00+0.58 14.00+0.66 9.33+0.68
K. pneumonia@14 13.33+0.66 15.67+0.66 10.00+0.58 6.67+0.68

Note:values are the mean of three tests + S.E.M; Meduegawith the same superscript within a row dodiffer significantly (p<0.05) ,in each
Colum for the same strain..

Phytochemical screening

The phytochemical screeningf T.macropterastem bark extract, using different standard tebtsws in table
2.revealed that the aqueous extract showed themresof polyphenolic compounds, flavonoids, sapmniralic
tannins, cardiotonic glucosids. but alkaloids, @trterpens , coumarins and cathechic tannins afesents. Also
table 2, showed that ethanolic extract containshallcompounds of aqueous extract with the presehsterol and
terpens.

Table 2: Phytochemical constituents of aqueous arethanolic;, extracts of stem barkT. macroptera

Chemical class Alc  Polyph Flav ST TGal TCat Coum p SaGIC
Agueous extract - + + - + - - + +
Ethanoligoy extract - + + + + - - + +

Key: Alc: Alcaloides, Polyph: Polyphenols, Flav: Flavaides, ST: Sterols &Terpens, TGal: Tanin GalidU@at: Tanin Catechique, Coum:
Coumarine, Sap : Saponosides, GIC : Glucosidesictmdiques

Antibacterial activity

The antimicrobial parameters of the aqueous extoacthe tested germs are presented in table 3.niimi
bactericidal concentration (MBC) has advanced 28.@0 mg/ml, for all strains. But the strains of Bdeella
pneumonia recorded a MBC equal to 100 mg/ml. Thaifim inhibitory concentration (MIC) recorded eqtal
25 mg/ml and the ratio MBC/MIC= 4, indicated thajuaous extract is bacteriostatic against K. pneugnon
Moreover in the same table 3, MIC recorded on thairs of Escherichia coli equal to 12.50 mg/m| anB8C
varied 25 to 50 mg/ml. The ratio MBC/MIC= 2 for tvabrains of E.coli indicated a bactericidal powdBC of
ethanolic extract were ranged enter 12.50 and S@nir{¢able 4). Table 4 showed the ratio MBC/MIZfor almost
strains studied, indicated the bactericidal povetlanolic extract.

Table 3: Antibacterial activity of aqueous extrat of T. macroptera

Antimicrobials parameters (mg/ml)

Bacterials strains MIC MBC MBC/MIC Interpretation
Escherichia coli 792 12.50 50 4 Bacteriostatic
Escherichia coli326 12.50 25 2 Bactericidal
Escherichia coli 529. 12.50 25 2 Bactericidal
Klebsiella pneumonia 421 25 100 4 Bacteriostatic
Klebsiella pneumoniae 322 25 100 4 Bacteriostatic
Klebsiella pneumonia 314 25 100 4 Bacteriostatic

Key: MIC ( Minimum Inhibitry Concentration)yIBC( Minimum Bactericidal Concentration).
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Table 4: Antibacterial activity of ethanolicsq, extract of T. macroptera

Antimicrobials parameters (mg/ml)

Bacterials strains MIC MBC MBC/MIC Interpretation
Escherichia coli 792 25 50 2 Bactericidal
Escherichia coli326 12.50 25 2 Bactericidal
Escherichia coli 529. 6.25 1250 2 Bactericidal
Klebsiella pneumonia 421 25 50 2 Bactericidal
Klebsiella pneumoniae 322 50 50 1 Bactericidal
Klebsiella pneumonia 314  6.25 12.50 2 Bactericidal

Key: MIC ( Minimum Inhibitry Concentration)yIBC( Minimum Bactericidal Concentration).
DISCUSSION

Aqueous and ethanoliggextracts tested in the present study displayedacttrial activity on the bacteria strains
tested. This suggests that these extracts possead bpectrum activities. Moreover, differences avebserved
between their antibacterial activities. The antibeal activity of aqueous extract was found torbederate in
almost the tested bacteria. These differences doelldue to the difference in the chemical compasitf these
extracts as revealed by phytochemical analysi® Aver studies, it has proved that the compolikdstannins,
flavonoids, sterols and terponoids posed some actgbial propertiefl8, 19, 20, 21]In our study, we have found
all these compounds in the extracts studied. Theiscan confirm that the antibacterial activity ofotwxtracts
studied. This result confirms agaih macropteraimportance in traditional medicine. However in thexent
studie§2?], showed antistaphylococcic activity ©f macropteraThe etahanolic extract improved the antibacterial
activity where ceftazidim (CAZ) and ceftriaxon (CR@ell known broad spectrum antibacterial agerit tiaibe
active. This result shows that ethanolic extracicemtrated the active principle and it could beltbest candidate for
the treatment of diseases associated with thespanganisms than the aqueous extracts. Similarltsestere
reported by[23], when evaluating the activity &f. laxiflora againstE coli ESBL andK. pneumonigESBL. From
this result, we can deduce that unlike water, aliarns solvent that allow a better extraction attieicrobial
compounds virtues as those identified in the cpoeding extracts. These results confirm thosg2df, who
showed that the antimicrobial activities are ralatethe origin of the sample and the test straiwell as the nature
of the solvent. Besides that, it has been repdtiatE.coli is responsible for 40-70% of unary tract infection
hospitals[25, 26, 27] Hepatobiliary infections and neuro-meningeal paggical are caused B¢, pneumonig28,
29]. The sensitivity of these strains To macropteraextract studied is of great importance becaussets&ains are
highly resistant to antibiotics used in clinicabptice. Also, any antibacterial agent to which tlaeg sensitive it
deserves special attention.

CONCLUSION

This work has allowed us to highlight the antibaeieproperties ofTerminalia macropteraon E. coli and
K.pneumoniagtwo bacteria that produce beta-lactamase anché@stespectrum involved in a large number of
bacterial infections. The ethanglig extract showed the best bactericidal powersEoncoli (ESBL) andK.
pneumonig ESBL).

In view of the results obtained in the present watkmacropteracould be used in phytomedicin to fight the germs
tested involved in pathologies related. To this,éhdvould be interesting to undertake studiesoxidity of the
extract which are found to be active and to conside development of improved traditional medic{fiEM) after
purification.
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