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ABSTRACT

The antimicrobial and toxicity against Artemia saliLeach of extracts from different parts (stemesyvés and
seeds) of Ocimum gratissimum collected at two atiget stages were analyzed. In addition to esskatia that
contain volatile compounds and which antimicrobpmbperties we studied in a previous work [12], thkant
contains less or non-volatile compounds that caMglain in part, its properties. The crude ethaeatract of
different parts (leaves, stems and seeds in pré-falhflowering) showed yields between 1.97% a1 %. Leaves
had given more extract than seeds and the lowéd wias obtained with the stems. Antimicrobialdestd toxicity
against A. salina Leach helped to identify the eredtract of leaves and stems in full floweringres most active
respectively against C. albicans ATCC, and E. o®liCC and S. aureus ATCC with a good selectivity.
Phytochemical screening of different samples red#tie presence of polyphenolic compounds (gafiec @atechic
tannins, flavonoids, anthocyanes and leucoanthoeggnquinone derivatives, triterpenoids, steroidsycilage,
coumarins, reducing compounds and essential dilse liquid-liquid fractionation of the active cru@xtracts with
different solvents of increasing polarity showeklyeticetate fraction as the most active. This fratheeds to be
further investigated by isolation and identificatiof pure bioactive compounds by bio-guided frawioon. This is
the first report of interaction between plant panegetative stages, antimicrobial properties amxdity of the non-
volatile fractions of O. gratissimum Lirfrom Benin.

Key words: Ocimum gratissimunhinn, non-volatile fraction, antimicrobial activityselectivity index, bio-guided
fractionation.

INTRODUCTION

Currently present on every continerBgimum gratissimurhinn is a perennial and odoriferous shrub from Seut
east of Asia and whose therapeutic virtues areeusally recognized [1][2]. In Africa, its therapmupotential is
extremely broad and varies according to the coemff3]. In Cameroun, plant’s infusions are congdeonic and
pectoral, juice of its sheets are used to relie@adhaches, giddiness, cold and cough [4]. In Ivargst, ophthalmias,
otitises and dermatoses are treated with variogggations of this plant [5]. In Nigeri@livier B. [6] prescribed it
in the diarrhoeas treatment whereas Sofowora [@icated it for the respiratory affections and athalminthic.
The same virtue was recognized in Rwanda. In Tpmt's infusion is antitussive; juice of its freteaves is
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antidiarrheic and antidysenteric; its aqueous naeT is used in hematuries and purulent urethtigatment
[8][9]. In Benin, the aqueous maceration of itspuolr aerial parts is used in dystopias, pelvic padtigestive
desorders, dysmenorrhoeas, colics, candidosestimgntiaemorrhoids and diarrhoea. Decoction of stenused in
the treatment of hepatitis, cough, asthma and weim@ctions [9][10]. The juice of the leaves isddn anginas,
cephalgias and malnutrition. The plant inflorese=nare used in the composition of many foods asaiiring [8].

It is also usually sold on the markets for its domehtal and medicinal properties [11].

We studied previously the influence of the chemi@aiation over daytime and vegetative stage® ofratissimum
Linn essential oils from Benin on their antimicrobialoperties and on their toxicity again8trtemia salina
Leach[12].

Moreover, the antimicrobial activities of non-vdllatextracts ofO. gratissimumLinn was known in several
countries such as India, Brazil, Nigeria, Ivory €@aameroun, Kenya, Togo... [13-22]. But to ouowtedge, no
previous work was published on the phytochemicatesting, the antimicrobial activities, the toxicégainstA.
salinaLeach and the fractionation @f. gratissimuniinn non-volatile extracts from Benin.

In order to identify, for future bio-guided fractiation, the active non-volatile extract which passs the best
antimicrobial activities with reduced toxicity, weecided to evaluate the influence of the plant perd the
vegetative stages @. gratissimunLinn plant from Benin on their antimicrobial profies, the plant secondary
metabolites and its toxicity agairsst salinaLeach.

EXPERIMENTAL SECTION

Materials

Ocimum gratissimunhinn plant was collected (dry season) in Abomey-CalawWariagleta (south of the Republic
of Benin) at various vegetative stages (pre anbflolering) and identified by the National Herbam of the
University of Abomey-Calavi (Benin). Vouchers spaens (n°’AA6381/HNB) have been deposited at theddati
Herbarium of the University. Laboratory controlasitrs from the American Type Culture Collection,.ythe Gram-
positive strainStaphylococcus aure5TCC 25923, the Gram-negative str&scherichia coliATCC 25923, and
the fungal strainCandida albicansATCC 10231 were used. Chloroform, hexane, n-butagthhanol and ethyl
acetate of HPLC grade were purchased from FishehefFiScientific (Tournai, Belgium). Dimethyl sulide
(DMSO) were obtained from ALDRICH (St. Louis, USAjehling’s solution (A and B), sulphuric acid,&0y),
ammoniac, chloroform, ferric chloride, Shinoda, Mawnd Draggendorff's reagents, glacial acetic agde come
from Extrasynthése (Genay, France). The eggsAdémia salinalLeach obtained from JBL society (JBL
Gmbh&Co.KG, Germany) were used for toxicity essay.

Extraction and fractionation procedure

Seeds, leaves and stemdfgratissimunlinn collected at pre and full flowering stages wereasafely dried and
reduced to powder. The powdered plant material® (@0 was mixed with 1 L of ethanol for 72 h at room
temperature and percolated at 1 mL/min. After evajien under reduced pressure, the ethanol extvemts dried

in an oven at 45 ° C to remove traces of solvertie ethanol extracts were then dissolved in a maxtf water-
ethanol (50-50) and successively extracted withahex chloroform, ethyl acetate and of n-butanolrcam
temperature, using a funnel. Each extraction wipdidated. The extracts were dried in vacuum ungstuced
pressure and traces of solvent were removed invan at 45 ° C. Each dried extract and fraction west in a
freezer before biological tests.

Phytochemical screening

The phytochemical screening of the extracts wasopaed according to the standard procedures: Mayand

dragendorff's tests for alkaloids, Fehling’s test free reducing sugers, Fehling’s test for glydesij Liebermann-
burchard’s test for triterpenoids, Liebermann-bard's test for steroids, frothy test for saponifbkjnoda’s and
sodium hydroxide tests for flavonoids, ferric clidertest for tannins, Guignard’s test for free @gemetics derived
and Borntrager’s test for free anthraquinones [@B-2

Antimicrobial activity

Microbial Strains

The in vitro antimicrobial activity of the crude extracts amdctions ofO. gratissimumwas tested on laboratory
control strains from the American Type Culture €otion, viz., the Gram-positive stra aureusATCC 25923,
the Gram-negative strald. coli ATCC 25923, and the fungal straih albicansATCC 10231. All microorganisms
were maintained at -20° C under appropriate cambtand regenerated twice before use.
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Broth Microdilution Assay

The minimal inhibitory concentration (MIC) of theud extracts and fractions &@. gratissimumwas determined
using the broth microdilution method in 96-well mutiter plates [29, 30]. Inocula of the bacterittams were
prepared from overnight broth cultures, and th@snosions were adjusted to 0.5 McFarland standabidity. An
agueous solution (100 g/L) of DMSO was used toaliesand dilute the samples to the highest conagatr to be
tested (10 mg/ mL). A twofold serial dilution ofetfextracts was prepared in each well. The finateotrations of
the sample ranged from 0.005 to 10 mg/ml. The fin@roorganism concentration in each well was adjliso 18
colony-forming units (CFU)/mL for bacteria and’Epores/ml for fungal strains. Nystatin and doxyicys in serial
dilutions of 50 —0.02 mg/mL, were used as positigatrols for the fungus and the bacteria, respelstivand the
solvent was used as negative control. Microbialagiowas observed by adding 10 mL of resazurin gdljition
(prepared by dissolving a 270 mg tablet in 40 mstefile, distilled HO) to the microtiter-plate wells. The plates
(prepared in triplicate) were wrapped loosely wiing film (to ensure that microorganisms did nacbme
dehydrated) and then placed in an incubator at 38fQ4 h for bacteria or at 28°C for 48 h for fiumgal strain.
The color change was then assessed visually. Ar @lange from purple to pink or colorless was rdedras
positive for bacterial growth. The lowest concetitra at which no color change occurred was takethasMIC
value.

The minimal bactericidal (MBC) or minimal fungicid@MFC) concentrations were determined by spreadiveg
content of each microtiter-plate well (50 mL) in ialmn no color change occurred on sterile nutrierdrggates
(prepared according to the manufacturer’s instomsj set in Petri dishes [29].

These plates, after standing at 4°C for 2 h tonatltspersal, were incubated at 37°C for 24 h fatéxda or at 28°C
for 48 h for the fungal strain. The MBC or MFC widie lowest concentration of extract at which 99.8P4he
inoculated microorganisms were killed. The testsevegrried out in triplicate.

Toxicity test againstArtemia salina

The toxicity test again#. salinawas performed according to the method of Michaell.€/32], as summarized by
Vanhaecke et al. [33] and by Sleet and Brendel.[3# eggs ofA. salinawere incubated in sea water until
hatching of young larvae (48 h). Then, series oféasing concentrations of solutions of the samptE® prepared
in DMSO (dimethylsufoxide)/seawater. A defined n@nbf larvae (16) were introduced into each sofutill test
solutions and the control solution (containing tivee substance) was left under stirring for 24rhe number of
dead larvae in each solution, counted under a stope, was used to evaluate the toxicity of thatsol. In the
case where there was death in the control medhendata was corrected by Abbott’s equation [35]:

Dead larvae [%] = [(@s- MNcontro) /Meontro)] X 100 [35],

where s;and R are the numbers of dead larvae in the test anttal@olutions, respectively. The kgvalues
were determined by linear regression after therltdgaic transformation of the dose-response daj. [Bhe tests
were carried out in triplicate.

Statistical analysis

All data were expressed as mean-standard deviafidriplicate measurements. The confidence limisveat at
P<0.05. Standard deviations did not exceed 5%h@mtajority of the values obtained. The data weadyaed by
ANOVA (analysis of variance) with the software pagk Statistical Analysis Systems (SAS) [37].When a
significant difference was observed at the levebf, the test of Newman-Keuls was used to sep#rataverages
[38].

RESULTS AND DISCUSSION

Phytochemical screening

Investigations on the phytochemical screeningOofgratissimumleaves, seeds and stems extracts revealed the
presence of polyphenolic compounds (catechic atiit gannins, flavonoids, anthocyanins, leucoangf@ots) of
quinone derivatives, triterpenoids and steroidscitages, coumarins, reducing compounds and esbteitia
Recently, a phytochemical analysis of the leafaott of the plant from India revealed the preserigeotentially
antimicrobial active agents such as alkaloids, phes) glycosides, resins, steroids, and tanni8$ [ghodaro et al.
[40] have previously purified a fraction rich irmflonoids in plants acclimated in Nigeria. Salulef4d] show that
the phenolic fraction of the plant from Nigeria kaan invitro antioxidative actions. This confirms the preseote
polyphenolic compounds in the plant. The contefitpadyphenolic compounds, quinons, steroids, coumsaand
mucilages depend on the part of the plant studigterpenoids and reducing compounds were preseait parts of
the plant, but less abundant. Whatever the vegetatage, a compound found in a part of the pla# also in the

371



D. S. S. Kpoviesset al J. Chem. Pharm. Res,, 2013, 5(10):369-376

others. The chemical compositions of the diffengatts of the plant in full and pre-flowering stagseemed
qualitatively identical and quantitatively diffetenThese compounds are known to be biologicallyvacand
therefore aid the antimicrobial activities ©f gratissimumThese secondary metabolites exert antimicroloid@ity
through different mechanisms. Tannins have beenddo form irreversible complexes with proline-riphotein
[42] resulting in the inhibition of cell protein sthesis. Parekh and Chanda [43] reported thatrnararie known to
react with proteins to provide the typical tannieffect which is important for the treatment of affimed or
ulcerated tissues. Herbs that have tannins asmigir components are astringent in nature and ssé for treating

intestinal disorders such as diarrhea and dyseifdly The presence of tannins @ gratissimumsupports the
traditional medicinal use of this plant in the traant of different ailments.

Another secondary metabolite compound observethénlg¢aves, seeds and stems extradD.ofjratissimumwas
steroidal compounds. Those are important and istieige due to their relationship with various anabblormones
including sex hormones [45]. Quinlan et al. [46]riked on steroidal extracts from some medicinal fslamhich
exhibited antibacterial activities on some bactesalates. Neumann et al. [47] also confirmedadh@viral property
of steroids. Flavonoids, another constituentQofgratissimumleaves, seeds and stems extracts exhibited a wide
range of biological activities like antimicrobianti-inflammatory, anti-angionic, analgesic, afdke@ic, cytostatic
and antioxidant properties [48]. The presence Gangratissimumof non-volatile secondary metabolites with
potential pharmacological properties had conducetd their study.

Table 1: Results of phytochemical screening

Chemical groups Pre-flowering Full flowering
Leaves| Stems| Leaves Stems Seefds
Alkaloids - - - - R
Galllic tannins FR—— ++ 4+ ++ +++
Catechic tannins +++ +++ +++ +++ +++
Flavonoids ++ +++ +++ +++ +++
Anthocyanes + ++ ++ ++ ++
Leucoanthocianes ++ ++ ++ ++ ++
Quinonic derivatives ++ +++ ++ ++ ++
Saponins - - - R
Triterpenoids + + + + T
Steroids ++ + +++ + ++
Cyanogenetic glycosideg - - - N N
Mucilages +++ ++ +++ ++ e+
Coumarins ++ ++ ++ ++ ++
Reducing sugar + + + + T
Athracenic free - - - - R
Athracenic o-heterosids - - - - -
Athracenic c-heterosids - - - - -
Cardenolides - - - - R
Essentials oils +++ ++ +++ ++ ++

-(absent or not reveled) ; + (present) ; ++ (abumdp; +++ (more abundant)

Table 2 : Yields of ethanol crude extracts

Samoles Pre-flowering Full flowering
P Leaves Stems Leaves Stems Seeds
Yields(g/100g) | 4.81+0.33 | 1.9%0.05| 3.440.39 | 2.0€0.12 | 2.660.32

Table 3: Toxicity towards A. salina larvae and ind& of selectivity

Pre-flowering Full flowering
Extract (ethanol) Leaves Stems Leaves Stems Seeds
LC 5o (pg/ml) 56.1+0.02| 102.9+0.02 179.3x0.02 134.2+0,03 284@RQ.
Selectivity | "C. a. 11.43 10.51 36.53 6.87 14.62
Indext ‘E.c. 0.72 5.28 2.29 13.67 3.65
LCs/CMI | 95 a. 0.72 1.32 0.001 1.72 3.65

3Selectivity index = L&/MIC(C.a. or E.c. or S.a.)’C. albicans ATCCE. coli ATCC?S. aureus ATCC
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Table 4: MIC (MB/FC° (mg / mL) of fractions and crude most active ethanol extract 0. gratissmum

Positive Part of plant
Crude . .
extract Fraction control in fu!l
Germe (ng/miy* flowering
Ethanol Hexane Chloroforme Ethyl Butanol Water
acetate
MIC 0.049:0.002 | 0.07Z20.015| 0.0980.012 | 0.0320.013 | 0.22%0.25 | 0.3120.013| 6.24+0.01
°C.a. | (MFC) >3.82 >3.80 >3.92 >3.80 >3.87 >3.80 6.24+0.00 Leaves
‘R >77 >49 >40 >97 >17 >12 1
£ MIC 0.098:0.004 | 0.1560.007 | 0.1760.027 | 0.0780.003 | 0.8780,125| 2,50%0,109| 0.77+0.02
c' (MBC) >3.92 2.5&0.007 2.5120.027 | 1.2380.003 >3.80 >3.87 0.774£0.01 Stems
' ‘R >40 16.41 14.27 15.77 >4 >0.01 1
ag MIC 0.781#0.031 | 0.3120.012| 0.4120.052 | 0.2120.012 | 0.53%0.050 | 0.62%0.050| 6.24+0.01
a.' (MBC) >3.80 >3.80 3.4120.052 | 1.2380.013 >3.82 >3.80 0.7710.02 Stems
‘R >4 >12 8.28 5.80 >7 >6 0.12

PC. albicans ATCCE. coli ATCC?S. aureus ATCC; *Nystatin was used for positiverobifor C. albicans and Doxycycline for positiventrol
for E. coli and S. aureus’R = MFC/MIC or MBC/MIC

MIC of crude ethanol extracts

3 - HC a.

MIC (mg/mL)

WE. c

1 MS. a.

Leaves Stems |Leaves Stems Seeds | Nyst.

Doxy.

Pre-flowering full flowering Positive control®

Extracts

C. a. = C. albicans ATCC, E. c. = E. coli ATCCaS= S. aureus ATCC;*Nystatin (Nyst.) was usedfasitive control for C. albicans and
Doxycycline (Doxy.) for positive control for E. cahd S. aureus

Figure 1: Comparison of MIC of ethanol crude extra¢s of O. gratissmum Linn to Nystatin and Doxycycline

Comparison of yields of ethanol crude extracts

The ethanol crude extracts, obtained by percolgiimtedure of samples @. gratissimuris leaves, stems and
seeds in pre and full flowering gave the highestdd (Table 2). The yields of ethanol crude extraetried between
1.97% and 4.81%, depending on the vegetative séagethe plant part (table 2). With the same extact
procedure, leave produced more extract (4.81% edflpwering and 3.44% in full flowering) than sed@s66%)
and stems (2.06% in full flowering and 1.97% in-floavering)

Identification of the most active and less toxic arde extracts

Ethanol crude extracts were tested for their awmtiotiial activities onC. albicansATCC, E. coli ATCC andS.
aureus ATCC (Figure 1). The minimum inhibitory concentoaits (MICs) showed that all the crude extracts
inhibited the different studied pathogens. EoralbicansATCC, MICs varied between 0.049 and 0.195 mg / mL
and the most active extract was from the leavesteviea the vegetative stageE. coli ATCC was sensitive to
various extracts with MICs ranging from 0.098 t@&L mg / mL. The extract dD. gratissimumLinn stems
collected in full flowering stage was the most bitor of this bacterium. The Benin specie@f gratissimumwvas
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more active on this bacterium than the one of Itkizt showed a MIC value of 2.50 mg/mL [39]. As & aureus
ATCC, the ethanol extracts of leaves and stemsrénflpwering and those of stems and seeds in faldring
showed the same MIC (0.781 + 0.031 mg / mL). Themsl extract of the leaves in full flowering gaadower
activity (MIC = 3.125 + 0.125 mg / mL). These rdsyprove that the vegetative stage and the plamtipffuence
the antimicrobial properties @. gratissimuniinn.

To assess the toxicity towards salinalarvae, LGgvalues for the various extracts were determinedl@ 8). The
test used was a preliminary method of estimatiothefn vitro toxicity of the extracts, and an extrapolation fud t
results to the toxicity against human cells in endtseems difficult. Nevertheless, correlationsehbgen reported
between the shrimp larvae toxicity and the cytatitxi against 9PS (murine lymphocytic leukemia) 1B
(human nasopharyngeal carcinoma) [49], A-549 (lwagcinoma), and HT-29 (colon carcinoma) cells [50].
Moreover, Meyer et al. [51] suggested that compsuwalld be regarded as toxic, if thesk@alue is inferior to 30
mg/mL. In our study, the L§& values ranged between 56 and 84ml. We thus hypothesize that the samples may
be considered as not toxic. Also, the selectivityex (SI) of almost all active samples was gretitan one except
for the leaves extract in full flowering. Theseraxts (with their Sl >1) turn out quite selective the germs. These
results are in perfect agreement with the workiahfanet al, [52] in which if the Sl value obtained is gredtean
unity, the tested sample is considered to be thedeon the parasites and if Sl value is less thaity, the test
compound is more cytotoxic than antimicrobial.

The minimum bactericidal concentrations (MBCs) wenable to be determined at the concentrationbeifnork.
Different tested crude extracts were thus fongtastan C. albicansATCC and bacteriostatic db. coli ATCC and
S. aureuATCC. So we decided to continue the fractionatibthe actifs crude extracts.

Bio-guided fractionation of the actives crude extrats.

The ethanol crude extract of the leaves and thahefstems ofO. gratissimumLinn in full flowering, were
fractionated and tested for their antimicrobialiaties on the studied germs (Table 4). The minimunmibitory
concentrations (MICs) of the fractions: hexanepatfiorm, ethyl acetate, n-butanol and aqueous i¢al from the
ethanol extract oD. gratissimumleaves harvested in full flowering, were evaluateginstC. albicansATCC.
Those of the same fractions frabn gratissimunstems harvested in the same vegetative stage besreevalueted
on E. coli ATCC andS. aureusATCC. The ethyl acetate fractions are those tlaeghe lowest MIC with MIC
(0.039 + 0.013) mg / mL fo€. albicansATCC, MIC (0.078 + 0.003) mg / mL fdg. coli ATCC and MIC (0.212 +
0.012) mg / mL forS. aureusATCC (Table 4). These fractions of ethyl acetateravthe most active so most
concentrated in compounds that inhibit studied @geins.

Minimum bactericidal concentrations (MBC) of hexawctloroform, ethyl acetate, butanol and aqueoastifins
obtained from ethanol crude extract of leaves aaths ofO. gratissimunilinn harvested in full flowering, were
evaluated orC. albicans ATCCE. coliandS. aureusATCC (Table 4). Contrary to crude extracts whid¢hCB
couldn’t be determined at the tested concentratisome fractions gave MCB di coli andS. aureugTable 4).
This proves that the fractionation allowed concaian of bactericidal compounds. To better apptecithe
antimicrobial properties of the tested fractiomg tatio MBC/MIC (or MFC/MIC) [33] was calculatedrfeach oil
(Table 4), to indicate a bactericidal (MBC/MIC oH@/MIC < 4) or bacteriostatic (MBC/MIC or MFC/MIC > 4)
activity [53]. All the fractions may be considered fungistatic again€l. albicansand bacteriostatic againit
coli. and agains. aureusAccording to the results obtained, the propemie®. gratissimumneed to be further
investigated by isolation and identification of punioactive compounds by bio-guided fractionation.

CONCLUSION

Our study showed that different samples (leavemnstand seeds in pre-and full flowering) @f gratissimum
contained polyphenolic compounds (gallic and catetdnnins, flavonoids, anthocyanes, the leucoanytoes),
quinone derivatives, triterpenoids, steroids, mags, coumarins, reducing compounds and essenigal beaves
gave more ethanol extract than seeds and the Igielelr was obtained with the stems. Crude extradeaves and
stems in full flowering was the most active respety againstC. albicansATCC, andE. coli ATCC andS. aureus
ATCC with a good selectivity. Ethyl acetate fraosowas the most active and needs to be furthesiigpated by
isolation and identification of pure bioactive cospds by bio-guided fractionation. This is the tfirgport of
interaction between plant parts, vegetative stagetémicrobial properties and toxicity of the noolatile fractions
of O. gratissimuntinn from Benin.
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