Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 94(5): 675-678,Sep./Oct. 1999 675

Antibacterial Activity of Ocimum gratissimum L.
Essential Oil
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The essential oil (EO) dbcimum gratissimunmhibited Staphylococcus aureas a concentration
of 0.75ug/ml. The minimal inhibitory concentrations (MICs) féinigella flexineri, Salmonella enteriti-
dis, Escherichia coli, Klebsiellsp., andProteus mirabilisvere at concentrations ranging from 3 to 12
ug/ml. The endpoint was not reached Bseudomonas aerugings24 mg/ml). The MICs of the refer-
ence drugs used in this study were similar to those presented in other reports. The minimum bactericidal
concentration of EO was within a twofold dilution of the MIC for this organism. The compound that
showed antibacterial activity in the EO @. gratissimunwas identified as eugenol and structural
findings were further supported by gas chromatography/mass spectra retention time data. The structure
was supported by spectroscopic methods.
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Ocimum gratissimun.. (Labiatae) is widely MATERIALS AND METHODS
d!strlbuted in troplcal and warm temperature re-  saneral -1H- and3C-nuclear magnetic reso-
gions. The plant is commonly used in folk medi-

. : . ‘nance at 200 and 50 MHz respectively,
cine to treat different diseases, e.g. Upper respirgsyamethyisilane as standard, in a Bruker ARX.
tory tract infections, diarrhea, headache, op

: A . C/MS: capillary gas chromatography was per-
thalmic, skin diseases, pneumonia, and also a§&meq a Hewlett-Packard 5890 gas chromatogra-
treatment for cough, fever, and conjunct|V|t|sphy equipped with a Hewlett-Packard 5780 mass

(Corréa.1932, Onajobi 1986). . _spectrometer. Used one capillary column (cc)
Previous studies showed that the essential oi P-1 with 25 m x 0.20 mm, temperature pro-

(EO) of fourOcimumspecies grown in Rwanda, 5-ammed: 150-280°C at 6°C/min. Mass spectra
I.e. O. canumO. gratissimumO. trichodonand  are compared with that from authentic samples
O. urticifolium, display antimicrobial activity 5nq with spectra from the literature.

(Janssen et al. 1989). It has been reported that the pjnt material -O. gratissimunwas collected
volatile oil of this plant contains mostly phenols,, march 1996 in Maringa, Parana, Brazil. A
particularly thymol (Olivier 1960, Sainsbury & g cher no. Sp.P1.1197,175 is deposited at the

Sofowora 1971) and that these are probably respoerparium of the Instituto Agrondmico de
sible for its reported antimicrobial action. ﬁ:ampinas SP. Brazil
a 1 1 .

The present work reports on the antibacterial  gtaam distillation -Fresh leaves oD.

activity of both EO and purified active COmp‘?“ndgratissimumNere cut into pieces and subjected to
using bioautography plates, diffusion techniquegieam gistillation. The distillate was then extracted

on solid media and macrobroth dilution method§ith petroleum ether. The resulting extract was

in broth media. dried on anhydrous sodium sulfate. Petroleum ether
was removed carefully and the EO was obtained.
Microbial cultures growth conditions Test
microorganisms included the following Gram-posi-
tive bacteria:Staphylococcus aureu@TCC
25923), and for Gram-negativEscherichia coli
This work was supported by grants from CNPg (no(ATCC 25922) Pseudomonas aeruginosa, Proteus
530079/93-3). . mirabilis, Klebsiellasp.,Salmonella enteritidisind
Corresponding author. Fax: +55-44-261.4490. E-maikigella flexineriCultures of these bacteria were
bene@dac.uem.br grown in Mueller-Hinton broth (Difco) at 37°C and
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4°C. All microorganisms were derived from the(20x10 cm) using the solvent system Hexane-

stock culture of the Department of Clinical Analy-Acetyl Acetate (95:5). TLC plates were run in du-

ses of the Universidade Estadual de Maringa. plicate and one set was used as the reference chro-
Antimicrobial activity assay £0 of O. matogram. Spots and bands were visualized by UV

gratissimumwas tested for antimicrobial activity irradiation (254 and 366nm) and by spraying with

using the diffusion technique on solid media. Stevanillin/Sulfuric acid reagent (Stahl 1969). The

ile, 8 mm diameter stainless steel cylinders werether set was used for bioautography.

placed on plates of Mueller-Hinton agar (Difco), Bioautography -Chromatogram developed as

which had been surface spread with 0.1 ml of logalescribed above was placed in sterile glass square

rithmic phase bacteria at a density adjusted towith cover and an inoculum &. aureusontain-

0.5 McFarland turbidity standard @@olony- ing 1 CFU/mlin molten Mueller Hinton agar was

forming units [CFU]/ml.). To each of duplicateddistributed over the plates. After solidification of

cylinders, 100ul of filter sterilized test EO (di- the medium, the TLC plate was incubated over-

luted with Tween 80 at 2%) at working concentranight at 37°C. Inhibition zones indicated the pres-

tions of 25-5Qug were added. The plates were theence of active compounds.

incubated for 24 hy at 37°C. The results were re- RESULTS AND DISCUSSION

corded by measuring the zones of growth inhibi- o _

tion surrounding the cylinders. Control cylinders  Fresh leaves dD. gratissimunyielded 0.21%

contained 10Qul of dimethyl sulfoxide (DMS0). ©of EO. The analysis of the EO by CG/MS revealed

In addition, gentamycin (Frumtost), ampicillin@ major component (67%) with a retention time of

(Bayer), streptomycin (Climax) were used as conl4.22 min

trols in the assay. Table | reports the inhibition zones of OE de-
Minimal inhibitory concentration (MIC) The  termined for six strains of Gram-positive or Gram-

EO was tested for antibacterial activity using th&@€egative bacteria using the diffusion technique on

macrobroth dilution method in broth mediasolid mediaProteus, Klebsiella, Escherichia, Sal-

Mueller-Hinton (Difco). In these experiments, 0.4monella, StaphylococcasmdShigellashowed in-

ml of a suspension containing 1 #X0FU/mlwas hibition zones ranging from 13 to 25 mi.

added to 3.6 ml of susceptibility test broth conaeruginosawas considered resistant since no in-

taining serial twofold dilutions of the EO in glasshibition zone was observed.

test tubes (13 by 100 mm) fitted with loose plastic

nonscrew caps. All tubes were incubated in air at TABLE |

37°C for 24 hr before being read. The MIC was Antimicrobial activity of essential oil as determined

considered the lowest concentration of the sampley diffusion technique on solid media (stainless steel

that prevented visible growth. Minimum bacteri- cylinders)
cidal concentrations (MBCs) were determined by Concentrations
subculturing, 1Qul from each negative tube and (mg/100 ml dimethyl sulfoxide)
from the positive growth control. MBCs were de-
fined as the lowest concentration yielding nega- 24 48 Control
tive subcultures or only one colony. All samplesviicroorganism Inhibition
were examined in duplicate in three separate ex- zone (mm)
periments. Proteus mirabilis 13 19 0
Isolation and identification of major constitu- Kiebsiellasp. 16 18 0
ent - The EO (450 mg) was subjected to columiEscherichia coli 16 17 0
chromatography on silica gel with a gradient oSalmonella enteritidis 16 17 0
Hexane-Acetyl Acetate (98:2, 95:5, 90:10, 80:205taphylococcus aureus 17 21 0
and 50:50) to 100% Acetyl Acetate and 20 fracShigella flexineri 25 29 0
tions (F1-F20) were collected. The thin-layer chroPSeudomonas aeruginosa 0 0 0

matography (TLC) analysis of these fractions
yielded four fractions F6, F15, F17, and F19.

Thereafter, the fractions F15 and F17 were MICs for all bacterial test are reported in Table
rechromatographed on silica gel with HexaneH. The EO inhibitedS. aureust a concentration
Acetyl Acetate (95:5) to give one active compounaf 0.75ug/ml. In contrast to the relatively low MIC
(315 mg). The purified active compound was idenef EO for Gram-positive bacteria, Gram-negative
tified using spectral data. bacteria belonging to the gen&higella, Salmo-

Thin layer chromatographyFhe EO and frac- nella, Escherichia, Klebsiellaand Proteuswere
tions (F6, F15, F17, and F19) obtained as describéthibited by EO with MICs ranging from 3 to 12
above were analyzed by TLC on silica gel G plategg/ml. Pseudomonawas not inhibited by EO at
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concentrations as high as gg/ml. The MICs of

the reference drugs used in this study were similar
to those presented in other reports (data not shown).
The minimum concentration of antimicrobial nec-
essary to kill an organism, MBC, should be equal
to or greater than the MIC for that microbe. In this
study six bacterial strains presented MBCs which
were within one twofold dilution of the MIC ob-
tained for these organisms.

TABLE Il

Minimal inhibitory concentration (MIC) and minimum
bactericida concentration (MBC) of essential oil from
Ocimum gratissimurh.

Microorganism MIC MBC
(Hg/ml) (g/ml)
Staphylococcus aureus 0.75 15
Shigella flexineri 3 6
Salmonella enteritidis 3 6
Escherichia coli 6 12
Klebsiellasp. 6 12
Proteus mirabilis 12 24
Pseudomonas aeruginosa =24 NT

NT: not tested.

The activity of EO fron©. gratissimunagainst
S. aureusvas higher than that of the other bacteria
tested. EO was also active against members of the
family Enterobacteriacea€he MICs forShigella
Salmonella, Escherichia, Klebsielland Proteus
ranged from 3 to 1Rg/ml. Thin-layer chromatography plates were run in duplicate and
The EO was subjected to successive cc on siIi@a)e %e]t W?ﬁ visuetllized by \éélfnilliS/Sulfturic aﬂd \;%i% rleagent
gel and the resulting fractions were analyzed by 'N€ Ote! S€t was usec for bioautography vio-
TLC on silica gel. Chromatograms were run wéiiﬂfi;ugﬁ;u% ﬁg’e,fig?gﬂé"F'\fgtfer;ﬂ;ﬁgf‘ Methods. EO:
duplicate and one set was used as the reference
chromatogram (Fig.1A). The other set was assayed
for bioautography and showed inhibition zone
againstS. aureusndicating the presence of active
compounds (Fig.1B). The compound that showegroducing zones greater than 10 mm in diameter.
antibacterial activity, was identified as eugenoMore recently, Nwosu and Okafor (1995) reported
(Moffat et al.1986) by'H and'3C NMR, supported the antifungal activities of extracts of ten medici-
by GC/MS, by retention time, and by comparisomal plants collected from southeastern Nigeria
with an authentic sample. against seven pathogenic fungi. According to these
Jedlickova et al. (1992) studied the antibacteauthors,O. gratissimuminhibited the growth of
rial properties of Vietnamese cajeput oil andlrichophyton rubrunandT. mentagrophyte$hey
ocimumoil in combination with antibacterial also suggested the possible use of certain plant
agents. According to these authors, the plant proéxtracts in the treatment of subcutaneous
ucts were found to be effective medicines for locathycomycosis in humans and animals. Other re-
application in modern medicine practice. They alsports have shown smooth muscle contracting lipid-
suggested on the basisinfvitro tests the syner- soluble principles (Onajobi 1986) and antimu-
gistic action of these two kinds of medicines.  tagenic activity (Obaseiki-Ebor et al. 1993) in or-
Recently, Lima et al. (1993) testauvitro an-  ganic solvent extracts of leaves@fgratissimum.
tifungal activity of 13 EO obtained from plants llori et al. (1996) have reported the antidiar-
against dermatophytes. Of the tested ofls, rhoeal activities of leaf extracts Of gratissimum
gratissimumwas found to be the most active, in-investigated by disc diffusion and tube dilution
hibiting 80% of the dermatophyte strains tested arethods. These authors have shown that the ex-
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tracts were active againsieromonas sobrigE.  Jedlickova Z, Motti O, Sery V 1992. Antibacterial prop-

coli, P. shigelloidesS. typhiandS. dysenteriae erties of the Vietnamese cajeput oil and ocimum oil

They have also shown that the MIC for those or- 'é‘ %Ombl?ﬁ'\i/lt_lon bWIItT antlcalteaigégagggﬁﬂyg
anisms ranged from 8 to 50 mg/ml, while the MBC . =P!demiol Microbiol Immuno N

gvere from 8%0 62 mg/ml. The Sresent study sho ma EO, Gompetz OF, Giesbrecht AM, Paulo MQ 1993.

that gram-negative bactéria belonging to the gen- In vitro antifungal activity of essential oils obtained

; A from officinal plants against dermatoph COSEeS
eraProteus, Klebsiella, Salmonella, Escherichia, 3¢ 333_336? 9 phyte:

andShigellawere inhibited by EO with MICs rang- \offat AC, Jackson JV, Moss MS, Widdop B 1986.
ing from 3 to 12ug/ml. Other reports have shown  Clarke's Isolation and Identification of Drug¥he
MIC results similar to or higher than ours Pharmaceutical Press, London, 609 pp.
(Ramonoelina et al. 1987, Janssen et al. 198%wosu MO, Okafor JI 1995. Preliminary studies of the
These differences may be explained by suscepti- antifungal activities of some medical plants against
bility testing conditions, physicochemical charac- ~ Basidiobolusand some other pathogenic furtdly-
teristics of the oil, and even strain-to-strain differ- Cc0S€s38 191-195. . .
encesIn vivodata may be helpful in determining Obaseiki-Ebor EE, Odukoya K, Telikepally H, Mitscher

the potential usefulness of the essential oil from LA, Shankel DM 1993. Antimutagenic activity of
P lal usetu : : extracts of leaves of four common edible vegetable

O. gratissimum plants in Nigeria (West AfricaMutat Res 302109-
117.
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