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a b s t r a c t

Ethnopharmacological relevance: Different parts of Ocimum gratissimum Linn are largely used in folk
medicine for the treatment of many diseases, some of which related to parasitical infections as fevers and
headaches. In order to validate their use and to clarify the plant part which possesses the best
antiparasitic properties, we decided to evaluate the in vitro antiplasmodial and antitrypanosomal
activities of essential oils and crude extracts from leaves, stems and seeds of Ocimum gratissimum as
well as their cytotoxicity.
Materials and methods: The essential oils and ethanol crude extracts of leaves and stems of Ocimum
gratissimum from Benin, were obtained in pre and full flowering stages. Seeds obtained only in full
flowering stage, were also extracted. The oils were isolated by hydrodistillation and analyzed by GC/MS
and GC/FID. Extracts and essential oils were tested in vitro against Trypanosoma brucei brucei and
Plasmodium falciparum. Cytotoxicity was evaluated in vitro against Chinese Hamster Ovary (CHO) cells
and the human non cancer fibroblast cell line (WI38) through MTT assay to evaluate the selectivity and
toxicity was assessed against Artemia salina Leach.
Results: The essential oils and non-volatile crude extracts of Ocimum gratissimum were more active on
Trypanosoma brucei brucei than on Plasmodium falciparum (3D7). This activity varies according to the
vegetative stage (pre and full flowering) and the plant part (seeds, stems and leaves) extracted. The best
growth inhibition of Trypanosoma brucei brucei was observed with ethanol crude extracts of leaves
(IC50¼1.6670.48 μg/mL) and seeds (IC50¼1.2970.42 μg/mL) in full flowering stage with good selectiv-
ity (SI410). The chemical composition of the essential oil from aerial parts (47 compounds),
characterized by the presence as main constituents of p-cymene, thymol, γ-terpinene, β-myrcene and
α-thujene, depends on the vegetative stage. The oil contained some minor compounds such as myrcene
(IC50¼2.2470.27 μg/mL), citronellal (IC50¼2.7671.55 μg/mL), limonene (IC50¼4.2472.27 μg/mL), with
good antitrypanosomal activities. These oils and crude extracts were not toxic against Artemia salina
Leach and had a low cytotoxicity except leaves and seeds ethanol extracts obtained in full flowering
which showed toxicity against CHO and WI38 cells.
Conclusions: Our study shows that ethanol crude extracts of leaves and seeds of Ocimum gratissimum in
full flowering stage can be a good source of antitrypanosomal agents. This is the first report about the
relation between the plant part extracted, the vegetative stage of the plant, the antitrypanosomal and
antiplasmodial activities and the cytotoxicity of essential oils and non-volatile extracts of Ocimum
gratissimum from Benin.
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1. Introduction

From South-East of Asia, Ocimum gratissimum Linn is a per-
ennial and odoriferous shrub currently present on all continents
and whose therapeutic virtues are universally recognized
(Sulistiarini, 1999; Prabhu et al., 2009). In Africa, its therapeutic
potential is extremely broad and varies according to the countries
(Adjadohoun and Ake Assi, 1979). In Cameroun, plant's infusions
are considered tonic and pectoral, juice of its sheets are used to
relieve headaches, giddiness, cold and cough (Mapi, 1988). In Ivory
Coast, ophthalmias, ear infections and dermatoses are treated with
various preparations of this plant (Bissangou, 1993). In Nigeria,
Oliver (1960) prescribed it in diarrhoeas treatment whereas
Sofowora (1970) indicated it for the respiratory affections and as
anthelminthic. It was also used for headache, fever, ophthalmic
and skin diseases, and pneumonia (Onajobi, 1986; Ilori et al., 1996).
The same virtue was recognized in Rwanda. In Togo, plant's
infusion is antitussive; juice of its fresh leaves is antidiarrheic
and antidysenteric; its aqueous maceration is used in hematuries
and purulent urethritis treatment (Adjadohoun, 1986 and 1989). In
Benin, the aqueous maceration of its pulp or aerial parts is used in
dystopias, pelvic pains, digestive dysmenorrhoeas, colics, candi-
doses, vomiting, hemorrhoid and diarrhea. Decoction of stems is
used in the treatment of hepatitis, cough, asthma and wounds
infections (Adjadohoun, 1986; Ayedoun, 1995). The juice of the
leaves is used in anginas, cephalgias, headache, fever and mal-
nutrition. The plant inflorescences are used in the composition of
many foods as aromatizing (Adjadohoun, 1989). The fresh leaves
are used as a laxative, while its infusion serves as a relief for
headaches, fever, diarrhea, dysentery, pile and convulsion (Danziel,
1996). It is also usually sold on the markets for its condimental
properties. Fresh aerial parts are directly consumed as vegetable in
traditional soups and dried and powdered aerial parts are used in
many traditional foods (Yayi, 1998). The essential oil is also used as
aromatizing or adjuncts to soups, tea and several meals in Benin
and in some African countries (Yayi et al., 2004).

Essential oils of Ocimum gratissimum Linn from several coun-
tries such as Brazil, Nigeria, Ivory Coast, Cameroon, Kenya, Togo
were shown to have antimicrobial properties (Dubey et al., 1997;
Nakamura et al., 1999; Adebolu and Salau, 2005; Akinyemi et al.,
2005; Janine et al., 2005; Mbata and Saikia, 2005; Orafidiya et al.,
2006; Terezinha et al., 2006; Matasyoh, et al., 2007; Oussou et al.,
2010). Recently, we studied the influence of the daytime of haverst
and vegetative stages on essential oil constituents of Ocimum
gratissimum Linn from Benin, and its antimicrobial properties
(Kpadonou Kpoviessi et al., 2012) and showed the antimicrobial
activities of its non volatile extracts and fractions (Kpadonou
Kpoviessi et al., 2013). As shown before, the plant was used for
the treatment of many diseases some of which related to para-
sitical diseases as fevers and headaches (Onajobi, 1986; Danziel,
1996; Ilori et al., 1996). In Kenya, the leaves decoction was orally
used by Digo community for traditional treatment of malaria
(Nguta et al., 2011), the whole plant extract from Congo (Tona et
al., 2007), the leaves extract from Nigeria (Abiodun et al., 2011)
and South India (Kamaraj et al., 2012) show antiplasmodial
activity, but to our knowledge the antiparasitic activity of the
plant remains poorly documented (Tchoumbougnang et al., 2005;
Kaou et al., 2008; Adamu et al., 2009; Oliveira et al., 2009; Borges
et al., 2012; Musuyu Muganza et al., 2012) and no previous work
was published on the influence of the vegetative stages on the
antiparasitic properties of Ocimum gratissimum Linn from Benin
and on the evaluation of its cytoxicity.

As the entire aerial part of the plant is consumed and in order
to clarify the best moment of harvest and plant part which
possesses the best antiparasitic activities and reduced toxicity,
we evaluated the influence of the vegetative stages and plant part

extracted on antitrypanosomal and antiplasmodial properties of
essential oils and crude extracts of Ocimum gratissimum Linn from
Benin, and evaluated their cytotoxicity against two mammalian
cell lines and their toxicity against Artemia salina Leach.

2. Materials and methods

2.1. Chemicals and drugs

DMEM and Ham's-F12 culture media were purchased from Life
technologies corporation (Grand Island, NY 14072, USA); Dulbec-
co's Phosphate Buffered Saline (DPBS 1X) from Invitrogen (Grand
Island, NY 14072, USA); tetrazolium salt (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium-bromide) (MTT), (S)-(þ)-camp-
tothecin, suramine, chloroquine, artemisinin, dimethyl sulfoxide
(DMSO), α-pinene, β-pinene, camphene, p-cymene, myrcene,
α-terpinene, γ-terpinene,1,8-cineol, terpinolene, borneol, citronel-
lyl acetate, terpine-4-ol, α-terpineol, geraniol, verbenone, carva-
crol, thymol, bornyl acetate, α-copaene, β-caryophyllene, fenchone,
thujone, trans-pinocarveol, trans-verbenol, lavandulol, myrtenal,
trans-carveol, carvone, aromadendrene, allo-aromadendrene,
γ- gurjunene, cis-ocimene, camphor and n-alkanes “C7-C28” were
obtained from Sigma-Aldrich (Steinhein, Germany), Acros Organics
(New jersey, USA), and Fluka Chemie (Buchs, Switzerland);
α-thujene, sabinene, γ-3-carene, limonene, linalool, α-humulene,
cis-pinane, α-phellandrene, p-cymenene, myrtenyl acetate and
valencene were purchased from extrasynthese (Genay, France).
All compounds were of analytical standard grade. Ter-Butyl methyl
ether (TBME) was an analytical grade solvent purchased from
Fluka Chemie, and anhydrous Na2SO4 was of analytical reagent
grade from UCB (Bruxelles, Belgium). The eggs of Artemia salina
Leach were obtained from JBL society (JBL Gmbh&Co.KG,
Germany).

2.2. Vegetable material collection:

Aerial parts of Ocimum gratissimum Linn were collected (dry
season) in Abomey-Calavi at Mariagleta (south of the Republic of
Benin) at various vegetative stages (pre and full flowering) at 7 am
and identified by the National Herbarium of the University of
Abomey-Calavi (Benin). Vouchers specimens (no. AA6381/HNB)
were deposited at the National Herbarium of the University.

2.3. Extraction of crude extract

Seeds, leaves and stems of Ocimum gratissimum Linn collected
at pre and full flowering stages were separately dried and reduced
to powder. The powdered plant materials (100 g) was mixed with
1 L of ethanol for 72 h at room temperature and percolated at
1 mL/min (total solvent volume used was 2 L). After evaporation
under reduced pressure, the ethanol extracts were dried in an
oven at 45 1C to remove traces of solvent. Each extraction was
triplicated. Each dried extract was kept in a freezer before
biological tests.

2.4. Isolation of essential oils

Extraction of fresh aerial parts was carried out by hydrodistilla-
tion during 2 h with an improved Clevenger type apparatus
(Clevenger, 1928; Bruneton, 1993) and dried with anhydrous
Na2SO4. The oils were preserved in a light-free cold room, for
GC/FID and GC/MS analysis and biological tests. Yields were
calculated according to the fresh vegetable mass.
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2.5. Chemical analysis and constituents identification of essential oils

The analysis of the essential oils was performed by GC/FID and
GC/MS (AFNOR, 2000) and relative retention times on three GC
columns (Sadler Research Laboratories, 1986).

GC/FID analysis: The GC analysis was firstly carried out on a DELS/
IGC 121C equipped with a CP WAX 52 CB (25 m�0.3 mm, df:
0.25 μm) column, an injector (split/splitless) and a flame ionization
detector (FID). The temperatures of the injector and the detector
were respectively 240 1C and 250 1C. The following temperatures
programming of the oven was: isothermal at 50 1C for 5 min
followed by 2 1C/min gradient until 220 1C. Carrier gas was nitrogen
with a flow rate of 1 ml/min, injection used the split mode (1/10).
Combustible gas was hydrogen and oxidizing gas was air with
respectively a flow rate of 30 ml/min and 300 ml/min. The volume
of oil injected was 0.5 μl. A Heweltt Packard 5890 equipped with
flame ionization detector (FID) and split/splitless injector was sec-
ondly used for compound separation with a glass capillary column
(30 m�0.25 mm i.d.) coated with DB 5 phase thickness 0.25 μm or
glass capillary column (30 m�0.25 mm) coated with Supel cowax
(0.20 μm film thickness). The other conditions were identical.

GC/MS: The oils were analyzed on a Hewlett Packard gas chroma-
tograph model 6890 coupled to a Hewlett-Packard MS Model 5873
equipped with an HP5 column (30 m�0.25 mm, df: 0.25 μm )
programmed from 50 1C (5 min) to 300 1C at 5 1C/min, and 5min
hold. The carrier gas was helium (1 ml/min), injection used the split
mode (1/10); injector and detector temperatures were 250 1C and
320 1C respectively. The MS ran in electron impact at 70 eV, electron
multiplier 2200 V, ion source temperature 230 1C. Mass spectral data
were acquired in the scan mode in the m/z range 33–450.

The oil constituents were identified bymatching their mass spectra
and retention indices with reference libraries (Masada, 1967; Sadler
Research Laboratories, 1986; Sandra and Bicchi, 1987; Mclafferty and
Stauffer, 1991; NIST, 1994; Adams, 1995; Heneberg et al., 1995) and
according to previous work (Kpadonou Kpoviessi et al., 2012).

2.6. Parasites, cell lines and media

Trypanosoma brucei brucei strain 427 (Molteno Institute in
Cambridge, UK) bloodstream forms were cultured in vitro in
HMI9 medium containing 10% heat-inactivated fetal bovine serum
(Hirumi and Hirumi, 1994).

Plasmodium falciparum chloroquine-sensitive strain 3D7 (from
Prof. Grellier of Museum d'Histoire Naturelle, Paris-France) asexual
erythrocytic stages were cultivated continuously in vitro according
to the procedure described by Trager and Jensen (1976) and as
described previously (Kpoviessi et al., 2014).

The macrophage-like cell line, CHO Chinese Hamster Ovary cells
(ATCC Number CCL-61, batch 4765275) and the human non cancer
fibroblast cell line, WI38 (ATCC Number CCL-75 from LGC Standards)
were cultivated as described previously (Kpoviessi et al., 2014).

2.7. In vitro test for antiplasmodial activity

Parasite viability was measured using parasite lactate dehydro-
genase (pLDH) activity according to the method described by

Makler et al. (1993). The in vitro test was performed as described
by Murebwayire et al. (2008) and in our previous work (Kpoviessi
et al., 2014).

2.8. In vitro test for antitrypanosomal activity

The in vitro test was performed as described by Hoet et al.
(2004) and in our previous work (Kpoviessi et al., 2014).

2.9. Toxicity test against Artemia salina Leach.

The test was performed against Artemia salina Leach by the
method of Michael et al. (1956) summarized by Vanhaecke et al.
(1981) and by Sleet and Brendel (1983) and as previously reported
(Kpadonou Kpoviessi et al., 2012). Camptothecin (Sigma) was used
as positive reference compound.

2.10. Cytotoxicity assay

The cytotoxicity of the oils, extracts and pure compounds
against CHO and WI38 cells was evaluated as described by
Stevigny et al. (2002) and as reported in our previous work
(Kpoviessi et al., 2014).

2.11. Statistical analysis

Student's t-test was used to test the significance of differences
between results obtained for different samples, and between
results for samples and controls (GraphPad Prism 4.0; GraphPad
Software Inc., San Diego, USA). Statistical significance was set at
Po0.05 (SAS/STAT, 1990; Steel and Torrie, 1980).

3. Results and discussion

3.1. Comparison of yields of ethanol crude extracts and essential oils

The ethanol crude extracts yields varied between 1.97% and
4.81%, depending on the vegetative stage and the plant part
(Table 1). With the same extraction procedure, leaves produced
more extract (4.81% in pre-flowering and 3.44% in full flowering)
than seeds (2.66%) and stems (2.06% in full flowering and 1.97% in
pre-flowering). For essential oil, the pre-flowering plant gives
slightly less oil (E0.71%) than the full flowering one (E0.78%).
These yields (0.71–0.78%) (Table 2) range between 0.4% and 0.8%
as found in previous results (Yayi et al., 2004). Recent works
showed variation of oil yield depending on the vegetative stage
and the daytime (Kpadonou Kpoviessi et al., 2012).

3.2. Variation of the chemical composition of the essential oil

GC/MS and GC/FID analysis of essential oils provided data on
the chemical compositions (Table 2) which, qualitatively, con-
firmed previous works (Yayi et al., 2004; Kpadonou Kpoviessi
et al., 2012).

Table 1
Yields obtained for ethanol crude extracts (mean7sd, n¼3).

Samples Pre-flowering Full flowering

Leaves Stems Leaves Stems Seeds

Yields (%) (g/100 g) 4.8170.33c 1.9770.05a 3.4470.39b 2.0670.12a 2.6670.32ab

nMeans followed by the same letter (a ou b) are not significantly different at 5% level according to Newman–Keuls' test.
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All analyzed samples contained monoterpenes (88.83–92.15%),
sesquiterpenes (7.22–10.46%) and aliphatic compounds (0.16–
0.18%) among which hydrocarbon compounds were more abun-
dant than oxidized compounds, with a total of 47 constituents
identified. The aliphatic compounds are the weakest chemical
group. Their percentages varied very little according to the
vegetative stage (0.15–0.18%). Monoterpenes are the major group
with a percentage of 88.83% in pre-flowering stage that increases
at about 3% in the full flowering stage. Hydrocarbon monoterpenes

are almost equal in the two studied stages (55.87% and 56.72%
respectively in pre and full flowering) while oxygenated mono-
terpenes are slightly less abundant in pre-flowering stage (32.96%)
than in the full flowering one (35.43%). The five major compounds
of all the analyzed samples were found in this chemical group
(Table 2, Fig. 1) which were in the order of decreasing percentage:
p-cymene (28.08–31.53%), thymol (25.43–29.13%), γ-terpinene
(7.69–10.91%), β-myrcene (4.24–4.53%) and α-thujene (3.37–3.86%).
Among these compounds, p-cymene and thymol constituted

Table 2
Chemical composition of essential oils of aerial part of Ocimum gratissimum Linn (mean7sd, n¼3).

Compounds KI Percentage (%)

Pre-flowering Full flowering
I I

Aliphatic compounds 0.18 70.01 0.16 70.00
octan-3-one 987 0.18 70.01 0.16 70.00
Monoterpenes 88.83 70.61 92.15 70.51
Hydrocarboned monoterpenes 55.87 70.26 56.72 70.30
α-thujene 927 3.37 70.02 3.86 70.05
α-pinene 933 0.88 70.00 0.95 70.02
camphene 948 0.11 70.00 0.12 70.00
sabinene 973 0.93 70.01 0.89 70.00
β-pinene 976 0.52 70.00 0.41 70.00
β-myrcene 991 4.24 70.03 4.53 70.02
α-phellandrene 1003 0.15 70.00 0.22 70.00
δ-3-carene 1011 0.19 70.00 0.22 70.00
α-terpinene 1017 1.93 70.02 2.35 70.03
p-cymene 1027 31.53 70.11 28.08 70.06
limonene 1029 1.43 70.01 1.53 70.01
β-phellandrene 1031 0.34 70.00 0.44 70.00
(Z)-β-ocimene 1038 0.27 70.01 0.13 70.00
(E)-β-ocimene 1048 0.13 70.00 0.05 70.00
γ- terpinene 1069 7.69 70.05 10.91 70.10
terpinolene 1088 0.16 70.00 0.16 70.00
p-cymenene 1090 1.88 70.00 1.76 70.01
p-menthane-1,3,8-triene 1111 0.12 70.00 0.11 70.00
Oxygenated monoterpenes 32.96 70.35 35.43 70.21
1,8-cineol 1034 0.21 70.00 0.09 70.00
Cis-sabinene hydrate 1069 1.33 70.01 1.22 70.02
Linalol 1096 0.33 70.00 0.16 70.00
trans-sabinene hydrate 1098 0.36 70.00 0.33 70.00
Trans-thujone 1118 0.25 70.01 0.22 70.00
citronellal 1154 0.15 70.00 0.06 70.03
umbellulone 1171 0.09 70.00 0.07 70.00
borneol 1172 0.44 70.02 0.69 70.00
terpinen-4-ol 1183 2.1 70.10 1.71 70.02
p-cymen-8-ol 1189 0.43 70.00 0.25 70.00
α-terpineol 1192 0.3 70.00 0.17 70.00
thymol methyl ether 1238 0.43 70.01 0.48 70.01
estragol 1274 0.14 70.00 0.09 70.00
p-cymen-7-ol 1288 0.14 70.00 0.09 70.00
Thymol 1311 25.43 70.20 29.13 70.13
carvacrol 1315 0.83 70.00 0.67 70.00
Sesquiterpenes 10.46 70.07 7.22 70.06
Hydrocarboned sesquiterpenes 9.25 70.06 6.33 70.04
α-copaene 1380 0.12 70.00 0.06 70.00
β-elemene 1398 0.29 70.01 0.15 70.00
β-caryophyllene 1429 2.93 70.02 2.43 70.01
α-trans-bergamotene 1433 0.34 70.00 0.15 70.01
α-humulene 1463 0.43 70.00 0.31 70.00
germacrene D 1483 0.2 70.00 0.41 70.00
γ-selinene 1485 0.19 70.00 -
β-selinene 1491 3.41 70.01 2.01 70.02
α-selinene 1494 1.06 70.02 0.63 70.00
7-epi-α-selinene 1528 0.28 70.00 0.18 70.00
oxygenated sesquiterpenes 1.21 70.01 0.89 70.02
caryophyllene oxyde 1596 1.11 70.01 0.82 70.01
1,2-epoxydehumulene 1622 0.1 70.00 0.07 70.01
Total 99.47 70.69 99.53 70.57
nYield (%) 0.71 70.01 0.78 70.01

I¼Essential oil from aerial part of Ocimum gratissimum collected at 7 a.m.
n Yield calculated on base of the fresh plant material (mean7sd, n¼3).
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together more than 50% of the oils. The percentages of p-cymene,
thymol and γ-terpinene varied over the vegetative stage while
those of β-myrcene and α-thujene seemed constant. This may have
an effect on their antiparasitic activities.

In addition, the percentage of sesquiterpenes also varied
according to the vegetative stages. Contrarily to the monoterpenes,
the highest percentage of sesquiterpenes (10.46%) was obtained in
the pre flowering stage and it decreases of about 3% in the full
flowering stage.

3.3. Impact of the vegetative stage on the antitrypanosomal
and antiplasmodial activities of the essential oils and the crude
extracts of Ocimum gratissimum

All the studied oils and crude extracts were tested in vitro for
their antitrypanosomal, antiplasmodial, toxic and cytotoxic activ-
ities summarized in Table 3. All oils showed a weak effect against
both parasites with IC50 values Z27 μg/mL and the oil obtained in
full flowering stage was the most active. It was more active against
Trypanosoma brucei brucei (IC50¼27.2373.74 μg/mL) than against
Plasmodium falciparum 3D7 (IC50¼49.29712.35 μg/mL). The anti-
trypanosomal activity of available major compounds of these
studied oils was previously evaluated (Kpoviessi et al., 2014). The
moderate activities observed with the oils were confirmed by
those of their two major compounds: thymol (IC50¼22.86 μg/mL)
(Nibret and Wink, 2010) and p-cymene (IC50¼76.32 μg/mL). The
differences on IC50 values observed between the oils obtained in
pre-flowering (IC50¼69.5977.33 μg/mL) and in full flowering
(IC50¼27.2373.74 μg/mL) stages could be partially explained by
the lower concentration of thymol and higher concentration of
p-cymene in pre-flowering stage (25.43% and 31.53% respectively)
than in full-flowering (29.13% and 28.08% respectively) and by the
variation of the concentration of non-major compounds as β-
myrcene (IC50¼2.2470.27 μg/mL), citronellal (IC50¼2.767
1.55 μg/mL) and R(þ)-limonene (IC50¼4.2471.27 μg/mL) which
showed strong antitrypanosomal activities (IC50r5 μg/mL) with
good selectivity (SI410).

The essential oils of Ocimum gratissimum were less active against
studied parasites than the crude extracts of the same plant. Indeed, the
IC50 values of antitrypanosomal activities of these extracts were lower
than 15 μg/mL. This activity also depended on vegetative stages and on
the plant part extracted. Whatever the vegetative stages, the ethanol
extracts of the stemswere less active (IC50¼13.9970.70 μg/mL in pre-
flowering and IC50¼6.5270.52 μg/mL in full flowering) than leaves
extracts (IC50¼6.1870.28 μg/mL in pre-flowering and IC50¼1.667
0.48 μg/mL in full flowering) which were less active than seeds ones
(IC50¼1.2970.42 μg/mL in full flowering). We also observed that the
extracts in full flowering were more active against Trypanosoma brucei
brucei than in pre-flowering. Leaves and seeds ethanol extracts
showed good antitrypanosomal activities with IC50 values lower than
2 μg/mL.

Concerning the antiplasmodial activity against the chloroquino-
sensitive strain of Plasmodium falciparum (3D7), we observed that it
depended on vegetative stages and on the plant part extracted but
studied essential oils and crude extracts obtained in pre and full

flowering showed low activities with IC50440 μg/mL. These results
were close to those observed with the leaf methanol extracts of the
plant from South India (IC50¼32 μg/mL) on the same strain (Kamaraj
et al., 2012), but far from those observed with ethyl acetate extract of
leaves from Nigeria against chloroquine/pyrimethamine resistant (K1)
strain (IC50¼1.8 μg/mL) (Abiodun et al., 2011).

3.4. Cytotoxicity on CHO and WI38 and toxicity on Artemia salina
Leach. larvae

The cytotoxicity tests against CHO and WI38 cells showed that
all tested oils and components had a low cytotoxicity
(IC50450 μg/mL) (Table 3) excepted leaves and seeds ethanol
extracts obtained in full flowering stage which were cytotoxic
against CHO cells (IC50¼18.50 μg/mL and 10.25 μg/mL respec-
tively) and WI38 cells (IC50¼21.40 μg/mL and 14.11 μg/mL respec-
tively). Nevertheless, they showed interesting selectivity index for
antitrypanosomal activity (SI410 for leaves and seeds in full-
flowering). The essential oils, leaves and stems extracts of Ocimum
gratissimum already largely used in folk medicine and cooking
seemed nontoxic in pre-flowering stage but in full flowering stage,
should need further research on their toxicity.

The LC50 values on Artemia salina larvae (Table 3) vary accord-
ing to vegetative stages, to the plant part and to the volatility, or
not, of the extracts. Authors suggested that substances could be
regarded as toxic if the LC50 value is inferior to 30 mg/ml (Meyer et
al., 1982). In our study LC50 values ranged between 42 mg/ml and
284 mg/ml. We thus can note that the samples may be considered
as not toxic. The nontoxicity of the essential oils of this plant was
previously reported (Kpadonou Kpoviessi et al., 2012).

4. Conclusions

The chemical composition of the essential oils of Ocimum
gratissimum depends on the vegetative stage. The essential oils
and non-volatile crude extracts of the plant were more active on
Trypanosoma brucei brucei than on Plasmodium falciparum (3D7)
and this activity varies according to the vegetative stage and the
extracted plant part. The crude extracts were more active than the
essential oils and their major compounds, and the most active
extracts were seeds and leaves in full flowering (IC50o2 mg/ml).
The essential oils contained some minor compounds as myrcene,
citronellal, limonene,… with good antitrypanosomal activities
which concentration seemed diluted in major non active com-
pounds. These oils and crude extracts were nontoxic against
Artemia salina Leach and had a low cytotoxicity against CHO and
WI38 cells with the exception of leaves and seeds ethanol extracts
obtained in full flowering which presented also the best antitry-
panosomal activities. Nevertheless their selectivity indexes were
around 10, showing an antitrypanosomal potential of Ocimum
gratissimum and confirming the use in folk medicine and cooking.
However, it should need further research on its toxicity especially
on the plant in full flowering and the population sensitized
about it.

Fig. 1. Chemical structures of the five major compounds found in the essential oils.
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This is the first report about the influence of plant part and
vegetative stages on the antitrypanosomal and antiplasmodial
activities and on cytotoxicity of the essential oil and crude extracts
of Ocimum gratissimum Linn from Benin.
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In vitro antitrypanosomal and antiplasmodial activity, cytotoxicity, toxicity against Artemia salina L. and selectivity index of crude extracts, essential oils from Ocimum
gratissimum Linn and some of their major components.

Samples Toxicity
(LC50, μg/mL)
mean7standard
deviation

Cytotoxicity
(IC50, μg/mL)
average7standard
deviation

Antitrypanosomal
activity Tbb
(IC50, μg/mL)
mean7standard
deviation

Antiplasmodial
activity
Pf (IC50, μg/mL)
mean7standard
deviation

τSelectivity
indices

Artemia salina L CHO WI38 WI38/
Tbb

3D7/
Tbb

Pre-flowering I 70.4070.03c 125.0474.27e 162.1572.08e 69.5977.33g 55.06714.68e 2.33 0.79
II 102.9070.02d 195.88720.69f 195.88720.69f 13.9970.70d 41.92722.19b 14.00 3.00
III 56.1070.02b 287.4673.76g 287.4673.76g 6.1870.28c 45.04722.78c 46.51 7.29

Full-flowering I 42.9070.02a 125.0071.68e 165.5176.81e 27.2373.74e 49.29712.35d 6.08 1.81
II 134.2070.03e 64.8373.23d 72.0773.84d 6.5270.52c 76.92724.32g 11.05 11.79
III 179.3070.02f 18.5070.38c 21.4071.20c 1.6670.48b 59.99721.96f 12.89 36.13
IV 284.0070.02g 10.2570.33b 14.1171.11b 1.2970.42b 51.86728.87d 10.94 40.21

Pure compoundsn myrcene 450 450 2.2470.27b nd 422.32
R(þ)-limonene 450 450 4.2471.27bc nd 411.79
citronellal 450 450 2.7671.55b nd 418.12
Nerol 450 450 4100 nd o0.5
β-citronellol 450 450 6.4574.86c nd 47.75
β-pinene 450 450 47.37715.65f nd 41.06
6-acetoxy-p-mentha-
1,8-diene

450 450 28.8272.91e nd 41.74

p-cymene 450 450 76.32713.27h nd 40.66
Positive controls Camptothecin 13.2770.02 0.7470.09a 0.4470.12a nd nd

Suramine nd nd 0.1170.02a nd
Chloroquine nd nd nd 0.0270.01a

Artemisinin nd nd nd 0.0170.001a

I¼Essential oil from aerial part of O. gratissimum collected at 7 am, II¼Ethanolic Extract stems of O. gratissimum, III¼Ethanolic Extract leaves of O. gratissimum, IV¼Ethanolic
Extract seeds of O. gratissimum in full-flowering, WI38¼human normal fibroblast cells, CHO¼Chinese Hamster Ovary cells, nd¼not determined, Tbb¼Trypanosoma brucei
brucei, 3D7¼Chloroquine-sensitive strain of Plasmodium falciparum, IC50¼sample concentration providing 50% death of cells or parasites, LC50¼sample concentration
providing 50% death of larvae, τSelectivity index¼ IC50 (WI38)/IC50 (Tbb or 3D7). Data in the same column followed by different letters (a,b,c,…) are statistically different by
Student's t-test (Po0.05). Values are means7standard deviation of three different experiments.

n Kpoviessi et al., 2014.
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