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Abstract

The essential oils from the leaves and rhizomes of Cur-
cuma longa L. (Zingiberaceae) were subjected to larvicidal
toxicity studies on Anopheles gambiae, the malaria vec-
tor. The leaf essential oils were obtained by hydrodistilla-
tion and analyzed by gas chromatography—mass spectrom-
etry, respectively. The rhizome oil was much more toxic
to the mosquito larvae, exhibiting 100% mortality at 0.125
mg/mL with an LCsy of 0.017 mg/mL. The leaf had ab-
solute mortality at 0.500 mg/mL with an LCsy of 0.029
mg/mL. The observed toxicities were also found to be con-
centration dependent. The oils were found to be composed
mainly of turmerones, with the major components in the
leaf volatile oil being ar-turmerone (63.4%), a-turmerone
(13.7%), and S-turmerone (12.6%). ar-Turmerone (44.4%),
B-turmerone (26.5%), and a-turmerone (20.8% were the
main components in the rhizome. Both oils displayed over-
whelming activities compared with the reference compound
N,N-Diethyl-m-toluamid (DEET) which had an LCs, value
of 1.09 mg/mL. The turmerone composition, especially the
combination of @-turmerone and B-turmerome constituents
in the oils, may be responsible for the observed larvicidal
toxicities of both essential oils. The essential oils from the
leaf and rhizome of this plant may find use as a source of
malaria vector control agents.

Keywords: Anopheles gambiae, Curcuma longa, essential
oils, larvicidal activity, mosquitoes, turmerone.

Introduction

Malaria remains one of the devastating diseases transmitted
by mosquitoes and currently represents a great health prob-
lem in tropical and subtropical climates, with no part of
the world immune to this risk (Fradin & Day, 2002). Glob-
ally, more than 2 billion people live in areas threatened by
malaria. The morbidity and mortality associated with the
disease is mostly expressed in sub-Saharan Africa (Bremen
et al., 2001; WHO, 2000). Annually, there is an estimated
2 million deaths from malaria. This burden is highest in
children under 5 years of age (WHO, 1998). One of the
approaches for control of malaria is the interruption of its
transmission eliminating the malaria vector. There has been
serious concern about the use of chemical-based mosquito-
cides in the recent past. The extensive use of these syn-
thetic organic insecticides during the past five decades has
resulted in environmental hazards and also in the develop-
ment of physiologic resistance in major vector species. This
has necessitated the need for discovery and development of
environmentally safe, biodegradable, economically viable
and indigenous methods for vector control. Some herbal
products such as nicotine obtained from tobacco leaves,
Nicotiana tabacum, anabasine and lupinine, two alkaloids
extracted from Russian weed Anabasis aphylla, rotenone
from Derris eliptica, and pyrethrums from Chrysanthemum
cinererifolium flowers have been used as natural insecti-
cides even before the discovery of synthetic organic insec-
ticides (Ansari & Razdan, 1994). Several plant oils and
extracts have and are being tested for larvicidal property,
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particularly on the malaria vector (Ansari & Razdan, 1994,
1995; Ansari et al., 1999).

Curcuma longa L. (syn. C. domestica Vahl.) is a perennial
rhizomatous herb of the family Zingiberaceae. The rhizome
is the source of turmeric, which has use as a condiment and
coloring agent in medicines, confectionery and curry pow-
der (Abbiw, 1990). Turmeric has a long traditional use in
the Chinese and Ajurvedic systems of medicine, particu-
larly as an anti-inflammatory agent, and for the treatment
of flatulence, jaundice, and menstrual difficulties (Thorn
Research, Inc., 2001). Constituents of the leaf, rhizome,
and flowers have been studied extensively (Banal et al.,
2002; Chane-Ming et al., 2002; Oguntimein et al., 1990;
Riaz et al., 2000; Sakuntala et al., 2002). The rhizome es-
sential oil is reported to exhibit antimicrobial insecticidal,
larvicidal, repellency, and antioxidant activities (Martins
et al., 2001; Pandian & Kathiresan, 2002; Rambir et al.,
2002, Sacchetti, 2005; Tawatsin et al., 2001). The leaf oil
has also been reported to exhibit fumigant toxicity against
stored-products beetles (Tripithi et al., 2002). This paper
reports the chemical constitution of the essential oils of the
leaf and rhizome of C. Jonga and their toxicity to the larvae
of Anopheles gambiae mosquitoes.

Materials and Methods
Plant material

Fully grown leaves and rhizomes of C. longa were collected
from plants cultivated in Mbiaso village, Ikot Ekpene Local
Government Area of Akwa Ibom State, Nigeria, in October
2004. Plant materials were authenticated by Mr. F. Usang
of the Forest Research Institute of Nigeria (FRIN), Ibadan,
were voucher specimens were deposited under FHI 106920.

Extraction of oils

Essential oils were determined by hydrodistillation (4 h) of
the air-dried plant materials using a Clevenger-type appa-
ratus in accordance with the British Pharmacopoeia (1980)
The oils were dried over sodium sulfate and kept in refrig-
eration (4°C) after estimation of percentage yields.

Analysis of essential oils

The oils extracted were subjected to GC-MS analysis on
an Agilent system consisting of a model 6890 gas chro-
matograph, a model 5973 mass selective detector (MSD),
and an Agilent ChemStation data system. The GC column
was an HP-5ms fused silica capillary with a (5% phenyl)-
methyl polysiloxane stationary phase (30 m x 0.25 um
film thickness). The carrier gas was helium with a column
head pressure of 7.07 psi and flow rate of 1.0 mL/min. in-
let temperature was 200°C and MSD detector temperature
was 280°C. The GC oven temperature program was used
as follows: 40°C initial temperature, held for 10 min; in-

creased at 3°C/min to 200°C; increased 2°C/min to 200°C.
The sample was dissolved in CH,Cl,, and a split injection
technique was used.

Identification of constituents present in oils

Identification of individual constituents of the essential oils
was achieved based on their retention indices (determined
with a reference to a homologous series of normal alkanes)
and by comparison of their mass spectral fragmentation pat-
terns (NIST database/ChemStation data system) and with
literature (Adama, 2001; Martins et al., 2001).

Larval collection

Larvae were collected at Ojoo area, Ibadan, Oyo state, Nige-
ria, from tire-print breeding sites and reared in plastic bowls
containing clean well water. They were fed with dog biscuit.

Larval toxicity assay of essential oils

Stock solutions of each of the oils were prepared at
100 mg/mL with ethanol. Test solutions of oils at 50, 25,
12.5, and 6.25 mg/mL were prepared by serial dilution of
the stock solution with ethanol. Sterile disposable cups (250
mL) were used for the study. Test oils (1 mL) were intro-
duced into a cup containing dechlorinated water (99 mL),
making the final test concentrations 1, 0.5, 0.25, 0.125,
and 0.063 mg/mL, respectively. Twenty fourth-Instar lar-
vae were released into each cup containing 100 mL solu-
tion of each test concentration. After 24 h, the number of
dead larvae in each cup was counted (assessed by inabil-
ity of larva to get to the water surface when agitated). Oil
was considered toxic if it had 100% mortality. Experiments
showed no significant difference in mortality when the ex-
periment was extended to 48 h. Control experiments carried
out with DEET and with 1% ethanol were run in parallel.
Experiments were done in four replicates.

Statistical analysis

Results were expressed as means £ SEM of four indepen-
dent experiments. Larval toxicities were reported as LCs
obtained form GraphPad Prism statistical software.

Results

The percentage yields of essential oils in the leaf and rhi-
zome of C. longa were 0.67% w/w and 1.33% w/w, respec-
tively. Chemical analysis of the oils afforded the identifica-
tion of 13 and 16 constituents, respectively, representing
100% and 99.9% of the total essential oil composition
(Table 1). In both oils, sesquiterpenoids were the most
abundant terpenoids (95.1%, 99.9%) with the oxygenated
derivatives being dominant (91.72%, 94.8%) for the leaves
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Table 1. Chemical composition of Curcuma longa leaf and
rhizome essential oils.

Table 2. Larvicidal activities of the leaf and rhizome oils of C.
longa on An. gambiae larvae.

Percentage composition

Larval mortality + SEM*

RI¢ Compounds®- Leaf Rhizome QI Concentration (mg/ml) Leaf Rhizome DEET
977 B-Pinene 0.1 — 95 2.0 — — 100 £ 0.0
1023 p-Cymene 1.6 — 97 1.0 100 £ 0.00 100 £0.00 45.0+1.0
1029  1,8-Cineole 1.6 — 98 0.50 100 £ 0.00 100 £0.00 37.5+£2.0
1417  B-Caryophyllene — 0.2 99 0.25 95.0 &+ 1.00 100 £0.00 30.0£25
1411  cis-B-Farnesene — 0.2 — 0.125 76.5+4.76 100 £ 0.00 20.0£0.5
1453  o-Humulene 0.2 Tr 97 0.063 63.7+£3.27 85.0%2.60

1459  trans-B-Farnesene — Tr 90 0.0312 52.5+0.00 85.0+£1.00

1483  ar-Curcumene 2.0 1.8 99 0.016 1254+ 0.50 3254+ 1.53

1487  B-Lonone 0.6 — 96 0.008 0.00 £0.00  2.50 £ 0.50

1496  «-Zingiberone — 1.1 99 1% Ethanol 0.00 £ 0.00

1509  B-Bisabolene 0.3 0.3 98

1524 B-Sesquiphellandrene 0.9 15 98 *Results were expressed as the mean £+ SEM of four independent
1579  ar-turmerol — 1.3 — experiments.

1588  Dihydro-ar-turmerone — 0.2 —

1633 B-Acorenol 1.0 — — . . . . .
1670  ar-Turmerone 63.4 44.4 90 Indian and Pakistani samples (Gurdip et al., 2002; Riaz
1673  B-Turmerone® 12.6 26.5 98 et al., 2000). Other workers reported low concentrations of
1703  a-Turmerone® 13.7 20.8 94 turmerone with high monoterpenoid content in the C. longa
1743 6R,7R-Bisabolone/ — 0.4 — essential oils in other regions (Banal et al., 2002; Martins
1770 (E)-a-Atlantone 1.0 0.4 90 etal., 2001; Sakuntala et al., 2002). The fresh leaf essential
1792 a-Bisabolol acetate — 0.8 — oil of C. longa grown in Ile-Ife, in southwest Nigeria, with
Total 100.0 99.9

—, not detected; Tr, trace <0.1%.

“Retention indices on HP-5ms capillary coated column.

bOrder of elution on HP-5ms capillary coated column.

“Identified by comparison of the mass spectrum and retention index
data.

4QI (Quality Index) reflects the fit comparison of experimental mass
spectrum and NIST library mass spectrum.

¢RI value from Martins et al. (2001).

FRI value from Chassagnez-Mendez et al. (2000).

and rhizomes, respectively. The oil of the rhizome was the
more active of the two oils tested. The oils of the rhizome
and leaves produced 100% mortality at 0.125 and 0.500
mg/mL, with LCsy values of 0.017 and 0.029 mg/mL re-
spectively, as displayed in Table 2. In this study, the LCsg
of DEET was 1.09 mg/mL.

Discussion

A comparison of the composition pattern of both oils reveals
some quantitative and qualitative variations. Of a total of 21
constituents identified, eight were found in both oils. It has
been reported that the quantitative essential oil composition
is widely influenced by the genotype, ontogenic develop-
ment, and environmental and growing conditions (Piccaglia
etal., 1991; Shu & Lawrence, 1977). This suggests the pos-
sibility of different composition and uses of plant species
grown in different regions. The abundance of turmerone in
the chemical composition of the essential oils of Nigerian-
grown C. longa makes it similar to earlier reports for the

predominaetly tropical rainforest vegetation, was reported
to contain «-phellandrene (47.7%) and terpinolene (28.9%)
as major constituents (Oguntimein et al., 1990). In the cur-
rent study, the leaf was sourced from South-South zone, in
the Cross-River region. These notable variations in chem-
ical composition of the leaf essential oil may be attributed
to their geographical locations.

To the best of our knowledge, pipericide, a constituent of
Piper nigrum fruit has been reported to be the most toxic
botanical compound to Culex pipens pallens larvae with an
LCsp 0f0.004 mg/L (Park et al., 2002). The lowest and most
promising dose for a crude extract reported was 0.69 mg/L
recorded for a steam-distilled extract of Callitris glanco-
phylla against Aedes aegypti (Shaalan et al., 2003). These
low doses are comparable with many synthetic insecticides.

Identification of novel effective mosquitocidal com-
pounds is imperative because of increasing resistance of
mosquitoes to currently used insecticides, concern for the
environment and food safety, the unacceptability of many
organophosphates and organochlorines, and the high cost
of synthetic pyrethroids (Shaalan et al., 2005).

Activity displayed was concentration dependent and the
results better than the toxicity displayed by DEET, indi-
cating that C. longa leaf and rhizome essential oils could
serve as alternatives to synthetic larvicides and a means of
malaria vector control.
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