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Insecticidal properties of an alkaloid from Alstonia boonei De
Wild
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ABSTRACT
The insecticidal properties of the alkaloid obtained from Alstonia boonei De Wild stem bark was tested against
the maize stem borer, Sesamia calamistis Hampson in a laboratory bioassay. Less than one day old (less than
24 h after hatching) S. calamistis larvae were reared on artificial diet treated with the alkaloid at a rate of 0.00125
%, 0.00100 %; 0.00050 %, 0.00025 %, and 0.00000 % (Control). There was no significant difference between the
treatments in the survival of the larvae (range 66.67 % to 86.67 %). at 15 days after introduction (DAI). There
were significant differences (P < 0.05) in the wet and dry weights of these larvae, which ranged from 25.50 mg
in the diet containing 0.00125 % of the alkaloid to 36.30 mg in the 0.00050 % and 5.90 mg in the 0.00125 % to 8.80
mg in the 0.00025 %, respectively. The natural response rate C, (OPTC) for the larval survival at 15 DAI was
0.25. Percentage pupation was significantly higher in the Control (80 %) compared with the rest treatments
(range 40 – 53.33 %).  Pupal weight was significantly higher in the Control (213.67 mg) compared with the
0.00100 % treatment (137.83 mg). The natural response rate C, (OPTC) for pupation was 0.42 with an LD

50
 of

0.02662 %. While all the pupae from the Control successfully emerged into the adults, percentage adult emergence
for pupae from other treatments ranged from 0.00 to 35.00 %. Various stages of unsuccessful adult emergence
were observed in the treatments containing the alkaloid. Total developmental period ranged from 45 days in the
0.00025 % to 58 days in the 0.00125 %. These results show a very high level of insecticidal property of A.
boonei stem bark alkaloid against S. calamistis. We believe that this alkaloid can play a major role in the
management of this insect and similar insect pests of tropical crops.
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INTRODUCTION
Alstonia boonei De Wild is a large evergreen tree
belonging to the family Apocynaceae. It is distributed
throughout the tropics and rain forests of West and Central
Africa where the roots, leaves, stem bark, latex, flowers
and fruits are used extensively for medicinal purposes
(Oze et al., 2007). Several workers have reported that
alcoholic or aqueous preparations from parts of the plant,
especially the stem bark, are effective in the treatment of
febrile illness, jaundice, rheumatism, malaria, fever,
intestinal helminthes, and hypertension as well as an
antivenom against snake bite (Ojewole, 1984; Asuzu and
Onaga, 1991; Olajide et al., 2000; Terahima, 2003; Betti,
2004; Abel and Busia, 2005).  Fasola and Egunyomi (2005)
reported that the major phytochemicals in the stem bark
of A. boonei are saponins, alkaloids, tannins, and cardiac
glycosides. This bark is known to contain some chemical
compounds of the indole alkaloid group namely alstonine,
porphine and alstonidine as well as triterpenoids
(Phillipson et al., 1987; Anonymous 1992; 2001).  Plant

alkaloids are a major source of bio-insecticides especially

since the discovery of Azadirachtin from the neem tree,
Azadirachta indica A. Juss (Maala et al., 2000; James
et al., 2003; Bruce et al., 2004). Facknath and Lalljee (2008)
reported that alkaloids and tannins from Ayapana
triplinervis (Vahl) R. M. King & H. Rob exhibited feeding
deter r ence against  Plute l la xyloste lla  L. and
Crocidolomia binotalis Zeller. The bioactivity of other
species of the family Apocynaceae against different insect
species have been reported by McLaughlin et al. (1980),
Raju et al. (1990), El-Lakwah et al. (1996) and Jeong et al.
(2001). The aqueous and methanol extracts of the leaf and
stem bark of A. boonei have been found to be bioactive

against Maruca vitrata Fabricius and Sesamia calamistis
Hampson (Oigiangbe et al., 2007a, b). This paper reports
on the bioactivity of A. boonei alkaloids against the
African pink borer, Sesamia calamistis Hampson which is
a major pest of maize (Zea mays L.) and other cereal crops
in West and Central Africa (Bosque-Perez and Mareck,
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1990 and 1991; Oigiangbe et al., 1997; Kalule et al., 1997;
Banwo, 2002; Obhiokhenan et al. 2002).

MATERIALS  AND  METHODS
Extraction of alkaloid
Alstonia boonei stem bark was collected from mature
trees (20 – 35 m in height), dried in the sun and ground
to powder using an electric blender (SuperMaster®,
Model SMB 2977, Japan). About 250 g of the powder
was extracted in the cold with about 300 ml of 50 %
aqueous methanol in 1 liter Schott Duran bottles for 72
h. The extracts were filtered through a baft cloth. The
extraction process was repeated twice for maximum yield.
The extracts were bulked together in a 2.5 l Winchester
bottle and basified with sufficient amount of anhydrous
sodium hydroxide (NaOH) pellets until the alkaloid
precipitation became very visible (Anonymous, 2000).
The free base alkaloid was removed from the solution by
adding 1 liter of Chloroform into which it dissolved. The
alkaloid was obtained by evaporating the Chloroform in
a Gallenkamp Hotbox oven at 40 °C to dryness and kept
in sealed glass vials until needed.

Bioassay
The bioassay was done by incorporating the alkaloid
into artificial diet for S. calamistis at a rate of T1 - 0.00000
% (Control), T2- 0.00025 %, T3- 0.00050 %, T4- 0.00100
% and T5- 0.00125 % (w/w). The treatments were
dispensed into wells of a plastic tray (Bioserv®) and
allowed to cool down and solidify under a microflow
workstation. Sesamia calamistis larvae were obtained
from the colony in  the Insect  Rear ing Uni t  the
International Institute of Tropical Agriculture (IITA),
Ibadan, Nigeria. They were maintained on the artificial
diet for two generations. Two larvae (< 24 h old) were
introduced into each well of the assay tray containing
the treated and control diets. Each plastic had twenty
four wells and represented a treatment. The plastic trays
were sealed with a perforated nylon sheet to allow for
ventilation. There were three replicates. The treat ments
were arranged randomly in trays in the laboratory
maintained at a temperature of 26 ± 2 °C, 80 ± 5 % relative
humidity and 14 h : 10 h (light : dark) illumination. Larval
survival and weight were recorded at 15 days after introdu
ction (DAI) from twelve wells per treatment. The fresh
weight of the larvae was taken immediately after removal
from the diet while the dry weight was taken after drying
in the oven for 14 days at 40°C. The natural response
rate C (OPTC) and LD

50
 were calculated at15 DAI and

after  pupation using probit analysis while data on

survival and weight were analyzed using the analysis of
variance (ANOVA) (SAS System for Windows, Version
9.1.3). Means were separated with the Fisher ’s Least
Significant Difference (LSD).

RESULTS
There was no significant difference between the
treatments in the percentage survival of the S. calamistis
larvae (Figure 1) at 15 DAI. Plate 1 (A and B) shows the
natural response rate, (C), or curve of the larvae. The LD

50

for larval survival could not be established because all
the treatments allowed over 50 % of the larvae to survive.
The wet and dry weights of the larvae reared on the diet
containing the highest concentration of the alkaloid were
significantly lower (P < 0.05) than those reared on some
of the other treatments (Figures 2 and 3).  The alkaloid
had multiple effects on the size and weight of the pupae
(Figure 4), with some malformed, indicating growth
disruption. The percentage pupation was significantly
higher (P < 0.05) in the Control compared with the other
treatments (Figure 5). The natural response rate, OPTC,
and LD

50
 at the pupal stage are shown in Plate 2 (A and B).

The percentage adult emergence was significantly higher
in the Control compared with the other treatments (Figure
6). Adult size and weight were also significantly (P < 0.05)
affected by the alkaloid (Figure 7, Plate 3 A). Emergence
was disrupted or incomplete in some cases (Plate 3 B).

Figure 1. Percentage survival of S. calamistis larvae
exposed to different concentrations of A. boonei stem
bark alkaloid at 15 DAI.

Figure 2. Mean larval wet weight (mg) of S. calamistis
larvae exposed to different concentrations of A. boonei
stem bark alkaloid at 15 DAI
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Figure 3. Mean larval dry weight (mg) of S. calamistis
exposed to A. boonei stem bark alkaloid at 15 DAI.

Figure 4. Mean pupal wet weights (mg) of S. calamistis
larvae exposed to different concentrations of A. boonei
stem bark alkaloid.

Figure 5. Percentage pupation of S. calamistis exposed
to different concentrations of A. boonei stem bark alkaloid.

Figure 6. Percentage adult emergence of S. calamistis
exposed to different  concentrations of A. boonei
alkaloid.

Figure 7. Mean adult weight (mg) of S. calamistis reared
on different concentrations of A. boonei alkaloid.

Plate 1A

Plate 1B
Plate 1 (A and B). Natural response curves of S. calamistis
larvae exposed to different concentrations of A. boonei
alkaloid.

Plate 2A
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Plate 2B
Plate 2 (A and B). Natural response curves of pupae from
S. calamistis larvae exposed to different concentrations
of A. boonei alkaloid.

Plate 3A

Plate 3B

Plate 3 (A and B). Effects of A, boonei alkaloid on the
growth and development of S. calamistis.

DISCUSSION
The results of this study show that A. boonei stem bark
alkaloid is insecticidal against S. calamistis.  The
insecticidal effects included reduced larval survival and
pupation as well as growth disruption. The growth
disruption effects were the inability of some of the larvae
to successfully molt into the pupal stage or some of the
pupae into the adult stage. That the LD

50
 of the alkaloid

was 0.02662 % at the pupal stage shows its great
potential as an effective botanical insecticide for the
management of S. calamistis.  This is lower than the 0.05
% active ingredient in most commercial pyrethroid
products used in insect pests control. Natural products
that are bioactive against insects have been recognized
as control agents for insect pests, but more especially
as they give insights into the development of some
insecticides (Russel, 1977). Among the most important
of the natural alkaloids used in insect control are nicotine
and the related compound nornicotine, while veretrine
and ryanodin are of less importance (Balandrin et al.,
1985). Members of the dogbane family, Apocynaceae,
are known to contain the indole alkaloids (Phillipson et
al., 1987; Trindade et al., 2008). Insecticidal properties
have been reported for Aspidosperma pyrifolium Mart.,
a member of this family, against the diamondback moth,
P. xylostella (Torres et al., 2001 and 2006; Trindade et
al., 2008). Trindade et al. (2008) also reported that a large
number of P. xylostella larvae died when fed on leaf discs
treated with A. pyrifolium alkaloids. The death resulted
from the inability of the larvae to fully cast off the old
exoskeleton, which typically remained linked to the
posterior part of the abdomen. Murdue-Luntz and Nisbet
(2000) also observed similar symptoms in insect larvae
exposed to different concentrations of azadirachtin, an
alkaloid from the neem tree, A. indica. These authors
at tr ibuted the symptoms to the r eduction  in the
concentration of ecdysone or to its delayed release into
the circulatory fluid. We conclude that A. boonei stem
bark alkaloid has multiple insecticidal effects against S.
calamistis with a great potential as a candidate in the
search for new active compounds for the management of
this and related insect pests of tropical crops.
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