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Objective: To investigate in vitro larvicidal and antioxidant enzymes potential of the
medicinal plants Ginkgo biloba (G. biloba), Stevia rebaudiana (S. rebaudiana) and Parthenium
hysterophorous (P. hysterophorous) against Anopheles stephensi (An. stephensi) 4th instars larvae.
Methods: For evaluation of larvicidal potential, the ethanolic, methanolic and dichloromethane
leaves extracts of three different plants were used in dose—dependent experiments in two media,
while the antioxidant enzymes activities were investigated using four different methods viz.,
superoxide dismutase, peroxidase, ascorbate and catalase. Results: An. stephensi has developed

Keywords:

Larvicidal activity
Antioxidative enzymes activities
Anopheles stephensi

resistance to various synthetic insecticides, making its control increasingly difficult. The
comparative performance of ethanolic extracts (65%-90%) was found better than the methanolic
extract (70%-87%) and dichloromethane extract (60%-70%). Among the three plants extracts
tested in two media, S. rebaudiana exhibited higher larvicidal activity with LCs, (24 h) in methanolic
extract than P. hysterophorous and G. biloba. G. biloba and P. hysterophorous exhibited the
strongest antioxidative enzymes activity and S. rebaudiana were less active and no significant
difference was observed. Conclusions: These three plants exhibit larvicidal potential and can
be further used for vector control alternative to synthetic insecticide due to eco—friendly and
diseases control, furthermore these plant species have potent antioxidative enzyme activities,
therefore, making them strong natural candidate particularly for diseases which are caused due to
free radicals.

1. Introduction

Malaria is a parasitic disease from which more than
300 million people suffer yearly throughout the world.
Prevalence of mosquito borne diseases are one of the
world’s most health hazardous problems. Mosquitoes are the
principal vectors of malarialll, and various other diseases
like filariasis, Japanese encephalitis, dengue and dengue
hemorrhagic fever, yellow fever and chickungunyal2l. Many
approaches have been developed to control mosquito
menace. One such approach to prevent mosquito borne
disease is by killing mosquito at larval stagel3l. Synthetic
insecticides are fast acting, highly active and cost effective,
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yet their continuous application has resulted in gradual
deterioration of the environmentl4l. Moreover, they are
toxic to non—target organisms and their extensive use have
created problems like enhancing resistance of mosquito
population to synthetic insecticides|sl. Botanical insecticides
are now preferred as an ecofriendly alternativesisl, generally
pest specific and are relatively harmless to non—target
organisms including humans. They are biodegradable
and harmless to the environment(7l, Many plants produce
secondary components that have insect growth inhibitory
activity.

Of the principal vector species, Anopheles stephensi (An.
stephenst) have shown widespread resistance. Thus, the
future of vector control mainly relies on the strategies
for the management of existing insecticide resistance in
malarial vectors and to limit its further spread. One of
the possible ways of avoiding development of insecticide
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resistance in field is using nonchemical control method, i.e.,
biopesticides. Therefore, it is the hour to launch extensive
search to explore eco—friendly biological materials for
control of An. stephensilll. Management of disease vector
using synthetic chemicals has failed because of resistance,
effect on nontarget organisms and environmental pollution.
On the other hand, the recent public perception against
the vector control using synthetic chemicals has shifted the
research effort towards the development of environmentally
sound and biodegradable agents. In that way, plant extracts
have much attention to control the disease transmitted
vectorsl1l.

Reactive oxygen species (ROS) such as the superoxide
radical, hydrogen peroxide and singlet oxygen are constantly
produced in plants, However, uncontrolled production
of ROS can cause cellular damage directly or through the
formation of toxic secondary metabolitesi8l. The level and
kind of ROS are determining factors for the type of response.
ROS induce defense genes and adoptive responses at low
concentrations, and trigger a genetically controlled cell
death program at higher. But the role of ROS during the
normal physiological function of plant is little known. Plants
have developed a complex antioxidant system to protect
themselves against such oxidative damage. Antioxidant
protection system includes enzymes like superoxide
dismutase (SOD), peroxidase (POD), catalase (CAT) and
ascorbate (ASC), which scavenge both radicals and their
associated non—radical oxygen species.

The overall objective of the current study was to evaluate
the in vitro larvicidal activity against An. stephensi for
natural and ecofriendly bioinsecticides. The antioxidant
enzyme activities in three medicinally important plants were
also evaluated to compare with each other.

2. Materials and methods

2.1. Collection of plant materials

The leaves of Ginkgo biloba (G. biloba) were collected
from Qarshi Research International, Haripur KPK, leaves
of Stevia rebaudiana (8. rebaudiana) were collected from
Islamabad nursery, leaves of Parthenium hysterophorus
(P. hysterophorus) were collected from Quaid—i—Azam
University Islamabad in 2009 and were authenticated by
Dr. Lajber Khan, Head; Medicinal Botanical Centre, PCSIR
complex Peshawar, Pakistan.

2.2. Insect rearing

An. stephensi larvae were collected from stagnant ponds
of Quaid—i—Azam University Islamabad and Haripur KPK
and identified by Department of Animal Sciences Quaid-
i—Azam University Islamabad. These larvae were kept in
15 L plastic containers containing tap water. They were
maintained and reared in the laboratory under controlled
conditions.

2.3. Extract preparation

The leaves of G. biloba, S. rebaudiana and P.
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hysterophorous were shade dried (28+2 °C), ground and
sieved to get fine powder from which the extracts were
prepared. Ethanol extract of the plant were obtained by
taking 10 g of dried leaf powder in a separate container.
With this 50 mL of ethanol were added and kept for 1 week
with periodic shaking, then filtered and the filtrate was
collected. This procedure was repeated three times with
fresh volume of ethanol. The filtrates were pooled. Methanol
and dichloromethane extract of the plant material was also
prepared in a similar manner with that of ethanol. The
pooled ethanol methanol and dichloromethane extracts
were concentrated separately by rotary vacuum evaporator
at 40 °C and evaporated to dryness and stored at 4 °C in
an air-tight bottlef8l. The extract obtained from each plant
were dissolved in each solvent independently to get stock
solutions of 15 mg/mL for each solvent. From the stock
solution different dilution of different concentration were
prepared (15 mg/mL, 1.5 mg/mL, 0.15 mg/mL and 0.015 mg/mlL).
Different test concentrations for larval exposure were
prepared by further diluting these stocks. Each beaker was
placed in air to evaporate the solvent, after drying beakers
were then filled up to 100 mL.

2.4. Larvicidal activity

Only IV instars larvae were selected for the experiments;
they were fed with yeast powder, glucose and small amount
of straw as medium 116], also their growth were studied
in natural water of natural habitat and used as medium
2 for growth, these larvae were maintained at controlled
conditions of 28+2 ‘C temperature and 70%-80% relative
humidity. For each concentration separate beakers are used.
In the experiment 10 larvae were exposed to each extract at
each concentration in working volume of 100 mL in 250 mL
of glass beaker. Three replicates for each concentration and
the control (with water) were tested for larval bioefficacy.
In the experiment An. stephensi larvae under laboratory
condition, were subjected to dose dependent efficacy of
each extracts of three plants. The larval mortality at different
concentrations and in control was recorded after 24 h
continuous exposure. A symptom of treated larvae after 24
h was recorded immediately, without food to each larvae.
Mortality and survival were registered after 24 h of exposure
period; only the dead larvae data was recorded. The dead
larvae failed to move and settled down at the bottom while
the living one can freely move in the medium.

2.5. Superoxide dismutase activity

The superoxide dismutase activity was determined using
the method of Beauchampl9l. 0.2 g of fresh leaves was taken
grinded in 4 mL of phosphate buffer containing 1% PVP (in
ice bath). The solution was centrifuged in chilled stage (4 C)
at 3 000 rpm for 15 min. The supernatant was collected in
fresh tube and again centrifuged to get pure enzymes. Three
assays were prepared, reaction mixture, blank and reference
assay. Reaction mixture was prepared by adding 2 mL of
(10 mL solution containing 0.27 g Na,EDTA + 1.492 1 ¢ methionine
+ 0.049 g Nitro blue tetrazolium), 0.5 mL of (20 mL
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containing 12 mmol riboflavin in buffer pH 7.8) and 0.5
mL of enzyme (supernatant). The reference solution was
placed in dark while blank solutions have no enzymes.
Spectrophotometer readings were made at 560 nm using the
equation:
SOD =R/A
A =R, (50/100)
R,=R,-R,
R, = OD of sample
R, = OD of blank
R, = OD of reference

Where R, is absorbance of the reference solution, R,
absorbance of blank nothing is added, R, absorbance of
sample when extract has been added at a particular level.

2.6. Peroxidase activity

Peroxidase activity was measured by using the method of
Kari10l. 0.1 mL of enzyme extract was taken. Add 1.35 mL
of 100 mmol/L. MES buffer (pH 5.5) to the enzyme solution.
Then 0.05% of H,0, was added. Finally 0.1% of phenylene
diamine was added to the above solution. Changes in
absorbance were recorded at 485 nm for 3 min with the
spectrophotometer.

Equation:

POD =R, - Ri/Ty,
Where R, is initial reading at zero min, R; is reading after 3
min and Ty is time intervals.

2.7. Ascorbate activity

Ascorbate activity was determined according to the method
of Asadallll. 2 mL of Phosphate buffer (pH 7) and 0.2 mL of
3% H,0, was taken. Then 0.2 mL of 50 £ mol/L ascorbic
acid was added. Finally 0.1 mL enzyme extract was added.
Reading on spectrophotometer was taken at 290 nm. Two
readings were taken at 0 and 3 min.

Equation:

ASC = RI - RF/TM

Where R; is initial reading at zero min, R is reading after
three min and Ty, is time intervals.

Table 1
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2.8. Catalase activity

Catalase activity was determined according to the method
of Arrigoni Ol12]. 0.3 mL of 3% H,0, and 2.5 mL of 0.05 mol/L
phosphate buffer (pH 7) was taken. Finally 0.2 mL of enzyme
extract was added. Reading on spectrophotometer was taken
at 240 nm. Two readings were taken at 0 and 3 min.
Equation:

CAT =R, - R¢/Ty

Where R; is initial reading at 0 min, Ry is reading after 3

min and Ty is time intervals.

3. Results

On exposure of larvae to each concentration, it was
observed that the mortality rate was dose dependent,
mortality increased with increase in concentration of each
extract. The percent mortality values for 4th instar larvae
of A. stephensi treated with various concentrations (ranging
from 0.015 mg/mL to 15 mg/mL) with leaf extracts of G.
biloba, S. rebaudiana and P. hysterophorous are presented
in the current experiment. LCs,, Chi square test, their lower
confidence limits and upper confidence limits of the leaf
extract for 24 h exposure of A. stephensi are given in Table
1. Abbott’s formula was used for mortality. LCs, confidence
interval, upper confidence interval, lower confidence
interval and Chi square test were analyzed by means of
computerized probit analysis programl13].

The ethanolic extracts of leaves of G. biloba, S. rebaudiana
and P. hysterophorous showed 65 to 90% results at 15 mg/
mL. The best larvicidal activity was shown by S. rebaudiana
and P. hysterophorous ranged from 83% to 90% in ethanolic
extract while G. biloba showed 65% results (Figures 1-2).
The larvicidal activity was dose dependant, as the extract
concentration was reduced to 0.015 mg/mL. The activity was
recorded as 11% to 36% by G. biloba, S. reboudiana and
P. hysterophorus. Mortality was checked in two different
media, one medium contain yeast powder, glucose and small
quantity of straw (M1) and second media was normal pond
water from which they are collected (M2). In both media the
results recorded were similar and no significant difference
was foundl14l. Find in vitro activity of 2—methoxy-1,4-
naphthoquinone and stigmasta—7,22—diene—3b—ol from

Larvicidal activity of three plant extracts in terms of LCs, (mg/mL) against An. stephensi.

Growth medium 1

Growth medium 2

Species Extract LCsy  Upper confidence Lower confidence 2 LCs,  Upper confidence Lower confidence 2
(mg/ml)  limit(mg/mL) limit(mg/mL) (mg/ml.) limit(mg/mL) limit(mg/mL)

P. hysterophorous Ethanol  0.292 26 0.745 09 0.103 05 0.417 0.214 26 0.490 24 0.082 82 1.115
Methanol  0.185 76 0.508 77 0.051 57 0.183 0.171 88 0.409 87 0.059 56 1.269
DCM 1.093 90 2.353 04 0.545 46 0.258 1.264 40 2.666 79 0.640 59 0.325

S. rebaudiana Ethanol ~ 0.196 42 0.38570 0.094 74 0.029 0.218 09 0.473 19 0.091 20 0.689
Methanol  0.144 55 0.345 05 0.048 27 2.106 0.098 91 0.221 77 0.034 67 3.786
DCM 2.418 80 5.22595 1.268 16 2.816 3.682 10 9.739 19 1.786 60 3.628

G. biloba Ethanol  2.846 50 6.966 25 1.399 35 5.680 2.034 40 6.454 26 0.851 16 6.683
Methanol  0.761 52 1.869 98 0.032 54 2.598 0.965 06 1.930 83 0.427 56 11.550
DCM 1.794 70 3.536 14 0.969 26 0263 1.11290 2.179 21 0.589 54 0.304
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Impatiens balsamina L. against multiple antibiotic—resistant
Helicobacter pylori in similar way. In methanolic extracts
the overall results recorded at higher concentration ranged
from 71% to 87%. The best activity was recorded for S.
rebaudiana 82% to 87%, and P. hysterophorous 80% to 85%,
while G. biloba had less activity i.e., 71%—78% at 15 mg/mL
as shown in (Figures 3—4). At lower concentration 0.015 mg/
mL the result was similar for all three plants ranging from
23% to 31%. The dichloromethane extracts comparatively
showed lower larvicidal activity at higher concentration.
G. biloba had 66% to 70% activity, similar activity was
also shown by P. hysterophorous 65% to 70%, while S.
rebaudiana having 61% to 63% activity as shown in (Figures
5-6). Same activities of other plants were also found by
many researchers|15-16].
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Figure 1. Comparative larvicidal potential in medium 1 in ethanolic
extract of P. hysterophorous (), S. rebaudiana (@) and G. biloba
(A\) against An. stephensi with highest activity of P. hysterophorous
followed by S. rebaudiana and G. biloba in terms of percentage.
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Figure 2. Comparative Larvicidal potential in medium 2 in ethanolic
extract of P. hysterophorous (@) , S. rebaudiana () and G. biloba
(M) against An. stephensi with highest activity of P. hysterophorous
followed by S. rebaudiana and G. biloba in terms of percente.
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Figure 3. Comparative Larvicidal potential in medium 1 in methanolic
extract of P. hysterophorous (M), S. rebaudiana (@) and G. biloba
(M) against A. stephensi with highest activity of S. rebaudiana
followed by P. hysterophorous and G. biloba in terms of percentage.
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Figure 4. Comparative larvicidal potential in medium 2 in ethanolic
extract of P. hysterophorous (), S. rebaudiana (@) and G. biloba
?A) against An. stephensi with hi%}hest activity of S. rebaudiana
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Figure 5. Comparative larvicidal potential in medium 1 in ethanolic
extract of P. hysterophorous (), S. rebaudiana (@) and G. biloba
gA) against An. stephensi with highest activity of P. hysterophorous
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Figure 6. Comparative larvicidal potential in medium 2 in ethanolic
extract of P. hysterophorous () , S. rebaudiana (@) and G. biloba
(M) against An. stephensi with highest activity of G. biloba followed by

P. hysterophorous and S. rebaudiana in terms of percentage.

Larvicidal activity was also reported as LCs, representing
the concentrations in mg/mL that killed 50% of larvae in 24
h respectively. The susceptibility level of A. stephensi larvae
to the different extracts of three plants was determined.
From the results, it appears that ethanolic, methanolic
and dichloromethane extracts of the three plant leaves
exhibit high activity against A. stephensi as shown in Table
1. Estimated LCs, for methanolic extracts of leaves of S.
rebaudiana were 0.098 and 0.144 while in ethanolic extract
the results of LCs, was 0.144 and 0.218 mg/mL, respectively
(Table 1). From the experiment it was concluded that
the maximum activity was observed in the case of S.
rebadiana followed by P. hysterophorous which was
recorded 0.171 and 0.185 for methanolic extracts, however,
the ethanolic extracts was also having activity of 0.214
and 0.292 respectively. In case of G. biloba 50% mortality
was comparatively lower than other two plants. Different
activities of plant extracts were also found(7.17-201.

The second objective of the current study was to compare
the activities of antioxidative enzymes. A different trend in
the activity of antioxidant enzymes was observed in these
three plant species. The changes in antioxidant enzymes
activities are directly related to the plants secondary
metabolites. As compared to the larvicidal activity the
antioxidative enzymes activities showed different results.
The best antioxidant activity was observed in the case of
G. biloba. G. biloba showed maximum activity of POD, CAT
and ASC than other two plant species, while S. rebaudiana
showed maximum SOD activity than other plant species
as shown in (Figures 7-10). Comparatively S. rebaudiana

and P. hysterophorous showed maximum results against A.
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stephensi, G. biloba showed greater antioxidant enzymes
activities. Different plants antioxidant enzymes activities
were determined by different scientists(3.21-26].
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Figure 7. Comparative Superoxide dismutase activity of enzyme
extracts of P. hysterophorous, S. rebaudiana and G. biloba, with highest
SOD activity of S. rebaudiana.

(a) followed by P. hysterophorous (b) and G. biloba (c). Mean values in

each column with common letters are significantly different at P<0.05.
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Figure 8. Comparative peroxidase activity of enzyme extracts of P.
hysterophorous, S. rebaudiana and G. biloba, with highest POD activity
of G. biloba.

(a) followed by P. hysterophorous (b) and S. rebaudiana (c). Mean
values in each column with common letters are significantly different

at P<0.05.
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Figure 9. Comparative ascorbate activity of enzyme extracts of P.
hysterophorous, S. rebaudiana and G. biloba, with highest Ascorbate
activity of G. biloba.

(a) followed by P. hysterophorous (b) and S. rebaudiana (c). Mean
values in each column with common letters are significantly different

at P<0.05.
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Figure 10. Comparative catalase activity of enzyme extracts of P.
hysterophorous, S. rebaudiana and G. biloba, with highest catalase
activity of G. biloba.

(a) followed by S. rebaudiana (b) and P. hysterophorous (c). Mean
values in each column with common letters are significantly different

at P<0.05.

4. Discussion

G. biloba contains a particular class of diterpenes and
sesquiterpenes, called ginkgolides and bilobalide. Some of
the compounds are currently being studied for the treatment
of allergic diseases, blood disturbances, and neoplastic and
immunological disorders(27-28]. Although recent studies of
many plant—derived terpenes have showed that compounds
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belonging to this class can display antiparasitic, antifungal,
antibacterial, antiviral, or immunomodulating activities|28].
One of the potent members of the Asteraceae family is S.
rebaudiana (commonly referred to as honey leaf, candy leaf
and sweet leaf). It is rich in terpenes and flavanoids. The
phytochemicals present in S. rebaudiana are austroinullin,
B —carotene, dulcoside, nilacin, rebaudi oxides, riboflavin,
steviol, stevioside and tiamin. S. rebaudiana has important
industrial uses in beverages, energizers as well as medicinal
uses such as low uric acid treatment, vasodilator cardiotonic,
anesthetic and anti—inflammatory[29-30l. Antibacterial
activity of a large number of growth toxins present in
leaf and root of P. hysterophorouswas reportedi3ll. Leaf or
inflorescence of P. hysterophorus were either algistatic
or algicidal to Chlorella vulgaris and Synechococcus
elongatus(321.

In the above literature these three plants containing
such secondary metabolites that was used for different
uses and diseases like allergic, blood disturbances,
immunomodulating, antiparasitic, antifungal, antibacterial,
antiviral, neoplastic, immunological disorders, low uric
acid treatment, vasodilator cardiotonic, anesthetic, anti—
inflammatory algistatic and algicidal. In the experiment it
was investigated that these three plants having larvicidal
activity and can be further used for vector control alternative
to synthetic insecticide due to eco—friendly and diseases
control.

It was observed from the results that these plant extracts
produced high larval mortality against An. stephensi. Out
of the nine extracts tested, the maximum activity was
observed at higher concentration of the extracts. Among
these extracts, the most promising ones are the methanolic
extracts of S. rebaudiana and P. hysterophorous (LC=0.098,
0.144, 0.171 and 0.185 mg/mL) and G. biloba (LC4=0.214 and
0.292 mg/mL). The findings of many researchers are an
agreement with our datal5.7,.20.33-35]. From the current
experiment it was concluded that the best solvent
was methanol and ethanol for resolving the larvicidal
components, however, dichloromethane was poor solvent
comparatively. The best results were obtained in the order
of S. rebaudiana, P. hysterophorous and G. biloba at 15 mg/
mL the percentages of mortality recorded were 90%, 90%
and 65% respectively. In last the plants examined in this
study offer great potential as new control agents against
An. stephensi. Furthermore, P. hysterophorous grows wild
in uncultivated and cultivated zones in Pakistan and other
countries, its leaves which are available throughout the
year could be easily collected without any additional cost.
Therefore, leaves extracts could be used as a larvicidal agent
in an integrated vector control program. Separation of the
active principles, research into their mode of action, effect
on non target organisms and field evaluation are presently
under investigation. It should be also noticed that these
three plant species have a potent antioxidative enzymes
activities, therefore, could be selected for further studies
particularly diseases which was caused due to free radicals.
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