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Abstract
Bio-fabrication of metal nanocrystals can be achieved using eco-friendly and cost-effective routes with plants as reducing

and capping mediators. A rapid and simple method for producing silver nanoparticles (AgNPs) using the plant Alstonia

venenata (R. Br.) (Family: Apocynaceae) was investigated. The mosquito larvicidal potential and the effect of the A.

venenata aqueous leaf extract and AgNPs on non-target fish and insects were evaluated. The AgNPs were studied using

UV–Vis spectroscopy, FTIR spectroscopy, SEM, TEM, AFM, and XRD analysis. The larvicidal effectiveness on early

third instar larvae was higher for the AgNPs than the plant extract; this was observed by testing on Anopheles stephensi

(LC50 = 12.28 lg/mL), Aedes aegypti (LC50 = 13.49 lg/mL), and Culex quinquefasciatus (LC50 = 14.50 lg/mL). Fur-

thermore, the plant extract and AgNPs were found to be safe for the environment-friendly Gambusia affinis fish, and

Anisops bouvieri and Diplonychus indicus aquatic insects. This study confirmed that A. venenata is a potential bio-resource

for the fabrication of nanocrystals as an effective mosquito control tool with negligible harmful on aquatic fish and insects

in the environment.

Keywords Green-synthesis � Nanotechnology � XRD, TEM, AFM � Zika virus � Biological control

Introduction

Dipterans insects are important vectors of several deadly

illnesses [1]. This order of insects includes mosquitoes,

which spread illnesses that require large amounts of

financial resources and can cause far-reaching societal

issues in emerging countries [2–6]. These illnesses are

often controlled using various insecticides that have been

successfully improved and widely applied. However,

excessive use of these insecticides in the management of

Aedes, Culex and Anopheles mosquitoes has had detri-

mental effects, including insecticide resistance, ecological

contamination and harm to non-target organisms and

human beings [7–12]. Alternative insecticides must be

developed that are safe, cost-effective and target-specific.

Herbs produces a multitude of biological active mole-

cules with medicinal and insecticidal properties [13–19].

Green nanotechnology is a branch of nanomaterial science

focused on the bio-based development of nano-scale

materials for biological applications [20–23]. The use of

bio-inspired silver nanoparticles (AgNPs) is preferable to

synthetic practices, as the material is low cost and

biodegradable [9, 24, 25]. An increasing number of plants

have been found to be capable of efficient extracellular

synthesis of AgNPs [26–30] that have demonstrated out-

standing insecticidal effects with minimal ecological risk

[31–34].
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Alstonia venenata R. Br. (Family: Apocynaceae) is an

important therapeutic herb. It grows widely in the Western

Ghats, western Himalayas and southern region of India.

A.venenata is a shrub or small tree with the vernacular

name ‘Sinnappalai’ in Tamil [35]. Two indole alkaloids

have been isolated from the bark of A.venenata [36]. Fur-

thermore, this plant is used as a powerful antidote for snake

bite treatment [37] and the leaf, flowers, and fruit extracts

have been found to have antifungal potential [38].

This study aimed to produce AgNPs from A.venenata

and analyze the particles using UV–Vis spectroscopy,

Fourier transform infrared (FTIR) spectroscopy, scanning

electron microscopy (SEM), transmission electron micro-

scopy TEM, atomic force microscopy (AFM) and X-ray

powder diffraction (XRD) analysis. An A. venenata

aqueous solution and the bio-synthesized AgNPs were

applied to third instar mosquito larvae and the impact on

non-target aquatic fish and insects was evaluated.

Materials and Methods

Collection of Chemicals and A. venenata Leaves

AgNO3 was obtained from Fisher Scientific, India. Fresh A.

venenata leaves were collected from the Kodiyakkarai

forest (Tamilnadu, India) under the supervision of a plant

taxonomist (Alagappa University, India).

Production of A. venenata Aqueous Extract

A. venenata leaves were dried in shade and powdered using

an electric grinder. A plant leaf extract was produced by

combining 100 g desiccated plant dust and 1 L distilled

water. The mixture was stirred constantly at 100 �C for 1 h

using a magnetic stirrer before the extract was filtered with

Whatman n1 filter paper and stored [39].

Green Fabrication and Characterization of AgNPs

The leaves were rinsed quickly with double distilled water

(ddH2O) and 10 g was boiled for 5 min in 100 mL of

ddH2O. The aqueous solution was filtered and stored at -

15 �C. 12 mL of the plant aqueous solution and 88 mL of

1 mM AgNO3 solution were mixed at 37 �C for 10 min.

Color change (light brown color) evidenced the develop-

ment of Ag NPs [40].

UV–Vis spectroscopy (UV-1900, 190-110 nm) was

used to evaluate the reduction of Ag? ions. For the

A.venenata
leaf extract

AgNO3 AgNPs

(a)

(b)

Fig. 1 The color of the solution changed from light yellow to light

brown (a) and UV–visible spectrum (b) of AgNPs prepared from the

Alstonia venenata leaf extract (Color figure online)

Fig. 2 XRD pattern of AgNPs prepared from the Alstonia venenata

leaf extract

V. Esan et al.

123

Author's personal copy



morphology, AFM (Park NX10), SEM (JEOL JSM-7500F

SEM) with EDX and TEM (HF 3300 TEM Hitachi) was

used. The biomolecules were identified using FTIR spec-

troscopy (Bruker Alpha II) and the XRD was used to

identify the crystalline structure of the AgNPs [41].

Larvicidal Bioassay

Laboratory-reared pathogen free mosquito species were

continuously cultured and the culture method described by

Govindarajan and Benelli [15] was used. The aqueous

extract and the AgNPs were assessed using an adapted

version [15] of the World Health Organization (WHO)

standard method [42]. Five concentrations of the A. vene-

nata aqueous extract (50, 100, 150, 200 and 250 lg/mL)

and AgNPs (6, 12, 18, 24 and 30 lg/mL) were tested.

Twenty mosquito larvae (third instar) were used at test cup.

Five replicates of each experiment was performed and the

mosquito larval mortality was noted after 24 h. Silver

nitrate and distilled water were used as a control for each

concentration.

Environmentally Friendly Toxicity Assay

Field collected aquatic insects (Diplonychus indicus, Ani-

sops bouvieri) and the fish (Gambusia affinis) was used in

the environmental toxicity assay. The effects of the A.ve-

nenata aqueous extract and the AgNPs on insects and fish

were assessed using a standard method described by

Sivagnaname and Kalyanasundaram [43]. The insects and

fish were held under conditions described by Govindarajan

and Benelli [15]. The applied dose of the aqueous extract

and AgNPs was 50 times the dose used for the target

organism. The suitability index was calculated using the

following equation [44]:

Suitability Index ¼ LC50of non� target organisms

=LC50of target insect species

Statistical Analysis

Mortality facts were evaluated by probit analysis. A

method described by Finney [45] was used to establish the

lethal concentration at 50 and 90% levels. All the experi-

mental facts were scrutinized using SPSS 16.0 version.
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Fig. 3 FTIR spectrum of AgNPs prepared from the Alstonia venenata leaf extract
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Fig. 4 AFM images of AgNPs

prepared from the Alstonia

venenata leaf extract (a) 2D
image, (b) 3D image,

(c) histogram showing the

particle size distribution,

(d) line graph showing the size

distribution of AgNPs
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Results and Discussion

AgNPs Characterization

AgNPs derived from A. venenata leaves were produced

within two hours of adding the aqueous extract to the silver

nitrate (AgNO3) solution. The color of the solution chan-

ged from light yellow to light brown (Fig. 1a) as the bio-

synthesized AgNPs exhibited surface plasmon resonance

(SPR) [46] and synthesized AgNPs was definited by

examining the peak at 428.5 nm in the UV–Vis spectrum

(Fig. 1b). A previous study by the current author investi-

gated AgNPs synthesized from Nicandra physalodes that

exhibited an absorbance peak at 449 nm [47].

The A. venenata derived AgNPs were evaluated using

XRD analysis. The AgNPs diffractogram exhibited several

sharp peaks (Fig. 2). The four clear reflections at 37.65�
(111), 43.82� (200), 63.94� (220), and 76.88� (311) were

attributed to a face centered cubic (fcc) structure, and

indicated that AgNPs were crystalline in nature. Moreover,

few unallocated peaks (pointed with stars) were also

noticed indicate that the crystallization of bio-organic

phase appear on the surface of the AgNPs. These findings

were consistent with previous reports [32, 33, 48].

The FTIR spectrum of the A. venenata derived AgNPs

gave an indication of the biological molecules present

(Fig. 3). The band at 3417 cm-1 was attributed to

Fig. 5 Scanning electron microscopy image (91,00,000) of AgNPs

prepared from the Alstonia venenata leaf extract

Fig. 6 Energy dispersive X-ray spectrum image of AgNPs prepared

from the Alstonia venenata leaf extract

Fig. 7 a Transmission electron microscopy image of AgNPs prepared

from the Alstonia venenata leaf extract; b SAED pattern
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absorption by O–H in alcohols and phenols, 1417 cm-1 to

N–H bending in 1o amines [15], 1113 cm-1 to C–H wag-

ging in alkyl halides, and 872 cm-1 to –C:C–H: C–H

bending in alkynes. These findings were similar to those of

a study on AgNPs bio-synthesized from Feronia elephan-

tum leaf extract [33].

The size and morphology of the AgNPs were examined

using AFM (Fig. 4), SEM (Fig. 5), EDX (Fig. 6) and TEM

(Fig. 7). The AgNPs were spherical in shape. Similarly, a

previous report by Ankana et al. [49] recorded SEM images

of AgNPs that were well dispersed and varied in size from

30 to 40 nm. Another study synthesized spherical shaped

Table 1 Efficacy of Alstonia venenata aqueous leaf extract against mosquito larvae

Target organism Concentration (lg/
mL)

% of mortality

(24 h.) ± SD

LC50 (lg/mL) LC90 (lg/mL) Slope Regression analysis v2

(95% LCL-

UCL)

(95% LCL-

UCL)

An. stephensi 50 27.6 ± 0.6 103.41 203.61 3.2 y = 11.13 ? 0.367x 5.568

100 48.9 ± 1.4 (91.65–113.82) (188.81–223.06)

150 66.7 ± 1.2

200 87.4 ± 0.6

250 100.0 ± 0.0

Ae. aegypti 50 24.4 ± 0.8 112.02 216.37 2.9 y = 6.98 ?0.374x 3.262

100 45.2 ± 0.6 (100.38–122.52) (200.73–236.98)

150 62.8 ± 0.8

200 84.6 ± 1.2

250 98.1 ± 1.4

Cx.

quinquefasciatus

50 20.5 ± 1.2 121.01 228.6 2.63 y = 3.12 ? 0.378x 2.388

100 42.8 ± 1.4 (109.55–131.58) (212.12–250.42)

150 59.3 ± 0.6

200 80.6 ± 0.8

250 96.2 ± 0.6

Control nil mortality

Table 2 Efficacy of Alstonia venenata derived AgNPs against mosquito larvae

Target organism Concentration (lg/
mL)

% of mortality

(24 h.) ± SD

LC50 (lg/mL) LC90 (lg/mL) Slope Regression analysis v2

(95% LCL-

UCL)

(95% LCL-

UCL)

An. stephensi 6 29.4 ± 1.4 12.28 24.36 3.33 y = 11.77 ? 3.035x 5.511

12 46.7 ± 0.8 (10.86–13.54) (22.58–26.71)

18 68.3 ± 1.2

24 87.6 ± 1.4

30 100.0 ± 0.0

Ae. aegypti 6 25.9 ± 0.8 13.49 26.46 3.13 y = 7.6 ? 3.06x 2.428

12 42.6 ± 1.2 (12.05–14.78) (24.51–29.05)

18 64.2 ± 1.4

24 83.4 ± 0.8

30 97.3 ± 1.2

Cx.

quinquefasciatus

6 22.7 ± 1.4 14.5 27.91 2.85 y = 4.23 ? 3.085x 1.358

12 39.5 ± 0.8 (13.07–15.81) (25.84–30.66)

18 61.8 ± 1.4

24 79.6 ± 1.2

30 95.2 ± 0.8

Control nil mortality
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NPs from Annona squamosa extract with sizes ranging

from 20 to 100 nm [50]. Govindarajan and Benelli [15]

synthesized the spherical AgNPs from an extract of Bar-

leria cristata (38–41 nm).

Mosquito Larvicidal Activity

Alstonia venenata extract had a moderately lethal effect on

Cx. quinquefasciatus, Ae. aegypti and An. stephensi larvae

with LC50 values of 121.01, 112.02 and 103.41 lg/mL,

respectively (Table 1). Current research on botanicals as

potential agents for controlling young mosquito popula-

tions is reliant on the required dose [51–55]. The S. retic-

ulata derived AgNPs were extremely lethal against Cx.

quinquefasciatus, Ae. aegypti and An. stephensi larvae with

LC50 values of 14.50, 13.49 and 12.28 lg/mL, respectively

(Table 2). Several recent studies have focused on the bio-

synthesis of AgNPs for mosquito control [56–60]. For

Table 3 The impact of Alstonia venenata aqueous leaf extract against environment-friendly aquatic insects and fish

Eco-friendly

organism

Concentration

(lg/mL)

% of mortality

(48 h.) ± SD

LC50 (lg/mL) LC90 (lg/mL) Slope Regression

analysis

v2

(95% LCL-UCL) (95% LCL-UCL)

A. bouvieri 3000 26.4 ± 1.2 6233.26 12,006 2.86 y = 9.91 ? 0.006x 4.652

6000 48.5 ± 0.6 (5556.09–6837.01) (11,151.66–13,122.52)

9000 67.8 ± 1.4

12,000 88.7 ± 1.2

15,000 100.0 ± 0.0

D. indicus 5000 27.3 ± 0.8 10,519.3 20,500.4 3.02 y = 9.83 ? 0.004x 4.142

10,000 46.7 ± 0.6 (9360.75–11,550.93) (19,023.17–22,438.67)

15,000 65.9 ± 1.2

20,000 88.6 ± 0.8

25,000 99.2 ± 0.6

G. affinis 10,000 25.7 ± 1.4 21,141 41,514.1 3.15 y = 9.93 ? 0.002x 1.704

20,000 47.2 ± 1.2 (18,776.33–23,239.34) (38,513.64–45,454.36)

30,000 68.9 ± 0.8

40,000 86.5 ± 1.2

50,000 98.4 ± 0.8

Control nil mortality

Table 4 The impact of Alstonia venenata derived AgNPs against environment-friendly aquatic insects and fish

Eco-friendly

organism

Concentration

(lg/mL)

% of mortality

(48 h.) ± SD

LC50 (lg/mL) LC90 (lg/mL) Slope Regression analysis v2

(95% LCL-UCL) (95% LCL-UCL)

A. bouvieri 350 27.3 ± 1.4 734.73 1418.27 2.89 y = 9.56 ? 0.053x 5.829

700 46.8 ± 0.8 (655.27–805.69) (1316.82–1551.17)

1050 65.9 ± 0.6

1400 88.6 ± 1.2

1750 100.0 ± 0.0

D. indicus 500 25.8 ± 0.8 1057.86 2089.53 3.25 y = 10.2 ? 0.037x 2.144

1000 48.6 ± 1.2 (938.29–1163.79) (1937.41–2289.80)

1500 66.2 ± 1.4

2000 87.4 ± 0.8

2500 98.1 ± 0.6

G. affinis 1000 28.4 ± 1.2 2107.07 4317.84 4.22 y = 11.95 ? 0.018x 1.406

2000 46.2 ± 0.8 (1850.63–2331.46) (3991.25–4752.97)

3000 67.5 ± 0.6

4000 85.3 ± 1.2

5000 97.1 ± 0.8

Control nil mortality
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example, Bauhinia variegata derived AgNPs were toxic to

three important vector mosquitoes, namely An. subpictus,

Ae. albopictus and Cx. tritaeniorhynchus with LC50 values

ranging from 41 to 51 lg/mL [40]. Veerakumar et al. [33]

successfully used AgNPs from F. elephantum on Cx.

quinquefasciatus, Ae. aegypti and An. stephensi larvae with

LC50 values of 21.84, 20.10 and 18.40 lg/mL, respec-

tively. The effects of AgNPs from Euphorbia hirta was

studied on An. stephensi larvae from all the four instars and

established elevated larval mortality with LC50 values

ranging from 10 to 27 lg/mL and LC90 values ranging

from 31 to 69 lg/mL [61]. Greener silver nanoparticles

from Cassia fistula [62], Aquilaria sinensis and Pogoste-

mon cablin [63], Bacillus amyloliquefaciens and Bacillus

subtilis [64], and phenolic acid [65] have the potential

controlling agent for several mosquitoes.

Biotoxicity on Field Collected Insects and Fish

The eco-toxicology of the plant aqueous solution and

synthesized AgNPs on field collected aquatic insects (D.

indicus and A. bouvieri) and fish (G. affinis) was evaluated.

The LC50 values ranged from 734 to 21,140 lg/mL

(Tables 3 and 4) and suggested that the materials are safe

and environment friendly. The suitability index value

indicated that the AgNPs have low toxicity to eco-friendly

insects and fish (Table 5) in contrast to the target mosquito

larvae toxicity, which is supported by numerous previous

studies. AgNPs derived from Barleria cristata was less

toxic to the eco-friendly organisms viz, A. bouvieri, D.

indicus and G. affinis with LC50 values ranging from 633 to

866 lg/mL [15]. AgNPs derived from Clerodendrum chi-

nense [39], Drypetes roxburghii [24], Vinca rosea [66] had

negligible toxicity on non-target insects D. indicus, A.

bouvieri and the fish G. affinis.

Conclusions

AgNPs were produced from A. venenata leaves and the

enhanced mosquito larvicidal activity was analyzed. The

morphology of the AgNPs was spherical with a size of 27

to 36 nm. The A. venenata derived AgNPs are simple to

fabricate, cost-effective, and have the potential to control

mosquito populations with extremely low toxicity on

environment-friendly aquatic insects and fish.
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