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Abstract

Azadirachta indica A. Juss., Stemona curtisii Hook.F., and Mammea siamensis are popularly used as bioinsecticides by Thai
farmers. To evaluate their safety on frog (Hoplobatrachus rugulosus) tadpoles, the ecologically and economically important
species of Thailand, an acute static toxicity test was performed. The tadpoles (n = 10 per treatment group) were exposed to the
bioinsecticides from A. indica (NSAI 5, 10, 15, 20, and 25 g/1) and the mixture of S. curtisii and M. siamensis (SCMS 0.8, 1.2,
1.6, 2.0, and 2.4 mg/l). It was found that the median lethal concentration (LCs) values at 96 h of the NSAI and the SCMS were
11.81 and 1.44 mg/l respectively. Hepatic failures were observed in tadpoles exposed to the NSAI and the SCMS.
Histopathological changes included vacuolation, leukocyte infiltration, necrotic cell, and blood congestion. These lesions were
more severe in the tadpoles treated with the NSAI or the SCMS at the high concentrations. Additionally, necrosis of bile duct
epithelium, karyolysis, and sinusoidal dilation were apparently found in the tadpole exposed to 25 g/l of the NSAI, while the
degeneration of bile duct was noted in the 1.6-2.4 mg/1 of the SCMS-treated groups. However, the tadpoles exposed to 5 g/l of the
NSAI showed only mild pathological changes in their livers. From a higher value of LCs, of the NSAI than the SCMS together
with the mild histopathological changes in the tadpoles exposed to the low concentrations, thus the NSAI is less toxic to
H. rugulosus tadpoles than the SCMS.
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The indiscriminate applications of industrial insecticides in

agricultural areas around the world have created serious prob-
lems (Sparling et al. 2001; Aktar et al. 2009; Alavanja 2009).
Agroinsecticides can contaminate into aquatic environments
where they are the habitats of non-target organisms (Rohr
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Jittikan Intamong et al. 2003; Relyea 2005; Hayes et al. 2010). Amphibians
ijittikan @gmail.com including frogs living in ponds or small water bodies within
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common toad (Bufo bufo) and green toad (Pseudepidalea
viridis). This insecticide disrupted normal developments of
the tadpoles. Histopathological changes such as visceral ede-
ma, liver necrosis, degenerations of somite, and deformations
of tail and pronephric tubules were clearly noted in tadpoles
exposed to Maneb (Giirkan and Hayretdag 2015).
Deltamethrin and cypermethrin, the pyrethroidal insecticides,
at low concentrations caused acute toxicity on frog
(Physalaemus gracilis) embryo and frog larvae. Moreover,
the results demonstrated deltamethrin to be more toxic than
cypermetrin and the frog larvae were more sensitive to these
two insecticides than the embryo. Additionally, deltamethrin
and cypermethrin induced neurological dysfunctions by pro-
ducing spasmodic contractions in both developmental stages
(Macagnan et al. 2017). Yu et al. (2013) found that three
synthetic insecticides, parathion, alpha-cypermethrin, and en-
dosulfan, inhibited normal growths and developments by sig-
nificant decrease in total length, producing edema, and
deforming gut and axial/tail of Xenopus laevis larvae when
compared to normal larvae. Moreover, endosulfan at low con-
centrations caused acute mortality in the larvae of eight am-
phibians. Thus, these phenomena were the main causes of the
mortality and the decline in frog populations. Since frogs play
akey role in ecosystem by controlling insect pests and serve as
food for predators, the drastic decline of frog populations as
well as changes in normal growths are the ecologically global
problems. In Thailand, frog (Hoplobatrachus rugulosus) is
not only an important species in aquatic ecosystem, but it is
a commercially important animal. Thus, the decline in frog
populations is not only an ecological problem but it also ad-
versely affects Thai farmers.

In order to reduce these problems, bioinsecticide based from
natural by-products have alternatively been used in many parts
of the world (Shivanandappa and Rajashekar 2014; Siegwart
et al. 2015). Several plant species have been used to manage
insect pests in agricultural areas, farms, and gardens in
Thailand. Azadirachta indica A. Juss. or neem, Mammea
siamensis, and Stemona curtisii Hook .F. are well known as
sadao, saraphi, and non tai yak, respectively, and they are
popularly used by Thai farmers as insect control agents. In
addition, these three plants have been reported to have repel-
lent, deterrent, antifeedant, growth regulatory and killing prop-
erties (Kaltenegger et al. 2003; Mungkornasawakul et al. 2004;
Siddiqui et al. 2004; Promsiri et al. 2006; Issakul et al. 2011).
Besides the insecticidal activities of these plants, they have a
wide range of biological efficacies such as contraceptive, anti-
septic, antimicrobial, antipyretic, antiparasitic, and antitumor
properties (Vasanth et al. 1990; Issakul et al. 2011; Agyare
et al. 2014; Sharma et al. 2014; Rungrojsakul et al. 2016). All
parts of A. indica have been reported to contain bioactive com-
pounds such as triterpenoids, azadirachtin, quercetins,
nimbolinin, gedunin, and 3-sitosterol (Kumar et al. 1996;
Ghimeray et al. 2009; Elteraifi and Hassanali 2011). Among
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these compounds, azadirachtin was the most effective sub-
stance against insect pests (Schmutterer 1990) and it was found
in high amounts in the seed kernels (Mordue and Nisbet 2000;
Siddiqui et al. 2004; Jadeja et al. 2011). The insecticidal com-
pound in M. siamensis was found to be the coumarins and its
derivatives presented in its seeds (Morris and Pagan 1953;
Crombie et al. 1972; Mungkornasawakul et al. 2004). Several
alkaloids such as stemocurtisine, pyridol[1,2-x]azepine,
stemocurtisinol, and stemofoline were the phytosubstances in
S. curtisii which possessed the insecticidal properties
(Mungkornasawakul et al. 2004; Kongkiatpaiboon et al.
2013). Although natural by-products exhibit the potent activi-
ties against insects, the applications of these bioinsecticides
with careless handling can adversely affect aquatic vertebrates.
The toxic effects of insecticides based from several plants such
as Milletia ferruginea (Hochst), Ipomoea aquatica, and
Nicotiana tabacum on non-target vertebrate have been reported
(Karunamoorthi et al. 2009; Oluwatoyin 2011; Millan et al.
2013). In this study, therefore, we used the tadpoles of
H. rugulosus as an experimental model for examining the acute
toxicity of bioinsecticides derived from A. indica, S. curtisii,
and M. siamensis, which were traditionally used in Thailand.
Moreover, we also investigated the histopathological alter-
ations in livers of the H. rugulosus tadpoles after exposed to
these bioinsecticides.

Materials and methods
Preparation of bioinsecticides

The fresh neem seed (Azadirachta indica A. Juss.) was pur-
chased from the local market in Chiang Mai Province,
Thailand. The mature seeds were washed and dried at 60 °C
to obtain a constant weight. They were ground into coarse
powder and extracted by soaking them in distilled water (1:
10 w/v) for 24 h (Cruz et al. 2004). The neem seed extract
(NSAI) was obtained after removing the residues. The
bioinsecticide (SCMS) consisted of the ethanolic extracts
from the roots of Stemona curtisii Hook.F. and the seeds of
Mammea siamensis. The SCMS was provided by the Natural
Product Research Unit, Faculty of Science, Chiang Mai
University. The NSAI was prepared freshly at the day of the
experiments. Both bioinsecticides were diluted with distilled
water to obtain various concentrations as required.

Experimental tadpoles

Eight-day-old frog tadpoles (Hoplobatrachus rugulosus) were
purchased from a frog farm in Doi Sa Ket District, Chiang Mai
Province, Thailand. They were kept in dechlorinated water
with laboratory conditions at least 7 days for acclimatization.
The frog tadpoles were fed with commercial pellet foods
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every 24 h. All procedures encompassing the animals were
approved under permission number of Re. 005/07.

Evaluations of acute toxicity

The preliminary toxicity range-finding test was performed in
frog tadpoles (Weber 1993) to investigate the ranges of suit-
able concentrations of the tested bioinsecticides. We found
that the concentrations ranges of the NSAI and the SCMS
which produced 0-100% mortality were 5-25 g/l and 0.8—
2.4 mg/l respectively. Based on our results, the NSAI at the
concentrations of 5-25 g/l and the SCMS at 0.8-2.4 mg/l were
applied to frog tadpoles for determining the median lethal
concentration (LCs).

To evaluate the LCs, of the NSAI and the SCMS, the static
non-renewal test was used (Weber 1993). All experiments
were done in three replicates. Ten acclimated tadpoles were
randomly placed into each aerated aquarium containing vari-
ous concentrations of the NSAI and the SCMS. Dechlorinated
water was used in control groups. The numbers of dead tad-
poles were recorded every 24 h, from 24 to 96 h. The LCs,
was calculated and reported as LCs, at 96 h using the linear
regression from the SPSS statistical software version 17 for
Windows. Dead tadpoles were immediately removed from the
aquaria and fixed in Bouin’s fixative for determining histo-
pathological changes.

Histopathological examination

For histological observation, the livers were removed from the
control and treated tadpoles. They were then processed fol-
lowing the routine paraffin-embedded section (Kurth et al.
2012). In brief, the liver samples were fixed in Bouin’s fixa-
tive for 24 h. They were dehydrated in increasing degree of
alcoholic solutions. Xylene was used as clearing solution. The
tissues were then embedded in paraplast. The 6-pum thickness
was prepared. All sections were stained using hematoxylin
and cosin (H & E). The stained slides were examined for

histopathological alterations under a light microscope with a
blind method.

Results

Acute toxicity of the NSAI and the SCMS

The numbers of dead tadpoles were observed and recorded every
24 h of exposure to the NSAI or the SCMS in different concen-
trations. Tables 1 and 2 showed that the numbers of dead tadpoles
increased with concentrations of both bioinsecticides. One hun-
dred percent of mortality was observed in group received with
the NSAI at 25 g/l after 24 h of exposure and after 72 h at 15 g/l
(Table 1). Interestingly, most of frog tadpoles could not survive
after exposure to the SCMS at the concentrations of 2.0 (90%
mortality) and 2.4 mg/1 (100% mortality) for 24 h (Table 2). The
SCMS is highly toxic to frog tadpoles more than the NSAI The
LCs value at 96 h of the SCMS was 1.44 mg/l (equivalent to
1.44 ppm), while the NSAI was 11.81 g/l (equivalent to
11,810.00 ppm).

Histopathological changes in tadpole liver

Histopathological examinations showed no alterations in liver
tissues of frog tadpoles in the control group (Fig. 1). The
severities of hepatic tissue damages after exposure to the
NSATI and the SCMS were concentration-dependent.
Histopathological alterations such as vacuolation, necrotic cell
death and diffused necrosis of some hepatic area (Fig. 1),
blood congestion in the sinusoids, and the leukocyte infiltra-
tion (Fig. 2) were clearly noted in the tadpole livers after
exposure to the NSAIT at the concentrations higher than 10 g/
1 or the SCMS at all concentrations. Additionally, necrosis of
bile duct epithelium (Fig. 3), hepatocyte karyolysis (Fig. 1),
and sinusoidal dilation (Figs. 1 and 2) were found in the 25 g/l
NSAlI-treated tadpole, whereas the degeneration of bile duct
was found in the 1.6-2.4 mg/l SCMS-treated groups (Fig. 3).

Table 1 The LCs, values at 96 h

of the NSAI on frog tadpoles Sample Concentration (g/1) Number of dead after Total % LCso
exposure (h) mortality mortality at 96 h
24 48 72 96
Control 0 0 0 0 0 0 0
NSAI 5 0 0 0 1 33 11.81
10 1 1 3 9 30.0
15 9 16 5 0 30 100.0
20 18 7 1 0 26 86.7
25 30 0 0 30 100.0

Number of dead and % mortality were calculated from three replicates
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Table 2 The LCsq values at 96 h
of the SCMS on frog tadpoles Sample  Concentration (mg/l)  Number of dead after exposure  Total % mortality LCspat 96 h

(h) mortality

24 48 72 96

Control 0 0 0 0 0 0 0
SCMS 0.8 1 0 0 0 1 33 1.44
12 10 0 0 0 10 333
1.6 18 0 0 0 18 60.0
2.0 27 0 0 0 27 90.0
24 29 1 0 0 30 100.0

Number of dead and % mortality were calculated from three replicates

However, the tadpoles exposed to the NSAT at a concentration  tadpoles can disrupt gas exchanges (Aguinaga et al. 2014).
of 5 g/l had only mild pathological changes in the liver when  Accordingly, these conditions initiated hypoventilation, altered

compared to the control. physiological response, and produced mortality of the frog
tadpoles.

The NSAI had the LCs, value at 96 h (11.81 g/l) more than

Discussion the SCMS (1.44 mg/l), thus we suggested that the NSAI was

less toxic to the tadpoles than the SCMS. This evidence may
Although insecticides based from natural products have been ~ be due to the SCMS contained a higher level of phytoactive
used to replace synthetic insecticides, the careless applications  toxicant like alkaloids than the NSAI Previous report indicat-
of the bioinsecticides may produce various symptoms of tox-  ed that the reaction of plant alkaloids with dopamine could
icity on frogs (Karunamoorthi et al. 2009; Oluwatoyin 2011;  alter the nervous and cardiac functions (Sakakibaru et al.
Millan et al. 2013). We found the increases in numbers of dead ~ 1999). Thus a variety of alkaloids presented in the SCMS
tadpoles corresponded with concentrations of both ~ (Mungkornasawakul et al. 2004; Kongkiatpaiboon et al.
bioinsecticides after 24 h of exposure. The mortality of the =~ 2013) may produce the mortality through this mechanism.
tadpoles may relate to the decrease of dissolved oxygen.  On the other hand, the NSAI mainly contained azadirachtin
Since oxygen has an essential role in decomposing the organic ~ which was classified as terpenoid group (Kumar et al. 1996).
matters of the plant extracts, the reduction of dissolved oxygen =~ However, both of the bioinsecticides were safer than the syn-
occurs in high concentrations of the plant extracts (Milsom thetic insecticides such as permethrin, esfenvalerate, Basudin,
1993). Furthermore, the accumulation of excessive plant ex-  endosulfan, and deltamethrin which had the LCs, values at
tracts in the gills or the competitive reactions of the plant active ~ 96 h on frog tadpoles of 0.00025, 0.00073, 0.00086, 0.43,
compounds and the oxygen chemoreceptors at the gills of the ~ and 0.5 ppm respectively (Ferrari et al. 2004; Johansson

. ¢ 8" i
7 g o Dok A h

.

Fig. 1 Photomicrographs represent hepatic tissues of frog tadpoles in e), and the tadpoles exposed to the SCMS at 0.8, 1.2, and 1.6 mg/l (f-h).
control and bioinsecticides-exposed groups. Liver tissue of the normal Vacuolation (arrowhead), necrotic cell death (dark arrow), karyolysis
tadpole (a), the tadpoles exposed to the NSAl at 10, 15, 20, and 25 g/l (b— (star), and dilated sinusoid (askerisk). H & E, (x 40)
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Fig. 2 Photomicrographs
represent hepatic tissues of frog
tadpoles in control and
bioinsecticides-exposed groups.
Liver tissue of the normal tadpole
(a), the tadpoles exposed to the
NSAl at 5, 10, 15, 20, and 25 g/l
(b—f), and the tadpoles exposed to
the SCMS at 0.8, 1.2, and 1.6 mg/
1 (g-h). Blood congestion (white
arrow), vacuolation (arrowhead),
sinusoidal dilation (askerisk), and
leukocyte infiltrations (yellow ar-
row). H & E, (x 20)

et al. 2006; Bernabo et al. 2008; Ezemonye and Ilechie 2007).
Because the above harmful insecticides have a broad spectrum
against insects and they have properties different from the
natural products, they are very high toxic to estuarine/marine
invertebrates and other aquatic animals including fishes and
amphibians (Das and Mukherjee 2003). Synthetic insecticides
such as organophosphorus, organochlorine, and pyrethroidal
compounds had neurotoxicity by altering cholinesterase en-
zymes in nervous tissues and neuromuscular junctions

(Eddleston et al. 2008) as well as altering voltage-dependent
sodium channels (Wolansky and Harrill 2008) and inhibiting
ATPase and the influx of calcium ions (Jayaraj et al. 2016). On
the other hand, the by-products of plant materials are the ideal
insecticides because they are eco-friendly to the environment.
Furthermore, the natural products are easily photodegraded
and they leave their residues in environments less than com-
mercial insecticides. Thus, the NSAI and the SCMS have less
of adverse effects on frog tadpoles as compared to some

Fig. 3 Photomicrographs of hepatic tissues of frog tadpoles show area of
bile ducts. Liver tissue of the normal tadpole (a), the tadpoles exposed to
the NSAl at 5, 10, 15, 20, and 25 g/ (b—1), and the tadpoles exposed to the

SCMS at 1.2 and 1.6 mg/l (g-h). BD indicates bile duct. Necrotic cell of
bile duct epithelium (dark arrow) and degeneration of bile duct (dark
circle). H & E, (x 40)
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synthetic insecticides. From the results of acute toxicity, we
suggested that the NSAI and the SCMS appear to be safe for
H. rugulosus tadpoles and the environment.

Aquatic vertebrates living in ponds within and around ag-
ricultural areas may be exposed to contaminants directly in
their habitats, causing mass mortality, and accumulating and
affecting non-target vertebrates. The toxic effects of insecti-
cides on freshwater fishes and frogs have been well document-
ed (Bridges 2000; Chindah et al. 2004; Johansson et al. 2006;
Briihl et al. 2013). The tadpoles are aquatic amphibian closed
with the environment and they have many chances to encoun-
ter acquired environment contaminants. The tadpoles live in
both stagnant water and stream water. They consume algae
and small insects while adult frogs feed insects and small
aquatic animals. These prey organisms may contain undesired
materials from the surroundings and unquestionably trans-
ferred them to the frog. Moreover, the larvae and adult frogs
respire through their skins, gills, and lungs, making them di-
rectly in contact with the environmental contaminants and
accumulate them in their body/organs (Wake 1991;
Blaustein and Wake 1995; Netting 2000).

The liver functions of animals are to get some wastes rid of
blood and also to degrade many poisons and detoxicate drugs
(Thapa and Walia 2007). It has been well accepted that alter-
ations of the hepatic functions can be used as a biological
marker that indicates the accumulation of toxins in the envi-
ronment. Histopathological changes of exposed tadpoles seen
in this study were similar to previous study (Wattanasirmkit
et al. 2003) who reported the effect of A. indica var siamensis
Valelton seed extract on H. rugulosus, demonstrating
karyolysis of hepatocytes, white blood cell infiltration, in-
creased fat droplet, and hydropic swelling of some hepatic
cells. Clinically, inflammation of hepatocyte, leukocyte, and
macrophages infiltrations and spreading of sinusoidal endo-
thelial cells were the similar symptoms of cirrhosis in rat
(Kasai et al. 1990). Moreover, Akah et al. (1992) reported that
the high levels of aminotransferase enzymes, and inflamma-
tion of bile duct and necrotic cells were observed in rabbit
liver after fed with neem’s leaf extract at a dose of 2.3 mg/
kg. As seen in our study, the NSAI and the SCMS at the higher
concentrations could cause severe damages to liver tissues of
frog tadpoles although they have much lower toxicity than the
synthetic chemicals including pyrethroid, organophosphorus,
and organochlorine insecticides as mentioned above. We also
agree to prior research (Schmuttere 1990), who suggested that
safety utilization of the NSAI and the SCMS extracts should
be used at low concentrations and far from water resources. It
could decrease toxic effects on frog’s and fish’s larvae and
small fish, and be safe for the environment.

As described above, both the NSAI and the SCMS are less
toxic as compared to some synthetic insecticides, therefore
they are safer to apply bioinsecticides provided from raw plant
materials because they have little or no adverse effects on frog
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tadpoles. Although some pesticides can produce mortality at
high concentrations, long-term exposure to low concentra-
tions may generate negative effects on growth rates, develop-
ments, behaviors, reproduction, and biochemical parameters.
From our results, low concentrations of the NSAI and the
SCMS did not cause lethal toxicities, but sublethal responses
to these two bioinsecticides should also be considered.
Therefore, the further investigations on long-term treatments
of the NSAI or the SCMS on H. rugulosus are required. In
addition, the study of their toxicities on other aquatic verte-
brates should be strongly recommended to support the safe
uses of bioinsecticides derived from A. indica, S. curtisii,
and M. siamensis.

Conclusion

In summary, we concluded that although the NSAI and the
SCMS at high concentrations caused acute toxicity and pro-
duced mild histopathological alterations in livers of
H. rugulosus tadpoles, they were less toxic than synthetic insec-
ticides. However, the direct application in agricultural fields near
the habitats of frog tadpoles should be considerably attentive.
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