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Abstract Solanum mammosum (L.) is known as a poisonous plant and has been extensively used for anti-cancer, antifungal,
antibacterial properties. However, the effectiveness of Solanum mammosum against insects has not been fully reported
yet. To assess the ability of Solanum mammosum fruit extract against insects, we used fruit fly (Drosophila melanogaster)
as a model. In this study, our results showed that phytochemicals and many secondary metabolites were present in Solanum
mammosum fruit extracts such as alkaloids, saponins, tannins, terpenoids, coumarins, cardiac glycosides, steroids-
triterpenoids, flavonoids, and phenolic compounds. The total polyphenol and flavonoid content were also determined to
be 275£1.89 mg GAE/g extract and 676+5.14 mg QE/g extract, respectively. Besides, Solanum mammosum fruit extract
caused lethal to 2" instar, reduced a pupae formation rate of Drosophila larvae. Interestingly, Solanum mammosum extract
is more effective in the suppression of pupae eclosion than Ascend as a commercial pesticide. These phenomena might be
associated with reduced accumulation of energy, including carbohydrates, lipids, and protein. In addition, the activities of
esterases and phosphatases were inhibited in Drosophila by the intake of Solanum mammosum. The study concluded that
Solanum mammosum has great potential as an insecticidal agent.
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1. Introduction Solanum mammosum belongs to the family
Solanaceae. Many species of this family are thought to be
toxic due to the properties of alkaloids (Chowanski et al
2016). The steroidal alkaloids and saponins were found and
considered the main components of S. mammosum fruit
(Alzérreca and Hart 1982; Lim 2013; Seelkopf 1968; Wong
2007). S. mammosum can synthesize sterol compounds such
as cholesterol, sitosterol, stigmasterol, and campesterol
(Indrayanto and Sutarjadi 1986; Pilaquinga et al 2021).
Polyphenols and alkaloids are reported to be the two main
groups of compounds present in S. mammosum that are both
highly toxic to humans and have medicinal benefits. In
addition, they are also teratogenic and considered precursors
to pharmaceutical production of oral contraceptives, which
has also been researched on anticancer, antifungal, anti-
parasitic, or antibiotic properties (Hanelt et al 2001; Lim
2016; Roddick 1996; Telek et al 1977). Almost all the parts of
S. mammosum are poisonous; therefore, they can be used to
poison cockroaches and rats (Hanelt et al 2001; Mabberley
2017).

In this study, S. mammosum was analyzed to identify
its chemical components with toxic abilities on the fruit fly

The high demand for agricultural products has led to
the abuse of chemical pesticides at increasing concentrations
(Rodrigues et al 2021). That causes more serious toxic effects
on other beneficial organisms that co-exist with pests in the
agricultural system, resulting in severe effects on human
health and undesirable adverse effects on the environment.
To limit the use of chemical pesticides, scientists have been
researching biological pesticides that are environmentally
friendly with less impact on human health and safer than
chemical pesticides (Attaullah et al 2020). Screening studies
for plant bioactive compounds have been investigated,
including polyphenols, alkaloids, flavonoids, tannins,
terpenoids, essential oils, steroids, lignin, and fatty acids.
These compounds are secondary plant metabolites shown to
be effective against a wide range of insect pests. Moreover,
these compounds may have effects on the feeding, growth,
survival, and distribution of many insects in nature or may
have the ability to inhibit one or more molecules, such as
esterases and phosphatases (Riaz et al 2018), carbohydrates
(Kissoum et al 2020), lipids (Parkash and Aggarwal 2012) and
proteins (Bensafi-Gheraibia et al 2021).
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model, thereby providing scientific evidence for the potential
of insect resistance in applying biopesticide production.

2. Materials and Methods

Research work was performed at the College of
Natural Sciences, Cantho University and Department of
Functional Chemistry, Kyoto Institute of Technology, to
investigate the efficacy of the S. mammosum fruit against
Drosophila melanogaster (hereafter Drosophila).

2.1. Extraction preparation

S. mammosum fruit was collected in Can Tho city in
February 2020. The plant species were identified by Dr.
Nguyen Thi Kim Hue, Department of Biology, Faculty of
Natural Sciences, Can Tho University, based on the
Vietnamese plant classification system. After collection, the
plant sample was washed, cut into small pieces, and dried
naturally until its weight remained constant. The dried
material was ground into a raw powder sample. 10 g of dried
powder was extracted with 100 mL of ethanol (FUJIFILM-
Wako Chemicals, Osaka, Japan) at room temperature for 24
hours, then filtered by filter paper (Advantec, No.1, Japan) to
collect the supernatants. The residues were extracted three
more times, and supernatants were combined. The S.
mammosum fruit extracts were concentrated under pressure
by using a rotary evaporator (Rotavapor R-300, BUCHI,
Switzerland), freeze-dried, and then stored at 4 °C until use.
Voucher specimens of S. mammosum were kept in the
Laboratory of Plant Biology, Department of Biology, Can Tho
University, Vietnam under code number SMf02.2020-CT007.

2.2. Preliminary qualification of chemical composition

The biologically active compounds such as alkaloids,
flavonoids, saponins, phenolics, tannins, terpenoids,
coumarins, cardiac glycosides, and steroids-triterpenoids
were preliminarily analyzed according to the methods
described by Sofowora et al (1993).

2.3. Quantification of polyphenols and flavonoids

The total polyphenol content of S. mammosum was
determined using the modified Folin—Ciocalteu’s assay
(Singleton et al 1999). First, the reaction mixture consisted of
250 pL of extract, 250 uL of water, and 250 uL of Follin-
Ciocalteu ethanol (FUJIFILM-Wako Chemicals) reagent was
well shaken. Then, 250 puL of sodium carbonate solution
(Na,COs; 10%; w/v, FUJIFILM-Wako Chemicals) was added to
the solution. The sample was mixed by vortex and incubated
at 40 °C for 30 min. The absorbance at 756 nm was measured
with a SH-1200 microplate reader (CORONA electric, Ibaraki,
Japan). Gallic acid (FUJIFILM-Wako Chemicals) was employed
as a positive control to make the standard curve equation.
The total polyphenol content of S. mammosum was
calculated using the gallic acid standard curve equation, and
the results were expressed in milligrams of gallic acid
equivalent (GAE) per gram weight of dried extract (mg GAE/g
extract).

The total flavonoid content of S. mammosum was
analyzed, following the aluminum chloride (AICls)
colorimetric method with a minor modification (Bhaigyabati
et al 2014). The reaction mixture, including 200 pL of extract
or standard at the studied concentration and 200 uL of
distilled water, was subjected to react with 40 uL of sodium
nitrite (NaNOz; 5%; w/v; FUJIFILM-Wako Chemicals). The
reaction mixture was mixed well and then allowed to stand
for 5 min. After 5 min, continued to add 40 uL of the
aluminum chloride (AICls; 10%; w/v; FUJIFILM-Wako
Chemicals) to the mixture and mixed well. The reaction was
mixed and incubated at room temperature for 6 min before
400 pL of 1 M sodium hydroxide (NaOH, FUJIFILM-Wako
Chemicals) and distilled water were added to make up a
volume of 1 mL. The absorbance at 510 nm was measured
with a SH-1200 microplate reader. Quercetin (FUJIFILM-
Wako Chemicals) was used as the positive control. Total
flavonoid content was determined as mg/g quercetin
equivalence (QE) of dried extract.

2.4. Feeding assay

The wild-type strain used was Canton-S (CS). CS strain
was used in the study obtained from the Bloomington Stock
Center at Indiana University (Bloomington, IN, USA). The fly
stocks were reared at 25 °C on standard food (4% dry yeast,
9% cornmeal, 10% glucose, 0.8% agar, 0.5% propionic acid,
and 0.05% ethyl parahydroxybenzoate) (Binh et al 2019).
Thirty male and ten female (1:3) CS flies were mated and kept
for 1 d at 25 °C, after which they were transferred to a new
tube containing standard food for two hours to deposit eggs,
to obtain a synchronized larval age (Binh et al 2019). During
the desired larval growth period, 2" instar larvae were
collected for the assays.

The 2™ instar larvae were fed with standard food
contained S. mammosum extracts (0 mg/mL and 50 mg/mL)
and 2.5% (w/v) brilliant Blue R for 24 hours. Ten larvae were
homogenized with 200 ul of ddH,0 and then added 800 pl of
ddH;0. The supernatant was collected by filter paper. The
absorbance was measured with a SH-1200 microplate reader
at 630 nm.

2.5. Mortality assay

The 2" instar larvae of Drosophila were selected for
experiments. Twenty 2" instar larvae were fed with a
standard medium containing S. mammosum extract at
different concentrations (0, 25, 50, 75, 100, and 125 mg/mL)
at three days. Ascend, the commercial insecticide was used
as positive control us. Each experiment was repeated five
times. The mortality rate was calculated following the
formula as described previously (Riaz et al 2018).

Mortality rate (%) = number of dead larvae %100 ()
number of larvae tested

2.6. Investigation of S. mammosum extract on the growth and
development of fruit flies
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Fifty male and thirty virgin female flies of CS strain
were mated on standard food and kept for 1 d at 25 °C, after
which they were transferred to a new tube containing
standard food and S. mammosum extract (80 mg/mL)
standard food without S. mammosum extract for 24 hours to
deposit eggs. Ascend was employed as a positive control at a
concentration of 30 pg/mL. The total number of pupae and
mortality rate was counted and analyzed by formula (2) to
evaluate the mortality rate of fruit flies (Riaz et al 2018).

Mortality rate (%) = number of dead flies <100 (2)
number of pupae formed

2.7. Energy storage components assays

The adult flies at 14-day-old fed with S. mammosum
and controls were collected to determine the total content of
the basic energy storage components such as carbohydrates,
proteins, and total lipids.

For total carbohydrate contents, fifteen adult flies
were homogenized with 1 mL of sterile distilled water.
Samples were centrifuged at 10,000 rpm for 15 min. The
supernatant was collected for total protein; the pellet was
washed several times with 1 mL of sterile distilled water. And
then, 3.2 mL sulfuric acid (H2SO4, 98.0%, FUJIFILM-Wako
Chemicals) and 50 pL of phenol (CsHsOH, 99.0%, Sigma-
Aldrich, MA, USA) were added in turn. The mixture was
considered to shake well and allowed to stand for 30 min. Its
spectral absorbance was estimated at 486 nm. The total
carbohydrate content in the sample was determined based
on the standard curve equation of glucose (Nielsen 2017).

For total protein, the supernatants obtained from
carbohydrate assay were used. The reaction mixture
consisted of 1 mL of sample solution and 2 mL of Bradford
reagent. Its spectral absorbance was measured at 595 nm.
Albumin (FUJIFILM-Wako Chemicals) was used as a positive
control to form the equation of the standard curve (Bradford
1976)

For total lipid, fifteen adult flies were weighted (m1)
and placed in the test vials and dried at 60 °C for 48 h. After
drying, those flies were weighed (m;). Then, 1.5 mL diethyl
ether (Sigma-Aldrich) was added and shaken at 200 rpm for
24 h at room temperature. The solvent was removed, and the
fruit flies were again dried at 60 °C for 24 h. The final weight
was determined (ms). The relative lipid content was
calculated according to the following formula (Parkash and
Aggarwal 2012).

(m2 —mO0) — (m3 —m0)

Lipid (%) = T x 100 3)

where: mg prefers to the weight of the test vial; m; represents
the initial weight; m; represents the weight after 48 h of
drying; ms represents the final weight.

2.8. Enzyme assays

The adult flies at 14-day-old fed with S. mammosum
and controls were collected to evaluate the esterase and
phosphatase inhibitory activities. The fruit flies were

simultaneously washed and homogenized in 0.5 mL of 20 mM
(pH 7.0) cold sodium phosphate buffer (PBS) and then
centrifuged at 8,000 rpm at 4 °C for 20 min. The supernatant
was collected to analyze the activities of esterases
(acetylcholinesterase, carboxylesterase, a-carboxylesterase)
and phosphatases (phosphatase acid and alkaline
phosphatase).

For acetylcholinesterase (AChE) activity: AChE activity
was determined according to the method of Riaz et al (2018).
The reaction mixture consisted of 50 uL of sample solution,
50 pL of 2.6 mM acetylcholine iodide (ATCI, FUJIFILM-Wako
Chemicals), and 1 mL of 20 Mm (pH 7.0) PBS was incubated
at 25 °C for 5 min. Then added 400 pL of Fast Blue B salt
(C14H12N402C|2'ZI’IC|2, 0.3% W/V, FUJIFILM-Wako Chemicals) to
the mixture to stop the reaction. The spectral absorbance of
the reaction mixture was measured at 405 nm.

For carboxylesterase activity: a-carboxylesterase and
B-carboxylesterase activities were determined as described
previously (Riaz et al 2018). The reaction mixture, including
50 pL of sample solution, 1 mL of 20 mM (pH 7.0) PBS, 50 pL
of a-naphthyl acetate or B-naphthyl acetate as substrates
(Sisco Research Laboratories Ltd., Telangana, India), was
added separately to determine the amount of a-
carboxylesterase and 8-carboxylesterase, respectively. The
reaction mixture was incubated at 30 °C for 20 min. After
incubation, the reaction mixture was added 400 pL of Fast
Blue B (0.3% w/v, FUJIFILM-Wako Chemicals) mixed in
sodium dodecyl sulfate (SDS, 3.3% w/v) to stop the enzymatic
reaction. Then the mixture was kept standing for 15 min at
20 °C. Its spectral absorbance was determined at 430 or 590
nm for a-carboxylesterase or 8 —carboxylesterase,
respectively.

For acid phosphatase and alkaline phosphatase
activities: Acid phosphatase (AcP) and alkaline phosphatase
(AkP) activities were determined according to the method of
Riaz et al. (Riaz et al 2018). For the estimation of AcP activity,
50 pL of sample solution was mixed with 50 L of 50 mM (pH
7.0) sodium phosphate buffer (PBS) and 100 pL of 20 mM p-
nitrophenyl phosphate as substrate (Sisco Research
Laboratories Ltd.). For the estimation of AkP activity, 50 pL of
sample solution was mixed with 50 pL of 50 mM (pH 9.0) Tris-
HCI buffer and 100 pL of 20 mM p-nitrophenyl phosphate.
Both AcP and AkP solutions were then incubated at 37 °C for
15 min. The enzymatic reaction was stopped by adding 0.5 N
sodium hydroxide (NaOH, FUJIFILM-Wako Chemicals). The
absorbance at 440 nm (A4 nm) was measured using a
microplate reader (Model SH-1200 Lab, Corona Electric,
Japan). The percent inhibition (Pl) of enzyme activity was
calculated using the following equation:

(A440 nm of control — A440 nm of test sample)

% inhibition =
¢ Inhibition (A440 nm of control — A440 nm of blank)

x 100 ()

2.9. Statistical Analysis

The experiments were repeated at least three times.
Excel 2016 and GraphPad Prism version 9.2.0 (332) software
were used for statistical analysis and figure preparation.


https://en.malquepub.com/
https://doi.org/10.31893/jabb.21001
http://www.jabbnet.com/

Results are expressed as mean + standard deviation (SD).
Differences among means were tested for statistical
significance using one-way analysis of variance (ANOVA)
followed by Tukey's multiple tests. Statistical significance was
setat P<0.05

3. Results and Discussion

3.1. Phytochemical components of S. mammosum fruit
ethanol extract

Preliminary  qualification result of chemical
composition in S. mammosum extract indicated the presence
of alkaloids, flavonoids, saponins, phenolics, tannins,
terpenoids, coumarins, cardiac glycosides, and steroids-
triterpenoids. These above compounds have also been
reported to have a wide range of biological activities,
including the toxic activity on the Drosophila fruit fly model
(Luna et al 2021; Quijano et al 2014; Riaz et al 2018; Valéria
Soares de Araujo Pinho et al 2014).

The total phenolic and flavonoids in the ethanol fruit
extract from S. mammosum were observed to be 275+1.89
mg GAE/g dried extract and 676+5.14 mg QE/g dried extract,
respectively. These results indicated that the extract from
fruit consists of a high amount of phenolic and flavonoids,
which is consistent with the total content of phenolic and
flavonoids in the leaf extract of S. mammosum and another
species of the Solanaceae family (Kudale et al 2016;
Pilaquinga et al 2021). Interestingly, a previous study
demonstrated that Solanum lycopersicum roots contained a
high amount of phenolic compounds that might be
prohibited the growth of insects such as Helicoverpa
armigera and Spodoptera litura (Singh et al 2014). In
addition, flavonoids could inhibit enzyme activity and prevent
larval development of various insects (Structures 2000).
Therefore, new types of pesticides are currently being
developed from natural sources that use flavonoids as the
key ingredients to alternative synthetic pesticides. In this
study, we found that the fruit extract of S. mammosum

possessed an enormous amount of phenolic and flavonoids,
suggesting that this extract may have the potential for insect
resistance.

3.2. Effect of S. mammosum extract on mortality of 2" instar
larvae of Drosophila

The potential of S. mammosum against insect
development was assessed using Drosophila as a model. To
test whether 2" instar larvae can consume the food
containing S. mammosum extract, the feeding ability was
indirectly evaluated through absorbance of brilliant Blue R by
feeding assay. These results indicated that the intake of the
standard food contained S. mammosum extract had no
significant difference to standard food without S.
mammosum extract, implying that S. mammosum extract
was insensitive to the Drosophila larvae (data not shown).

The toxicity of S. mammosum extract was examined
by calculating the mortality rate of Drosophila larvae that
were fed with standard food containing various S.
mammosum concentrations. Our results showed that S.
mammosum extract act on the duration of larval
development and larval mortality in a dose-dependent
manner. The three concentrations (75 — 125 mg/mL) showed
high larvicidal activity at the end of mortality monitoring (3
days after treatment). Notably, the mortality rate of
Drosophila 2™ instar larvae was increased by 78.9 % at a S.
mammosum extract concentration of 125 mg/mL (Figure 1A).
As shown in table 1, a lethal dose (LDso) of the extract is
required to kill about 50% of Drosophila larvae was 80 mg/mL
(equivalent to 27.1 pg/mL Ascend). A previous study
demonstrated that the fruit extract of S. mammosum has
toxicity to Aedes aegypti mosquito larvae (Pilaquinga et al
2021). Besides, Bagu et al (2020) reported that Ximenia
americana extract could kill the fruit fly at 327.7 mg/mL,
which is extremely higher than S. mammosum fruit extract.
These results imply that S. mammosum is a good candidate
for use as insect resistance.

Table 1 LDsg of S. mammosum fruit extract and Ascend insecticide.

Treatments Linear regression equation LDsovalue
y=1.5719x-1.2125

Ascend (ug/mL) 27.1
RZ=0.9964
y=610.79x+3.8624

S. mammosum (mg/mL) 80

R?=0.9899

3.3. Effect of S. mammosum extract on the Drosophila
development

To access the ability of S. mammosum fruit extract on
the growth of Drosophila, the formation and eclosion of
pupae were analyzed. The results indicated that S.
mammosum  fruit extract significant reduced the
development of Drosophila after 14 days of treatment. As
shown in Figure 1C, the pupae formation of Drosophila was

significantly suppressed up to 48.3% at an 80 mg/mL
concentration of S. mammosum extract, compared to the
negative control. At an Ascend concentration of 30 mg/mlL,
the formation of pupae was inhibited by 60.1%. The decrease
in pupae formation induced by intake of S. mammosum
extract may relate to the accumulation of energy in the larvae
stage of Drosophila. In addition, S. mammosum extract was
more effective than Ascend for preventing pupae eclosion of
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Drosophila. The mortality rate of Drosophila pupae was
59.5% in S. mammosum extract and 54.7% in Ascend (Figure
1C). These findings suggest that the S. mammosum extract
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Figure 1 S. mammosum fruit extract suppresses the development of fruit fly. The 2nd instar larvae were fed standard food added varying
concentrations of S. mammosum extract. Ascend was used as a positive control. The number of larvae was calculated after three days to
confirm the mortality of fruit fly larvae (A, B). The number of larvae was analyzed after seven days to evaluate the pupae formation, while
the pupae eclosion was evaluated after ten days (C). Data are expressed as means * SD. Statistical significance was calculated by one-way

ANOVA. n.s, not significant; * P < 0.05; *** P <0.001.

3.4. Effect of S. mammosum extract on the accumulation of
energy Drosophila larvae.

Previous studies reported that polyphenols and
flavonoid compounds extracted from plants might affect the
food intake of several insects (Franzetti et al 2015; Peres et al
2017). To clarify these points, we analyzed the basic energy
storage components, including carbohydrates, lipids, and
proteins. The energy storage of adult Drosophila was
significantly decreased by feeding with S. mammosum
extract at 80 mg/mL after 14 days. As shown in Figure 2
indicated that carbohydrate, lipid, and protein contentin flies
fed with S. mammosum extract were 208.0 pg/mL, 4.0 pg/mL
and 49.1 pg/mL, respectively, compared to Ascend (524.0
pug/mL, 5.6 pg/mL and 62.8 ug/mL, respectively) and negative
control (723.0 pg/mL, 13.0 pg/mL and 96.6 pg/mlL,
respectively). Hamida et al (2021) reported that the
commercial Oberon insecticide inhibited the lipid synthesis
and affected the sexual behavior and fertility of Drosophila.
The energy storage content in the Drosophila ovary was also
decreased by feeding with this insecticide (Kissoum et al
2020). It seems reasonable to assume that S. mammosum
fruit extract not only contains harmful compounds and but
suppresses the accumulation of carbohydrate, lipid, and

protein content that is essential for producing pheromones
of insects, thereby preventing insect growth. This evidence
enforces our hypothesis that S. mammosum fruit extract has
the ability to be used as an insecticide.

3.5. Effect of S. mammosum extract on the activity of esterase
and phosphatase

The current studies reported that insecticides that are
origin from plant extracts suppress the growth of insects by
inhibiting enzyme activity (Attaullah et al 2020; Menozzi et al
2004; Riaz et al 2018; Senthil Nathan et al 2008). To further
evaluate the effect of S. mammosum extract on the enzyme
activity, the adult flies at 14-day-old that fed with S.
mammosum (80 mg/mL) were collected and analyzed the
activity of AChE, a- and B-carboxyl, AcP, and AkP. The results
demonstrated that S. mammosum extract had the ability to
inhibit the activity of these enzymes at a concentration of 80
mg/mL. Figure 3 indicated that the fruit extract of S.
mammosum reduced the activity of AChE, a- and B-carboxyl
AcP, and AkP by 62.3%, 28.5%, and 27.57%, 70.1%, and
33.5%, respectively. Attaullah et al (2020) demonstrated that
reduced activity of enzymes AChE, AcP, AkP, a-carboxyl, and
B-carboxyl could suppress the development of Musca


https://en.malquepub.com/
https://doi.org/10.31893/jabb.21001
http://www.jabbnet.com/

domestica larvae. To control the population of Drosophila,
Menozzi et al (2004) suppressed the activation AchE by
deleting Ace gene encoding AchE in 30 strains of Drosophila.
Moreover, Younes et al (2011) indicated that the plant oils
from several culinary and medicinal plants could be against
Trogoderma granarium development by inhibiting the

activity of AcP and AkP. These data implied that S.
mammosum extract induced mortality 2nd instar larvae
inhibited the formation of pupae, reduced pupae eclosion
might associate with suppressing the activity of these
enzymes.
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Figure 2 S. mammosum fruit extract reduces the accumulation of energy on Drosophila. The total carbohydrate (A), lipid (B) and protein (C)
were analyzed (n = 3, 100 flies per replicate). Data are expressed as means * SD. Statistical significance was calculated by one-way ANOVA.

n.s, not significant, *** P < 0.001.
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Figure 3 Intake of S. mammosum fruit extract inhibits the activity of esterase and phosphatase on Drosophila. The esterase activity (A) and
phosphatase activity were analyzed (n = 3, 100 flies per replicate). Data are expressed as means + SD. Statistical significance was calculated

by one-way ANOVA. n.s, not significant, * P < 0.05; *** P < 0.001.

4. Conclusions

Our study indicated the phytochemical components of
S. mammosum fruit extract, such as alkaloids, flavonoids,
saponins, phenolics, tannins, terpenoids, coumarins, cardiac
glycosides, and steroids-triterpenoids. Besides, total
polyphenol and flavonoid content were determined to be
275 +1.89 mg GAE/g extract and 676 + 5.14 mg QE/g extract,

respectively. The S. mammosum fruit extract might suppress
the development of the fruit fly by preventing the
accumulation of energy and inhibiting the activity of esterase
and phosphatase. These results suggest that S. mammosum
extract possesses potential properties to use as an insect
pesticide and management. Thus, further research is needed
to isolate active compounds and evaluate their effects on
insects.
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