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Introduction: Melatonin (N-acetyl-5-methoxytryptamine), a serotonin derivate, is a powerful Subala’?

antioxidant due to its capacity to stimulate the innate immune response in plants and animals.
However, in invertebrates, few studies have been conducted to verify the protective effect of Biotechnoloay. Avva Nadar Janaki A |
melatonin in the antioxidant defense system. Objectives: This study aimed to evaluate melatonin lotec no. ©9Y; i yya Nadar a?a tAmma
antioxidant role in short-term (24 hr), intermediate (72 hr), and long-term (144 hr) effects College, Sivakasi-626123, Tamil Nad.,
against abamectin, the family of avermectins exposure in the midgut of S. /itura. Materials and INDIA.
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Methods: Melatonin affects ROS generation, nitrite content, protein carbonyl content, TBARS
levels, antioxidant enzymes (SOD, GST, CAT, and GPx), ascorbic acid levels, and AChE levels were
studied. Results: Results showed that abamectin exposure substantially increases nitrite, TBARS,
and ascorbic acid levels (p<0.001). In contrast, long-term melatonin exposure (144 hr) declined
ROS, carbonyl content, SOD, GPx, AChE, and ascorbic acid levels (p<0.05). Short-term melatonin
exposure (24 hr) was also observed to be effective by significantly reducing (p<0.05) ROS, GST,
and Gpx levels in abamectin-exposed animals. Similarly, long-term melatonin exposure (144
hr) showed small DNA fragments similar to control and expression of 100 and 75kDa proteins
because of its protective mechanism in insects. Similarly, luzindole, a melatonin antagonist,
has small DNA fragments because of its blocking actions on the melatonin receptors in insects.
Conclusion: The present study shows that melatonin reduces free radical generation and has
protective effects on pesticide-exposed insects, especially in long-term exposure to animals.
This effect of indoleamine may be a possible strategy to prevent the damage caused due to
abamectin exposure in animals.
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serotonin  and Reactive Nitrogen Species (RNS) is referred to as the free

derivate, is produced in the pineal gland as well as several organs,
including ovary, testes, bone marrow, gut, placenta, and liver
invertebrate animals,' but it is also present in bacteria, protozoa,
plants, fungi, and invertebrates.>® Recent studies observed that the
first melatonin metabolite in the antioxidant pathway is N-acety
1-N-formyl-5-methoxykynuramine (AFMK), which prevents

radical scavenging cascade. This indoleamine effect is observed
to be highly effective, even at low concentrations, protecting
organisms from oxidative stress damage.” This activity has been
observed in Caenorhabditis elegans® and humans.” Melatonin
benefits have been studied in several invertebrate animals.
However, few studies have suggested the immunotoxicity effects

free radicals damage. The process by which melatonin and its of indoleamine in insects.'
metabolites successively scavenge Reactive Oxygen Species (ROS)
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Abamectin (ABA) is a broad-spectrum insecticide, acaricide, and
nematicide. It belongs to the family of avermectins and has been
used in high potencies for a broad spectrum of invertebrate pests.!
In addition, it is believed to be a GABAergic agent and is known
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to induce oxidative tissue damage due to its capacity to generate
ROS.2 ROS, the derivatives of cellular oxygen, cause damage to
the organism reacting with critical biological macromolecules,
such as lipids and proteins, leading to cell death. Insects have
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developed a complex network of enzymatic and non-enzymatic
antioxidant systems.” In the enzymatic ROS-scavenging
pathways, significant components of the antioxidant enzyme
system of insects include Superoxide Dismutase (SOD),
Catalase (CAT), and Peroxidases (POX).!* Several studies have
verified the influence of melatonin in the antioxidant defense
system regulating the activity of Glutathione Peroxidase (GPx),
Mn-superoxide dismutase (Mn-SOD), and Cu/Zn-superoxide
dismutase.” It is observed that the indoleamine stimulates the
‘antioxidant cascade,’ increasing the antioxidant enzymes'
activities, improving the total antioxidative defense capacity of the
organism.'® In organisms, increased levels of Lipid Peroxidation
(LPO) and protein carbonyls are considered markers of oxidative
stress.’ To prevent oxidative stress damage, it is well known that
several antioxidant enzymes may decrease these disturbs due to
their direct and indirect effects on the organism. By its immediate
effects, melatonin is observed to reduce LPO levels and protein
and DNA damage. In addition, indoleamine and its metabolites
play a pivotal role in the antioxidant system scavenging both ROS
and RNS.”

Among lepidopteran insects, Spodoptera litura Fabricus
(Lepidoptera: Noctuidae), is a polyphagous insect that has about
172 species of host plants from 40 families in India. It is also known
as the Cluster caterpillar, Cotton leafworm, Tobacco cutworm,
and Tropical armyworm. It is one of the most economically
important insect pests in many countries including India, Japan,
China, and other countries of Southeast Asia. In India, S. litura
is proving to be a chief constraint in the production of crops.
The higher reproductive capacity and migration ability over long
distances make S. litura a serious pest of many economically
important crops such as cotton, groundnut, rice, tomato, tobacco,
citrus, rubber, castor, millets, sorghum, maize and many other
vegetables. This nocturnal insect was chosen as a model for this
study because of its availability, fast-growing and polyphagous in
nature.'® In insects, brain and midgut tissue secretes high levels
of melatonin.” Midgut has a rich antioxidant enzymatic source
which diminishes the pro-oxidant conditions and decreases the
free radicals generation.'$%

Numerous clinical trials have examined the therapeutic use of
melatonin for the last 20 years in different fields of medicine. Our
earlier study®' proved that pre-treatment of melatonin decreases
the abamectin pesticide-induced toxicity in S. litura. The efficacy
of melatonin has been assessed to be a coadjutant treatment
for several diseases with encouraging results due to the lack of
serious toxicity and its natural source.”>** Several studies have
verified melatonin antioxidant effect of invertebrate animals in
a time-dependent manner.”>* However, more studies are needed
to know about the safe use of melatonin in medicine. Nowadays,
it is still unknown the time-dependent free radical scavenging
potential of melatonin, especially in insects. Given the above,
the purpose of this study is to evaluate melatonin's role in the
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antioxidant defense system in a short-term (24 hr), intermediate
(72 hr), and long-term (144 hr) effect against abamectin exposure
in the midgut of S. litura model.

MATERIALS AND METHODS

Chemicals

3-carboxy-4-nitrophenyl disulfide (DTNB), 2-thiobarbituric acid
(TBA), melatonin, and Luzindole were purchased in technical
grade from Sigma Aldrich (India). Abamectin (N-acetyl 2-benzyl
tryptamine) was procured from Insecticides Pvt. Ltd., New
Delhi (India) and has the commercial-grade name of Agrimek.
Leaf-dip method® was used to find out the mortality (%) for 24 hr
using castor leaves as substrates. From this preliminary data, the
dosage of abamectin used was 1.56 ml (28 mg AI)/L for further
experiments, according to previous studies.”” The chemicals and
reagents used in this study were of analytical grade.

Animals

Spodoptera litura (National Accession No NBAII-MP-NOC-02)
was obtained from the National Bureau of Agricultural Insect
Resources (NBAIR), formerly the National Bureau of Agricultural
important insects (Bangalore, India). All the animals were
maintained in our laboratory conditions (12-hr light/12-hr dark
cycle, 70£10% humidity, 24+1°C) and providedad libitum. The
larvae were fast 8 hr before dissection. In this study, biochemical
assays were performed with fifth instar larvae.

Experimental Design

Third instar larvae (n=630) were divided randomly into five
groups as follows:

(1) Control group (n=90): 0.IM Phosphate buffered saline
containing Na,HPO, and NaH PO ; pH 7.5).

(2) Luzindole group (n=90): (250 mM).*
(3) Melatonin group (n=90): 4.3x10-° M/100 ml diet.*!
(4) Abamectin group (n=90): 28 mg AI/L.%

(5) Melatonin+abamectin group (N=270 totally; n=90/each
group): (MT; 4.3x10~° M/100 ml diet and ABA; 28 mg AI)/L).
Three different measurements were performed for the time of
melatonin effects in this group:

(a) 24 hr (n=90): short-term treated larvae;
(b) 72 hr (n=90): intermediate treated larvae;
(c) 144 hr (n=90): long-term treated larvae;

Melatonin (4.3x10~> M) along with abamectin was supplemented
in three different time-dependent groups (24 hr: short-term,
72 hr: intermediate, and 144 hr: long-term). In the short-term
group, melatonin was administered for 24 hr, in the intermediate
group during 72 hr, and the long-term group was exposed during
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144 hr to melatonin. After this period, larvae were provided with
melatonin free diet until they reached the fifth instar stage.

In the melatonin solution preparation, ethanol was used to
dissolve melatonin (>0.01%).** From each group (n=90larvae), we
obtained three replicates (30 larvae formed each replicate) which
were kept in plastic containers fed with 100 mL of artificial diet
according to previous studies.”® All experimental animals were
kept in this diet until they reached the 5% instar, replaced every
three days. All the animals were dissected under cold conditions.
Midgut was collected carefully using ophthalmic scissors and a
sterile needle and placed rapidly into a deep freezer at -20°C until
the time of analysis.

Insect bioassay

Larval survival rate was assessed by gentle probing with a fine
camelin brush every 24 hr in all experimental groups.* It was
categorized as dead (no movement), moribund (unable to move),
and alive (able to move>1 body length). Dead and dying insects
were considered dead. The mortality rate (%) was corrected
according to Abbott's formula.*®

Preparation of midgut extract

Larvae were immobilized for 30 min maintaining them at -20°C
previous to the dissection. The midgut was removed and weighed.
Midgut homogenate (10%) was prepared using 0.IM ice-cold
phosphate buffer (pH 6.4), and centrifugation was repeated 2-3
times (1000xg, 4°C for 15 min), filtered. The supernatant was
used as an enzyme source for subsequent biochemical analysis.

Assays of antioxidant enzyme activities

The measurement of SOD, GST, CAT, GPx, and non-enzymatic
antioxidant molecules, including ascorbic acid activities, was
determined spectrophotometrically. In
assay, protein measured using UV-visible
Spectrophotometer (Systronics, India).

every biochemical

content was

Superoxide Dismutase (SOD; EC1.15.1.1) activity was determined
based on the studies of Marklund and Marklund.*® The reaction
was started by adding Pyrogallol (15 mM) and followed by the
rate of autoxidation at 440 nm. One unit of total SOD activity
was defined as the amount of enzyme required to cause 50%
inhibition of pyrogallol autoxidation. Total SOD activity was
expressed as units/min/mg protein.

Glutathione S-transferase (GST; EC 2.5.1.18) activity was
determined using 1-chloro-2,4-dinitrobenzene (CDNB) as a
substrate according to the method of Habig et al.”” The formation
of GSH-CDNB conjugate was monitored by the change in
absorbance at 340 nm and had an extinction coefficient of 9.6
mM™" cm™. One unit of GST activity was defined as the amount
that catalyzes the conjugation of 1 mM/L GSH with CDNB per
minute per mg protein. GST enzyme activity was expressed as
uM/min/mg of protein.
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Catalase (CAT; EC 1.11.1.6) activity was determined by
monitoring the clearance of hydrogen peroxide (H,0,) at 240
nm.*® One unit of CAT activity was defined as the amount that
decomposes H,O, per second per g protein. Its activity was
expressed as uM H,O, decomposed/min/mg protein using the
molar extinction coefficient (g) of 0.0394 mM"* cm™ for H,O,
conjugate.

(GPx; EC 1.11.1.19)
measured in absorbance at 412 nm. Reduced GSH reacts with

Glutathione Peroxidase activity was
DTNB and gets reduced to a yellow-colored complex with an
absorption maximum at 412 nm.” GPx activity was expressed as
Units/mg of protein. One unit of GPx is defined as the amount of
the enzyme that converts 1 uM of GSH to Glutathione disulfide
(GSSG) in the presence of H,O, per min.

Furthermore, non-enzymatic antioxidant molecules such as
ascorbic acid levels were determined by the methodology of Roe
and Kuether.** It was assessed by coupling dehydro-ascorbic acid
with DNPH, and the resulting derivative was treated with sulfuric
acid (H,SO,) to produce a red color that absorbs maximally at 520
nm. The enzyme activity was expressed as pM/mg protein.

Acetylcholinesterase (AChE) activity

AChE activity was measured by Ellman et al.," method using
5,5’-dithio-bis-2-nitrobenzoate (DTNB) as an oxidizing agent.
The rate of hydrolysis of acetylthiocholine iodide was calculated
by following an increase in absorbance at 412 nm. AChE activity
was expressed as UM/min/mg protein using the molar extinction
coeflicient (¢) of the chromophore is 1.36x10* mM* cm™.

Total Protein concentration

According to Folin's Phenol method, total protein content was
determined using Bovine Serum Albumin (BSA) as the standard.*?

Measurement of ROS generation

ROS generation was performed according to Beauchamp and
Fridovich® (with minor modifications), adding 1 mL of KOH
(2M) and 1 mL of DMSO to the sample, and its absorbance
was measured at 630 nm. ROS generation was calculated by
comparing OD values of ROS with a standard curve elaborated
with Nitro Blue Tetrazolium chloride (NBT) and was expressed
as UM NBT equivalent/10 mg tissue.

Griess reaction for nitrite concentration

Nitrate levels were measured according to Ding et al,“
Nitrate converts nitrite to a deep purple azo compound using
Griess reagent (1% sulfanilamide, 0.1% naphthylene diamine
dihydrochloride, and 2.5% H,PO,) at 540 nm. All measurements
were performed in triplicate. Nitrate concentration (uM/mg) was
determined using a standard curve of sodium nitrate.
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Oxidative damage markers

The oxidative damage to proteins was measured by estimating
carbonyl proteins according to a modification of the technique
of Levine et al.,* using 2, 4 dinitrophenylhydrazine (DNPH) as a
reagent. Carbonyl content was determined from the difference in
absorbance (A = 370 nm) between DNPH-reacted and unreacted
HCI samples. Protein carbonyl content was expressed as nmol
protein carbonyl per mg protein.

As an index of lipid peroxidation, the formation of Thiobarbituric
Reactive Substances (TBARS) was measured as described by
Janero.*® It was based on a Thiobarbituric Acid (TBA) method
in which Malondialdehyde (MDA) reacts with TBA to generate
a red species (with a maximum absorbance at 532 nm). Results
were expressed as nmol malondialdehyde formation per g tissue.

DNA Fragmentation Assay

10% homogenate was collected by centrifugation at 12,000xg
for 10 min at 4°C using 10mM cold Phosphate Buffered Saline
(PBS). The pellet was washed twice with PBS and suspended in
750 uL of TES [10 mM Tris-HCI, 1 mM EDTA pH 8.0% SDS]
with 50 pg/mL of proteinase K. The result was incubated at 37°C
for 3 hr. The DNA was extracted twice with an equal volume of
phenol (saturated with 100 mM Tris/HCI pH-8)/chloroform/
isoamyl alcohol (25:24:1) and then once with chloroform
alone. The quantification of DNA samples was conducted
using a UV-visible spectrophotometer. Additionally, the ratios
of A260/280 and A260/230 were calculated to evaluate the
sample integrity and contamination of proteins or other organic
substances. High integrity and purity DNA preparations were
accepted for electrophoretic analysis. The extracted DNA was

precipitated in ethanol and dissolved in Tris-acetate EDTA (TAE)
buffer with RNAse. The result was incubated at 37°C for 2 hr.
Separation of DNA samples was performed using horizontal gel
electrophoresis (1.5% agarose) under standard conditions. DNA
fragments were detected using ethidium bromide staining and
UV transilluminator.

Polyacrylamide gel electrophoresis

Gut enzyme extracts from the third instar of S. litura larvae
were prepared according to Johnston et al.,*” method with some
modifications. The midguts were homogenized in ice-cold
0.2 M glycine-NaOH bufter, pH 8 containing 2 mM DTT, and
10% PVP (10 guts/mL buffer). The homogenates were kept for
2 hr at 10°C and centrifuged at 11,200xg for 15 min at 4°C.
The resultant supernatant was used in the Sodium Dodecyl
Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE), using
10% gel. Bromophenol blue was used as the tracking dye. After
electrophoresis, the gels were stained with Coomassie Brilliant
Blue R-250 staining solution (0.025% Coomassie Blue R-250, 40%
methanol, 7% acetic acid). The gel was destained with a solution
I (40% methanol, 7% acetic acid, in distilled water) for 30 min.
Then the gel was placed in destaining solution II (7% acetic acid,
5% methanol in distilled water) for 2 hr with intermittent shaking.
Destaining was continued until blue bands and a transparent
background was obtained, is then photographed. Molecular
weights of unknown proteins were calculated from the standard
molecular marker.

Statistical analysis

All the data were analyzed by one-way ANOVA using GraphPad
Prism 5 (Version 5.0, San Diego, CA). The results in the graphs

Table 1: Larvae and Pupal length (cm) (Mean+SD) of experimental groups in Spodoptera litura.

Larval stages (Instar)

Sl. Experimental Groups | Il ] IV ' Vi Pupae

No.

1.  Control 0.75£0.05 1.21+0.03 1.68+0.02 2.59+0.03 3.16+0.03 3.35+0.04 1.65+0.02

2. Luzindole 0.64+0.07 0.99£0.03 1.41+£0.03 1.99+0.04 2.47+0.02 3.18+0.04 1.36%0.05

3. Melatonin 0.77£0.04 1.37+0.04 1.60+0.02 2.52+0.02 3.10+0.03 3.22+0.03 1.67+0.04

4. Abamectin 0.21+0.07° 0.76+£0.06" 1.17+0.04 1.67+0.03" 1.97+0.23" 2.10+0.05" 1.20+0.05

5.  Melatonin+abamectin 24 hr 0.53£0.03  0.89+0.04 1.20+0.06 1.66+0.07° 2.12+0.04 2.30+0.06 1.50+0.05
(Short-term)

6. 72 hr 0.25£0.05" 0.78+0.03" 1.20+0.07 1.71+0.06 1.93%0.05" 2.13+0.04" 1.20+0.03
(Midterm)

7. 144 hr 0.58+0.04 1.00£0.04 1.50+0.04 2.03+0.05 2.50+0.05 2.50£0.06 1.60+0.05

(Long-term)

Data are expressed as mean + SD of three independent biological replicates. Asterisk (*) showed the significant differences (p< 0.05) (marked as bold) with control

group by one-way ANOVA.

I-First larval instar; II-Second larval instar; III-Third larval instar; [V-Fourth larval instar; V-Fifth larval instar; VI-Sixth larval instar; cm-centimeter; SD- Standard

deviation; hr-hours.

Melatonin+Abamectin exposure during 24 hr, 72 hr and 144 hr.**; p<0.01, ***: p<0.001, compared with control group; ns; No significant.

Free Radicals and Antioxidants, Vol 15, Issue 1, Jan-Jun, 2025

23



Subala and Shivakumar.: Melatonin Alleviates Abamectin Damage

represent the mean values + SD. Statistical testing of significance
was analyzed using Bonferroni multiple comparison test.

RESULTS

Different timing of Melatonin exposure on S. litura
growth and Development

Increased larval mortality (50%) was observed in the abamectin
group (p<0.01) compared to the control group. Abamectin
toxicity was significantly reduced (p<0.05) in long-term
melatonin+abamectin (144 hr) treated animals compared to the
abamectin group (Figure 1A). Attending to the larvae survival
rate, there were observed statistically significant differences
(p<0.001) in intermediate melatonin+abamectin (72 hr) exposed
animals. The number of moribund and dead larvae was observed
to be increased significantly (p<0.001) in the abamectin group
(Figure 1B). Our results also showed that the larval growth was
affected in abamectin exposed animals. The length and weight
of all life stages of larvae (from the first instar to the sixth
instar) and pupae were displayed in Tables 1 and 2. While in
melatonin+abamectin treated insects during 24 hr and 144 hr,
there were no observed differences compared to the control group;

@

=]

1
- ]
()] =
1 ]

ns

Mortality (%)
3
1

o
1

Sl
1
No of Larvae (Mean + 8D)
s

(=]
I

T T
Control abamectin ~ 24h 72h 144h

—
A Melatonin+Abam ectin B
. .

Control Luzindole Melatonin Abam ectin 72h
i

the melatonin+abamectin 72 hr animals showed statistically
significant differences (p<0.05) in length (I, II, V, VI instars) and
weight (I, IL, VI instars) compared to control group (Tables 1 and
2). The reduced number of hatching larvae and the increase of
larvae development time in all life stages of larvae in the abamectin
group was recovered in the melatonin exposed groups (24 hr and
144 hr). These results were not observed in melatonin+abamectin
72 hr group (Table 3). The results suggest that marked reduction
of oxidative stress was retained in melatonin+abamectin 24 hr
and 144 hr (Short-term and Long-term) treated insects attending
to the physiological parameters such as length, weight, and
developmental time.

Different timing of Melatonin exposure on ROS and
nitrite levels

A significant increase (p<0.001) of ROS levels in S. litura larvae
was observed when insects were exposed to abamectin. ROS levels
were significantly reduced in all melatonin+abamectin treated
animals (24 hr and 144 hr, p<0.01; 72 hr, p<0.05) compared to
the abamectin group (Figure 2). Nitrite content was markedly
elevated in the abamectin group (p<0.001) and decreased
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Melatonin+Abam ectin

Figure 1: (A) Mortality (%) and (B) Larvae survival ratio (%) in Spodoptera litura midgut of different experimental groups. (There was no mortality
ratio (%) in the Melatonin and Luzindole insects; therefore it was not mentioned in this mortality graph). * p<0.05, **: p<0.01, ***: p<0.001, compared
with control group by one-way ANOVA. #: p<0.05, compared with abamectin group by one-way ANOVA; ns; No significant.
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Figure 2: Total ROS levels (uM NBT equivalent/ mg tissue) in Spodoptera litura midgut of the different experimental
groups. ROS- Reactive oxygen species. ***: p<0.001, compared with the control group by one-way ANOVA; #: p<0.05, ##;
p<0.01 compared with the abamectin group by one-way ANOVA.
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significantly (p<0.05) in melatonin+abamectin treated animals

during 24 hr compared to the abamectin group (Figure 3).

Different timing of Melatonin exposure on Oxidative
damage

Markers of oxidative damage were assessed by different timing
of melatonin exposure (Figures 4 and 5). melatonin+abamectin
animals treated during 24 hr, 72 hr, and 144 hr showed a
statistically significant (p<0.05) decrease of protein carbonyl

content compared to the abamectin group (Figure 4).

We observed a statistically significant increase (p<0.001) of
the TBARS levels in the abamectin group compared to control

animals. Supplementation of melatonin+abamectin during 24 hr

8

12
2

N
$

:

E

(p<0.05) and 72 hr (p<0.01) showed a decrease of TBARS levels
compared to the control group (Figure 5).

Different timing of Melatonin exposure on
Antioxidant enzymes

A marked elevation (p<0.05) of SOD activity was observed
when larvae were exposed to melatonin+abamectin during 144
has compared to the abamectin group. A significant decrease
(p<0.001) of SOD activity was observed in abamectin-treated
insects compared to control (Figure 6A). A statistically
significant difference (p<0.05) of GST activity was observed in
melatonin+abamectin 72 hr exposed insects compared to the
control group. By contrast, decreased GST levels in the abamectin
group were observed compared to control larvae (Figure 6B). CAT
activity was also increased in the melatonin+abamectin group

Fedkd

*

=]
|

Control

Concentration of NaNO, (M/mg protein)

1 1
Luzindole Melatonin Abamectin

72h 144h

# *
gy L]

']
L ) L]
Melatonin+Abam ectin

Figure 3: Nitrite content (UM/mg protein) in Spodoptera litura midgut of the different experimental groups. * p<0.05, ***:
p<0.001, compared with the control group by one-way ANOVA; #: p<0.05, compared with the abamectin group by one-way

ANOVA.
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Figure 4: Protein carbonyl content (nM/ mg protein) in Spodoptera litura midgut of the different experimental
groups. **: p<0.01, compared with the control group by one-way ANOVA; #: p<0.05, compared with the
abamectin group by one-way ANOVA.
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Figure 5: TBARS levels (n moles MDA/gm tissue) in Spodoptera litura midgut of the different experimental groups. TBARS- Thiobarbituric acid; ns; No
significant. *; p<0.05, **: p<0.01; ***: p<0.001, compared with the control group by one-way ANOVA.

Table 2: Larvae and Pupal weight (g) (Mean+SD) of experimental groups in Spodoptera litura.

Larval stages (Instar)

SI.  Experimental Groups I ] [} v Vv Vi Pupae
No.

1. Control 0.17+£0.08 1.21+0.04 1.34+0.04 1.63+0.08 1.97+£0.05 2.35+0.06 1.30+0.07
2. Luzindole 0.09+0.01° 0.46+0.02° 1.2740.05 1.39+0.07 1.93+0.07 2.40+0.04 1.18+0.06
3. Melatonin 0.21+0.03 0.75£0.05 1.36+0.06 1.43£0.06 1.94+0.05 2.42+0.03 1.29+0.04
4. Abamectin 0.04+0.01° 0.35+0.04" 1.12+0.07 1.284#0.05 1.41+£0.04 1.62+0.05 1.05%0.07
5. Melatonin+abamectin 24 hr 0.17+£0.02 0.76£0.06  1.25+0.05 1.34+0.06 1.89+0.03 2.26+0.08 1.19+0.05

(Short-term)

6. 72 hr 0.06+0.03" 0.63+0.07° 1.21+0.06 1.38+0.05 1.41+0.76 1.51 +0.05" 1.22+0.06
(Midterm)
7. 144 hr 0.20+£0.01  0.87£0.08  1.32+0.07 1.54+£0.05 1.90+£0.45 2.39+0.03 1.34+0.08

(Long-term)

Data are expressed as mean + SD of three independent biological replicates. Asterisk (*) showed the significant differences (p< 0.05) (marked as bold) with control
group by one-way ANOVA.

I-First larval instar; II-Second larval instar; III-Third larval instar; IV-Fourth larval instar; V-Fifth larval instar; VI-Sixth larval instar; g-gram; SD- Standard deviation;
hr-hours.
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24 hr (p<0.05), 72 hr (p<0.01; as compared to control group), o)
and 144 hr (p<0.001) compared to abamectin animals, where a w &
statistically significant decrease (p<0.001) was observed compared e § s 9
to abamectin insects (Figure 6C). GPx activity was significantly st -
increased in melatonin+abamectin exposed animals during 72 hr - o B =
(p<0.05) and 144 hr (p<0.01) compared to the abamectin group. E g g +
A decrease in GPx activity was also observed due to the pesticide = = _'A -
effect (p<0.01; Figure 6D). A significant increase of ascorbic b %
acid (APOX) levels was observed in the melatonin+abamectin § a2 & -
group 72 hr (p<0.01) compared to the abamectin group. A § E s 2 i
marked decrease (p<0.05) of APOX levels was observed in £ N a
abamectin, and Luzindole exposed animals (Figure 6E). AChE § 5 :'g' o)
activity increased significantly in melatonin+abamectin larvae < ss:z [
exposed during 24 hr (p<0.01; as compared to control) and 144 . = =
hr (p<0.05; as compared to abamectin group). There were no § %
observed differences in melatonin+abamectin 72 hr exposed ; <G o
animals (Figure 7A). It showed a statistically significant increase g ': s = -
(p<0.001) of protein levels in the abamectin group compared to '§ o g =
the control. This disturb was prevented due to the indoleamine ‘Z" E § g g
effect in melatonin+abamectin exposed insects during 144 hr 2 23z =
(p<0.05) as compared to abamectin (Figure 7B). g g
+
] c
Different timing of Melatonin exposure on DNA g '§ § g 3
fragmentation £ % _
g g (=) <
Analysis of DNA extracted from midgut after exposure to % = . @ b ':|
melatonin+abamectin 24 hr, 72 hr, abamectin, and luzindole onS. 5 <Zg za g =
litura showed a clear ladder pattern, whereas slight fragments -?-1 _
were observed in melatonin+abamectin 144 hr exposed animals. § %

No DNA fragmentation was observed in melatonin and control § % S é ~
samples (Figure 8). é 2 e = a
. - . . 3 8 g
Different timing of Melatonin exposure on proteins E < SRR
of S. litura midgut % s g2 4

The midgut extract of proteins was resolved in 10% SDS-PAGE §. 8
(Figure 9). Short-term Melatonin exposed animals (24 hr) were e © . §
resolved into ten protein bands ranging (120, 115, 90, 50, 45, 35, e o § é =
30, 25, 10, and 7 kDa), while long-term melatonin+abamectin 3 -g °
exposed animals (144 hr) showed the same bands in addition to E E g % K
100 and 75 kDa, resulting by this way a total of twelve bands. 5 5 Lﬁ
These two bands may be responsible for the long-term melatonin z e ok
supplementation in the midgut. Because of the low concentration a
of the intermediate group samples (72 hr), we analyzed only the 4
short-term and long-term melatonin+abamectin exposed midgut ° §‘ g @
samples. § Y
> a <
DISCUSSION 3t 0=
d [
Recent studies have shown evidence that melatonin provides £ 2 =
an important antioxidant activity in invertebrate animals such _
as insects.”"*! Melatonin, maintains the oxidative stress of many TS; é’w ‘Z’
pesticides, reflecting the protective role of the indoleamine on cell - 7= -
physiology.?® The protective effects of melatonin against oxidative g r

stress are aided by its ability to cross all biological membranes. It
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Data are expressed as mean + SD of three independent biological replicates. Asterisk (*) showed the significant differences (p< 0.05) (marked as bold) with control group by one-way ANOVA.

1-First larval instar; II-Second larval instar; III-Third larval instar; IV-Fourth larval instar; V-Fifth larval instar; VI-Sixth larval instar; SD- Standard deviation; hr-hours.
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is also known to be a powerful direct free radical scavenger as well
as an indirect antioxidant in animals.* Moreover, it is observed
to be a regulator of circadian rhythms due to its rhythmic
secretion pattern serves as a biochemical signal for ‘darkness;*
measurement of day length* reduce the redox status'® influence
in the seasonal timing of reproduction, metabolism and immune

response in animals.”

In recent years, an increasing research interest is focused on
melatonin, which is a protective agent for various clinical and
pharmaceutical applications. To prove this protective nature,

15+

we try to elucidate the antioxidative nature in invertebrates,
particularly insects. Because of that, the present study has assessed
melatonin’s effect in a time dependent manner (short, mid and
long-term exposure to the melatonin) in response to abamectin
toxicity in the midgut of the lepidopteran insect. In insects, high
levels of antioxidant enzymes are produced in metabolically
active tissues such as midgut and fat body."”" Our preliminary
study has shown that the higher melatonin levels observed in
the midgut act as an antioxidant source, and preventing ROS
production.*®
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Figure 6: (A-D) Antioxidant enzyme activities in Spodoptera litura midgut of different experimental groups. (SOD, pM/mg protein; GST, Unit/min/

mg Protein; CAT, uM/min/mg Protein; GPX, Unit/min/mg Protein; APOX, uM/min/mg Protein). SOD - Superoxide Dismutase, GST - Glutathione-S-

transferase, CAT - Catalase, Gpx- Glutathione Peroxidase, APOX -Ascorbic acid, ns; No significant. *; p<0.05, **: p<0.01, ***; p<0.001, compared to control
group by one-way ANOVA. #: p<0.05, ##: p<0.01, ###; p<0.001 compared to abamectin group by one-way ANOVA.

Larval Mortality, length, weight and developmental
time

To identify the protective role of melatonin, primarily we looked
into survival rate (%). Melatonin administration significantly
increased the survival rate in larvae exposed to abamectin,
showing that the indoleamine reversed the toxic effects of the
pesticide. Studies have shown that the antioxidant activity of
melatonin increased the life span in mice a dose-dependent
manner.” This study was agreed with these results because we
observed that melatonin exposure positively correlates with
larval survival rate in a time dependent manner. It suggests that
melatonin increases the number of larvae in livable conditions
due to its capacity to reduce oxidative stress.

Melatonin is a well-known scavenger of ROS and RNS. Studies
observed that the indoleamine reduced ROS levels in rats
generated due to atrazine toxicity.”> ROS has multiple functions,*
plays an important role in cell signaling and several physiological
processes.”>*® However, the excess of ROS levels as a response of
oxidative stress situations is harmful to living systems.””*® Our

Free Radicals and Antioxidants, Vol 15, Issue 1, Jan-Jun, 2025

results observed that abamectin increased ROSlevels in the midgut
of S. litura, but this effect was prevented due to melatonin effect
in a time-dependent manner. Moreover, Nitric Oxide (NO) is a
free radical molecule released by cells in picomolar to nanomolar
ranges with a very short life.”* It was assessed on the basis of its
stable oxidation end-products, nitrate (NO,") and nitrite (NO,").%
We observed that nitrite content was increased in larvae exposed
to abamectin compared to their normal counterparts. The
ability of melatonin to scavenge the free radicals such as NO is
an important property in its protective role against the oxidative
stress.* Interestingly, melatonin+abamectin treatment reduced
nitrite content in a significant manner. Our results are agreed
with previous studies where the indoleamine prevented these
disturbs in nitrite content due to paraquat toxicity.®’ Our findings
showed that the abamectin administration is an important source
of oxidative stress and it was modulated by melatonin exposure
(MT+ABA 24 hr, 72 hr, 144 hr) due to the continuous scavenging
cascade of melatonin. These melatonin modulating effects were
also showed in ROS scavenging activities in the nocturnal
insect. These findings are consistent with previous studies where
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melatonin protects against oxidative stress damage of other ROS
generating agents.

Oxidative stress has been shown to increase protein oxidation
and generation of protein carbonylation.* Protein carbonyls
tend to get accumulated on the side chains of proteins as a result
of oxidative stress and is widely used as a marker of oxidative
protein damage.” Similarly, oxidative stress also clearly affects
lipids.®> Our results showed that melatonin prevented the increase
of protein carbonyl content due to abamectin toxicity. This
effect was also observed previously.*** MDA, a major oxidation
product of peroxidized polyunsaturated fatty acids, has been used
to determine the degree of lipid peroxidation and as a biological
marker of oxidative stress.”*** In our study, the induction of
oxidative stress in S. litura larvae exposed to abamectin is
reflected by the substantial increase in TBARS levels. Our results
observed that this trend was mitigated due to melatonin effect,
which is in agreement with previous studies in rats, insects,*"
and humans.¥

In higher animals, daily variations of enzymatic antioxidant
activities or non-enzymatic antioxidant contents were also
reported in various tissues of vertebrates.” To counteract this,
animals have developed a suite of antioxidant enzymes to cope
with oxidative stress. Antioxidant enzymes provide a major line
of defense against free radical damage either by metabolizing
them to less reactive species or to nontoxic byproducts. Various
antioxidant enzymes may decrease the level of lipid peroxidation
as well as protein and DNA damage."

Midgut Antioxidant Defense System (ADS) in S. litura
larvae

The study was aimed to investigate whether melatonin protects
midgut from oxidative stress injury of generated by abamectin
through the capacity of the indoleamine to stimulate the activity
of antioxidant enzymes in a time dependent manner. Abamectin
was used to induce the generation of free radicals, interfering
by this way in the antioxidant defense system of S. litura. It is
known that the pesticide induces oxidative stress tissue damage
decreasing the activities of SOD, GPx, and GST in rats.®® GST in
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Figure 7: (A) AChE (Acetylcholine esterase) and (B) Total Protein (mg/ml) levels in Spodoptera litura midgut of different experimental
groups. *; p<0.05, ***; p<0.001, compared to control group by one-way ANOVA. #: p<0.05, compared to abamectin group by one-way
ANOVA; ns; No significant.
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Figure 8:

Electrophoretic detection of DNA fragmentation from Spodoptera litura midgut of the

different experimental groups. [1] Melatonin+abamectin (24 hr) [2]. Melatonin+abamectin (72 hr) [3].
Melatonin+abamectin (144 hr) [4]. Abamectin [5]. Luzindole [6]. Melatonin [7]. Control.

A

- 100kDa
—75kDa

Figure 9: SDS-PAGE (10%) analysis of proteins isolated from Spodoptera litura midgut of the different
experimental groups. (a) Melatonin+abamectin [24 hr] (b) Melatonin+abamectin [144 hr]. Arrows represent
the molecular weight of proteins (100 and 75kDa).

insects is observed to remove the products of lipid peroxidation
or hydroperoxides from cells.®*”° In addition, as well as vertebrate
and invertebrate animals, SOD, CAT, and POX are major
components of the antioxidant enzyme system in insects.'>"

Our results showed that abamectin exposure decreased the
activity of SOD, CAT, GST, APOX, and GPx. The indoleamine
was observed to mitigate this effect, especially when melatonin
was provided during 144 hr. Our results are in agreement with
previous studies in rats,””* insects,”” and humans.®” These studies

observed melatonin benefits in an increased time exposure. Due

Free Radicals and Antioxidants, Vol 15, Issue 1, Jan-Jun, 2025

to that, and in agreement with the theory that melatonin benefits
are increased in a time-dependent manner, our results may be
better in melatonin+abamectin insects exposed during 144 hr.
However, while it is well known that the indoleamine effects
are increased in a dose-dependent manner.”*”” More studies are
needed to improve the knowledge about melatonin effect in a
time dependent manner.

Like melatonin, ascorbic acid also plays a role against oxidative
stress damage to insect cellular constituents,"**® thus limiting the
formation of cytotoxic lipid-hydroperoxides, protein carbonyls,
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and depletion of glutathione levels. It is also known to be a
direct scavenger of reactive oxygen species.”® Attending to our
results, it may suggest that APOX may trigger alone or combined
with melatonin the reduction of free radicals as a result of its
antioxidant activity.

ACHhE is a key enzyme in the insect nervous system, terminating
neurotransmission by the hydrolysis of the neurotransmitter
acetylcholine. As most of the insecticides are neurotoxic,
acetylcholine esterase plays an important role reducing the
toxic effect of insecticides through by its overproduction in
insects.”” As well as the other antioxidant enzymes analyzed in
our study, AChE activity was substantially decreased (p<0.05)
in abamectin exposed animals. This effect was ameliorated in
melatonin+abamectin insects, especially in short-term (p<0.001
significant difference with control group) and long-term exposed
larvae (p<0.05 compared to abamectin group). These results
are in agreement with previous studies developed in human
lymphocytes in a chlorpyrifos-induced toxicity model.*® Our
results of the antioxidant enzymes suggest that melatonin may
play an important role against abamectin-induced toxicity
through its capacity to regulate the oxidant-antioxidant status
resulted from the generation of free radicals in larval midgut
exposed to the pesticide.

Melatonin is a commonly used treatment in children and

adolescents with insomnia, and therefore concerns have
been raised regarding the short-term and long-term adverse
consequences. The major gap of knowledge on short-term
and long-term safety of melatonin treatment in children and
adolescents calls for cautious use and for more research to
inform clinicians.® Clinical study® revealed the long-term
melatonin treatment in combination with adequate sleep hygiene
interventions may afford clinical benefits to children with
Neurodevelopmental disorders and potentially elevates their
well-being. Overall this, Melatonin generally has a good safety
record and has been shown in numerous trials to be well tolerated
in both adults and children.®> However, it is widely agreed that
the long-term effects of taking exogenous melatonin have been

insufficiently studied and warrant additional investigation.®*

Melatonin Protective mechanism

Analysis of proteins in the midgut was used to verify the expressed
proteins in the short- and long-term melatonin administration
insects. SDS-PAGE in long-term melatonin+abamectin exposed
animals (144 hr) showed the same ten protein bands expressed in
short- term (24 hr) Melatonin+abamectin ranging (120, 115, 90,
50, 45, 35, 30, 25, 10, and 7 kDa) in addition to 100 and 75 kDa,
resulting by this way a total of twelve bands. These two bands (100
and 75 kDa) observed in long-term melatonin supplemenation
insects, may be generated due to the long-term exposure of the
indoleamine (144 hr) in the midgut of S. litura. Further studies
are needed to analyse these two bands may elucidate the role of
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proteins involving the long-term melatonin administration in S.
litura larvae.

CONCLUSION

In conclusion, midgut disturbance generated by the pesticide
showed amelioration in Melatonin+abamectin exposed insects.
This effect was most significant in Melatonin+abamectin
144 hr larvae, suggesting by this way that the activity of the
indoleamine is related to time exposure. However, while the
studied antioxidant enzyme activities mainly were modulated in
Melatonin+abamectin 144 hr exposed larvae, DNA modifications
were less observed in short-term exposed insects. It suggests that
the increase of the activity of the Antioxidant Defense System
(ADS) reverses DNA disturbances, returning by this way the
ADS system to its regular activity. However, future studies are
needed to improve the knowledge of the different mechanisms
of Melatonin involved in oxidative stress, especially in relation to
the exposure time effect. It may be useful because it is observed
that indoleamine has no important adverse effects in high-dose
administration, which may be important to prevent the effects of
oxidative stress, including several diseases in medicine.
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