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ABSTRACT: The widespread application of conventional synthetic pesticides has raised major environmental
issues because of their persistence, bioaccumulation, and biomagnification. The urgent need to address these risks
calls for the development of more eco-friendly alternatives in pest management. Consequently, the objective of this
paper was to investigate the structure activity relationship of 4-((2-hydroxybenzylidene) amino) benzoic acid [A1]
and 4-((4 methoxybenzylidene) amino) benzoic acid [A2] as potential larvicidal agents against Aedes aegypti
larvae using appropriate standard procedures. Data obtained reveals that percentage mortality was determined
using Abbott's formula. Both compounds demonstrated larvicidal activity in a dose-dependent manner. At 2.5
mg/mL, the Schiff bases achieved 95.5 and 99 % mortality for A1 and A2 respectively. At lower concentrations of
0.5 mg/ml, the ligands showed slightly high activity. These findings indicate that these Schiff bases have
promising larvicidal activity, suggesting their potential as safer and more environmentally friendly pest
management alternatives. The results highlight the possibility of these compounds supporting environmental
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Pesticides are a category of chemical compounds
designed to control or eradicate pests, encompassing
a range of organisms such as insects, weeds, and
fungi that threaten human life and the quality of
agricultural output. While pesticides are crucial in
protecting life, their extensive use has led to
significant environmental concerns (Verdadero et al.,
2025). Pesticides can contaminate water, soil, and
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even air, adversely affecting non-target organisms,
including beneficial insects like bees, aquatic
organisms, and even humans. The persistence of
certain pesticides in the environment can result in
bioaccumulation and biomagnification, posing long-
term ecological risks (Pathak ef al., 2022; Dad et al.,
2022). The World Health Organization (WHO)
categorizes pesticides based on toxicity, focusing on
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the need for careful management to mitigate their
harmful effects on public health and the environment
(WHO, 2019; Zhou et al., 2025). The extensive use
of conventional pesticides in both small- and large-
scale has become a significant concern because of
their detrimental effects on the environment and
human health. These pesticides, while effective at
controlling pests, often persist in the environment
long after application, leading to bioaccumulation
and biomagnification, in which toxic substances build
up in living organisms and become more
concentrated as they move up the food chain. This
process disrupts entire ecosystems, affecting not only
the targeted pests but also beneficial organisms such
as pollinators, soil microbes, and aquatic life. The
adverse effects extend to human health, with
exposure to pesticide residues linked to neurological
disorders, reproductive problems, and cancers
(Ahmad et al., 2024; Zhou et al., 2025). Recent
research in Schiff base chemistry has highlighted
their potential as eco-friendly alternatives to
conventional  pesticides, owing  to their
biodegradability, low toxicity, and effectiveness in
pest control (Bhavsar, 2023). Schiff bases are organic
compounds characterized by the presence of an imine
or azomethine group (-C=N-). They are typically
synthesized through the condensation reaction
between primary amines and carbonyl compounds.
Schiff bases have garnered significant attention in
various fields, including medicinal chemistry,
catalysis, and material science, due to their versatile
chemical properties and ease of synthesis (Kumari,
2024; Bhavsar, 2023; Ullah and Bukhari, 2024). One
of the key advantages of Schiff bases in green
chemistry approach is their synthetic methods,
biodegradability and low toxicity to non-target
organisms, which make them attractive alternatives to
conventional pesticides (Nagar ef al., 2023; Mondal
et al., 2024; Islam et al., 2024). The biodegradability
of Schiff bases is attributed to their chemical
structure, which allows them to undergo hydrolysis
and other degradation natural processes in the
presence of environmental factors such as moisture
and microbial activity, reducing their environmental
footprint (Mondal et al., 2024; Bhavsar, 2023).
Studies have shown that Schiff bases derived from
natural sources exhibit minimal toxicity to humans
and wildlife, further supporting their use in
sustainable environment (Mondal et al., 2024). These
approaches align with the broader principles of
environmental sustainability, ensuring that pest
management strategies are both effective and
environmentally responsible.

Schiff bases exert their pesticidal effects through
various mechanisms depending on their chemical
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structure and the target pest. One common
mechanism involves the inhibition of key enzymes in
the pest's metabolic pathways, leading to the
disruption of vital physiological processes. Schiff
bases have been shown to inhibit
acetylcholinesterase, an enzyme essential for nerve
function in insects, resulting in paralysis and death of
the pest (Salga et al., 2011). Also, generation of
reactive oxygen species (ROS) within the pest
organism, causing oxidative stress and cellular
damage, particularly effective against fungal
pathogens (Rocha et al., 2021; Mondal et al., 2024).
The presence of electron donating or electron
withdrawing substituent groups significantly affect
pesticidal activity as these can modify electron
density on the active sites and lipophilicity, which
determines how the pesticides bind to the target pest
receptor (Wany and Song, 2026). Structure activity
relationship of Schiff bases containing p-tosyloxy
benzaldehyde, indole and quinoxaline derivatives
against Spodoptera Frugiperda has been reported
(Alkorbi et al., 2024).

The integration of these compounds into pest
management strategies can promote human health,
protect non-target organisms, reduce chemical
residues in food and water sources, support
environmental balance, thereby providing a feasible
solution to the urgent demand for eco-friendly
pesticides.

Consequently, the objective of this paper was to
investigate the structure activity relationship of 4-((2-
hydroxybenzylidene) amino) benzoic acid [Al] and
4-((4-methoxybenzylidene) amino) benzoic acid [A2]
as potential larvicidal agent against Aedes aegypti
larvae.

MATERIALS AND METHODS

Materials: All chemicals and reagents used were
purchased from Sigma-Aldrich Chemical Co. Ltd.
and used without further purification; 4-
aminobenzoic acid, salicylaldehyde, 4-
methoxybenzaldehyde, dimethyl sulfoxide (DMSO),
ethanol, ethyl acetate, n-hexane, and distilled water.
The Schiff bases 4-((2-hydroxybenzylidene) amino)
benzoic acid, 4-((4-methoxybenzylidene)amino)
benzoic acid have previously been synthesized and
reported. Aedes aegypti specie, Aedes aegypti larval
instar were obtained from the Insectary of
Department of Zoology, University of Lagos Nigeria,
while the holding cups were purchased from the
University of Lagos Campus mall. Distilled water
was obtained from the Department of Chemistry,
University of Lagos.
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Synthesis of Schiff bases: Synthesis of 4-((2-
hydroxybenzylidene) amino) benzoic acid (Al): 4-
aminobenzoic acid (0.343 g, 2.5 mmol) and
salicylaldehyde (0.2 mL, 2.5 mmol) were dissolved
in ethanol (20 mL). The reaction mixture was kept
under reflux for 6 h at 70°C and monitored by TLC
using (3:2) n-hexane and ethyl acetate solvent
system. The mixture obtained was cooled to room
temperature and the product formed was collected by
filtration and recrystallized using ethanol (Ejiah et
al., 2025).

Synthesis of  4-((4-methoxybenzylidene)amino)
benzoic acid (A2) 4-aminobenzoic acid (0.343 g, 2.5
mmol) and 4-methoxybenzaldehyde (0.34 g, 2.5
mmol) were dissolved in ethanol (80 mL). The
reaction mixture was kept under reflux for 6 h at
70°C and monitored by TLC using n-hexane and
ethyl acetate solvent system in the ratio 1:1. The
mixture obtained was cooled to room temperature
and the product formed was collected by filtration
and recrystallized using ethanol (Ejiah ef al., 2025).

Pesticidal Activity

Sample collection and treatment: Aedes aegypti
mosquitoes (3"-4™ instar larvae) used for this study
were sourced from the Insectary at the Zoological
Garden, University of Lagos, Nigeria. A total of
1,200 2"-3 instar was collected at intervals and
transferred into holding containers (20 cm’) half-
filled with deionized water and acclimatized for at
least two days prior to larvicidal exposure. Larvae
were fed with finely dissolved granules of coppens
fish meal once before exposure to test compounds
(Imam et al., 2014).

Sample analysis methodologies: The pesticidal
activity of the synthesized Schiff base ligands was
evaluated against 3"-4" instar larvae of Aedes
aegypti. Stock solutions (10 mg/mL) of each Schiff
base were prepared by dissolving 0.1 g of each
sample in 10 mL ethanol. Serial dilutions of 0.5
mg/mL, 0.75 mg/mL, 1.0 mg/mL, 2.0 mg/mL, and
2.5 mg/mL were prepared for bioassay. One hundred
34" larval instars of Aedes aegypti were placed in
glass containers filled with 200 ml deionized water
pre-mixed with the afore-mentioned variant
concentrations of the two test compounds. A control
group of same number of Aedes aegypti larval instar
without the test compounds was also maintained
throughout the study. Each treatment was performed
in duplicates and maintained at 27 + 2°C and 65 +
5% relative humidity. Mortality of mosquito larvae
was recorded 24 hours post-exposure to test
compounds (Perumalsamy et al., 2015).
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Statistical Data Analysis: Data pooled from the study
were analyses using SPSS version 27. Lethal
concentration (LCso) values for the test compounds
against Aedes aegypti larvae were analyzed using
probit/regression analysis. Mean mortality values of
Aedes larvae exposed to test compounds were
analyzed using a two-way analysis of variance
(ANOVA), and separated using Post hoc ¢ Tukey's
Post Hoc test for significant differences within
groups (p < 0.05) with Bonferroni adjustment for
confidence intervals. The mean mortality was
calculated from the replicate counts, and percentage
mortality was obtained using Abbott's formula
(Perumalsamy et al., 2015) equation 1:

Percentage mortality % = (A-B/100-B) * 100

Where: A = percentage mortality of larvae in
treatment; B = percentage mortality of larvae in
control

RESULTS AND DISCUSSIONS

Synthesis and Characterization of Schiff Bases: The
synthesis and characterization of Schiff bases, 4-((2-
hydroxybenzylidene)amino)benzoic acid Al (Fig. 1)
with hydroxyl substituent and 4-((4-
methoxybenzylidene)amino)benzoic acid A2 (Fig. 2)
with methoxy substituent have been reported (Ejiah
et al., 2025). The compounds were characterized
using FTIR, '"H NMR, ESI MS and elemental
analysis. The structures of both Schiff bases are
presented below. This paper reports only on the
potential larvicidal activity.

OH
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Fig. 1: Structure of 4-((2-hydroxybenzylidene)amino)benzoic
acid Al
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Fig. 2: Structure of 4-((4-methoxybenzylidene)amino)benzoic
acid A2

The ESI MS and elemental analysis for Al and A2
which has previously been reported confirmed the
structure of the synthesized compound as the
calculated and found were in agreement; ESI-MS
calculated Ci,H;;NO; [M+1H]"! m/z = 242.07, found
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242.06 for Al and elemental analysis calculated
C,;sH;3sNO;: C, 70.28; H, 5.11; N, 5.33. Found: C,
70.58; H, 5.09; N, 5.49 for A2 respectively (Ejiah et
al., 2025).

The infrared spectra of the Schiff base ligands
displayed a strong absorption band at 3069 cm™!,
1678 cm™ 1622 cm™ and 1175 cm™ attributed to O—
H, C=0, C=N, and C-O for Al, 3089 cm”, 1670
cm, 1629 cm™ and 1162 cm™, corresponding to O-
H, C=0, C=N and C-O stretching vibrations for A2
respectively (Ejiah et al., 2025).

'"H NMR spectra revealed resonated protons at the
expected range, 8.87 6 [HC=N, s, 1H], 7.01-8.14 &
[Ar-H], 10.10 6 [OH, s, 1H] for A1 and 8.88 6, 7.57-
8.38 8, and 3.33 9, attributed to the imine, aromatic,
and methoxy protons for A2 respectively (Ejiah et al.,
2025).

Pesticidal Activity: Probit analysis (Fig. 3 and 4)
showed that both Schiff base derivatives were acute
toxicants against Aedes aegypti, and had similar LCs,

values. For example, 4-((4-
methoxybenzylidene)amino)benzoic acid had an LCs,
of 0.44 mg/ml and 4-((2-

hydroxybenzylidene)amino)benzoic acid had an LCs,

2069

of 0.47 mg/ml (Table 1). Both compounds have
relatively low values. But however, the higher dose
response to both compounds (as indicated by their
LCyy values) shows some variability. The 4-((4-
methoxybenzylidene)amino)benzoic acid was slightly
more toxic than the hydroxy derivative with toxicity
factor of 1.09 and 1.00 respectively (Table 1). The
homogeneity test also showed the assumption of
equal variances was correct, with Levene's statistic
being found not significant (p = 0.129) (Table 2).
This confirms that ANOVA can be used to compare
mortality rates among the various concentration
levels. The two-way ANOVA showed that compound
type and concentration had significant effects on
mosquitoes’ mortality (Table 3). There was negligible
variance attributable to any other factors (Partial Eta
Squared = 0.995) except the compound type (p =
0.012). No interaction between type of compound
and concentration was significant (p = 0.147),
indicating that there are no synergistic or antagonistic
effects between the two derivatives and that both
have similar dose-response relationships. Mortality
was compared with concentration (Fig. 5), using
Tukey's HSD post hoc comparisons; mortality was
consistently higher with increasing concentration,
though significant differences were found between
most concentrations (Table 4).

Table 1: Lethal concentration of Schiff bases acute toxicity against Aedes aegypti

Schiff Bases LCs (mg/ml) LCyy (mg/ml) Df Probit line of equation TF
(95% CL) (95% CL )

4-((2- 0.47(0.02-0.76)  1.87(1.16-43.33) 3 y=0.70+x2.15 1.00

hydroxybenzylidene)

amino) benzoic acid

4-((4- 0.44(0.00 - 0.80)  2.94(1.49 - 44.04) 3 y=0.56+x1.55 1.09

methoxybenzylidene)
amino) benzoic acid

Note: DF= degree of freedom, TF= Toxicity factor; CL = Confidence limits; TF =Toxicity factor

Probit Transformed Responges

oo

04

Jwol 02 ca

Log of concentrations

Fig. 3: 4-((2-hydroxybenzylidene)amino)benzoic acid effect curve against Ae. egypti
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Prebit Transformed Responses
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Fig. 4: 4-((4-methoxybenzylidene)amino)benzoic acid effect curve against Ae. egypti

Table 2: Homogeneity test of equal assumption

Levene's Test of Equality of Error Variances™”

Levene Statistic dfl df2 Sig.
Mortality rate Based on Median and with 7.135 10 2 0.129
adjusted df
Df=degree of freedom
Estimated Masginal Means of Mortality rate
100 Schiff Base
2 E4d-mmthoxybanzybdens)

Margnal Means

@
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Fig. 5: The concentration effect of the Schiff bases and their mortality rate

Table 3: Analysis of variance between the Schiff bases and different level of concentrations against Ae. aegypt

Tests of Between-Subjects Effects

Dependent Variable: Mortality rate
Source

Corrected Model

Intercept

Schiff bases

Concentrations

Schiff bases & Concentrations
Error

Total

Corrected Total

Type Il Sum
of Squares
22031.667a
87596.32
75.268
21852.63
87.882
104.167
114144
22135.83

a R Squared = .995 (Adjusted R Squared =.991)

df

11
1
1
5
5
12
24
23

Mean Square

2002.879
87596.32
75.268
4370.526
17.576
8.681

N

g.

0.001
0.001
0.012
0.001
0.147

Partial Eta Squared

0.995
0.999
0.419
0.995
0.458
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Table 4: Comparison analysis of the Schift bases effect at different concentration levels

Multiple Comparisons Tukey HSD

Dependent Variable: Mortality rate

Concentrations 0.5mg/ml 0.75mg/ml Img/ml 2mg/ml 2.5mg/ml
Omg/ml -55.75% -61.42* -72.50* -79.75* -96.00*
p=0.001 p=0.001 p=0.001 p=0.001 p=0.001
0.5mg/ml 55.75* -5.67 -16.75* -24.00* -40.25*
p=0.001 p=0.001 p=0.001 p=0.001 p=0.001
0.75mg/ml 61.42% 5.67 -11.08%* -18.33* -34.58%*
p=0.001 p=0.162 p=0.004 p=0.001 p=0.001
1mg/ml 72.50* 16.75* 11.08%* -7.25% -23.50*
p=0.001 p=0.001 p=0.004 p=0.041 p=0.001
2mg/ml 79.75* 24.00* 18.33* 7.25% -16.25*
p=0.001 p=0.001 p=0.001 p=0.041 p=0.001
2.5mg/ml 96.00* 40.25% 34.58* 23.50* 16.25*
p=0.001 p=0.001 p=0.001 p=0.001 p=0.001
* The mean difference is significant at the 0.05 level.
The larvicidal activity of 4-((2- all tested concentrations. It was observed that the

hydroxybenzylidene)amino)benzoic acid Al and 4-
((4-methoxybenzylidene)amino)benzoic acid A2 was
evaluated against Aedes aegypti larvae at
concentrations of 0.5, 0.75, 1.0, 2.0, and 2.5 mg/mL.
The 24-hour mortality rates for the Schiff base
ligands are presented in (Tables 5 and 6) respectively,
while (Table 7) presents a direct comparison of the
percentage mortality rates of both compounds across

methoxy substituted ligands A2 exhibited increased
larvicidal activity when compared to the hydroxyl
substituent A1. This corroborates report on the role of
methoxy group in drug discovery (Gtadkowski et al.,
2019; Be¢ et al., 2024; Chiodi and Ishihara, 2024).
Methoxy group has also been reported to be present
in approved drugs from a visual inspection of
Njardarson's  “Top  Pharmaceuticals  Posters”..

Table 5: 24-hour mortality rate of 4—((2-hydroxybenzylidene) amino) benzoic acid on Aedes aegypti larvae.

Mortality Mean Corrected %Mortality
Mortality Mortality
Conc Total i ii I+ii/2 A-B=Y Y/(100-  Z*100
(mg/ml)  Exposed B)
Control 200 0 0 0
0.5 200 55 58 56.5 56.5 0.565 56.5
0.75 200 62 65 63.5 63.5 0.635 63.5
1 200 71 68 69.5 69.5 0.695 69.5
2 200 78 75 76.5 76.5 0.765 76.5
2.5 200 91 100 95.5 95.5 0.955 95.5
Table 6: 24-hour mortality rate of 4—((4-methoxybenzylidene) amino) benzoic acid on Aedes aegypti larvae.
. Mean . o .
Mortality Mortality Corrected Mortality YoMortality
Total .. . . . "
Conc (mg/ml) Exposed ii 1+ii/2 A-B=Y  Y/(100-B) Z*100
Control 200 0 5 2.5
0.5 200 55 59 57 54.5 0.544 54.5
0.75 200 58 61 59.5 57 0.57 57
1 200 75 81 78 75.5 0.755 75.5
2 200 84 87 85.5 83 0.83 83
2.5 200 98 100 99 96.5 0.965 96.5
Table 7: Comparison of % mortality rate of the Schiff base Al and hydrophilic oxygen (O) and hydrophobic methyl
A2 (CH;) group (Chiodi and Ishihara, 2024).
Conc. Schiff base Schiff base %
(mg/ml) %Mortality  Mortality rate A2
rate Al Overall, both compounds demonstrate strong
0.5 56.5 57 larvicidal potential, though appear to be more
0.75 63.5 59.5 effective at higher concentrations, making it a
; gz'g ;2 5 promising eco-friendly pesticide candidate. This
25 955 99 comparison underscores the importance of dose

Evidently, presence of methoxy group on ligand has
been associated with protein binding, conformation,
and metabolism as the OCH; moiety contains

optimization and highlights the potential of Schiff
base compounds in sustainable vector control
strategies
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Conclusion: The study successfully revealed the
structure activity  relationship of  4-((2-
hydroxybenzylidene) amino) benzoic acid Al and 4-
((4-methoxybenzylidene)amino)benzoic acid A2, that
can be employed in development of larvicides. This
study established a significant correlation in the dose-
response of the test compounds on Aedes larvae.
Methoxy-substituted Schiff base was slightly more
toxic. Since Aedes aegypti has been implicated as the
major vector for arboviral infections such as yellow
fever, and vector control being the most viable
control option, results from this study imply that an
adoption of new eco-friendly active compounds
could mitigate the increase in vector population and
disease burden, offering a significant solution
towards achieving SDG 3. The study had constraints
in terms of larval population size, and comparison of
test compounds with a referenced WHO-approved
larvicide. Future studies of these compounds should
consider investigating their mode of action on test
organisms using physiological and biochemical
endpoints, and more diverse mosquito species.

DECLARATIONS

Ethical Approval: This study did not involve human
participants or animal experimentation and therefore
did not require formal ethical approval. All
procedures involving data handling and analysis were
conducted responsibly and in accordance with
standard academic and institutional guidelines.

Disclaimer on Artificial Intelligence usage: Author(s)
hereby declare that no generative Artificial
Intelligence (AI) technologies such as Large
Language Models (ChatGPT, COPILOT, XLNet,
Ernie 3.0 Titan etc) and text-to-image generators
have been used during writing or editing of this
manuscript.

Declaration of conflict of interest: The authors
declare that no known conflict of interest or personal
relationships that have influence the work reported in
this paper.

Data availability statement: The data that are used in
this research are available upon request from the
corresponding author.

REFERENCES

Ahmad, MF; Ahmad, FA; Alsayegh, AA; Zeyaullah,
M; AlShahrani, AM; Muzammil, K; Saati, AA;
Wahab, S; Elbendary, EY; Kambal, N;
Abdelrahman, MH; Hussain, S (2024). Pesticides
impact on human health and the environment with
their mechanisms of action and possible

2072

countermeasures.  Heliyon.  10(7):  e29128.
https://doi.org/10.1016/j.heliyon.2024.e29128.

Alkorbi, FA; Abdelaziz, M; Mazi, W; Omer, N; Jame,
RA; Gad, MA; Omran, OM; Ali, A (2024).
Design, synthesis of novel Schiff bases as
potential insecticidal agents against Spodoptera
frugiperda (Lepidoptera: Noctuidae). Bull. Chem.
Soc. Ethiop. 38(3): 765-774.
https://doi.org/10.4314/bese.v38i3.17

Bec, A; Zlati¢, K; Banjanac, M; Radovanovi¢, V;
Starcevi¢, K; Kralj, M; Hranjec, M (2024).
Design, synthesis and biological activity of novel
methoxy- and hydroxy-substituted N-
benzimidazole-derived carboxamides. Molecules.
29(9): 2138.
https://doi.org/10.3390/molecules29092138

Bhavsar, SN (2023). Literature review on Schiff
bases. Futuristic Trends in Chemical Material
Sciences & Nano Technology V3B2, 1IP Series, 3,
pp. 73-82.

https://doi.org/https://www.doi.org/10.58532/V3BEC
M2CHS5.

Chiodi, D; Ishihara, Y (2024). The role of the
methoxy group in approved drugs. Eur. J. Med.
Chem. 273: 116364.
https://doi.org/10.1016/j.ejmech.2024.116364.

Dad, K; Zhao, F; Hassan, R; Javed, K; Nawaz, H;
Saleem, MU; Fatima, T; Nawaz, M (2022).
Pesticides use, impacts on environment and their
possible remediation strategies: A  review.
Pakistan J Agri. Res. 35(2): 274-284.
https://doi.org/10.17582/journal.pjar/2022/35.2.27
4.284.

Ejiah, FN; Lawal, OM; Jolade, AT (2025).
Photocatalytic ~Evaluation of Schiff Bases
containing p-Aminobenzoic Acid Moiety in the
Degradation of Rhodamine B. NJAS. 44(1): 1-9.
https://doi.org/10.4236/jbbs.2023.133001.

Gladkowski, W; Siepka, M; Janeczko, T; Kostrzewa-
Sustow, E; Poptonski, J; Mazur, M; Zarowska, B;
Laba, W; Maciejewska, G; Wawrzenczyk, C
(2019). Synthesis and antimicrobial activity of
methoxy-substituted  y-oxa-g-lactones  derived
from  flavanones.  Molecules.  4(22):4151.
https://doi.org/10.3390/molecules24224151.

Islamr MT; Bitu, NA; Chaki, BM; Hossain, MJ;
Asraf, MA; Hossen, MF; Kudrat-E-Zahan, M;
Latif, MA (2024) Water-soluble Schiff base

EJIAH, F, N; ADETORO, F. A; DADA, B. A; OLADAPO, K. P; OLAYODE, B. J; IBRAHIM, O. T.


https://doi.org/10.4314/bcse.v38i3.17
https://doi.org/10.3390/molecules29092138
https://www.doi.org/10.58532/V3BECM2CH5
https://www.doi.org/10.58532/V3BECM2CH5
https://doi.org/10.1016/j.ejmech.2024.116364
https://njas.com.ng/volume-articles.php?volname=44(1)
https://njas.com.ng/volume-articles.php?volname=44(1)
https://doi.org/10.3390/molecules24224151

Structure Activity Relationship of 4-((2-hydroxybenzylidene) amino) benzoic acid...

ligands and metal complexes: an overview
considering green solvent. RSC Adv.14: 25256-
25272. https://doi.org/10.1039/D4RA04310C.

Imam, H; Zarniger, SG; Seikh, A (2014). The basic
rules and methods of mosquito rearing (4edes
aegypti). Tropical Parasitology. 4(1): 53-55.
https://doi.org/10.4103/2220-5070.129167

Kumari, J (2024). Synthesis and characterization of
novel Schiff base ligands. Int. J. Chem. Stud.
12(6): 56-62. https://www.chemijournal.com

Mondal, T; Kumar, R; Bettanayaka, J; Gogoi, R;
Koti, P; Ray, M; Kole, RK; Mukherjee, S (2024).
Biodegradable Schiff bases: a novel approach for
the management of pathogenic fungi (Sclerotium
rolfsii and Rhizoctonia bataticola) and stored
grain insect (Callosobruchus maculatus) in green
gram (Vigna radiata). Environ. Sci. Pollut. Res.
31(39): 52540-52561.
https://doi.org/10.1007/s11356-024-34713-9.

Nagar, S; Raizada, S; Tripathee, N (2023). A review
on various green methods for synthesis of Schiff
base ligands and their metal complexes. Results
Chem. 6: 101153.
https://doi.org/10.1016/j.rechem.2023.101153.

Pathak, VM; Verma, VK; Rawat, BS; Kaur, B; Babu,
N; Sharma, A; Dewali, S; Yadav, M; Kumari, R;
Singh, S; Mohapatra, A; Pandey, V; Rana, N;
Cunill, JM (2022). Current status of pesticide
effects on environment, human health and its eco-
friendly management as bioremediation: A
comprehensive review. Front. Microbiol. 13:
962619. https://doi.org/10.3389/fmicb.2022.9626
19

Perumalsamy, H; Jang, MJ; Kim, JR; Kadarkarai, M;
Ahn, YJ (2015). Larvicidal activity and possible
mode of action of four flavonoids and two fatty
acids identified in Millettia pinnata seed toward
three mosquito species. Parasites Vectors. 8: 237.
https://doi.org/10.1186/s13071-015-0848-8.

2073

Rocha, 10; Kappenberg, YG; Rosa, WC; Frizzo, CP;
Zanatta, N; Martins, MAP; Tisoco, I; Iglesias,
BA; Bonacorso, HG (2021). Photophysical,
photostability, and ROS generation properties of
new trifluoromethylated quinoline-phenol Schiff
bases. Beilstein J. Org. Chem. 17:2799-2811.
https://doi.org/10.3762/bjoc.17.191

Salga, SM; Ali, HM; Abdullah, MA; Abdelwahab, SI;
Wai, LK; Buckle, MJ; Sukumaran, SD; Hadi, AH
(2011). Synthesis, characterization,
acetylcholinesterase inhibition, molecular
modeling and antioxidant activities of some novel
Schiff bases derived from 1-(2-
ketoiminoethyl)piperazines. Molecules. 16: 9316-
30. https://doi.org/10.3390/molecules16119316.

Ullah, A; Bukhari, KS (2024). Exploring recent
advancements in Schiff base chemistry. In
Novelties in  Schiff Bases. IntechOpen.
https://doi.org/10.5772/intechopen. 114004

Verdadero, FXD; Agarap, AZ; Macatingrao, CNE;
Ordonez, 1A; Jr.; Tavu, LEJ; Pires, D; Balendres,
MAO (2025). Pesticides in the Environment:
Benefits, Harms, and Detection Methods. Sci.
7(4): 171. https://doi.org/10.3390/s¢i7040171

Wang, Y; Song, B (2026). Recent research progress
and outlook on the bioactivities and mechanism of
piperazine pesticides. J. Integr. Agric. 25 (5):
1760-1787.
https://doi.org/10.1016/].jia.2025.06.005

WHO (2019). The WHO recommended classification
of pesticides by hazard and guidelines to
classification. 2019 edition.
https://www.who.int/publications/i/item/97892400
05662

Zhou, W; Li, M; Achal, V (2025). A comprehensive
review on environmental and human health
impacts of chemical pesticide usage. Emerg.
Contam. 11(1): 100410.
https://doi.org/10.1016/j.emcon.2024.100410

EJIAH, F, N; ADETORO, F. A; DADA, B. A; OLADAPO, K. P; OLAYODE, B. J; IBRAHIM, O. T.


https://doi.org/10.1039/2046-2069/2011
https://doi.org/10.1039/D4RA04310C
https://www.chemijournal.com/
https://doi.org/10.1007/s11356-024-34713-9
https://doi.org/10.1007/s11356-024-34713-9
https://doi.org/10.1016/j.rechem.2023.101153
https://doi.org/10.3389/fmicb.2022.962619
https://doi.org/10.3389/fmicb.2022.962619
https://doi.org/10.1186/s13071-015-0848-8
https://doi.org/10.3762/bjoc.17.191
https://doi.org/10.3390/molecules16119316
https://doi.org/10.3390/sci7040171
https://doi.org/10.1016/j.jia.2025.06.005
https://www.who.int/publications/i/item/9789240005662
https://www.who.int/publications/i/item/9789240005662
https://doi.org/10.1016/j.emcon.2024.100410

