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Abstract 

This work lies in the growing concern over the potential impacts of pesticides on human health 

and the environment. Pesticides are extensively used to protect crops and control pests, but their 

interaction with essential biomolecules like haemoglobin (Hb) remains poorly understood. 

Spectrofluorometric, electrochemical, and in silico investigations have been chosen as potential 

methods to delve into this issue, as they offer valuable insights into the molecular-level interactions 

between pesticides and haemoglobin. The research aims to address the gaps in knowledge and 

contribute to developing safer and more sustainable pesticide practices. The interaction was 

studied by spectroscopic techniques (UV-Visible & Fluorescence), in silico studies (molecular 

docking & molecular dynamics simulations) and electrochemical techniques (cyclic voltammetry 

and tafel). The studies showed effective binding of dinotefuran with the Hb and will cause toxicity 

to human. The formation of a stable molecular complex between ofloxacin and Haemoglobin was 

shown via molecular docking and the binding energy was found to -5.37 kcal/mol. Further, 

molecular dynamics simulations provide an insight for the stability of the complex (Hb-

dinotefuran) for a span of 250 ns with a binding free energy of -53.627 kJ/mol. Further, cyclic 

voltammetry and tafel studies for the interaction of dinotefuran with Hb effectively. 

 

Keywords: Pesticides; Haemoglobin; Spectroscopy; Molecular Dynamics Simulations; 

Electrochemical Studies 

 

 

 

  

10.1002/cbdv.202400495

A
cc

ep
te

d 
M

an
us

cr
ip

t

Chemistry & Biodiversity

This article is protected by copyright. All rights reserved.

 16121880, ja, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cbdv.202400495 by T

est, W
iley O

nline L
ibrary on [17/06/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



1. Introduction 

Pesticides and agrochemicals have played critical roles in contemporary agriculture, 

considerably increasing crop yields and food production during the last century. With the world 

human population continually expanding, the need for improved food production has become ever 

more pressing. However, this requirement is exacerbated by conflicts and the effects of climate 

change, which intensify food shortages in diverse places, demanding more food production efforts 

[1]. Despite its advantages, pesticide usage has raised worries about the environmental and health 

consequences [2]. Agrochemical residues have been found to diffuse throughout the environment, 

resulting in significant pollution of terrestrial ecosystems and human food supplies. Furthermore, 

pesticide contamination has harmed aquatic systems, especially tropical coastal ecosystems, 

threatening aquatic food supplies, fisheries, and aquaculture [3]. Pesticides are a broad group of 

chemical substances that have been purposefully engineered to exert desired modes of action and 

successfully target certain species[4]. Strict control and appropriate pesticide application are 

required to guarantee sustainable farming practises and prevent negative consequences [5]. To 

ensure agricultural systems' long-term survival, integrated pest management solutions integrating 

biological controls, crop rotation, and environmentally friendly practises should be advocated [6]. 

While pesticides have played an important role in satisfying a growing population's rising food 

demand, their use must be controlled carefully to balance agricultural production and 

environmental preservation, while prioritizing human health and food security. Groups at high risk 

of direct pesticide exposure comprise workers engaged in various stages of pesticide handling, 

including formulators, sprayers, mixers, loaders, and agricultural farm workers [7]. Manufacturing 

and formulation procedures are more dangerous since they involve interaction with hazardous 

chemicals and conditions. Workers are exposed to pesticides directly via skin contact and 

inhalation of airborne toxins [1]. Workers in industrial environments face additional hazards 

because they are exposed to various harmful compounds, including insecticides, raw materials, 

toxic solvents, and inert carriers. Indirect pesticide exposure occurs when people come into touch 

with polluted soil, air, water, or food, resulting in a wide range of health impacts [8]. Pesticide 

exposure can occur directly through occupational, agricultural, and residential use, as well as 

indirectly through food sources [9]. The general population may also encounter pesticides in non-

agricultural settings, such as golf courses and areas near major roads. Human exposure to 

pesticides occurs through ingestion of contaminated food, inhalation of pesticide-laden air, dermal 

10.1002/cbdv.202400495

A
cc

ep
te

d 
M

an
us

cr
ip

t

Chemistry & Biodiversity

This article is protected by copyright. All rights reserved.

 16121880, ja, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cbdv.202400495 by T

est, W
iley O

nline L
ibrary on [17/06/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



contact, and interaction with contaminated water, soil, flora, and fauna [10]. Once inside the body, 

pesticides disperse through the bloodstream and can be excreted through urine, skin, and exhaled 

air. Pesticides enter the human body primarily by skin exposure, oral exposure, ocular exposure, 

and respiratory exposure (inhalation) [11][12]. Pesticide toxicity varies based on the route of 

exposure, whether cutaneous, oral, or respiratory. In addition to the inherent toxicity of the 

individual chemical implicated, the danger of pesticide contamination often increases with larger 

concentrations and during key periods of exposure [13]. Implementing adequate safety measures, 

laws, and protective equipment is critical to reducing the dangers of pesticide exposure and 

protecting human health in pesticide-related jobs and surroundings [14]. 

Dinotefuran is a furanicotinyl insecticide from the third generation of neonicotinoids that works 

as an agonist of insect nicotinic acetylcholine receptors, resulting in wide insecticidal action [15]. 

Because of its low toxicity, excellent efficiency, and broad-spectrum efficacy against a variety of 

dangerous pests, it is frequently employed in agriculture. It is used to manage the dangerous pest 

Empoasca, pirisuga, Matumura, in tea farming in China [16][17][18]. However, the presence of 

dinotefuran and its metabolites in the final product raises food safety issues as well as possible 

human health hazards. Despite its benefits, dinotefuran is very harmful to pollinators and aquatic 

species [19]. Because of the dangers of dinotefuran, quantitative detection is crucial. Dinotefuran, 

often known as "furan nicotine," outperforms other nicotine pesticides in pest control due to its 

unusual chemical composition that lacks halogenated components [20]. It inhibits 

acetylcholinesterase in pests, interrupting neurotransmission and exhibiting broad insecticidal 

efficacy against a variety of pest species [21]. However, environmental conditions such as 

hydrolysis and photolysis might impair its potency, resulting in decreased availability [20]. 

Furthermore, utilising dinotefuran alone may contribute to pesticide resistance, emphasising the 

significance of combining synergistic pest management techniques to eliminate pests while 

minimizing resistance development effectively [22]. 

Haemoglobin is a crucial protein necessary for transporting oxygen in vertebrates, including 

humans. It is primarily found in red blood cells and plays a vital role in capturing oxygen in the 

lungs and distributing it to different tissues throughout the body. This process is essential for 

supporting critical metabolic functions that depend on oxygen[23]. Researchers investigated 

Haemoglobin adducts of aromatic amines released from pesticides. The study's findings suggest 

that arylamine-Haemoglobin adducts could potentially serve as a valuable method for measuring 
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the bioavailability of potentially hazardous pesticide components [24]. The molecular docking 

analysis of 10 pesticides with five targeted proteins reveals that the cytochrome P450 protein has 

a maximum binding energy of -45.21 relative units to the pesticide phosmet [25]. Buss et. al. studied 

the interaction of pesticides and insecticides with p-glycoprotein [26]. Arif et. al. examined the 

interaction between human Haemoglobin and bio allethrin using both in silico and biophysical 

approaches. Molecular docking and Discovery Studio visualisation were employed to understand 

the molecular interaction better. The results confirmed the formation of a stable Hb-bioallethrin 

complex with a binding energy of -7.3 kcal/mol [27]. This study farmers who were intermittently 

exposed to organophosphorus and carbamate pesticides for more than five years were analyzed. 

The findings indicate that approximately 85% of the participants exposed to pesticides for this 

duration exhibited signs of pesticide toxicity. Among the participants who tested positive for 

pesticide presence, the levels of Paraoxanase I were lower than those found in the control group 

of normal participants [28]. Emadi et al. study that Cartap causes a reduction in standard 

functionality and has a negative impact on both the oxygen affinity and transport capacity of 

Haemoglobin (Hb). Additionally, the thermodynamic reveals that the presence of Cartap leads to 

a decrease in the stability of Hb [29]. Tetraethyl pyrophosphate (TEPP) exhibits to dissolve REC 

and permeate RBCs. Moreover, it can interact with the internal heme prosthetic group and induce 

heme degradation upon interaction with Hb [30]. 

In this work, authors have investigated pesticide interaction (Dinotefuran) with Haemoglobin 

using UV-Visible spectroscopy and fluorometry. Further, authors have explored molecular docking 

and molecular dynamics simulations, followed by electrochemical studies (cyclic voltammetry and 

tafel techniques). 

 

2 Methods 

2.1 Spectroscopic techniques 

2.1.1 UV-Visible spectroscopy 

UV-Visible absorption spectroscopy is a suitable method to comprehend the interactions 

between proteins and ligands as well as the resulting conformational changes in the protein 

structure. The UV-Visible spectra was recorded at room temperature using Thermo-Scientific 

Evolution 300 UV-Visible spectrophotometer to gain an insight into the interaction of dinotefuran 

with human Haemoglobin. First, the spectrum of pure Haemoglobin was recorded at different 
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concentrations over a range of wavelength from 200 nm to 600 nm. Once, an appropriate 

concentration corresponding to apt absorbance was found, the respective solution of Haemoglobin 

in appropriate PBS buffer was held constant and titrated with varying concentrations of dinotefuran 

at a pH of 7.4 [31,32]. We recorded the absorbance at an optimized constant Hb concentration of 2.5 

µM and then upon gradually adding the pesticide from 0 to 100 µM. The baseline in the experiment 

was set using a reference solution of 1X PBS (10 mM). 

2.1.2 Fluorescence spectroscopy 

Fluorescence spectroscopy is a well-established method for examining how proteins 

interact with ligands, determining how they bind, and calculate the associated biophysical 

parameters. Steady state fluorescence spectroscopy was performed using Hitachi F-7000 

Fluorescence Spectrophotometer. The experiments were performed at ex of 280 nm and the 

corresponding emission spectra was in the range of 300 to 600 nm, slit width was fixed at 5 nm 

with a scan rate of 2400 nm/min. Different concentration of Haemoglobin have been taken to 

optimize the concentration at which the steady state fluorescence to be performed. Then the 

concentration of Haemoglobin was kept constant at 2.5 µM while treated with gradually 

increasing concentrations of dinotefuran from 0 to 70 µM. The spectra for each titration was 

recorded at 310 K and at a physiological pH of 7.4 [31]. Furthermore, during fluorescence 

experiments, we need to account for self-quenching combined with the inner filter effect in typical 

fluorophores (like Hb) only when the concentrations is greater than 10 µM and the path length is 

1 cm. Herein, we are using an optimized 2.5 µM concentration of Hb and do not need to focus on 

self-quenching of the fluorophore [33]. 

The spectra recorded at three different temperatures was used to calculate the associated 

parameters (using Stern Volmer equation (1) and modified Stern Volmer equation) to investigate 

the efficacy of the interaction between Haemoglobin and the pesticide (dinotefuran) under 

screening.  

Fo

𝐹
=1 + K𝑠𝑣[𝑄] =  K𝑞τ𝑜[𝑄]  (1) 

Herein, Ksv will be equal to the slope of the straight line. Once the Ksv will be computed, Kq, the 

quenching rate constant of the interaction will be deciphered by using the already reported τ0 value 

for Haemoglobin[34]. 

The binding constant (Kb) will be calculated by modified Stern Volmer equation (2): 
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𝑙𝑜𝑔 (
Fo−𝐹

𝐹
) = logK

𝑏
 + nlog[𝑄] (2) 

Wherein F0 and F are the emission intensity of Haemoglobin in absence/ presence of dinotefuran, 

n is the no. of binding sites and [Q] represents concentration of dinotefuran. 

2.2 In Silico Study 

Structures of pesticide was made and optimized by using ChemDraw Professional (Figure 

1) [35]. Molecular mechanics 2 was used to optimize the geometry of Dinotefuran, it aims to 

minimized the energy of the structure by changing the conformation and position of atoms.  

 

Figure 1 Structure of dinotefuran 

 

2.2.1 Molecular docking 

To understand the interaction of dinotefuran with different amino acid of Haemoglobin, molecular 

docking was performed by AutoDock[36].  

2.2.2 Molecular dynamics (MD) simulations To understand the behaviour of dinotefuran in 

water and their interaction with Hb was investigated by MD simulations using Gromacs [37]. 

Preparation before performing MD simulations Pesticides and different proteins including 

serum proteins, heme proteins etc will be prepared by chimera 1.8. Appropriate force field on 

chemical entities will be applied as well as the solvation model will be used to account for the 

influence of the surroundings. 

Equilibration The system will be equilibrated to get a stable configuration and thermal 

equilibrium. Further, MD simulations will be performed at suitable temperature and pressure. 

Production of MD simulation Equilibrated system will be subjected to production MD 

simulations. Simulations will be run for an extended duration of time to ensure that statistically 

meaningful data is collected for further analysis. Various parameters like structural fluctuations, 

intermolecular interactions, and diffusion coefficients will be monitored. 
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Analysis The trajectories (radial distribution functions, identification of hydrogen bonding 

patterns, and determination of interaction energies, root mean square deviation, root mean square 

fluctuation) obtained from the MD simulations will undergo thorough analysis. Free energy will 

be calculated to understand the system's stability and energetics comprehensively. 

 

 

2.3 Electrochemical studies: 

Electrochemical studies represent a robust suite of analytical methods employed to explore 

the behavior of chemical entities at the interfaces between electrodes and electrolytes. These 

methodologies rely on applying electrical potential to induce and quantify redox reactions, 

adsorption processes, and charge transfer phenomena. Given their distinctive merits, 

electrochemical studies offer a superior approach for investigating the interactions between water-

soluble pesticides and Haemoglobin (Hb). One of the foremost advantages lies in their high 

sensitivity and selectivity, enabling the precise detection of even subtle alterations in the 

electrochemical behavior of the involved species, even when present in low concentrations. 

Moreover, these electrochemical techniques facilitate real-time analysis, enabling the continuous 

monitoring of dynamic changes in electrochemical responses [38]. 

2.3.1 Cyclic voltammetry provides valuable information about the redox behavior of species in 

a solution. It involves applying a linear potential scan between two limits while recording the 

resulting current response. For pesticide-Hb interactions, CV can help identify redox reactions 

related to both the pesticides and Hb, thus revealing any changes in their electrochemical behavior 

upon interaction [39]. 

2.3.2 Tafel plot analysis entails measuring polarization curves while varying the applied 

potential at different scan rates. Through investigation of reaction kinetics, researchers can gain 

insights into the nature and extent of interactions between pesticides and Hb. This information is 

essential for evaluating the potential impact of pesticides on Hb's oxygen-carrying capacity and 

overall function[40]. 

 

3. Results and Discussion 

3.1 Spectroscopic studies to understand the binding of pesticide with Hb 

3.1.1 UV-Visible spectral studies 
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UV-Visible spectroscopy is widely used to understand the interaction between a protein 

and ligand and the conformational rearrangements in the protein structure due to possible 

interactions [41]. Reduced activity of Paraoxonase, Glucose 6-phosphate dehydrogenase and 

Human Hb on addition of a ligand have been reported[42–44]. In the 200–500 nm for wavelength, 

Hb exhibits three distinct absorption peaks at 212 nm (n to π* transitions) indicates the α-helical 

structure of Hb; at 274 nm (π to π* transitions) for aromatic amino acid; and the 406 nm is 

connected to the Soret band of porphyrin [45–51]. With steadily rising dinotefuran concentrations 

from 0 to 100 µM, authors find an increase in the absorbance of Hb at 278 nm and a weak shift at 

406 nm as shown in Figure 2. It is possible to conclude that dinotefuran strongly binds Hb, point 

to formation of complex (dinotefuran-Hb). Concurrently from the UV-Visible spectrum, we can 

infer that the pesticide and Hb are forming a stable ground state complex and the nature of 

quenching is static in nature. In case of collisional encounters and dynamic quenching, there is 

negligible change in the absorption spectrum[52]. 

 

Figure 2: UV-Visible spectra of Hb against varying concentrations of Dinotefuran at 298 K 

 

3.1.2 Fluorescence spectral studies 

One of the conventional techniques to understand protein-dinotefuran interactions and 

proper assessment of the binding mechanism is fluorescence spectroscopy. The intrinsic 

fluorescence of Haemoglobin is mainly due to β-Trp37 residue present in the tetrameric protein 

[53,54]. In the absence of any dinotefuran, Hb exhibits a fluorescent emission band at 336 nm upon 
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exciting at 280 nm; authors have observed a reduction in emission intensity without any shift in 

wavelength, upon successively increasing amount of dinotefuran from 0 to 70 µM, as illustrated 

in Figure 3. Our assertion of the interaction between the dinotefuran and Hb might occurs around 

the β-Trp37 residue as we do not see any wavelength shifts in the spectra. The results derived from 

absorption spectrum measurements, are reinforced by the fluorescence quenching that occurs when 

the dinotefuran is introduced in higher amounts. 

 

Figure 3: Emission spectra of Hb against changing concentrations (0 to 280 µM) of dinotefuran at 

(a) 298 K, (b) 303 K and (c) 308 K 

 

Authors have evaluated the fluorescence spectral data at various temperatures (298, 303 & 

308 K) to understand the mechanism of quenching and other parameters (Figure 3) [55–57], [57,58], 

[59]. The plot of Fo/F against [Q] shown in Figure 4a was linear for varying the concentration of 

dinotefuran (0 to 70 µM) Kq and Ksv have been calculated (listed in Table 1). Authors observed a 

linear plot and thus, bimolecular quenching constants is 1012 M-1s-1, higher than the maximum 

scattering collisional quenching constant [60–63] i.e., 2 X 1010 M-1s-1. Thus, authors inferred that the 
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quenching is static quenching in nature during dinotefuran-Hb binding. Under the assumption that 

Hb has independent binding sites, we utilized the modified Stern-Volmer equation and calculated 

the binding constant as well as number of binding sites in the complex [56]. (Figure 4b) 

 

 

Figure 4: (a) Stern-Volmer plot (b) Modified Stern-Volmer plot; of Hb against varying 

concentrations of Dinotefuran (0 to 70 µM) at different temperatures 

 

Table 1: Stern Volmer and bimolecular Quenching constants for Dinotefuran-Hb binding at 298 

K, 303 K and 308 K 

Temperature (K) Ksv (M-1) X 104 Kq (M-1s-1) X 1012 

298  2.817 2.817 

303  2.780  2.780  

308  2.635  2.635  

 

At 298 K, the binding constant was found to be 1.362 X 106 M-1 (Table 2) for dinotefuran-Hb 

binding. The value of n is nearly one and therefore, the complex formed between the dinotefuran 

and Hb is formed in a ratio of 1:1. Further, authors determined thermodynamic parameters for the 

dinotefuran-Hb complex from the Van’t Hoff’s plot shown in Figure 5. 
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Figure 5: Van’t Hoff’s plot for Hb-dinotefuran interaction   

 

Table 2: Thermodynamic parameters of Hb-dinotefuran binding 

Temperature 

(Kelvin) 

Kb (M-1) n ∆𝐆 (KJmol-1) ∆𝐇 (KJmol-1) ∆𝐒 (Jmol-1K-1) 

298 1.362 X 10
6
 1.42   

-34.448 

  

-228.378 

  

-650.769 

303 1.177 X 10
5
 1.16  

308 62,330 1.10 

 

3.2 In silico studies to understand the binding of dinotefuran with Hb at molecular level 

3.2.1 Molecular docking  

The nature of the dinotefuran-Hb interacting forces can be inferred from the magnitude of 

energy values, i.e., hydrophobic, Van der Waals, hydrogen bonding, and electrostatic interactions 

[64–67]. The binding energy for the formation of complex was found to be -5.37 kcal/mol. More 

negative binding energy infers a stable complex of ligand and protein. Hydrophobic interactions 

were observed between the tetrahydrofuran ring and VAL 93, LEU 101 and PHE 98 with a distance 

of 5.95 Å, 4.44 Å and 3.65 Å, respectively. Whereas the oxygen atoms of the nitro group formed 

hydrogen bond with SER 133 and PHE 98 amino acids with a bond length of 3.54 Å and 4.18 Å, 
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respectively. Figure 6 illustrates the interacting view of Dinotefuran with various aminoacids of 

Hb at one of the target site. 

 

    
Figure 6 Two and three dimensional representation for the interaction of dinotefuran with the 

amino-acids of Hb 

 

3.2.2 Molecular dynamics (MD) simulations 

 MD simulations of Hb with and without dinotefuran for 250 ns using Gromacs. Various 

trajectories are plotted to understand the stability of the Hb with and without dinotefuran. Herein, 

the stability of the complex is studied and compared with the protein (Hb) alone. Figure 7a 

represents the root mean square deviation (RMSD) plot for the Hb with and without dinotefuran. 

RMSD value of Hb alone attain stability in the beginning and no significant change in the RMSD 

values is observed. But in case of the Hb-dinotefuran, an increase in the RMSD value is observed 

at 50 ns and then it attains stability at 90 ns. Then, no significant increase in RMSD value is 

observed. Figure 7b represents the root mean square fluctuation (RMSF) for the Hb with and 

without dinotefuran for MD simulations performed for 250 ns. Fewer fluctuations are observed in 

the case of Hb than in the case of the Hb-dinotefuran complex. Further, another trajectory, that is, 

H-bond, is plotted for Hb-dinotefuran as in Figure 7c and a good number of hydrogen bonds are 

formed, indicating the stable complex (Hb-dinotefuran)[68–70]. 
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c 

 

Figure 7 a) RMSD, b) RMSF and c) H-bonds trajectory for the complex (dinotefuran-Hb) 

 

3.3.3 Molecular Mechanics Poisson-Boltzmann Surface Area (MM-PBSA) calculations 

 The binding free energy for the formation of the complex is determined by Molecular 

Mechanics Poisson-Boltzmann Surface Area (MM-PBSA). MM-PBSA is a popular method for 

calculating absolute binding affinities with a modest computational effort. Various thermodynamic 

parameter for the formation of complex is determined (Table 3). The binding free energy was 

calculated as -53.627 kJ/mol[71–73]. 

Table 3 Different thermodynamic parameters for the formation of complex 

Type of energy Values (kJ/mol) 

Van der Waal energy -43.727 

Electrostatic energy     -298.247 

Polar solvation energy 296.220 

SASA energy               -7.873 

Binding free energy            -53.627 

 

3.3 Electrochemical Studies 

The exploration of the interplay between Dinotefuran and Hb involved leveraging the 604E 

electrochemical analyzer crafted by CHI Inc. This investigation utilized a three-electrode 
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arrangement, comprising a glassy carbon electrode (GCE) as the principal electrode, a platinum 

wire counter electrode, and an Ag/AgAgCl reference electrode. Operating within a potential span 

of -2 V to 1 V with a sensitivity setting at 1 × 10-3, the study aimed to discern the redox dynamics 

and potential interactions within the dinotefuran-Hb system. To probe the kinetics and potential-

induced shifts in electrochemical behaviour, a spectrum of scan rate variations spanning 100 mV/s 

to 500 mV/s was meticulously explored. The concentration of dinotefuran maintained consistency 

at 0.1 mM, while the Hb concentration remained steady throughout. Thorough cleansing of the 

GCE before each measurement involved a rigorous procedure encompassing 0.3-micron alumina 

cleaning and subsequent sonication in deionized water, ensuring the elimination of any residual 

traces of prior dinotefuran or Hb adsorption. Standard solutions of dinotefuran and Hb in a pH=7.4 

buffered solution (PBS) was diligently prepared, and all experiments were rigorously conducted 

under constant room temperature conditions. 

Distinctive electrochemical behaviour of dinotefuran was observed in its cyclic voltammograms. 

A reductive peak at 1.48V was observed, and no other significant peak was observed. As reported 

in the literature the peak is due to the irreversible reduction of nitro group into amine group. Figure 

8a showed the multi-scan graph of a 0.1mM solution of dinotefuran in a PBS buffer of 7.4 pH at 

a 500 mV/s scan rate. The peak current reduces in every successive sweep segment, signifying that 

molecules of dinotefuran are being adsorbed at the electrode surface area, blocking the sites for 

electron exchange. Thus, the electrodes were cleaned before each reading in further studies. Tafel 

plot analysis of dinotefuran in PBS buffer of pH 7.4 confirmed that the reduction rate of 

dinotefuran dominates the oxidation rate as the cathodic slope was 1.784 and anodic slope was 

3.144. A lower slope indicates higher reaction kinetics. Figure 8b contains the tafel plot of 0.1mM 

solution of dinotefuran in PBS buffer. Interactions of dinotefuran and Haemoglobin were studied 

with the help of cyclic voltammetry by comparing the voltammograms of a 10mM solution of 

Haemoglobin and a mixture of dinotefuran and Haemoglobin (Figure 8c). A time-dependent study 

concluded that the reductive peak of dinotefuran was not significantly affected by the presence of 

Haemoglobin initially. The peak current reduced gradually over a period of time as shown in Figure 

8d, indicating that the concentration of free molecules of dinotefuran in the solution was reduced. 

Minor shifts in the peak potential were observed, possibly due to the adsorption of Hb on the 

electrode surface interfering with electron transfer processes. 
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a b 

  

c d 

Figure 8 a) Multi-scan graph of 0.1mM dinotefuran in PBS buffer (pH=7.4), b) Tafel plot of 

Dinotefuran in PBS buffer (pH=7.4), c) Cyclic voltammograms of Hb solution(10M) and Hb-

Dinotefuran solution at room temperature with 1x10-3 sensitivity, and d) Cyclic voltammograms 

of Hb-Dinotefuran solution at 0, 5, 15, 30, 60, 180 and 360 minutes of mixing 

 

The study presented a comprehensive investigation into the interactions between dinotefuran and 

Hemoglobin (Hb), as evidenced by various analytical techniques. UV-visible spectroscopy 

revealed a dose-dependent increase in Hb absorbance at 278nm with rising dinotefuran 

concentrations, indicating the binding of dinotefuran with Hb. Fluorescence studies established a 

high binding constant of 1.362 x 106 M-1, with static quenching characteristics. Molecular docking 

simulations elucidated a binding energy of -5.37 kcal mol-1, facilitated by two hydrogen bonds and 

three hydrophobic interactions with Hb amino acids. Molecular dynamics (MD) simulations 

further supported the stability of the dinotefuran-Hb complex, with a maximal count of 10 
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hydrogen bonds and an average of 4-6, indicating sustained complex formation. The MMPBSA 

study corroborated these findings with a substantial binding energy of -53.627 kJ mol-1. 

Additionally, electrochemical studies demonstrated the disappearance of characteristic dinotefuran 

peaks in the presence of Hb, further affirming their interaction. These collective results provide 

insight into the intricate binding dynamics between dinotefuran and Hb, offering valuable guidance 

for future research endeavors in related fields. 

 

4. Conclusion  

This work has examined the binding of dinotefuran to Haemoglobin by in silico, electrochemical, 

and spectroscopic techniques. UV-visible and fluorescence spectroscopy revealed the formation of 

a stable complex between dinotefuran and Haemoglobin. The constant temperature rises in Stern-

Volmer quenching served as evidence for static quenching. A stable molecular complex formed 

between ofloxacin and Haemoglobin was shown via molecular docking. The binding energy for 

the formation of complex was found to -5.37 kcal/mol. It effectively interacts with SER, VAL, 

LEU and PHE at 133, 93, 101 and 98 position of the sequence. Molecular dynamics simulations 

provide an insight for the stability of the complex (Hb-dinotefuran) for a span of 250 ns with a 

binding free energy of -53.627 kJ/mol. A number of trajectories, including RMSD and RMSF, 

confirmed that a stable complex had developed. The peak current reduces in every successive 

sweep segment, signifying that molecules of dinotefuran are being adsorbed at the electrode 

surface area, blocking the sites for electron exchange. Tafel plot analysis of Dinotefuran in PBS 

buffer of pH 7.4 confirmed that the reduction rate of dinotefuran dominates the oxidation rate as 

the cathodic slope was 1.784 and anodic slope was 3.144. A lower slope indicates higher reaction 

kinetics. Interactions of dinotefuran and Hb were studied with the help of cyclic voltammetry by 

comparing the voltagrams of 10mM solution of Hb, and mixture of dinotefuran and Hb. A time-

dependent study concluded that the reductive peak of dinotefuran was not significantly affected 

by the presence of Hb initially. By elucidating the molecular interactions between dinotefuran and 

Hb, this research contributes valuable insights to the understanding of pesticide-protein 

interactions, laying a foundation for further exploration in related fields. 
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