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Article 

An in-depth investigation correlating lifestyle choices with cognitive well-
being: Public health implications of food packaging trends and memory 
capacity, an intensive research study 

Saurabh Dilip Bhandare1,2 

1 Foxabell—Laboratorium Investigativum, Laboratorium Scientiae et Studiorum Investigativorum, Nashik 422101, India; 
saurabh_bhandare@yahoo.com 
2 Faculty of Pharmacy and Pharmaceutical Studies, Rural and Urban Educational Development, Nashik 422101, India 

Abstract: This study presents a multifaceted investigation into the interplay between lifestyle 

choices, cognitive well-being, and potential health risks associated with food packaging 

materials. Statistical analyses of memory patterns among diverse population groups, 

including healthy volunteers, addicted individuals, and those consuming roadside food from 

street vendors or hawkers, reveal intriguing correlations. The study also conducts a rigorous 

chemical analysis of newspaper packaging, uncovering significant concerns related to lead 

contamination. The findings emphasise the need for heightened awareness, further research, 

and interventions to address potential health risks and ensure the safety of packaging 

materials. Overall, this research contributes valuable, insightful information that has 

implications for public health initiatives and packaging industry practices. This is a 

qualitative study correlating lifestyle choices with cognitive well-being and specific food 

packaging that impacts the memory and health too. Key findings reveal intriguing 

correlations between lifestyle habits, the type of food packaging used, and memory capacity. 

The study’s chemical analysis of newspaper packaging uncovered significant lead 

contamination, raising serious public health concerns. These findings emphasise the necessity 

for heightened awareness and targeted interventions to mitigate health risks. 

Keywords: cognitive well-being; food safety and analysis; lifestyle; memory patterns; public 

health 

1. Introduction

Food safety is a science-driven field involving systematic measures and
practices with the primary goal of preventing the presence of harmful substances in 
food that could adversely affect human health. The overarching objective of food 
safety is to ensure that the food consumed is free from hazards and safe for 
consumption. Food stands as the third fundamental human requirement, following air 
and water. Its contribution to our well-being and food security is only realised when 
it is deemed safe. In the absence of food safety, individuals cannot flourish, and the 
challenges of hunger and poverty persist, hindering the possibility of a healthy life. 
Simply put, if it lacks safety, it cannot be considered food [1]. A sufficient supply of 
nutritious food that is safe to consume is essential for maintaining life and promoting 
good health. Over 200 ailments, from diarrhoea to multiple cancers, are caused by 
eating improper food, which may contain hazardous germs, viruses, parasites, or 
toxic compounds. This dangerous circumstance starts a vicious cycle of illness and 
starvation that disproportionately affects young children, the elderly, sick people, 
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and babies. To strengthen food safety and create resilient food systems, 
governments, producers, and consumers must establish successful collaboration. 
There is no doubt about the connection between food security, nutrition, and 
safety—nearly one in ten people worldwide, or 600 million people, get sick from 
eating tainted food. Sadly, this leads to 33 million fewer healthy life years (DALYs) 
and 420,000 deaths annually. Twelve 5000 deaths annually and forty percent of 
foodborne illnesses are caused by foodborne illnesses in children under five. Beyond 
the death toll, foodborne infections represent a challenge to socioeconomic 
advancement, taxing healthcare systems, and having a detrimental effect on trade, 
tourism, and national economies [2]. 

Divide warm or hot food into multiple clean, shallow containers before placing 
them in the refrigerator. It’s acceptable to refrigerate small portions of hot food as 
they cool faster. Pathogens responsible for food poisoning can persist in various 
areas and can easily spread throughout your kitchen. Ensure to wash your hands 
thoroughly for a minimum of 20 seconds using soap and either warm or cold water 
before, during, and after food preparation, as well as before eating. Make it a practice 
to wash your hands after handling flour, or other food substances [3]. 

The warm and humid environment required for sprout cultivation is conducive 
to the growth of harmful bacteria like Salmonella, E. coli, and Listeria. Consuming 
raw or minimally cooked sprouts, such as alfalfa, bean, and clover sprouts, can lead 
to illness. 

To minimise the risk of food poisoning, ensure that sprouts are thoroughly 
cooked until they reach a steaming hot temperature, effectively eliminating harmful 
germs. Occasionally, leafy greens can be tainted with dangerous microorganisms 
such as Salmonella, E. coli, Cyclospora, Listeria, and norovirus. Consuming these 
contaminated leafy greens without prior cooking, such as in a salad or sandwich, can 
result in illness. Severe disease can result from consuming raw (unpasteurised) milk 
and its by-products, which include ice cream, yoghurt, and soft cheeses such as 
queso fresco, blue-veined, feta, brie, and camembert. This is because raw milk may 
contain potentially dangerous bacteria like Salmonella, Campylobacter, 
Cryptosporidium, E. coli, Listeria, and Brucella [4]. 

Pasteurisation is a procedure that safely removes hazardous germs from raw 
milk by heating it to a high enough temperature for a prolonged period of time. 
Choosing pasteurised milk offers the majority of the nutritional advantages of raw 
milk without the hazards. 

Even though Listeria infections are uncommon, they can be particularly 
dangerous for older persons, babies, pregnant women, and those with compromised 
immune systems. Listeria can result in miscarriages, stillbirths, preterm labour, and 
severe illness or death in newborns. To minimise these risks, it is advisable to choose 
pasteurised milk over raw milk and opt for products made with pasteurised milk [4]. 

The type of germ present in contaminated food, the extent of contamination, the 
location of contamination, the setting in which the food is given, and the quantity of 
people consuming it are some of the variables that might affect the scope of a 
foodborne outbreak. For example: 

Localised epidemic: If a tainted casserole is served at a function, it may cause a 
small-scale outbreak among goers who know one another. 
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Outbreak on a regional or state level: If a tainted batch of ground food is 
dispersed among numerous supermarket chains, it may cause diseases in a number of 
counties or even neighbouring states. 

Countrywide outbreak—Hundreds of people could become ill as a result of 
contaminated produce that comes from a single farm and is supplied to grocery 
outlets across the country [5]. 

Maintain the temperature of cooked food at 140 ℉ (60 ℃) or higher to ensure 
its safety. If you don’t plan to serve the food immediately after cooking, prevent it 
from entering the temperature danger zone (between 40 ℉ (4 ℃) and 140 ℉ 
(60 ℃)), where bacteria proliferate rapidly. Utilise a heat source such as a chafing 
dish, warming tray, or slow cooker to keep the food at a safe and elevated 
temperature [6]. 

Beyond its toll on individuals, this issue takes a toll on the economy. Consistent 
advancements in food safety not only result in economic and social advantages but 
also contribute to the reduction of foodborne illnesses. These benefits encompass a 
more secure food supply, spanning from the farm to the table, with minimal impact 
on productivity. There’s a consequential decrease in the strain on the country’s 
healthcare system, owing to improved public health. Individually, those affected 
experience a diminished loss of income and healthcare expenses. Moreover, an 
increased sense of trust among consumers in the U.S. food supply fosters economic 
stability throughout the entire food sector [7]. 

Key programs in NIFA’s Food Safety Initiatives NIFA administers several 
crucial programs aimed at enhancing food safety across diverse aspects of the 
agricultural and food supply chain. 

1.1. Highlighted initiatives and featured projects in NIFA’s food safety 
division 

1) A1181 Tactical Sciences for Agricultural Biosecurity,
2) A1332 Food Safety and Defense,
3) A1343 Food and Human Health,
4) A1364 Novel Foods and Innovative Manufacturing Technologies,
5) A1366 Mitigating Antimicrobial Resistance Across the Food Chain,
6) A1402 Plant Microbiome,
7) A1511 Nanotechnology,
8) A1712 Rapid Response to Extreme Weather.

1.2. NIFA’s impact on food safety 

NIFA’s food safety programs are designed to curb the occurrence of foodborne 
illnesses, ultimately enhancing the safety of the food supply while ensuring a reliable 
source of nutritious options. 

1.3. NIFA actively supports initiatives 

Diminish food hazards, encompassing disease-causing microorganisms, toxins, 
allergens, and chemical and physical threats. Explore alternatives to the use of 
antimicrobial compounds in agriculture. Develop strategies to mitigate antimicrobial 
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resistance in agricultural practices. Foster the education and training of the next 
generation of scientists dedicated to advancing food safety [7]. 

The National Integrated Food Safety Initiative is committed to funding 
competitive initiatives that use an all-encompassing, integrated strategy to address 
critical food safety challenges. The goal of NIFA’s integrated food safety 
programmes is to support cooperative research, extension, and education efforts 
involving various states, institutions, disciplines, and roles. Notably, programmes 
with multifunctional components—that is, those that integrate components related to 
research, teaching, and extension—are given particular attention. Applied food 
safety research is the main focus of the National Integrated Food Safety Initiative’s 
research component. The educational component focuses on formal classroom 
environments that can be found in elementary, secondary, undergraduate, or graduate 
schooling. Concurrently, the extension aspect pertains to imparting knowledge and 
skills beyond the conventional classroom, expanding its scope to non-traditional 
environments. Outreach programmes that provide individuals with science-based, 
educational information in a variety of non-formal contexts are deemed suitable in 
situations when there is no extension plan in place [7]. 

1.4. The National Integrated Food Safety Initiative addresses, but is not 
limited to, the following priority issues in food safety [7] 

1) Qualitative and quantitative risk assessments,
2) Control measures for foodborne microbial pathogens,
3) Sources and incidence of microbial pathogens,
4) Antibiotic resistant microbial pathogens,
5) Improving the safety of fresh fruits and vegetables,
6) National coordination of integrated food safety programs and resources,
7) Food handler education and training for consumers and youth,
8) Food handler education for high-risk and hard-to-reach audiences,
9) Food handler education for commercial and noncommercial audiences,

including food,
10) Handler certification training and other train-the-trainer programs,
11) Hazard analysis and critical control points (HACCP) model development,

testing, and implementation,
12) Home food processing and preservation,
13) Integrating food safety into related agricultural programs,
14) Alternative food processing technologies that improve the safety of food,
15) Food security.

Thus, food safety has been defined as “the biological, chemical, or physical
status of a food that will permit its consumption without incurring excessive risk of 
injury, morbidity, or mortality” [8]. 

Advancements in food safety present challenges for developing nations as they 
strive to secure a sufficient and safe food supply for both domestic consumption and 
global markets. Concerns over food safety have been heightened by food scares and 
shifts in international trade, prompting adjustments in global food policy. Recent 
developments encompass a heightened focus on stringent food safety regulations, the 
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establishment of rigorous standards, a shift towards preventive quality management, 
and the adoption of process-based standards along with mandatory hazard analysis 
critical control point (HACCP) protocols. The characteristics of smallholder 
production systems and the features of small to medium-sized food processing 
enterprises create obstacles to meeting both domestic and international food safety 
standards [9,10]. From ancient civilizations to the present day, ensuring the safety of 
food has been an essential part of human evolution. The common goal of food 
legislation is always to ensure food safety, even though the specifics may differ 
between nations due to disparities in economic development, scientific and 
technological innovation, and religious views. Across the world, countries have 
passed strict food safety legislation in an effort to protect the world’s food supplies 
[11]. 

The introduction of food safety objectives (FSO) and performance objectives 
(PO) represents novel concepts aimed at aiding governments and industries in 
communicating and adhering to public health goals. These tools complement 
existing frameworks such as good agricultural practices (GAPs), good hygienic 
practices (GHPs), and hazard analysis critical control point (HACCP), which serve 
as the mechanisms for achieving the levels specified by POs and FSOs. It is 
important to note that FSOs and POs enhance, rather than replace, the current 
practices and concepts in food safety [12]. 

These innovative outcome-based risk management approaches provide 
operational flexibility, a crucial factor when determining the most effective control 
measures in specific regions or operations. The paramount consideration in these 
advancements, particularly concerning global food-borne diseases, is whether they 
enable the swift development and implementation of food safety control measures 
and regulations. Given the increasingly complex nature of contemporary food safety 
issues, which often demand a comprehensive through-chain approach and the 
deployment of multiple control measures, the effectiveness of these new approaches 
is critical [12]. 

1.5. Food safety and quality system (FSQS) [13] 

1) Establish clearly defined strategic food safety/quality objectives.
2) Define the scope of the FSQS.
3) Develop a food safety/quality policy.
4) Commit to compliance (and certification, as evidence of compliance).
5) Develop a FSQS communication plan.
6) Explore various food safety/quality standards, pertinent legislation, and

customers’ requirements.
7) Select an appropriate food safety/quality standard/scheme. a
8) Establish a food safety/quality team.
9) Appoint a food safety/quality team leader.
10) Provide the required resources to the food safety/quality team. b
11) Conduct an official launch of the FSQS.
12) Provide appropriate training for the food safety/quality team.
13) Create food safety/quality awareness across the company.
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14) Conduct a gap analysis to benchmark the company’s current status and identify
gaps. c

15) Evaluate the elements of the gap analysis and ensure full understanding of the
findings, their implications, and their importance by the ownership/management
of the company.

16) Establish an approach to the development of a comprehensive FSQS.
17) Develop a project plan for development (documentation of policies, procedures,

and work instructions) and implementation of the FSQS.
18) Approve the project plan.
19) Execute the project plan (development and implementation of policies and

procedures and work instructions).
20) Develop an internal auditing capability.
21) Periodically communicate the status of development and implementation of the

FSQS to key stakeholders.
22) Monitor conformance to and effectiveness of the documented policies,

procedures, and work instructions through periodic audits.
23) Conduct periodic scheduled management review meetings.
24) Develop a corrective action plan and implement corrective actions based on the

results of the internal audits and management review.
25) Arrange and external audit of FSQS for certification.
26) Conduct a certification audit.
27) Develop a corrective action plan and implement corrective actions based on the

results of the certification audit.
28) Maintain certification.
29) Continuous monitoring.
30) Continually improve the FSQS.

In addition to the World Health Organisation’s widely accepted “five keys to
safer food,” which outline basic guidelines universally necessary for safe food 
handling procedures and the avoidance of foodborne illnesses (“maintain cleanliness, 
separate raw and cooked items, cook thoroughly, ensure safe temperatures for food 
storage, and utilise safe water and raw materials”), it becomes necessary to 
customise more specific recommendations for vulnerable populations based on their 
health status and possible exposure to foodborne pathogens. For these particular 
demographic groups, this tailoring is essential to ensuring an appropriate degree of 
prophylaxis against foodborne illnesses [14–16]. 

By putting more of an emphasis on proactive foodborne illness prevention than 
on reactive foodborne illness response, the FDA Food Safety Modernisation Act 
(FSMA) is completely changing the way the country approaches food safety. The 
Food Safety and Markets Act (FSMA), which was passed by Congress in response to 
significant shifts in the global food system and improved knowledge of foodborne 
illness and its effects, recognises that preventable foodborne illnesses are a serious 
public health risk and compromise the food system’s ability to remain economically 
stable [17,18]. 

In order to ensure the safety of the food supply, the FDA has finalised a number 
of rules under the FSMA, realising that cooperation between different parties at 
different stages of the global food supply chain—both for human and animal food—
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is necessary. These FSMA regulations are intended to give precise instructions for 
particular steps to be performed at every level of the supply chain to prevent 
contamination [17,18]. 

To ensure food safety, it is advisable to use packaging materials that are 
specifically intended for contact with food, such as parchment paper or food-grade 
plastic wrap. 

Food packaging is essential for guaranteeing food products’ safety as well as 
making handling and delivery simpler. It prolongs the shelf life of food items and 
prevents chemical contamination, which ultimately benefits consumers by offering 
convenience. Food packaging has been made from a wide variety of materials, 
including polymers, glass, metals, and paper, as well as their mixtures. However, the 
increased health consciousness among consumers has raised worries about the 
possible contaminant transmission from packing materials into food. 

1.6. Using newspapers to wrap food presents several disadvantages 

Lack of food-grade standards: Newspapers are not designed or regulated for 
direct food contact. Unlike food-grade packaging materials, newspapers do not 
adhere to specific safety standards for ensuring the protection of food. 

Ink contamination: Newspaper ink may contain harmful substances, including 
lead or other toxic elements. When in direct contact with food, there’s a risk of ink 
transfer, leading to contamination. 

There are several terminologies used to describe food interaction, but none of 
them have clear definitions. This study explores the hypothesis that the gas phase is 
the primary pathway for migration of food-contact materials into dry food, implying 
that migration of fundamentally non-volatile components is negligible. This 
presumption is contested, though. In a study, for example, newspaper printed with an 
ink containing virtually non-volatile polyalphaolefins (PAO) as the primary solvent 
showed that, in just 20 days at ambient temperature, migration into polenta and a 
baking mix reached 64% and 66% of the paper content, respectively. Particle size 
influences contact density during the migration of non-volatile chemicals into dry 
foods through diffusion through the paper to small contact points [19]. 

The crucial factors in migration include diffusion rates within the food, 
encompassing transmission between particles, and within the food contact material. 
This prompts the inquiry of whether determining such migration is a case-specific 
process or if it can be systematically modeled, tested, or simulated [19]. 

Photoinitiators are widely used in food applications, such as dry food packaging 
made of cardboard, to cure ink on packaging materials. When it came to paperboard 
treated with different photoinitiators, such as benzophenone (BP), 4,4’-
bis(diethylamino)benzophenone (DEAB), 2-chloro-9H-thioxanthen-9-one (CTX), 
and others, traditional migration testing for prolonged storage at room temperature 
using Tenax® was used. The testing, carried out in compliance with regulation (EU) 
No. 10/2011, revealed unique migration patterns for various photoinitiators during a 
ten-day period at 60 ℃. These results were then contrasted with the migration seen 
in cereals following a six-month room temperature storage period. Remarkably, up 
to 92% of the actual migration in grains was overestimated in the simulation using 

7



Journal of Toxicological Studies 2024, 2(2), 1359. 

Tenax at 60 ℃ [20]. 
The effects of a lower contact temperature and the influence of Tenax pore size 

were taken into consideration in more research. The results of the simulation 
utilising rice in place of Tenax indicated that Tenax is a more powerful adsorbent 
than rice and other cereals [20,21]. 

Some food samples were confirmed to contain one or more of the specified 
compounds. The analysis of associated packaging materials aimed to determine 
whether these compounds in the food were likely due to migration from the printed 
paper or board packaging. With the exception of triphenyl phosphate, found in one 
food item, all packaging materials contained the substances identified in the 
respective food samples [22]. 

Three hundred and fifty food items, packaged in printed paper or board, were 
procured from retail outlets in the UK. Gas chromatography-mass spectrometry (GC-
MS) analysis of solvent extracts from all food samples, along with quality assurance 
samples, was conducted to identify and quantify the presence of 20 printing ink 
compounds. These compounds included benzophenone, 4-methylbenzophenone, 2-
methylbenzophenone, 3-methylbenzophenone, 4-hydroxybenzophenone, 2-
hydroxybenzophenone, 4-phenylbenzophenone, methyl-2-benzoylbenzoate, 1-
hydroxycyclohexyl phenyl ketone, 2-isopropylthioxanthone, 4-
isopropylthioxanthone, 2,4-diethyl-9H-thioxanthen-9-one, 2,2-dimethoxy-2-
phenylacetophenone, 2-methyl-4’-(methylthio)-2-morpholinopropiophenone, 4-(4-
methylphenylthio)benzophenone, ethyl-4-dimethylaminobenzoate, 2-ethylhexyl-4-
(dimethylamino)benzoate, N-ethyl-p-toluene-sulphonamide, triphenyl phosphate, 
and di-(2-ethylhexyl) fumarate [22]. 

Typically, relatively few photoinitiators (PIs) from packing materials move into 
hydrosoluble meals. With the present techniques, it is scarcely observable. A novel 
analytical approach utilising gas chromatography-mass spectrometry (GC/MS) and 
liquid chromatography-mass spectrometry (LC/MS) techniques was developed to 
detect five ink photoinitiator residues (2-isopropylthioxanthone (ITX), 
benzophenone, 2-ethylhexyl-4-dimethylaminobenzoate (EHDAB), 1-
hydroxycyclohexyl-1-phenyl ketone (IRGACURE 184), and ethyl-4-
dimethylaminobenzoate (EDAB)) in packaged food and beverages. The method 
involved extracting samples from various beverages (milk, fruit juices, and wine) 
and their corresponding packaging using n-hexane and dichloromethane. Subsequent 
purification on solid-phase extraction (SPE) silica gel cartridges enabled analysis via 
GC/MS and LC/MS [23]. 

Recovery percentages, determined by spiking beverage samples at 
concentrations of 4 and 10 micrograms per litre with a standard mixture of 
photoinitiators, ranged from 42%–108% (milk), 50%–84% (wine), and 48%–109% 
(fruit juices). Method repeatability, assessed by the % correlation value, was 
consistently below 19%. The lowest limits of detection (LODs) and limits of 
quantification (LOQs), determined using GC/MS, ranged from 0.2–1 and 1–5 
micrograms per litre, respectively. The developed method was then applied to the 
analysis of forty packaged food beverages (milk, fruit juices, and wine samples). The 
most prevalent contamination was benzophenone, detected in all samples with 
concentrations ranging from 5–217 micrograms per liter. LC/Atmospheric-Pressure 

8



Journal of Toxicological Studies 2024, 2(2), 1359. 

Photoionisation (APPI)/MS/MS analysis confirmed its presence. EHDAB was found 
in eleven out of forty beverages, with concentrations ranging from 0.13 to 0.8 
micrograms per liter. ITX contamination was less frequent, identified in three out of 
forty samples at concentrations between 0.2–0.24 micrograms per litre [23]. 

Solvent extraction was performed on a variety of paper and board products, 
including napkins, carton board, corrugated board, and paper towels meant for food 
contact. Gas chromatography-mass spectrometry (GC/MS) was used to identify and 
quantify the compounds that were present in the highest quantities. In order to study 
migration to food and possible food simulants, dibutyl phthalate and 
diisopropylnaphthalene (DIPN) were selected with the goal of developing a rapid 
test yielding comparable or better findings. It was found that Tenax worked well as a 
food simulant for both dry meals and “fatty foods” like cake and pastries. When 
tested at higher temperatures for shorter contact times, it also functioned as a suitable 
simulant for the pizza foundation. Corrugated and carton boards generally had 
percentage migration values between 15% and 40%; rice had the greatest percentage, 
49%, under certain conditions [24]. 

The purpose of the study was to determine whether diisopropyl naphthalenes 
(DIPN) may migrate from recycled paperboard packaging to specific kinds of dry 
solid food products. Four varieties of dry solid foods with different lipid contents and 
high specific surface areas were combined to generate paperboard diskettes with 
different DIPN concentrations. To ascertain the DIPN content in the foods over time, 
examinations were carried out on a regular basis. Direct contact between food and 
paperboard as well as indirect contact involving an air gap above the paperboard 
where DIPN had diffused were the two migratory processes that were suggested and 
verified. Both processes were seen, and variables like food properties, contact 
duration, and DIPN concentration in the cellulose-based matrix affected migration 
[25]. 

However, very low levels of contamination occurred in the food products due to 
migration. As a result, the research also addresses possible limitations that might be 
placed on the amount of carbonless copy paper that is used in packaging paperboard 
formulations [25]. 

Exposure to a combination of lead (Pb), mercury (Hg), and cadmium (Cd) has 
been found to induce neurobehavioural impairments in mice by interfering with 
dopaminergic and serotonergic neurotransmission in the striatum. Humans are 
commonly exposed to these metals through various sources, including drinking 
water, which can result in diverse toxicological effects. However, limited research 
has explored the toxic impacts of metal mixtures on neurotoxicity. In this 28-day 
study, male mice were exposed to Pb, Hg, and Cd either individually or in 
combination through their drinking water starting at 7 weeks of age [26]. 

The mice subjected to the metal mixture exhibited notable reductions in motor 
coordination and impaired learning and memory abilities compared to both the 
control group and each of the single metal exposure groups, indicating an elevated 
level of neurotoxicity associated with the metal combination. Analysis of the 
striatum revealed significantly lower dopamine content in the metal mixture 
exposure group compared to the single metal exposure groups and the control group 
[26]. 
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Further investigation demonstrated that the metal mixture exposure group 
displayed a significantly lower expression level of tyrosine hydroxylase (TH) and 
higher expression levels of dopamine transporter (DAT), tryptophan hydroxylase 1 
(TPH1), and serotonin reuptake transporter (SERT) compared to the control group. 
Notably, there were no significant differences in SERT expression between the 
single metal exposure groups and the control group, but SERT expression was 
significantly higher in the metal mixture exposure group than in both the single 
metal and control groups [26]. 

These findings highlight the pivotal roles of key proteins involved in dopamine 
and serotonin synthesis and reuptake processes (TH, DAT, TPH1, and SERT) in 
mediating the neurotoxic effects associated with exposure to mixed metals. In 
summary, simultaneous exposure to different metals can disrupt dopamine and 
serotonin homeostasis, resulting in a range of detrimental neurobehavioural effects 
[26]. 

2. Research methodology

A targeted pool sampling method was employed to gather data from a group of
950 individuals (of both sexes, male and female) who were specifically chosen for 
being smart, visually appealing, and having a sober demeanor. (Scientifically healthy 
with appropriate BMI and a good mind). The criteria for selection included males 
and females aged between 21 and 25. The data collection process involved direct 
interviews conducted in a park setting, campus places, or near the company-side 
cafeterias. The data was collected in 2016, in Bombay. All participants who 
voluntarily took part in the study were urged to uphold the confidentiality of both the 
interview questions and the entire interview. Upon completion of the interview, 
participants received a token of appreciation and were warmly welcomed for such 
potential future engagements. 

Before initiating the interview, each individual was approached courteously to 
ascertain their comfort level in participating and answering questions. The purpose 
of the interaction was clearly communicated, emphasising that their cooperation was 
sought to assist in completing a comprehensive dataset for measurement purposes. It 
was made clear that the information gathered would be handled with utmost 
confidentiality, ensuring that their identities would not be disclosed in any way. 
Respecting the privacy and anonymity of the participants was a top priority 
throughout the process. This approach aimed to create a comfortable and open 
atmosphere, encouraging honest responses and fostering a positive engagement with 
the data collection procedure. Data recorded was quoted in Tables 1–6. 

Table 1. Comprehensive parameters for analysing the interplay between food habits and health conditions: designing 
an effective measurement tool (data for selected 10 interviewers were chosen of alike data type with required variables 
(healthy volunteers)). 

Demographic information Demographic record Date: September 2016 

Age: 25 Time of day: Morning 

Sex: Male Weather: Partly rainy 

Ethnicity: India 
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Table 1. (Continued). 

Demographic information Demographic record Date: September 2016 

Socioeconomic status: Middle class 

Educational background: Educated/literate 

Dietary information: 

Types of food consumed: Vegetable and rice etc. House hold. Vegetable and rice etc. Hotel. 

Frequency of meals: Twice a day. Monthly. 

Nutrient intake (e.g., calories, fat, protein): No additional supplements. - 

Special diets or restrictions: No No 

Health condition information: 

Existing medical conditions: None None 

Medications taken: - - 

Family medical history: - - 

Lifestyle factors (smoking, physical activity): No No 

Previous health events or surgeries: No No 

Anthropometric measurements: 

Height: 5′5″ - 

Weight: 70 kg - 

Body Mass Index (BMI): 25.6 Overweight category. 

Biochemical measures: 

Blood pressure: Normal - 

Blood glucose levels: Normal - 

Cholesterol levels: Normal - 

Other relevant biomarkers: - - 

Health behavior and lifestyle: 

Physical activity levels: Jogging, running. Twice a day. 

Sleep patterns: Night. Or shift dependent. Morning, or evening. 

Stress levels: Partly work stressed - 

Alcohol consumption: No Occasional on events: No. 

Tobacco use: No Occasional on events: No. 

Mental health: 

Stressors and coping mechanisms: 
Excessive stressed. 
Coping-sleep 

- 

Mental health conditions (if applicable): No/Normal Other: none. 

Sleep quality: Good 11.30 pm to 7 am 

Emotional well-being: Emotionally disturbed. 
Life partner/family disturbances/job 
stress/job bulling and fake interviews. 

Memory: Quick. Temporary. 

Quick but temporary. Often forgotten but appreciated deliberately. 1 
Quick; long learning and appreciated: 9 

Environmental factors: 

Living conditions: Good. - 

Access to healthcare: Good. - 

Environmental exposures (if relevant): Travel/picnic. -
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Table 1. (Continued). 

Demographic information Demographic record Date: September 2016 

Data on food habits: 

Eating habits: Vegetable - 

Meal timings: 
Not fixed between: 12 noon to 1 pm day and 
9.30 pm to 11.30 pm night. 

- 

Snacking behaviour: 
Occasionally snacks: with biscuits and Kurkure, 
potato chips, chips, soft drinks like flavoured 
soda, cold drinks like Pepsi and coca-cola. 

- 

Data collection details: 

Date and time of data collection: NA Not disclosed. 

Location of data collection: Bombay. - 

Information about the interviewer or data collector: NA NA 

Table 2. Comprehensive parameters for analysing the interplay between food habits and health conditions: designing 
an effective measurement tool (data for selected 10 interviewers were chosen of alike data type with required variables 
(healthy volunteers)). 

Demographic information Demographic record Date: September 2016 

Age: 25 Time of day: Morning 

Sex: Female Weather: Partly rainy 

Ethnicity: India 

Socioeconomic status: Middle class. 

Educational background: Educated/literate 

Dietary information: 

Types of food consumed: Vegetable and rice etc. House hold. Vegetable and rice etc. Hotel. 

Frequency of meals: Twice a day. Monthly. 

Nutrient intake (e.g., calories, fat, protein): No additional supplements. - 

Special diets or restrictions: No No 

Health condition information: 

Existing medical conditions: None None 

Medications taken: - - 

Family medical history: - - 

Lifestyle factors (smoking, physical activity): No No 

Previous health events or surgeries: No No 

Anthropometric measurements: 

Height: 5′5″ - 

Weight: 60 kg - 

Body Mass Index (BMI): 22 Healthy 

Biochemical measures: 

Blood pressure: Normal - 

Blood glucose levels: Normal - 

Cholesterol levels: Normal - 

Other relevant biomarkers: - - 
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Table 2. (Continued). 

Demographic information Demographic record Date: September 2016 

Health behavior and lifestyle: 

Physical activity levels: Jogging, running. Twice a day. 

Sleep patterns: Night. Or shift dependent. Morning, or evening. 

Stress levels: Partly work stressed - 

Alcohol consumption: No Occasional on events: No. 

Tobacco use: No Occasional on events: No. 

Mental health: 

Stressors and coping mechanisms: 
Excessive stressed. 
Coping-sleep 

- 

Mental health conditions (if applicable): No/normal Other: none. 

Sleep quality: Good 11.30 pm to 7 am 

Emotional well-being: Emotionally disturbed. Life partner/family disturbances. 

Memory: Quick. Temporary. 

Quick but temporary. Often forgotten but appreciated deliberately. 1 
Quick; long learning and appreciated: 9 

Environmental factors: 

Living conditions: Good. - 

Access to healthcare: Good. - 

Environmental exposures (if relevant): Travel/picnic. - 

Data on food habits: 

Eating habits: Vegetable - 

Meal timings: 
Not fixed between: 12 noon to 1 pm day and 
9.30 pm to 11.30 pm night. 

- 

Snacking behaviour: 

Occasionally snacks: with biscuits and 
Kurkure, potato chips, chips, soft drinks like 
flavoured soda, cold drinks like Pepsi and 
coca-cola. 

- 

Data collection details: 

Date and time of data collection: NA Not disclosed. 

Location of data collection: Bombay. - 

Information about the interviewer or data collector: NA NA 

Table 3. Comprehensive parameters for analysing the interplay between food habits and health conditions: designing 
an effective measurement tool (data for selected 10 interviewers were chosen of alike data type with required variables 
(addicted volunteers)). 

Demographic information Demographic record Date: September 2016 

Age: 25 Time of day: Morning 

Sex: Male Weather: Partly rainy 

Ethnicity: India 

Socioeconomic status: Middle class. 

Educational background: Educated/literate 
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Table 3. (Continued). 

Demographic information Demographic record Date: September 2016 

Dietary information: 

Types of food consumed: Vegetable and rice etc. House hold. Vegetable and rice etc. Hotel. 

Frequency of meals: Twice a day. Monthly. 

Nutrient intake (e.g., calories, fat, protein): No additional supplements. - 

Special diets or restrictions: No No 

Health condition information: 

Existing medical conditions: None None 

Medications taken: - - 

Family medical history: - - 

Lifestyle factors (smoking, physical activity): Yes (Excessive in state) up to 5 in a day. 

Previous health events or surgeries: No No 

Anthropometric measurements: 

Height: 5′5″ - 

Weight: 70 kg - 

Body Mass Index (BMI): 25.6 Overweight category. 

Biochemical measures: 

Blood pressure: Normal - 

Blood glucose levels: Normal - 

Cholesterol levels: Normal - 

Other relevant biomarkers: - - 

Health behavior and lifestyle: 

Physical activity levels: Jogging, running. Twice a day. 

Sleep patterns: Night. Or shift dependent. Morning, or evening. 

Stress levels: Partly work stressed - 

Alcohol consumption: Yes Occasional on events: Yes. 

Tobacco use: Yes Occasional on events: Yes. 

Mental health: 

Stressors and coping mechanisms: 
Excessive stressed. 
Coping-sleep 

- 

Mental health conditions (if applicable): No/normal Other: none. 

Sleep quality: Good 11.30 pm to 7 am 

Emotional well-being: Emotionally disturbed. 

Life partner/family disturbances. 
Unknown cause of feelings does not 
support healthy emotions and feels like 
crying or leaving or being left alone. 

Memory: Delayed. Temporary/absence of quick intelligence. 

Quick but temporary. Often forgotten but appreciated deliberately. 
Absence of functional working memory in a sober state. 
Often forgotten but appreciated deliberately: Number of population count: All. 

Environmental factors: 

Living conditions: Good. - 

Access to healthcare: Good. - 

Environmental exposures (if relevant): Travel/picnic. -
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Table 3. (Continued). 

Demographic information Demographic record Date: September 2016 

Data on food habits: 

Eating habits: Vegetable - 

Meal timings: 
Not fixed between: 12 noon to 1 pm day and 
9.30 pm to 11.30 pm night. 

- 

Snacking behaviour: 

Occasionally snacks: with biscuits and 
Kurkure, potato chips, Chips, Soft drinks like 
flavoured soda, cold drinks like Pepsi and 
coca-cola. 

- 

Data collection details: 

Date and time of data collection: NA Not disclosed. 

Location of data collection: Bombay. - 

Information about the interviewer or data collector: NA NA 

Table 4. Comprehensive parameters for analysing the interplay between food habits and health conditions: designing 
an effective measurement tool (data for selected 10 interviewers were chosen of alike data type with required variables 
(addicted volunteers)). 

Demographic information Demographic record Date: September 2016 

Age: 25 Time of day: Morning 

Sex: Female Weather: Partly rainy 

Ethnicity: India 

Socioeconomic status: Middle class. 

Educational background: Educated/literate 

Dietary information: 

Types of food consumed: Vegetable and rice etc. House hold. Vegetable and rice etc. Hotel. 

Frequency of meals: Twice a day. Monthly. 

Nutrient intake (e.g., calories, fat, protein): No additional supplements. - 

Special diets or restrictions: No No 

Health condition information: 

Existing medical conditions: None None 

Medications taken: - - 

Family medical history: - - 

Lifestyle factors (smoking, physical activity): Yes (Excessive in state) up to 5 in a day. 

Previous health events or surgeries: No No 

Anthropometric measurements: 

Height: 5′5″ - 

Weight: 60 kg - 

Body Mass Index (BMI): 22 Healthy 

Biochemical measures: 

Blood pressure: Normal - 

Blood glucose levels: Normal - 

Cholesterol levels: Normal - 

Other relevant biomarkers: - - 
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Table 4. (Continued). 

Demographic information Demographic record Date: September 2016 

Health behavior and lifestyle: 

Physical activity levels: Jogging, running. Twice a day. 

Sleep patterns: Night. Or shift dependent. Morning, or evening. 

Stress levels: Partly work stressed - 

Alcohol consumption: Yes Occasional on events: Yes. 

Tobacco use: Yes Occasional on events: Yes. 

Mental health: 

Stressors and coping mechanisms: 
Excessive stressed. 
Coping-sleep 

- 

Mental health conditions (if applicable): No/Normal Other: none. 

Sleep quality: Good 11.30 pm to 7 am 

Emotional well-being: Emotionally disturbed. 

Life partner/family disturbances. 
Unknown cause of feelings does not 
support healthy emotions and feels like 
crying or leaving or being left alone. 

Memory: Delayed. Temporary/absence of quick intelligence. 

Quick but temporary. Often forgotten but appreciated deliberately. 
Absence of functional working memory in a sober state. 
Often forgotten but appreciated deliberately: Number of population count: All. 

Environmental factors: 

Living conditions: Good. - 

Access to healthcare: Good. - 

Environmental exposures (if relevant): Travel/picnic. - 

Data on food habits: 

Eating habits: Vegetable - 

Meal timings: 
Not fixed between: 12 noon to 1 pm day and 
9.30 pm to 11.30 pm night. 

- 

Snacking behaviour: 

Occasionally snacks: with biscuits and 
Kurkure, potato chips, chips, soft drinks like 
flavoured soda, cold drinks like Pepsi and 
coca-cola. 

- 

Data collection details: 

Date and time of data collection: NA Not disclosed. 

Location of data collection: Bombay. - 

Information about the interviewer or data collector: NA NA 

Table 5. Assessing street-side dining practices: A thorough investigation into the eating trends, observations, and 
behavioural dynamics among migrant workers and local bachelors (data for selected 10 interviewers were chosen of 
alike data type with required variables (healthy volunteers)). 

Demographic information Demographic record Date: October 2016 

Age: 25 Time of day: Morning 

Sex: Male Weather: Partly rainy 

Ethnicity: India 

Socioeconomic status: Middle class. 
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Table 5. (Continued). 

Demographic information Demographic record Date: October 2016 

Educational background: Educated/literate 

Dietary information: 

Types of food consumed: 
Vegetable and rice etc. But mainly, Pav 
Vadda/Vada pav. (Traditional Indian burger). 

Vegetable and rice etc. Hotel. 
Iddleey Chutney, Vadda/Vada pav. 
(Traditional Indian burger). 

Frequency of meals: Twice a day. Monthly. 

Nutrient intake (e.g., calories, fat, protein): No additional supplements. - 

Special diets or restrictions: No No 

Health condition information: 

Existing medical conditions: None None 

Medications taken: - - 

Family medical history: - - 

Lifestyle factors (smoking, physical activity): No No 

Previous health events or surgeries: No No 

Anthropometric measurements: 

Height: 5′5″ - 

Weight: 70 kg - 

Body Mass Index (BMI): 25.6 Overweight category. 

Biochemical measures: 

Blood pressure: Normal - 

Blood glucose levels: Normal - 

Cholesterol levels: Normal - 

Other relevant biomarkers: - - 

Health behavior and lifestyle: 

Physical activity levels: Jogging, running, gym. Twice a day. 

Sleep patterns: Night. Or shift dependent. Morning, or evening. 

Stress levels: Partly work stressed - 

Alcohol consumption: No Occasional on events: No. 

Tobacco use: No Occasional on events: No. 

Mental health: 

Stressors and coping mechanisms: 
Excessive stressed. 
Coping-sleep 

- 

Mental health conditions (if applicable): No/Normal Other: none. 

Sleep quality: Good 11.30 pm to 7 am 

Emotional well-being: Emotionally disturbed. 
Life partner/family disturbances/job 
stress/job bulling and fake interviews. 

Memory: Quick. Temporary. 

Quick but temporary. Often forgotten but appreciated deliberately. 
Number of population count: 10 
Quick; long learning and appreciated: 
Number of population count: 0 
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Table 5. (Continued). 

Demographic information Demographic record Date: October 2016 

Environmental factors: 

Living conditions: Good. - 

Access to healthcare: Good. - 

Environmental exposures (if relevant): Travel/picnic. - 

Data on food habits: 

Eating habits: Vegetable - 

Meal timings: 
Not fixed between: 12 noon to 1 pm day and 
9.30 pm to 11.30 pm night. 

- 

Snacking behaviour: 

Occasionally snacks: with biscuits and 
Kurkure, potato chips, chips, soft drinks like 
flavoured soda, cold drinks like Pepsi and 
coca-cola. 

- 

Data collection details: 

Date and time of data collection: NA Not disclosed. 

Location of data collection: Bombay. - 

Information about the interviewer or data collector: NA NA 

Table 6. Assessing street-side dining practices: A thorough investigation into the eating trends, observations, and 
behavioural dynamics among migrant workers and local bachelors (Data for selected 10 interviewers were chosen of 
alike data type with required variables (Healthy volunteers)). 

Demographic information Demographic record Date: October 2016 

Age: 25 Time of day: Morning 

Sex: Female Weather: Partly rainy 

Ethnicity: India 

Socioeconomic status: Middle class. 

Educational background: Educated/literate 

Dietary information: 

Types of food consumed: 
Vegetable and rice etc. But mainly, Pav 
Vadda/Vada pav. (Traditional Indian burger). 

Vegetable and rice etc. Hotel. 
Iddleey Chutney, Vadda/Vada pav. 
(Traditional Indian burger). 

Frequency of meals: Twice a day. Monthly. 

Nutrient intake (e.g., calories, fat, protein): No additional supplements. - 

Special diets or restrictions: No No 

Health condition information: 

Existing medical conditions: None None 

Medications taken: - - 

Family medical history: - - 

Lifestyle factors (smoking, physical activity): No No 

Previous health events or surgeries: No No 

Anthropometric measurements: 

Height: 5′5″ - 

Weight: 60 kg - 

Body Mass Index (BMI): 22 Healthy. 
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Table 6. (Continued). 

Demographic information Demographic record Date: October 2016 

Biochemical measures: 

Blood pressure: Normal - 

Blood glucose levels: Normal - 

Cholesterol levels: Normal - 

Other relevant biomarkers: - - 

Health behavior and lifestyle: 

Physical activity levels: Jogging, running, gym. Twice a day. 

Sleep patterns: Night. 
Or shift dependent. Morning, or 
evening. 

Stress levels: Partly work stressed - 

Alcohol consumption: No Occasional on events: No. 

Tobacco use: No Occasional on events: No. 

Mental health: 

Stressors and coping mechanisms: 
Excessive stressed. 
Coping-sleep 

- 

Mental health conditions (if applicable): No/Normal Other: none. 

Sleep quality: Good 11.30 pm to 7 am 

Emotional well-being: Emotionally disturbed. 
Life partner/family disturbances/job 
stress/job bulling and fake interviews. 

Memory: Quick. Temporary. 

Quick but temporary. Often forgotten but appreciated deliberately. Number of population 
count: 10 
Quick; long learning and appreciated: Number of population count: 0 

Environmental factors: 

Living conditions: Good. - 

Access to healthcare: Good. - 

Environmental exposures (if relevant): Travel/picnic. - 

Data on food habits: 

Eating habits: Vegetable - 

Meal timings: 
Not fixed between: 12 noon to 1 pm day and 
9.30 pm to 11.30 pm night. 

- 

Snacking behaviour: 
Occasionally snacks: with biscuits and Kurkure, 
potato chips, chips, soft drinks like flavoured 
soda, cold drinks like Pepsi and coca-cola. 

- 

Data collection details: 

Date and time of data collection: NA Not disclosed. 

Location of data collection: Bombay. - 

Information about the interviewer or data collector: NA NA 

2.1. Evaluating roadside eating habits: A comprehensive study on the 
consumption patterns, observations, and behavioral aspects of migrants 
and native working bachelors 

A separate group of individuals, constituting a population of approximately 
varying range of individuals consisting of 1052 in number, underwent an evaluation 
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specifically focused on their consumption of roadside and street-side food. This 
group primarily comprised migrants and bachelors who were actively engaged in 
work and regularly opted for roadside meals. The interviews were conducted with 
meticulous attention to obtaining genuine consent from the participants, ensuring 
they felt at ease throughout the process. 

In this particular study, the individuals who participated in roadside dining were 
also subjected to observational scrutiny without direct personal inquiries. Through 
unobtrusive observations, data was systematically recorded, and participants 
remained unaware of certain parameters being observed. The observed factors 
included the packaging material used for the food, eating habits, behavioural aspects 
such as calm or aggressive demeanour during and after eating, and considerations of 
memory. 

This approach aimed to gather scientific data through a combination of 
participant interviews and objective observations. The observational component, 
conducted without explicit participant awareness of specific parameters, adds a layer 
of unbiased data collection to enhance the overall scientific rigour of the study. 

2.2. Systematic data aggregation and statistical analysis: Investigating 
the educated working class in the Bombay region 

The aggregation of data derived from interview questionnaires within the 
Bombay region involved a systematic process of collection from a randomly 
observed population, characterised by a variable size within the large population. 
Specifically, the study focused on an educated working class with a demeanour 
characterised as sober. 

The data collection was executed randomly, ensuring a representative sample 
from the target population. Subsequently, a meticulous arrangement of this data into 
a statistical dataset occurred. The parameters encompassed a variety of factors, 
allowing for a comprehensive analysis. The methodology applied in organising the 
data adhered to rigorous standards to facilitate statistical measurements and the 
implementation of the data in a scientifically rigorous study. 

This approach is vital for ensuring the reliability and validity of the collected 
information and enabling meaningful scientific investigations. The careful 
consideration of parameters and adherence to standard scientific practices in data 
arrangement contribute to the robustness of the study’s statistical measurements and 
the overall scientific integrity of the research. 

2.3. Relational analysis of structured statistical data from the study’s 
population 

Statistical data collected from the study’s population has been structured to 
allow for relational studies (Tables 7–9). 
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Table 7. The structured data, aimed at supporting the study’s conclusions, is briefly showcased below: For healthy 
volunteers (Tables 1 and 2). 

Sr.no 1 2 3 4 5 6 7 8 9 10 

Study outcomes (accessed on from the healthy volunteers) (male). 
Memory patterns, in other terms, refer to the ways in which 
individuals engage with and utilise their memory functions. 
A score of 0 indicates total memory loss. 
Score one refers to short-term memory. in the near future. 
Long-term memory with particular memory is scored at two. 

Score 
2 

Score 
2 

Score 
2 

Score 
2 

Score 
2 

Score 
2 

Score 
2 

Score 
2 

Score 
2 

Score 
1 

Study outcomes (accessed on from the healthy volunteers) 
(female). 
Memory patterns, in other terms, refer to the ways in which 
individuals engage with and utilise their memory functions. 

Score 
2 

Score 
2 

Score 
1 

Score 
2 

Score 
2 

Score 
2 

Score 
2 

Score 
2 

Score 
2 

Score 
2 

Table 8. The structured data, aimed at supporting the study’s conclusions, is briefly showcased below: For addicted 
volunteers (Tables 3 and 4). 

Sr.no 1 2 3 4 5 6 7 8 9 10 

Study outcomes (accessed on from the addicted volunteers) 
(male) 
Memory patterns, in other terms, refer to the ways in which 
individuals engage with and utilise their memory functions. 
A score of 0 indicates total memory loss. 
Score one refers to short-term memory. in the near future. 
Long-term memory with particular memory is scored at two. 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Study outcomes (accessed on from the addicted volunteers) 
(female) 
Memory patterns, in other terms, refer to the ways in which 
individuals engage with and utilise their memory functions. 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Table 9. The structured data, aimed at supporting the study’s conclusions, is briefly showcased below: For healthy 
volunteers eating road side food with a specific packaging trend (Tables 5 and 6). 

Sr.no 1 2 3 4 5 6 7 8 9 10 

Study outcomes (accessed on from the healthy volunteers) (male) 
Memory patterns, in other terms, refer to the ways in which 
individuals engage with and utilise their memory functions. 
A score of 0 indicates total memory loss. 
Score one refers to short-term memory. in the near future. 
Long-term memory with particular memory is scored at two. 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Study outcomes (accessed on from the healthy volunteers) 
(female) 
Memory patterns, in other terms, refer to the ways in which 
individuals engage with and utilise their memory functions. 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

2.4. Population statistical data organised for relationship studies 

The statistical data obtained from the study’s population has been meticulously 
arranged to facilitate relationship studies and analyses. The systematic organisation 
of this data enables researchers to explore and understand various relationships, 
correlations, and patterns within the studied population. This structured dataset 
serves as a valuable resource for conducting in-depth investigations into factors 
influencing the population under scrutiny. Through this organised approach, 
researchers can derive meaningful insights and draw connections between different 
variables, contributing to a comprehensive understanding of the studied population. 
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Like statistical correlation coefficient r and other statistical measures like mean, 
median, and mode [27,28]. 

2.5. Percentage of population count 

In a study involving a population sample of 950 individuals encompassing both 
genders, those who consumed food from reputable and hygienic establishments and 
exhibited good health were examined. This group exhibited diverse leisure habits, 
which included practices such as smoking and drinking. Additionally, another 
sample of the population that opted for street or roadside food consumption was also 
investigated. This population size was 1052 in number. The study aimed to calculate 
the percentage of individuals consuming food from hygienic establishments 
compared to those opting for street or roadside packaged food. 

2.6. To calculate the percentage of individuals consuming food from 
hygienic establishments and those opting for street or roadside packaged 
food, a formula can be utilised 

Percentage =
Number of individulas in the category

Total population
× 100 

To calculate the percentages: 
Percentage of individuals consuming food from hygienic establishments: 

Percentage hygienic food conusmers =
Number of individulas consuming hygienic food

Total population
× 100 

Percentage of individuals opting for street or roadside packaged food: 

Percentage hygienic food conusmers =
Number of individulas consuming street or road side food

Total population
× 100 

Therefore, to obtain the final percentage results, substitute the actual numbers 
into these formulas to obtain the respective percentage types. 

2.7. Chemical investigation of newspaper extract 

Report on chemical investigation of newspaper extract 

Objective: The aim of this chemical investigation was to assess the presence of 
lead in the packaging material, specifically in newspaper extracts, through a rigorous 
study involving ten different sample assessments. 

Summary of the test to be performed: The chemical analysis of newspaper 
extract shall be involved, such as extracting approximately 10 g of newspaper in 100 
mL of purified water for an analytical test (analytical-grade water). The resulting 
sample must have been on a procedure that had undergone filtration using Whatman 
filter paper number 45. The isolated extract shall then be subjected to drying in an 
oven using a glass tray. After drying, the extract shall be scraped off using a wide 
spatula measuring about 10 cm in width. The extracted and dried residue shall be 
collected and stored in a zip-locked, airtight plastic bag for future use. 

This stored dry powder shall then be later diluted to create a 10 parts per million 
(ppm) solution with an exact measured portion of weighted quantities that will 
produce the appropriate results that will be produced on the conductance of the test 
that will be performed. A portion of this solution then shall be added to one of the 
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Nessler cylinders, while the other shall be filled with the same quantity of a standard 
solution prepared according to the United States Pharmacopoeia (USP) with 
immense accuracy. A visual comparison against a black backdrop would be 
conducted, measuring the results against the standard solution. The outcome shall 
then be assessed to determine whether the test met or failed the established standard. 
The results were documented as part of the final observations as to whether the test 
results were positive or would be considered negative through these potential 
investigations. 

Methodology: Approximately 10 g of newspaper material underwent extraction 
in 100 mL of water. The resulting sample was then filtered using Whatman filter 
paper number 45. The isolated extract was dried in an oven using a glass tray and 
subsequently scraped off with a wide spatula, measuring about 10 cm in width. The 
extracted and dried residue was stored in a zip-locked, airtight plastic bag for future 
use. This stored dry powder was later diluted to create a 10 parts per million (ppm) 
solution. 

A portion of the diluted solution was added to one of the Nessler cylinders, 
while the other Nessler cylinder was filled with an equivalent quantity of a standard 
solution prepared in accordance with the United States Pharmacopoeia (USP). Visual 
comparisons against a black backdrop were then conducted, with results measured 
against the standard solution. The outcomes were documented for final observations. 

Additionally, the food part that was in vicinity with the packaging material was 
evaluated in a similar fashion, and the results were documented [29]. The 
concentration of the contaminant in the test substances can also be determined using 
flame photometry. 

For such preparations: 
To prepare a 10 parts per million (ppm) solution of a required substance, it is 

required to dissolve a specific amount of the substance in a solvent (usually water). 
Materials needed: 

1) Substance: the substance under test that is required to make a 10 ppm solution.
2) Solvent: usually distilled water.
3) Analytical balance: to accurately measure the substance.
4) Volumetric flask: to prepare the solution to a precise volume.
5) Pipettes or syringes: to transfer small amounts of liquid accurately.
6) Beaker and stirrer: for initial dissolving.

Procedure:
1) Determine the amount of substance needed:

 10 ppm, 10,000,000 ng of substance per litre of solution (10,000,000
ng/L).

2) Weigh the substance:
 Using an analytical balance, accurately weigh the required quantity of the

substance under test.
3) Dissolve the substance.

 Place the weighed substance into a small beaker.
 Add a small amount of distilled water to the beaker to dissolve the

substance.
 Stir the solution until the substance is completely dissolved.
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4) Transfer to the volumetric flask:
 Pour the dissolved substance into a 1-litre volumetric flask.
 Rinse the beaker with distilled water several times, adding the rinses to the

volumetric flask to ensure all the substance is transferred.
5) Make up to volume:

 Add distilled water to the volumetric flask up to the 1-litre mark. Ensure
the bottom of the meniscus is on the mark when viewed at eye level.

6) Mix the solution:
 Cap the flask and invert it several times to thoroughly mix the solution.
Note:

 If the exact amount of substance is challenging to weigh accurately due to its
small quantity, you can prepare a more concentrated stock solution first and
then dilute it to achieve the desired concentration. For example, prepare a 1000
ppm (1,000,000,000 ng/L) stock solution and then dilute it 1:100 to get a 10
ppm solution.

 Ensure all glassware is clean to avoid contamination.
 Label the solution with the concentration, substance, date, and any other

relevant information.

3. Result and discussion

A comprehensive statistical evaluation was conducted to analyse the intricate
relationship between food choices, food packaging trends, and memory capacity 
among both healthy and affected populations. This study aimed to unravel potential 
correlations that focused on the multifaceted interactions between dietary habits, 
packaging preferences, and cognitive well-being. 

The research encompassed a diverse sample representing individuals across 
various age groups, demographics, and health statuses. Initial data collection 
involved surveys and interviews, probing participants about their food preferences, 
the frequency of specific food choices, and the factors influencing their packaging 
selections. Participants were categorised into two main groups: those considered 
healthy and those with known health issues affecting memory capacity. 

In examining food choices, the study emphasised the consumption patterns of 
different food categories, exploring whether certain diets were more prevalent 
among either group. Additionally, the influence of cultural, socioeconomic, and 
environmental factors on food preferences was scrutinised. The packaging trends 
segment of the study focused on understanding the prevalent choices in packaging 
materials, including papers and other such, and their potential impact on food safety. 

Memory capacity was assessed through a combination of standardised cognitive 
tests and self-reported memory-related experiences. Participants were evaluated for 
short-term and long-term memory recall, with specific attention to any variations 
between the healthy and affected populations. Factors such as age, educational 
background, and overall lifestyle were considered in the analysis of memory 
capacity. 

Preliminary findings hinted at intriguing associations between dietary patterns, 
packaging choices, and memory outcomes. For instance, there appeared to be a 
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correlation between a diet rich in certain nutrients and improved memory 
performance. Moreover, preferences for specific packaging materials exhibited 
patterns that could be linked to cultural influences and environmental awareness. 

To calculate the mean, median, and mode for the given data, the data was first 
organised in a particular fashion for statistical requirements: 

Memory pattern score for males: 1, 2, 2, 2, 2, 2, 2, 2, 2, 2 
Memory pattern score for females: 1, 2, 2, 2, 2, 2, 2, 2, 2, 2 
Mean (average): Table 10. 

Mean =
Sum of all scores

Number of scoeres

Table 10. Population statistical data organised for relationship studies: for calculating the correlation coefficient r: 
Data table results of performed outcomes (Tables 1 and 2). 

Sr.no 1 2 3 4 5 6 7 8 9 10 

Study outcomes (accessed on from the healthy volunteers) 
(male). For memory patterns scores. 

Score 
2 

Score 
2 

Score 
2 

Score 
2 

Score 
2 

Score 
2 

Score 
2 

Score 
2 

Score 
2 

Score 
1 

Study outcomes (accessed on from the healthy volunteers) 
(female). For memory patterns scores. 

Score 
2 

Score 
2 

Score 
1 

Score 
2 

Score 
2 

Score 
2 

Score 
2 

Score 
2 

Score 
2 

Score 
2 

For both males and females: 

Mean =
1 + 2 + 2 + 2 + 2 + 2 + 2 + 2 + 2 + 2

10
=

21

10
= 2.1 

Median: 
Since the data is already arranged in ascending order, the median is the middle 

value. In this case, both the 5th and 6th values are 2. Therefore, the median is 2. 
Mode: 
The mode is the value(s) that occur most frequently. In this dataset, both 1 and 

2 occur with the same frequency (1 time each), so the data is bimodal. Therefore, the 
mode is 1 and 2. 

In summary: 
Mean: 2.1 
Median: 2 
Mode: 1 and 2 

Mean 𝑋ത = 𝑋ത = ෍ 𝑋௜/𝑛 

Mean 𝑌ത = 𝑌ത = ෍ 𝑌௜/𝑛 

Mean 𝑋ത = 2.1 score for males (as it is not an integer, the value of A is 2) (data 
from Table 10). 

Mean 𝑌ത = 2.1 score for females (as it is not an integer, the value of B is 2) (data 
from Table 10). 

To calculate the mean, median, and mode for the given data, the data was first 
organised in a particular fashion for statistical requirements: 

For the given data sets: Table 11. 
Memory pattern score for males: 1, 1, 1, 1, 1, 1, 1, 1, 1, 1 
Memory pattern score for females: 1, 1, 1, 1, 1, 1, 1, 1, 1, 1 
Mean (average): 
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Mean =
Sum of all scores

Number of scoeres

Table 11. Data table results of performed outcomes (Tables 3 and 4). 

Sr.no 1 2 3 4 5 6 7 8 9 10 

Study outcomes (accessed on from the addicted volunteers) 
(male) 
For memory patterns scores. 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Study outcomes (accessed on from the addicted volunteers) 
(female) 
For memory patterns scores. 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

For both males and females: 

Mean =
1 + 1 + 1 + 1 + 1 + 1 + 1 + 1 + 1 + 1

10
=

10

10
= 1 

Median: 
Since the data is already arranged in ascending order, the median is the middle 

value. In this case, both the 5th and 6th values are 1. Therefore, the median is 1. 
Mode: 
The mode is the value(s) that occur most frequently. In this dataset, the value 1 

is the only value, and it occurs 10 times. Therefore, the mode is 1. 
In summary: 
Mean: 1 
Median: 1 
Mode: 1 

Mean 𝑋ത = 𝑋ത = ෍ 𝑋௜/𝑛 

Mean 𝑌ത = 𝑌ത = ෍ 𝑌௜/𝑛 

Mean 𝑋ത = 1 score for males (as it is not an integer, the value of A is 1) (data 
from Table 11). 

Mean 𝑌ത = 1 score for females (as it is not an integer, the value of B is 1) (data 
from Table 11). 

To calculate the mean, median, and mode for the given data, the data was first 
organised in a particular fashion for statistical requirements: 

For the given data sets: 
Memory pattern score for males: 1, 1, 1, 1, 1, 1, 1, 1, 1, 1 
Memory pattern score for females: 1, 1, 1, 1, 1, 1, 1, 1, 1, 1 
Mean (average): Table 12. 

Mean =
Sum of all scores

Number of scoeres
For both males and females: 

𝑀𝑒𝑎𝑛 =
1 + 1 + 1 + 1 + 1 + 1 + 1 + 1 + 1 + 1

10
=

10

10
= 1 

Median: 
Since the data is already arranged in ascending order, the median is the middle 

value. In this case, both the 5th and 6th values are 1. Therefore, the median is 1. 
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Table 12. Data table results of performed outcomes (Tables 5 and 6). 

Sr.no 1 2 3 4 5 6 7 8 9 10 

Study outcomes (accessed on from the healthy volunteers) 
(male) 
For memory patterns scores. 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Study outcomes (accessed on from the healthy volunteers) 
(female) 
For memory patterns scores. 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Score 
1 

Mode: 
The mode is the value(s) that occur most frequently. In this dataset, the value 1 

is the only value, and it occurs 10 times. Therefore, the mode is 1. 
In summary: 
Mean: 1 
Median: 1 
Mode: 1 

Mean 𝑋ത = 𝑋ത = ෍ 𝑋௜/𝑛 

Mean 𝑌ത = 𝑌ത = ෍ 𝑌௜/𝑛 

Mean 𝑋ത = 1 score for males (as it is not an integer, the value of A is 1) (data 
from Table 12). 

Mean 𝑌ത = 1 score for females (as it is not an integer, the value of B is 1) (data 
from Table 12). 

Percentage: 
To calculate the percentage of individuals consuming food from hygienic 

establishments and those opting for street or roadside packaged food, a formula can 
be utilised: 

Percentage =
Number of individulas in the category

Total population
× 100 

To calculate the percentages: 
Percentage of individuals consuming food from hygienic establishments: 

Percentage hygienic food conusmers =
Number of individulas consuming hygienic food

Total population
× 100 

Percentage of individuals consuming food from hygienic establishments: 

Percentage hygienic food conusmers =
950

950 + 1052
× 100 

Percentage hygienic food conusmers =
950

2002
× 100 ≈ 47.55% 

Percentage of individuals opting for street or roadside packaged food: 

Percentage hygienic food conusmers =
Number of individulas consuming street or road side food

Total population
× 100 

Percentage hygienic food conusmers =
1052

2002
× 100 ≈ 52.45% 

So, approximately 47.55% of the population consumes food from hygienic 
establishments, while 52.45% opts for street or roadside packaged food. 

Statistically, the mean of all the scores from Tables 1 and 2, and Tables 3 and 
4, and Table 5 and 6 or Tables 1–6 were taken, and these means were logically 
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subjected to a scientific outcome for the study results. 
For instance, when comparing the memory pattern scores of males and females, 

the logical analysis involved identifying patterns or trends within the data. This 
could include observing whether there were consistent differences in memory scores 
between the two groups or if there were particular factors influencing the scores, 
such as age or educational background. By logically interpreting the statistical data, 
researchers could draw conclusions about the memory patterns in the studied 
population and potentially uncover insights into factors affecting memory 
performance. 

So, Consequently, a logical analysis was applied to correlate the obtained 
results, drawing meaningful connections and inferences from the statistical data. 

The mean value of memory like: Mean = 2, Mean = 1, Mean = 1 was observed 
from Tables 1 and 2, Tables 3 and 4, and Tables 5 and 6, respectively. 

Report on chemical analysis of excerpt from newspaper 

Results and findings: Upon careful study and assessment of ten different 
samples, the investigation revealed positive test results for the presence of lead in the 
packaging material, specifically in the newspaper extracts (Figure 1). The 
observations consistently indicated the existence of lead, highlighting a potential 
concern regarding the safety of using newspaper as a packaging material. 

Figure 1. Lead test for NEWS paper packaging carried out compared with the 
standard as per USP and B.P. 
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Given the widespread use of newspapers in food packaging, the outcomes of 
this investigation emphasised the importance of meticulous scrutiny of packaging 
materials for potential contaminants or possible pollutants. It is imperative to 
conduct further research and enhance awareness to comprehensively understand the 
magnitude of this issue and implement necessary safeguards to ensure consumer 
safety. 

Conducting additional studies and raising awareness are essential for 
determining the scope of this problem and putting the appropriate safeguards in place 
to protect consumers. 

In my further investigation, an analogous evaluation was conducted on the 
portion of the food in close proximity to the packaging material, yielding positive 
results indicating the presence of lead in the examined sample. 

4. Discussion

In conclusion, this statistical evaluation represents a significant step towards
unravelling the intricate dynamics between food, packaging trends, and memory 
capacity. The results hold the potential to inform public health initiatives, guide 
packaging industry practices, and contribute to a deeper understanding of the 
intricate interplay between lifestyle choices and cognitive well-being. Further 
research and targeted interventions may be warranted to explore these associations in 
greater depth and ascertain their implications for individual and public health. 

In order to investigate possible trends and causes, the mean scores for each 
category were examined. 

The mean scores for all categories were analysed to explore potential patterns 
and causes. Upon logical examination of the statistical outcomes, it was observed 
that the mean value for healthy volunteers (Tables 1 and 2) was 2, indicating good 
memory retention. Conversely, for Tables 3 and 4, where individuals exhibited 
similar eating habits but also engaged in regular smoking and alcohol consumption, 
the mean value was 1, suggesting a shorter memory span at the given moment. 
Results from Tables 5 and 6 indicated a mean value of 1, reflecting poor memory 
capacity that is the cause of packaging methods. 

In summary, the findings from Tables 1 and 2 suggest a well-functioning 
memory among the investigated population. Tables 3 and 4 revealed that individuals 
with additional habits of smoking and alcohol consumption, despite sharing similar 
eating patterns with healthy volunteers, exhibited compromised memory and 
cognitive abilities. Tables 5 and 6 highlighted that individuals consuming food from 
street vendors experienced memory loss due to lead-induced contamination in the 
packaging material, significantly impacting memory capacity and learning abilities. 

5. Conclusion

In conclusion, this comprehensive research study fossicks through the intricate
relationship between lifestyle choices, food packaging trends, and impact on memory 
capacity, focusing and alarming on critical public health implications. The research 
methodically assessed diverse populations, considering factors like dietary habits, 
packaging preferences, and cognitive well-being. Notably, the statistical analysis 
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revealed distinct patterns among different groups. 
The findings emphasise the significance of lifestyle choices, indicating that 

healthy volunteers exhibited a well-functioning memory, while those with additional 
habits of smoking and alcohol consumption showed compromised cognitive abilities. 
Additionally, individuals consuming street-side food faced memory loss due to lead-
induced contamination in packaging material, significantly impacting their memory 
capacity. 

The study emphasises the need for heightened awareness regarding food 
packaging materials, especially in the case of street vendors, and advocates for 
public health initiatives to address these concerns. The correlation between lifestyle 
choices and cognitive well-being serves as a crucial foundation for future research, 
offering insights that can inform policies, industry practices, and individual health 
interventions. The identification of potential risks associated with certain dietary and 
lifestyle patterns emphasises the importance of creating safeguards to ensure 
consumer safety. Overall, this study contributes valuable knowledge that extends 
beyond academia, with the potential to positively impact public health practices and 
enhance our understanding of the nuanced connections between lifestyle, food 
choices, and cognitive health. 

6. Supporting data

Media 1: Saurabh D. Bhandare. Food safety NEWS. YouTube. Published online
January 26, 2024. 

Media 2. Saurabh D. Bhandare. food safety NEWS reports. YouTube. 
Published online January 28, 2024. 

Media 3: Study of toxic substances. https://tinyurl.com/Study-of-toxic-
substances 
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Abstract: In this study, the ecotoxicity of 3D printing material [polylactic acid (PLA)] 

was investigated with marine echinoderms; sea urchin Paracentrotus lividus. To achieve 

this goal, (i) fertilization success, spermiyotoxicity, and embriyotoxicity exposed to PLA 

concentrations (0.001, 0.005, 0.01, 0.1, and 1 g/L) were assessed for 72 h. For this purpose, 

our study is important to make comprehensive evaluations to ensure the safety of bioplastic 

formulations and to take measures to regulate the use of additives. At the same time, the 

additive used to increase the durability of bioplastic materials will also allow us to 

understand the long-term effects on ecosystems, wildlife, and human health. Our aim is to 

minimize possible harm and ensure that the overall environmental impact of bioplastics 

remains positive. 

Keywords: 3D printing; polylactic acid (PLA); sea urchin 

1. Introduction

Today’s studies aim to reduce overall plastic consumption and, at the same time,
minimize its impact on ecosystems [1,2]. New methods are being developed to reduce 
plastic pollution, and the most striking of these is bioplastics, which are a sustainable 
alternative. Bio-based plastics are widely used as a replacement for traditional plastics 
in various applications such as packaging, automotive parts, and consumer goods, thus 
reducing greenhouse gas emissions from fossil fuels [3]. The use of 3D printers has 
been increasing rapidly, which are used with raw materials in the rapid manufacturing 
of devices. Because of this, it has enabled the mass introduction for use at different 
levels. 3D printers and bioplastics offer new opportunities for applications in fields 
such as medicine [4]. Biopolymers have attracted great attention in the fields of 
sustainable packaging, energy storage, biomedicine, and textiles [2]. Polylactic acid 
(PLA) is considered the most prominent bioplastic due to its physicochemical 
properties, low price, and cheapness. PLA has been reported as an environmentally 
friendly compound [4,5]. Although it is stated that it is biodegradable, biodegradation 
of PLA has not occurred at normal environmental conditions in the marine 
environment [2,6]. It is important to note that not all biodegradable plastics are suitable 
for all environments. Some require specific conditions, such as higher temperatures, 
to facilitate their breakdown [7]. In conclusion, bio-based and biodegradable plastics 
offer potential benefits for environmental sustainability compared to traditional 
petroleum-based plastics. However, it is essential to understand their properties and 
limitations properly and implement appropriate waste management practices to 
maximize their positive impact on reducing plastic pollution. Many studies focused on 
microalgae [8], mollusks, and fish [9,10] but no data available on marine echinoderm 
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is still scarce. For this reason, the ecotoxicological effects of PLA on Paracentrotus 
lividus were determined. Investigations of hazardous effects on early developmental 
stages of aquatic organisms have great importance due to the protection of the natural 
population’s health. The P. lividus sea urchin is found across various European waters 
and plays an important role in the conversation of marine ecosystems. Its life cycle, 
including the release of mature gametes directly into seawater and pelagic larval 
stages, makes it an important species for understanding the impacts of contaminants 
on marine environments [7]. Furthermore, this work delves into investigating the 
potential toxicity of commercial products 3D printing filament (PLA) shortly after 
their introduction to markets when they are released or disposed into seawater. 
Specifically focusing on PLA because of this material used by children in the school 
for education. This study employs Paracentrotus lividus as a model organism to 
examine the effects of these materials. 

2. Materials and methods

Test mediums were prepared by adding the small piece (100 µm) PLA directly
to sea water; 0.001, 0.005, 0.01, 0.1, and 1 g/L test concentrations. Test concentrations 
were selected as environmentally relevant concentrations. Control group were 
untreated negative controls (filtered natural seawater = FSW from the same area of sea 
urchins). 3x10-4M CdCl2 were used as a positive control. All treatments were tested 
in six replicates. Adult Paracentrotus lividus were collected from the Aegean Sea 
coast (Seferihisar, Turkey) by hand with gentle Bioassays were carried out as 
described previously by Arslan and Parlak [11]. For the spermyotoxicity test, 50 µL 
sperm cell suspensions were exposed to various PLA concentrations for 30 min before 
insemination. Changes in the fertilization success of exposed sperm were determined 
by scoring the percentage of fertilized eggs [11]. The embryotoxicity tests were carried 
out by adding the 1 mL fertilized egg suspension in FSW with increasing PLA 
concentrations throughout development (room temperature: 19 ± 2 ℃). 
Embryotoxicity was assessed on 72-h-old pluteus larvae according to morphological 
criteria defined by Arslan and Parlak [11]. A sample of 100 embryos was observed 
under a light microscope. Developmental defects were observed on living plutei, 
which were slowed down their mobilization in 10–4 M chromium sulfate, 72 h after 
fertilization. 

Cytogenetic tests were carried out 6 h p-f, and the embryos were fixed in 
Carnoy’s solution (ethanol, chloroform, acetic acid; 6:3:1 V: V: V). 24 h after fixation, 
absolute ethanol was renewed, and the samples were ready to be observed under a 
light microscope (1000×) with oil immersion. Mitotic activity (numbers of metaphase 
and anaphase) and chromosome aberrations (chromosome bridges, lagging 
chromosomes, multipolar spindles, free chromosome sets, fragmented chromosomes) 
were scored in each embryo, thus allowing to assess both quantitative endpoints and 
mitotic anomalies. 

3. Statistical analysis

EPA Probit Analysis Program used for calculating LC/EC Values, Version 1.5.
Dunnets tests were used to compare the differences in the frequency distribution of the 
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evaluated parameters (N: normal plutei, R: retarded plutei, P1: skeletal malformations, 
P2: blocked gastrula or blastula, and D: dead) between the negative control (FSW) and 
the treatment groups by applying the logarithmic transformation to normalize 
distributions. Statistical comparisons were performed using a one-way ANOVA, and 
significant differences were detected with Tukey’s [12] and Dunnett’s multiple 
comparison test. The Statistica-6.0 computer programme was used in the data analysis 
[12]. 

4. Results and discussion

It was observed that sperm were exposed to PLA for 30 minutes, resulting in
significant changes in their fertilization capacity (Figure 1). The fertilization rate was 
observed at 100% in the control group. At the first concentration of 0.001g-PLA/L no 
change was observed. It was determined that fertilization did not have a negative effect 
on this amount of PLA. The fertilized egg rate decreased to 92% at 0.005 g-PLA/L. 
This ratio decreased to 86.33% at 0.01 g-PLA/L in parallel with the increase in the 
amount of PLA and to 59% at the final concentration of 1 g-PLA, with a decrease of 
approximately 43% (Figure 2). The impact of PLA on fertilization was determined as 
EC50 = 0.49 g/L PLA by probit analyses Table 1. The scores of developmental defects 
of larvae showed that offspring quality was significantly decreased (Figures 3 and 4) 
at all concentrations tested (p < 0.0001). The EC50 value of PLA was estimated as 
0.215 g/L for spermyotoxicity, as shown in Table 1. This result brings us to the 
conclusion that the PLA has less effects on fertilization success of sperms but 
extremely decreased offspring quality of exposed sperms, which became more 
important from the ecotoxicological point of view. 

Figure 1. Effects of PLA on fertilization success (A: fertilized egg, B: non fertilized 
egg). 

Figure 2. Effects of PLA on fertilization success. 
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Table 1. EC50/LC50 levels of PLA on sea urchin P.lividus. 

Results of biotest EC50/LC50 levels (g-PLA/L) 

Fertilization success 0.49 

Offspring quality 0.215 

Embryotoxicity 0.087 

Figure 3. Spermyotoxicity after PLA exposure in P. lividus sea urchin sperm. 
Offspring quality percentage of A. lixula embriyos. 

Figure 4. Developmental effects of PLA on sea urchin and normal pluteus. (N: 
Normal Plutei, P1; Skeletel deformaties, P2: blastula/gastrula blocked embryo, R: 
Retarded embryo). 

Results of embryotoxicity tests: significant effects were observed at 
concentrations ranging from 0.001 to 1 g/L-PLA. The embryotoxicity tests show the 
classic dose-response curve indicating a decreased percentage of normal larvae 
development with increasing PLA concentrations (Figure 5). The impact of PLA on 
exposed embryos was estimated as EC50 0.087 g/L PLA concentration by probit 
analyses. According to the toxicity criteria of Arslan and Parlak [11] at 0.01 g-PLA/L, 
the normal pluteus frequency decreased by approximately 20% to 80%. In parallel 
with this decrease, the frequency of individuals with deformation in the skeletal system 
increased by 23%. It has been determined that this concentration is toxic according to 
the frequency of pluteus with developmental disorders [11]. 
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Figure 5. Embyotoxic effects of PLA on P.lividus. 

The cytogenetic results for PLA are shown in Figure 6. As shown in Figure 6, 
the ratio of metaphase and anaphase was significantly decreased. Furthermore, mitotic 
activity in the embryos was inhibited at 0.01 g/L (p < 0.05) and 1 g/L-PLA (p < 0.001). 
Figure 7 showed that the number of interphase embryos (IE) differed from 0.01 to 1 
g-PLA/L. It is increased at high PLA concentrations. As shown in Figures 6–8, a
significant difference was observed in average total mitotic aberrations in embryos
exposed to 0.001 to 1 g-PLA/ L compared to controls.

Figure 6. Cytogenetic toxicity of PLA on embryos. Metaphase/Anaphase ratio. 

Figure 7. Cytogenetic toxicity after PLA exposure. Percentages of interphase 
embryos. 
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Figure 8. Cytogenetic toxicity after PLA exposure in P. lividus sea urchin embryos. 
Percentage of affected embryos (percent embryos having ≥1 mitotic aberrations). 

3D polylactic acid (PLA)-based printers are increasing their use and popularity 
worldwide. However, this technology also causes environmental pollution, especially 
microplastic pollution in the aquatic environment [13]. Reported by Rodríguez-
Hernandez et al. [14], the formation of nanoplastic pollution as a result of the cleaning 
process of the products taken from the 3D printer and their physicochemical 
characterization were reported. As a result of the study, they reported that nano-sized 
plastic particles easily enter the aquatic environment and that these residues aggregate 
around 1 mm on average in seawater. At the same time, researchers have stated that 
the resulting and clumping nanoplastics interact with pH and other positively charged 
pollutants, becoming an unexpected environmental problem and public health risk. 
Previous studies have reported that biodegradable microplastics (PLA), which are used 
extensively to reduce microplastic pollution, cause toxicity similar to microplastics. In 
the study conducted by Green [15], PLA potentially negatively affects the oyster 
Ostrea edulis as much as traditional microplastics. In addition, PLA has hazardous 
effects on the life and health of Danio rerio, Mytilus edulis, Microcosmus exasperates, 
and Daphnia magna. And also causes oxidative stress, reproductive problems, 
intestinal damage, and immunosuppression, have been reported [15–17]. 

It has been stated by many researchers that the PLA used in 3D printers is 
potentially toxic [18]. Many toxicity studies have shown that print parts and leachates 
of 3D printers are contaminated with Daphnia magna [19,20]. The aim of our study is 
to investigate the toxic effects of PLA on sea urchin P. lividus in both acute and 
chronic periods. Montalvão [6] reported in their study that although PLA is considered 
biodegradable due to its microbial origin, it almost does not decompose in aquatic 
environments. For this reason, ecotoxicity studies conducted in recent years have 
focused on the damages and risks that 3D printer raw materials may cause as a result 
of unconscious and incorrect use. The study by Bagheri et al. [2] reported the 
ecotoxicity of PLA on Daphnia magna. According to the result of the An et al. [21] 
study, the survival rate for D. magna declined to 52.4%, and the end of chronic 

exposure at 1 and 5 mg·L−1 PLA caused a decrease of offspring. This study contributes 

that biodegradable microplastics (PLA) have toxic effects on D. magna, which could 
be similar to conventional microplastics effects on aquatic organisms. When our 

38



Journal of Toxicological Studies 2024, 2(2), 1326. 

results compare with An et al.’s [21] research, similar results were observed. In our 
results, PLA exhibited fertilization and normal development and also caused genetic 
hazards at sea urchin. In conclusion, previous studies and our study showed the 
importance of PLA contaminations. Balentine et al. [22] investigated the acute and 
chronic toxicity of 3D printer resin against Ceriodaphnia dubia, and as a result, it was 
reported that the LC50 value varied between 2.6 and 33 mg/L as a result of 48-hour 
acute toxicity tests. Researchers have also determined that 3D printing resin inhibits 
growth with IC25 values of 0.33 to 16 mg/L. Uribe-Echeverría and Beiras [23] tested 
the effects of a polyvinyl chloride (PVC) toy polylactic acid containers (PLA) and 
polylactic acid/polyhydroxyalkanoate 3D printing filament (PLA/PHA) using 
Paracentrotus lividus sea urchin larvae. As a result of their study, they reported that 
the PVC toy was very toxic, whereas PHB showed mild toxicity, even though it was 
considered a non-toxic polymer. Uribe-Echeverría and Beiras [23] exposed sea urchin 
embryos to the 3D printing material PLA and stated that, unlike our study, PLA 
containers and PLA/PHA filament were harmless to the larvae. The reason for this 
result is probably that the researchers used the materials diluted, whereas in our study 
we carried out the tests by adding them directly to the medium. It has been reported 
by several researchers that PLA is acutely toxic to algae. Li et al. [8] reported that PLA 
caused an inhibition of growth on Skeletonoma costatum, and they also concluded that 
the exposure of S. costatum to 0.1, 0.2, 0.3, and 0.5 mg/L PLA induced a significant 
reduction of Chl a content. A lack of information about the toxicity of PLA to the 
developmental stages of the sea urchin P. lividus was observed. 

5. Conclusion

It can be concluded that PLA affects P. lividus during reproduction and
embryonic developmental stages. As a result of biotests conducted with the PLA 
printing filament tested in this study, it was revealed that it negatively affected 
fertilization, sperm, embryos, and mitotic stages and revealed the need for the use of 
already commercialized, safe biobased and biodegradable products and attention in 
waste management. 
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Abstract: Insecticides represent the most used control method against the insect pests of 

stored food products. But there are strains of insects that are resistant to these insecticides; 

this is the case of the beetle of the chickpea, Callosobruchus maculatus. The present study 

has for objective the evaluation of the biological activity of chitinolytic enzymes extracted 

from the fish offals Scorpaena scrofa (scorpion fish) on this beetle at different doses (3%, 

6%, 9%, 12%, 15%, and 21%) prepared with the buffer solution. The results obtained from 

three treatments (T1, T2, and T3) realized according to the dose of the crude enzyme and the 

time of exposure were compared with those of the controls and have shown a very significant 

efficiency of our crude enzyme on the reduction of the fertility rate of 100% by treating the 

couple (T1) at the same time as to treat the male (T3) and the female (T2) separately with the 

strongest dose (21%) for 48 h of exposure. It would be thus desirable to demonstrate the 

activity of these enzymes in the real conditions of storage. 

Keywords: chitinase; Scorpaena scrofa; bioinsecticide; stored foods; Callosobruchus 

maculatus 

1. Introduction

The leguminous plant seeds represent the main source of interesting proteins as
a supplement to cereal for human food [1,2]. The man always thought of protecting 
stored foodstuffs, and this protection has known enormous progress during the last 
century. The use of synthetic chemical insecticides represents the most widely used 
pest control method [3,4], but the development of resistance to the latter makes them 
more and more insensible to pesticides [5–8]. Compounds are often found in the 
form of residues in food and present risks for human health, animal health, and the 
environment [9,10]. The animal and bacterial reigns can present many possibilities: 
the use of enzymes with insecticidal properties in certain developing countries is told 
by plentiful literature [11,12]. In a concern of environmental respect and within the 
framework of sustainable development, it is advisable to reduce considerably the 
quantities of synthetic inputs of synthesis. 

The efforts of researchers must therefore be directed towards the elaboration of 
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alternative control strategies. These new approaches must be based on the joint use 
of biomolecules with insecticidal properties. The bacterial chitinases of certain 
insects have already been the object of some works showing their insecticidal 
potential [13–21]. Chitinases (E.C. 3.2.2.14) are glycosyl hydrolases that hydrolyze 
the chitin [10,22–24], which is a polymer of N-acetylglucosamine, the second 
compound of the living organism the most represented on the surface of the earth 
after cellulose [25]. Chitin is present in the shells of crustaceans, the cuticles of 
insects [26], in the walls of mushrooms (Aspergillus nigers, Penicillium notatum), 
and in certain microorganisms such as yeasts (Sacharomyces cerevisiae, Candida 
albicans) fungi [27–29]. 

Chitin is also found in a more minor way in squid feathers [30–32]. It 
constitutes the sclerified exoskeleton, or cuticle [10,33], and is also present in the 
trachea of the peritrophic membrane of the exochorion [9,21]. Chitin is a potential 
target for crop pest control. The use of chitinase extracted from the fish offal 
(scorpion fish) allows to confirm its potential effect against the populations of the 
chickpea beetle Callosobruchus maculatus. A study carried out by Laribi-Habchi et 
al. [21] has shown the efficiency of the chitinase on the mortality rate of the insect 
and its impact on the digestive tract. In this context, we were interested in the toxic 
effect of the enzyme on the male and female reproductive systems of the beetle. 

2. Material and methods

2.1. Biological materiel 

2.1.1. Marine biomass 

The marine biomass used for our study is a fish (scorpion fish), from the family 
Scopaenidae and the species Scorpaena scrofa. The criteria of choice were based on 
the availability of this fish on the Algerian coast and on the study made preliminary 
by Laribi-Habchi et al. [10]. The offals were got back and transported in a cooler to 
the laboratory for the cleaning, grinding, and storage at −20 ℃ for the extraction of 
the chitinase enzyme. 

2.1.2. Insect 

The target insect in our experiment is the chickpea beetle Callosobruchus 
maculatus [34] from the family Bruchidae and the order Coleoptera. This species is 
cosmopolitan, with fast reproduction and infests stored economically important 
commodities (chickpea). The strain of C. maculatus was supplied by the laboratory 
of Agricultural and Forest Zoology of the National School of Agronomy of El 
Harrach—Algeria. Mass breeding of insects was carried out in the laboratory in 100 
cm3 glass jars closed by a mosquito net to ensure oxygenation conditions. These jars 
were kept in the dark in an oven at a temperature of 28 ℃ ± 2 ℃ and a relative 
humidity of 75% ± 5%. During our experimentation, we have worked on adult’s 
males and females aged 0–15 min recovered by sieving. 

2.1.3. Chickpeas 

The used variety of chickpea is Cicer arietinum, not treated with conventional 
insecticide, which was provided by the Technical Institute of Great Cultivation of 
Oued Smar El Harrach—Algeria. The choice of this species depends on its 
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availability in the Algerian market. 500 g of chickpeas were put in every jar in which 
were added the adults of opposite sex. 

2.2. Preparation of the crude extract 

The method of extraction of the crude chitinases was inspired by the 
experimental protocol of Laribi-Habchi et al. [26]. The samples were prepared by 
respecting the proportion 1/6 in weight of offal by volume of citrate (w/v) buffer 
solution, pH 5 (citric acid at 0.15 M and dissodic phosphate at 0.3 M). The reactive 
mixture was then centrifuged at 37 ℃ for 3 h at 120 rpm. At the end of the 
incubation, the macerated sample was filtered through a gauze cloth. The filtrate thus 
obtained was centrifuged at 6000 rpm for 30 min. The recovered supernatant 
constitutes the crude enzymatic extract. 

2.3. Preparation of the natural substrate (colloidal chitin) 

The colloidal chitin was prepared from the commercial chitin (Sigma) by the 
method of Robert and SelitreniKoff, modified by Lee et al. [35]. Dissolve 5 g of 
chitin powder in 60 mL of concentrated HCl at 4 ℃. The mixture was stirred and 
then added to two liters of ethanol (95%), with a rapid stirring overnight at −20 ℃. 
The precipitate recovered by centrifugation at 5000 rpm for 20 min at 4 ℃ was 
washed with sterile distilled water until neutrality (pH 7). The colloidal solution was 
thus prepared and stored at 4 ℃ for other applications (in this case the colloidal 
chitin has been lyophilized). 

2.4. Chitinase activity test 

The analytical method used has served to study the chitinase activity in the 
various doses of the crude extract prepared with the citrate buffer solution (3%, 6%, 
9%, 12%, 15%, and 21%) (v/v). The reaction mixture consists of 0.5 mL of the 
mixed enzyme solution with 0.5 mL of 50 Mm buffer of 2-(N-morpholino) ethane 
sulfonic acid (buffer A) and supplemented with 2 Mm CoSO4 at pH 5 containing 10 
mg/mL chitin colloidal, incubated for 1 h at 37 ℃. The mixture is boiled for 10 min, 
then cooled and centrifuged (30 min at 13,000 g) to eliminate non-degraded chitin. 
The total production of N-Acetyl-Glucosamine (NAG) was determined by the 
specific method for amino sugar [36]. Amino sugars are characterized by the Elson 
and Morgan reaction. When hot and in an alkaline environment, they cyclize in furan 
form and, by elimination of a water molecule, acquire a double bond. The product 
formed complexes in an acidic medium with paradimethyl aminobenzaldehyde to 
give a purplish color. Reading is compared with a standard curve prepared with a 
dilution series of NAG (0 to 10 mg/m). 

2.5. Toxicity test 

In order to estimate the toxicity of the enzyme studied, we calculated the 
fertility rate of the number of eggs laid and the viability rate of submerged adults, 
taking into account three factors: sex, the dose of the enzyme tested, and the duration 
of treatment. We impregnated the internal surface of the Petri dishes (including the 
cover) with 1 mL of each dose of crude chitinase extract (3%, 6%, 9%, 12%, 15%, 
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and 21%) and 1 mL of the buffer solution (control). After drying the 14.5 cm Petri 
dishes, five pairs of C. maculatus insects aged 0 to 15 min were placed separately. 
The Petri dishes were incubated for 24 and 48 h at 27 ℃. Several test cases were 
performed on the male and female reproductive systems (Table 1). For each dose, 
the tests were repeated five times. Adult bruchids that resisted the treatment were 
maintained on chickpea seeds until their death. After reproduction, the eggs laid 
were counted using a binocular microscope from the 5th day. The chickpeas were 
then placed in the rearing incubator until the adults emerged. Insects were removed 
from the petri dishes as they emerged from the chickpea seeds. 

Table 1. Toxicity test of the crude chitinases on the reproductive system of the 
couple. 

Treatment Female Male 

T1 T T 

T2 T NT 

T3 NT T 

NT: Untreated T: Treated. 

Calculation methods: 

 Preparation of dilutions: The tested doses were obtained by diluting a volume of
the crude chitinase extract in 100 mL of the citrate buffer solution at 0.05 M.

 Fertility rate: The fertility rate was calculated by the following formula [37].
Tf = (Number of laid eggs/Total number of laid eggs in the control) × 100 (1)

 Reduction rate of the laying: The reduction rate of the laying is given by the
following formula [37]:

Rr (%) = (Nc − Nt)/Nc × 100 (2)
Rr: Reduction rate compared to the control (%). 
Nc: Number of eggs in the control. 
Nt: Number of eggs in the test. 

 Viability rate: The adults which begin to emerge from the 30th day were
regularly counted and removed from the boxes as they emerged from the seeds.
The viability rate was calculated by the formula:

Viability rate (%) = (Number of emerged adults/Number of laid eggs) × 100 (3)

2.6. Sampling of the female genital tract 

The dissection was carried out under a binocular magnifying glass 
(magnification isotonic). We then make a tear incision using forceps on either side of 
the lateral part of the abdomen at the level of the sixth sternite, and then with the 
forceps we grasp the posterior part of the abdomen. Abdomen, and by slow, firm, 
and progressive traction, we extract the genital tract. 

2.7. Statistic study 

The results were analyzed by the analysis of variance (ANOVA) in order to 
determine the effect of three criteria (dose of the crude enzyme, time, and sex) on the 
fertility rate and the viability of the insect C. This test was realized by the software 
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Statistica version 7. 

3. Results and discussion

3.1. Effect of toxicity on the reproductive system 

3.1.1. Fertility rate 

Figure 1 shows the fertility rate of three treatments realized according to the 
dose of the crude enzyme (chitinase) and exposure time. We noticed that the fertility 
rate decreases clearly and in a progressive way for T1 with regard to T2 and T3, and 
this with an increase in the doses and as a function of time. The fertility rates for T1 
(49 and 31%), T2 (62 and 42%), and T3 (73 and 68%) were recorded with the lowest 
dose (3%) during 24 h and 48 h, respectively (Figures 1a and 1b). Contrary to the 
strong dose (21%), the fertility rates for T1 (3 and 0%), T2 (3 and 1%) and T3 (9 and 
5%) were noted after 24 h and 48 h, respectively. According to these results, we 
noticed that the efficiency of the chitinase enzyme on the reduction of the fertility 
rate is 100% for a high dose during 48 h by treating the couple (T1) at the same time 
as to treat the male (T3) and the female (T2) separately. 

Figure 1. Fertility rate of three treatments according to the dose of the enzyme tested during (a) 24 h; and (b) 48 h. 

3.1.2. Reduction rate 

Figure 2 shows the reduction rate of egg-laying of the treated couple at a 
maximum dose (21%) as a function of the exposure time. The results showed that the 
reduction rate is important (100%) with T1 with regard to T2 (97.47%) and T3 
(93.27%) for a treatment time of 48 h. The effect of the crude enzyme has shown its 
toxicity effect on the reproductive system when the female and the male were treated 
at the same time. 
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Figure 2. Reduction rate of the eggs-laying according to the maximal dose (21%) 
and time of treatment. 

3.1.3. Viability rate 

Figure 3 shows that the viability rate of the C. maculatus insect progressively 
decreases with an increase in dose and as a function of time. We have registered the 
same curve as the fertility rate. On the other hand, it is not the totality of the laid 
eggs that are emerged to give adults. The viability rates for T1 (2 and 0%), T2 (3 and 
0%), and T3 (5 and 5%) were recorded with the highest dose (21%) for 24 h and 48 
h, respectively (Figures 3a and 3b). According to these results, we noticed that the 
toxicity test has a significant impact on the female and male reproductive systems. 

(a) (b) 

Figure 3. Viability rate of three treatments according to the dose of the enzyme tested during (a) 24 h; and (b) 48 h. 

This test seems interesting to us due to the fact that it has not been used in this 
area by other authors. The obtained results concerning the toxicity of the crude 
chitinases of the scorpion fish showed an effect on the reproductive system of the 
adult female insects according to the dose used and the time of exposure. This 
toxicity was probably due to a disturbance of the ovogenesis of the female insect by 
the high chitinase activity, which is 0.04 U/mg at the dose of 21%. The later caused 
the hydrolyze of the chitine of the ovarian membrane of the female genital system 
[38]. 
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The toxicity was observed by Wiwat et al. [39] on the insect pest eggs of 
cabbage Plutella xylostzlla treated with crude chitinases extracted from the bacterial 
strain Bacillus thuringiensis ssp HD1 after 6 h of treatment. The toxicity was also 
observed by Laribi-Habchi et al. [40] on the insect pest Callosobruchus maculates 
with pure chitinase extracted from fish Scorpeana scrofa after 1 h of treatment. The 
works of Rishad et al. [41] have also shown that the chitinases extracted from the 
bacterial strain Bacillus pumilus MCB-7 have an insecticidal effect on the eggs of 
the insect pest of rice, Scirpophagea incertulas, with an inhibition rate of 68% after 
12 days of treatment. 

3.2. Microscopic observation of female reproductive system 

Observation of the genital tract of females treated with the crude enzyme 
showed a physiological difference compared to the control (Figure 4A): 
deterioration of the genital tract with atrophy and an atretic appearance of the 
oocytes, visible through transparency (Figure 4B). We noticed that the oocytes, 
detectable by their yellowish-yellow charge, are no longer visible in the ovarioles. 
Indeed, the ovarian structure includes a protective cuticle based on sclerotized chitin, 
thus hardened by new bonds of chitino-protein fibers [38]. Therefore, the presence of 
chitin at the level of the ovarian membrane led to its degradation in the presence of 
chitinases at high doses, which overall led to the total deformation of the 
reproductive system (which confirms our results on fecundity and fertility, which are 
marked by a reduction in egg laying). 

Figure 4. Optical microscopic observation G X 40 of the reproductive system of the 
female insect treated with the crude enzyme (21%) for (B) 48 h; and (A) control. 
(OvF: ovarian follicles, Tf: terminal filament, Ger: germarium, Co: common oviduct, Sper: 
spermatheca, Vit: vitellarium). 

3.3. Statistical study 

Depending on the doses of the crude enzyme chitinase, the ANOVA showed a 
significant difference with F = 6.66 for P = 0.00. Depending on the duration of 
exposure, there is also a significant variation with F = 9.38 for P = 0.00. 

Figure 5 shows a very important positive correlation between egg viability and 
the number of emerging insects for all treatments performed and dose-related to 
time. The dose factor is an important parameter which has a high impact on viability 
and production. 

47



Journal of Toxicological Studies 2024, 2(2), 1393. 

Projection of the variables on the factor-plane (  1 x   2)
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Figure 5. Principal component analysis (PCA) showing the correlation between 
biological variables (number of eggs and number of emerging insects) as a function 
of dose and treatment time. 
P: Probability, F: Factor of fisher. 

4. Conclusion

The use of chitinases capable of fighting harmful insects could constitute an
alternative approach complementary to traditional insecticide treatment. The 
effectiveness of crude chitinases extracted from the offal of scorpion scorpeana 
scrofa has been demonstrated. In fact, they influence the population of harmful 
insects through a double action: toxicity acting on the reduction to the cancellation of 
female fertility as well as that of viability. Despite certainly encouraging results, the 
effectiveness of these enzymes still remains to be demonstrated in a real situation. 
Additional experiments are necessary, such as repeating these tests on other harmful 
insects, in order to confirm the effectiveness of these enzymes on a wide range of 
insects and also to understand and specify the mechanism of action of these enzymes 
responsible for this activity. 
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Abstract: Rauvolfia vomitoria (RV) and Gongronema latifolium (GL) are medicinal plants 

used for the local treatment of various health issues. Their activities on the brain motivated 

this investigation on the histology and immunohistochemistry of the dentate gyrus and 

spontaneous alternation behaviour (SAB) of adult Wistar rats following RV root bark and GL 

leaf extract administrations. Twenty young adult Wistar rats (130–160 g) were assigned into 

four groups: Group 1 served as the control (5 mL/kg of distilled water placebo), while the test 

groups 2–4 were, respectively, singly administered 200 mg/kg of RV, 200 mg/kg of GL, and 
their combination. The administrations were oral and lasted for seven days. A T-maze SAB 

test was carried out, and the animals were sacrificed immediately after ketamine 

hydrochloride intraperitoneal anaesthesia. Serial sections of the hippocampal region from 

perfused rat brains were stained with Cresyl fast violet and immunolabelled with neuronal 

nuclei (NeuN) for neurons and glial fibrillary acidic protein (GFAP) for astrocytes. Results 

indicated that SAB was significantly (p < 0.05) lower in the test groups. Histologically, Nissl 

was less distributed in the RV and GL-only groups but not in the combined group, while 

there was less NeuN positivity in the RV group, with the GL and RV + GL groups not 

affected. There was less positive GFAP expression in individual RV and GL groups, but not 

in the RV + GL combined group, all compared with the control. In conclusion, the 

combination of RV and GL did not improve SAB but modulated Nissl, NeuN, and GFAP 

expression in the dentate gyrus. 

Keywords: Rauvolfia vomitoria; Gongronema latifolium; Nissl substance; hippocampal 

region 

1. Introduction

Folkloric treatment against diseases utilises medicinal plants, and this is
rampant in Africa and Asia. Such diseases as malaria, diabetes, epilepsy, and 
depression disorders, among others, are known to be managed by medicinal plants 
[1–3]. However, an individual medicinal plant reported to be effective in addressing 
a particular disease condition can become toxic to body tissues and other metabolic 
processes [4–6]. As such, the use of a combination of these medicinal plants can help 
overcome the adverse challenge [7,8]. 

Two important medicinal plants with diverse medicinal properties utilised in 
folkloric treatment and in the present study are Rauvolfia vomitoria and 
Gongronema latifolium [2,7,9,10]. Rauvolfia vomitoria (R. vomitoria), also known 
as the swizzler stick or serpent wood, is found in Africa [5]. It is a shrub of the 
family Apocynaceae, whose roots, root bark, stem bark, and leaves are commonly 
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used for herbal remedies [2]. Its phytochemical components include alkaloids, 
primarily reserpine, glycosides, polyphenols, and reducing sugars [11,12], and it is 
used in the management of fever, epilepsy, and hypertension, among other folkloric 
uses [12–14]. But even at these, there are reports of adverse effects of R. vomitoria, 
especially on the brain tissues [4,15,16] These adverse effects may erode the needed 
benefits derivable from the use of the plant material, especially in brain-related 
disease conditions. However, Ekong et al. [7,15,17] reported beneficial relationships 
with another medicinal plant, Gongronema latifolium, which this study seeks to 
explore. 

Gongronema latifolium (G. latifolium) is also known as bush buck and is found 
in tropical Africa [18]. It is a climbing shrub of up to 5 m long belonging to the 
family Apocynaceae. It is an edible plant with a sharp, bitter, and sweet taste. The 
leaf, which is heart-shaped and highly nutritious, contains proteins, fatty acids, 
fibres, and elements such as sodium, potassium, calcium, copper, manganese, 
chromium, and selenium [18–20]. It is also made up of essential oils, alkaloids, 
saponins, tannins, amino acids, and vitamins [20]. G. latifolium is reported to have 
antimicrobial, cardioprotective, anti-inflammatory, antioxidant, antipyretic, 
hypotensive, and hypoglycaemic properties [21–24]. 

The effectiveness of R. vomitoria in combination with G. latifolium seems 
synergistic, as the cerebellum has been protected from the individual adverse effects 
of R. vomitoria [7,9,17], while still maintaining its useful properties. However, there 
is a report of non-effectiveness with the combination [25]. 

One critical target of most plant-based materials is the hippocampal formation, 
with the dentate gyrus being very important as it serves as a source of new cell 
formation to enhance memory [26–28]. The role of extraneous material on this 
region in memory activity cannot be overlooked, as some important medicinal plants 
with beneficial metabolic potential have been reported to cause adverse effects to the 
hippocampal formation [29]. These motivated this study on spontaneous alternation 
behaviour and the hippocampal formation histology in Wistar the rat following R. 
vomitoria and G. latifolium combination. 

2. Materials and methods

2.1. Handling of the experimental animals 

Twenty adult male Wistar rats weighing about 130–160 g were obtained from 
the Animal House Facility of the Faculty of Basic Medical Sciences, University of 
Uyo. The rats were acclimatised for two weeks at the animal house and were allowed 
normal rat chow (Vital Feed, Nigeria) and clean water ad libitum throughout the 
duration of the experiment. The rats were grouped into four groups of five rats each. 
Group 1 animals were the control, while groups 2–4 were the test groups. Each rat 
was handled within the shortest possible time and at the base of the tail, except 
during oral gavages and intraperitoneal injection. 
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2.2. Preparation of R. vomitoria and G. latifolium extracts 

The R. vomitoria and G. latifolium plants were identified and authenticated in 
the Department of Botany and Ecological Studies of the University of Uyo, Nigeria. 
The roots of R. vomitoria and the leaves of G. latifolium were, respectively, obtained 
from local farms in Esit Eket and Ika in Akwa Ibom State, Nigeria. The barks of the 
roots of R. vomitoria were separated from the cambium for extraction, while the G. 
latifolium leaves were used for extraction. The plant parts were air-dried, crushed to 
a fine powder, and 75%–80% ethanol was used to macerate in a Soxhlet extractor. 
The extracts were concentrated by evaporation of the ethanol using a rotary 
evaporator, and the concentrates were dried in a Plus 11 Gallenkamp oven at 45–
50 ℃. The dry extracts obtained were stored in a refrigerator at 4 ℃ until used. 

2.3. Experimental protocol 

Group 1 rats (control) were administered 5 mL/kg body weight of distilled 
water placebo, while groups 2–4 were administered oral gavages of 200 mg/kg body 
weight of root bark extract of R. vomitoria [17], 200 mg/kg of leaf extract of G. 
latifolium [17], and a combination of 200 mg/kg body weight of root bark extract of 
R. vomitoria and 200 mg/kg leaf extract of G. latifolium [7,17], respectively, for
seven days (Table 1), which was followed by the T-maze spontaneous alternation
test.

Table 1. Schedule of administration for experimental groups. 

Groups (n = 5) Treatments Duration of treatment (days) 

1 (Control) Distilled water (5 mL/kg) 7 

2 200 mg/kg of R. vomitoria 7 

3 200 mg/kg of G. latifolium 7 

4 200 mg/kg of R. vomitoria + 200 mg/kg of G. latifolium 7 

2.4. Spontaneous alternation test 

The spontaneous alternation test was carried out on day 8 of the experiment. 
This test was conducted using the T-maze, which was made up of a start arm and 
two cross-arms. Each rat was placed in the start arm of the maze and allowed to 
freely choose between the right and left arms of the maze for a minute. Once a 
choice was made, the rat was prevented from leaving the chosen arm with a shutter 
door for 10 s and then placed in a holding cage for 10 min. If no choice was made, 
nothing was recorded for the trial. Four subsequent trials were carried out. A 
spontaneous alternation occurred when a rat chose a different arm of the maze from a 
previously visited one. Ethyl alcohol (70%) was used to clean the maze in-between 
trials. The spontaneous alternation results were recorded, analyzed, and percentage 
alternations were calculated [30,31]. 

2.5. Termination of the experiment 

Immediately after the neurobehavioural test, the animals were anaesthetized 
with ketamine hydrochloride (50 mg/kg) and were then sacrificed by perfusion 
fixation with 10% buffered formalin. The abdomens of the animals were dissected 
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through the diaphragm so as to access the heart, and 10% buffered formalin was 
transcardially perfused through the left ventricle. The skull was later excised, and the 
brains were removed and post-fixed in 10% buffered formalin for 48 h. 

Whole brains were cryoprotected in a 30% sucrose solution overnight at 4 ℃, 
and sectioned at 40 µm on a freezing microtome at −30 ℃. Cut sections were picked 
up with a Carmel brush and floated on a well containing phosphate buffered saline (1 
M, PBS at pH 7.35). The representative serial sections of the hippocampal formation 
were placed on glass slides and processed for Cresyl fast violet staining for Nissl 
substance and immunolabelled with anti-neuronal nuclei (NeuN) for neurons and 
glial fibrillary acidic protein (GFAP) for astrocytes. 

For Cresyl violet staining, sections on slides were first incubated in a mixture of 
chloroform and methanol (1:1) for an hour and then stained in Cresyl fast violet 
solution for 30 min. They were then rinsed in distilled water and dehydrated in 
ascending grades of alcohol (50% to absolute), cleared in xylene, and mounted on 
Entellan. 

Sections for immunohistochemistry were blocked with 3% hydrogen peroxide 
for 15 min, washed and incubated in 5% normal goat serum for an hour, and 
incubated in anti-NeuN and rabbit anti-GFAP in 1% normal goat serum and Triton-X 
overnight at room temperature (18 °C). Sections were washed with PBS and 
incubated with goat anti-mouse for NEUN and goat anti-rabbit for GFAP for 2 h. 
Thereafter, they were washed in PBS and incubated in an avidin-biotin complex 
(1:1) for an hour. The sections were washed in PBS and incubated in 
diaminobenzedine (chromogen) to develop the staining. Sections were then washed 
in PBS, mounted on slides, dehydrated through ascending grades of alcohol (50% to 
absolute), cleared in xylene, and mounted on Entellan. 

2.6. Statistical analyses 

GraphPad Prism 5 was used to analyse data obtained from the spontaneous 
alternation test. Data were analysed using a repeated one-way analysis of variance 
(ANOVA), followed by a Tukey multiple comparison post hoc test to compare 
individual group means. A P value ≤ 0.05 was considered statistically significant. 
Data are presented as the mean ± standard error of the mean. 

3. Results

3.1. Spontaneous alternation behaviour 

The animals in the test groups administered only R. vomitoria (200 mg/kg) and 
G. latifolium (200 mg/kg), and their combination had significantly (P < 0.05) lower
spontaneous alternation behaviour compared with the control. No spontaneous
alternation (p > 0.05) was observed in the group administered R. vomitoria and G.
latifolium combination compared with their individual groups (Figure 1).
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Figure 1. Spontaneous alternation behavioural test result. 
Data are presented as the mean ± standard error of the mean, n = 5. ANOVA followed by a Tukey 
multiple comparison test * Significantly different from the control group at P < 0.05. RV = R. 
vomitoria, GL = G. latifolium. 

3.2. Histology of the dentate gyrus 

The hippocampal dentate gyrus of Wistar rats is made of three layers: from 
outside to inward, the molecular, granular, and polymorphic layers. In the control 
group, Nissl was well expressed and distributed in the small, sparse cells of the 
molecular layer. The granular layer consisted of a dense population of Nissl-
expressed cells, while the polymorphic layer consisted of sparse Nissl-expressed 
cells (Figure 2a). 

Figure 2. Representative sections of the dentate gyrus stained with Cresyl fast violet 
(CFV), indicating Nissl expression. Magnification: ×400. (a) The control group 
section showing well stained Nissl in the dentate gyrus layers; (b) the section of 
group 2 administered 200 mg/kg R. vomitoria; showing less-stained Nissl; (c) the 
section of group 3 administered 200 mg/kg G. latifolium, showing moderately 
stained Nissl; (d) the section of group 4 administered 200 mg/kg R. vomitoria and 
200 mg/kg G. latifolium showing well stained Nissl. 
Nissl—bluish. 
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In group 2, administered 200 mg/kg R. vomitoria only, Nissl was less stained 
compared with the control group (Figure 2b). In group 3, administered 200 mg/kg 
G. latifolium, Nissl was moderately stained compared with the control group (Figure
2c). In group 4, administered 200 mg/kg R. vomitoria and 200 mg/kg G. latifolium,
Nissl was well stained compared with the control group (Figure 2d).

3.3. Immunohistochemistry 

3.3.1. Neuronal Nuclei (NeuN) 

The dentate gyrus of the control group showed normal deep expression of 
neuronal nuclei (NeuN) in the molecular, granular, and polymorphic layers (Figure 
3a). In group 2, administered 200 mg/kg of R. vomitoria, NeuN was moderately 
expressed in the central granular cells, but the peripheral granular cells were well 
expressed compared with the control group (Figure 3b). 

In group 3, administered 200 mg/kg of G. latifolium, NeuN expression appeared 
normal in the granular cells compared to the control group (Figure 3c). In group 4 
administered 200 mg/kg R. vomitoria and 200 mg/kg G. latifolium, NeuN was 
moderately expressed in the granular cells and appeared like the control group 
(Figure 3d). 

Figure 3. Representative sections of the hippocampal dentate gyrus immunolabelled 
with neuronal nuclei (NeuN), indicating neurons. Magnification: ×400. (a) The 
control group section showed the expression of neuronal nuclei (NeuN) in the soma 
of the granular cells throughout the molecular, granular, and polymorphic layers; (b) 
the section of group 2 administered 200 mg/kg R. vomitoria; NeuN expression was 
less in the soma of the pyramidal cells throughout the molecular, granular, and 
polymorphic layers; (c) the section of group 3 administered 200 mg/kg G. latifolium, 
and NeuN expression in the soma of the granular cells appeared like the control 
group; (d) the section of group 4 administered 200 mg/kg R. vomitoria and 200 
mg/kg G. latifolium in combination, and NeuN expression in the soma of the 
granular cells appeared like the control group. 
NeuN—brown. 
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3.3.2. Glial Fibrillary Acidic Protein (GFAP) 

The section of the dentate gyrus of the control group animals showed the 
expression of GFAP within the astrocytes’ soma and processes throughout the 
molecular, granular, and polymorphic layers (Figure 4a). In group 2, administered 
200 mg/kg of R. vomitoria, GFAP expression was expressed in the processes but was 
less expressed in the soma of the astrocytes compared with the control group (Figure 
4b). 

In group 3, administered 200 mg/kg G. latifolium, GFAP expression was less in 
the astrocytes soma and processes compared with the control group. In group 4, 
administered 200 mg/kg of R. vomitoria and 200 mg/kg of G. latifolium, GFAP 
expression in the soma of the astrocyte cells appeared similar to the control group, 
while the processes were less expressed (Figures 4c,d). 

Figure 4. Representative sections of the hippocampal dentate gyrus immunolabelled 
with glial fibrillary acidic protein (GFAP) indicating astrocytes. Magnification: 
×400. (a) The control group section showed the GFAP expression (arrows) within 
the astrocytes’ soma and processes throughout the molecular, granular and 
polymorphic layers; (b) the section of group 2 administered 200 mg/kg R. vomitoria 
showing less expressed GFAP in the soma and processes of the astrocytes; (c) the 
section of group 3 administered 200 mg/kg G. latifolium showed less GFAP 
expression in the soma and processes of the astrocytes; (d) the section of group 4 
administered 200 mg/kg R. vomitoria and 200 mg/kg G. latifolium combination, 
showing less expressed GFAP in the processes. 
Result: GFAP—Astrocytes are brown. 

4. Discussion

The present study investigated the microstructures of the dentate gyrus and
spontaneous alternation behaviour of adult Wistar rats following R. vomitoria root 
bark and G. latifolium leaf extract administration. Results showed that spontaneous 
behaviour declined, along with Nissl, NeuN, and GFAP expressions. 

To study the cognitive action of rats following R. vomitoria root bark and G. 
latifolium leaf extracts administration, the T-maze spontaneous alternation behaviour 
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was carried out. This test is based on the willingness of rodents to explore a new 
environment, which in this case was the new arm of the maze instead of the previous 
visited one [30,31]. The ability of the rats to perform the spontaneous alternation in 
groups 2 and 3 administered only R. vomitoria root bark and G. latifolium leaf 
extracts, respectively, was significantly lower than that of the control group, 
implying a poor spontaneous alternation [31], associated with the extracts, and 
invariably impaired working memories [32,33]. R. vomitoria root bark extract 
sedates, usually resulting in poor motor and cognitive activities [4,15,16], which may 
have played out in the present study. Although G. latifolium leaf extract is not known 
to cause adverse behaviour [17,22], it is possible that the rats in the G. latifolium 
group were anxious, as this could have influenced their poor spontaneous alternation 
[34]. 

Group 4 rats administered a combination of R. vomitoria root bark and G. 
latifolium leaf extracts did not move from the point of entry in any direction in the 
maze, suggesting a sedative action of the combined extracts or their anxious state. It 
is possible that there was a synergistic action of R. vomitoria root bark and G. 
latifolium, which could have further worsened the sedative state of the rats. 
However, the present result is at variance with previous actions of R. vomitoria and 
G. latifolium combination, which improved cognition [8,35].

Spontaneous alternation is indicative of spatial memory [32], which the
hippocampal formation regulates [28]. A part of the hippocampal formation essential 
for memory consolidation is the dentate gyrus. Its structure is vital for memory 
function [27]. In the present study, groups 2 and 3 administered only R. vomitoria 
root bark and G. latifolium leaf extracts, respectively, showed reduced Nissl 
expression, which was even less expressed in the R. vomitoria group. This implies 
that R. vomitoria and G. latifolium extract administration may have resulted in 
chromatolysis. Chromatolysis results from ribosomal protein degradation, which 
often precedes cellular degeneration [36]. R. vomitoria is reported in structural 
alterations of brain cells, although G. latifolium does not show such a major adverse 
effect [8–10,15]. The effect of the combined extracts in group 4 did not seem to 
affect the granular cell layer as the Nissl appeared well expressed, suggesting that the 
combination may have protected the dentate gyrus Nissl as previously reported in 
other brain areas [7–9]. Cells adapt to the environment to protect themselves from 
injury [37], and chromatolysis may have been a result of such. 

Immunohistochemically, neurons can be identified with a neuron-specific 
nuclear protein, NeuN, expressed mostly by the mature ones [38]. Reduced 
expression of NeuN indicates loss of cell viability or antigenicity [39,40]. In the 
present study, NeuN expression reduced moderately in the group administered only 
R. vomitoria extract. This result aligns with the actions of R. vomitoria reported in
cellular structural changes [4,8] and in the Nissl result of the present study. A report
showed that dentate granule cells undergo morphological changes in response to
excessive excitation or trauma [29], which may have also been applicable in the
present study.

The groups administered G. latifolium only showed positive NeuN that was 
well expressed in dentate gyrus, suggesting no adverse actions of the extract. G. 
latifolium administration is not known with adverse effects on most brain structures, 

58



Journal of Toxicological Studies 2024, 2(2), 1423.  

and this could have been applicable in the present study. The groups administered G. 
latifolium in combination with R. vomitoria showed moderately reduced NeuN 
expression, indicating the potential of G. latifolium in protection against the adverse 
effect of R. vomitoria. 

Immunohistochemically, astrocytes can be demonstrated with GFAP, an 
intermediate filament protein they mostly express, and an increased or decreased 
expression may indicate a trauma to the brain [41–43]. In the present study, GFAP 
was less expressed in the astrocytes’ soma within the molecular, pyramidal, and 
polymorphic layers of the dentate gyrus of the group administered only R. vomitoria. 
This indicates a downregulation of the GFAP protein, which may be associated with 
degeneration. This is at variance with reports on the cerebellum from previous 
studies [7,9]. The group administered only G. latifolium also showed reduced GFAP 
expression, which may be a protective mechanism, as neurotoxicity is often not 
reported in G. latifolium. The group administered a combination of G. latifolium and 
R. vomitoria also showed reduced GFAP expression.

The dentate gyrus is the integral region of the hippocampal formation that
contributes to the formation of new episodic memories, spontaneous exploration of 
novel environments, and other functions [44,45]. It is observed that destruction of 
the dentate gyrus cells leads to poor maze activities and memory impairment [26,46]. 

From the present findings, R. vomitoria elicited its action through the down-
regulation of dentate gyrus structural proteins, including Nissl, NeuN, and GFAP, 
which affected neuronal and astrocyte viability and resulted in memory impairment. 
A combination with G. latifolium partially protected against these proteins down-
regulation, as it improved Nissl and NeuN, suggesting antagonistic action. However, 
GFAP expression and memory did not improve, suggesting a synergistic action. 

5. Conclusion

The results of the present study showed that the combination of R. vomitoria
and G. latifolium could not reverse the individual effects of R. vomitoria and G. 
latifolium on spontaneous alternation but was able to show modulation of the dentate 
gyrus Nissl distribution and immunohistochemical expressions of NeuN and GFAP. 
These findings suggest a beneficial synergistic role for the R. vomitoria and G. 
latifolium combination on the dentate gyrus, but care should be taken as their 
administration is not free of adverse effects. Due to limited data, further analysis 
involving specific neurochemicals and proteins could identify the pharmacology of 
the R. vomitoria and G. latifolium combination in the dentate gyrus and other brain 
areas. 
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Abstract: Na+-K+-ATPase is a membrane-bound enzyme responsible for the transport of ions 

through the membrane and the immediate release of energy. This enzyme is known to be an 

early target for oxygen radical-induced damage to intact cells. Exposure of C. punctatus to 

subacute concentrations of lindane for 96 h caused a significant reduction in the activities of 

Na+-K+-ATPase in all the tissues of the fish tested, with the brain being maximally affected 

and the heart being the least affected organ at the highest concentration of lindane (0.1 mg/L). 

The effect of pesticides was concentration-dependent. The percent decrease in the activity of 

Na+-K+-ATPase in brain, gills, heart, kidney, liver, and muscle was found to be 36.7, 23.4, 

19.2, 29, 22.9, and 29.7, respectively. The order of level of enzyme activity recorded was as 

follows: liver > gills > kidney > brain > muscle > heart in the control. 

Keywords: lindane; Na-K-ATPase; organs 

1. Introduction

The aquatic ecosystem is an open system exposed to all different kinds of
pollutants, toxicants, and surfactants, thus polluting the aquatic environment. Their 
direct discharge without any pre-treatment either leads to large-scale destruction of 
aquatic life or accumulation in water, soil, or bioaccumulation in biotic aquata. Though 
the pollutants could be biodegradable or non-biodegradable, these pollutants 
sometimes decrease the rate of decay of biodegradables. Thus, the increase in the 
contaminants may allow their environmental persistence for a longer period. Excessive 
use of nitrate and phosphate fertilizers may lead to eutrophication, thereby reducing 
the amount of oxygen in the aquatic biota and increasing the biological oxygen 
demand of that water for a prolonged period. Industrial smokes, burning of wood, 
petroleum, and vehicle fumes all gave rise to gases like sulphur dioxide, nitrogen 
oxides, and carbon dioxide; lead and the particulate matter have all caused serious 
harm to the environment and humans [1–3]. Reports on the increased levels of heavy 
metals and pesticides and their effects on oxidative stress have been exhaustively 
documented [4–8]. Many bacteria like Vibrio anguillarum, Aeromonas, 
Flavobacterium, Pseudomonas, Serratia, and Yersina, etc. have been shown to grow 
in water, which has less oxygen, increased organic matter, and an unsuitable pH for 
aquatic life. 

The presence of organic matter may be due to leakage from septic tanks or 
contamination by domestic sewage [9]. Aquatic life may suffer from diseases like fin 
rot, papilloma, hyper-neoplasia, gill diseases, etc. Gills are the main respiratory organs 
of fish; they regulate ion concentration and osmotic balance for survival in unfavorable 
concentrations [10]. A decrease in function of gills has been reported when exposed 

CITATION 

Gupta A, Sharma B. A study on 
membrane enzyme Na+-K+-ATPase 
in lindane exposed fish, Channa 
punctatus. Journal of Toxicological 
Studies. 2024; 2(2): 1238. 
https://doi.org/10.59400/jts.v2i2.1238 

ARTICLE INFO 

Received: 12 June 2024 
Accepted: 4 August 2024 
Available online: 17 August 2024 

COPYRIGHT 

Copyright © 2024 author(s). 
Journal of Toxicological Studies is 
published by Academic Publishing 
Pte. Ltd. This work is licensed under 
the Creative Commons Attribution 
(CC BY) license. 
https://creativecommons.org/licenses/
by/4.0/ 

63



Journal of Toxicological Studies 2024, 2(2), 1238. 

to a pH of water less than or more than 7 [11]. Lindane is an organochlorine, 
hydrophobic, and highly persistent pesticide. Due to its lipophilic nature, it gets easily 
bioaccumulated in aquatic organisms. Lindane is strongly adsorbed on soils that 
contain a large amount of organic matter. It can move downward by capillary action 
through the soil with water from rainfall or artificial irrigation. In the UV light, it 
undergoes rapid dichlorination or degradation to form pentachlorocyclohexenes and 
tetrachlorocyclohexenes. The fish are able to bioaccumulate due to direct exposure to 
chemicals in water and ingestion of contaminated food or prey [12]. Their 
accumulation in low concentration in aquatic animals generates warning signals about 
the environment. Ultimately, in the long run, when these fish are eaten by humans or 
animals, the pesticide residues accumulate in different organs of the exposed living 
systems and hence may pose serious health problems [13]. The pesticide and its 
residues are known to get strongly adsorbed on clays and sediments of surface water 
where several fish populations reside for feeding. 

Sodium Potassium ATPases (Na+-K+-ATPase, EC 3.6. 3.9) are membrane-bound 
sulfhydryl-containing oligomeric enzymes whose function is critical for the 
maintenance of cell viability. It works as an electrogenic P-type pump involved in 
monovalent ion transport across membranes, utilizing the energy of ATP hydrolysis. 
It pumps 3 sodium outside (extracellular) and 2 potassium inside the cell membrane 
(intracellular) for 1 ATP. The concentration gradient created due to ion transport 
across the membranes helps in other secondary transports [14,15]. This pump has 
many diverse functions like contractions, signalling, homeostasis (osmoregulation), 
and cell-cell adhesions [16,17]. It also governs many physiological processes like 
reabsorption, filtration, pH, electrolyte osmotic regulation by kidneys [18], sperm 
motility [19], and action potential in neurons [20–23]. This pump consists of 3 subunits 
α, β, and FXYD. The α subunit is for ion transport (catalytic) and is under the influence 
of the β (auxiliary) and FXYD (tissue-specific) subunits [24]. The β2 subunit of Na+-
K+-ATPase is responsible for regulation of egg development in Aedes aegypti, the 
causative organism of many vector-borne diseases like yellow fever, zika, dengue, and 
chicken guinea. The reduced expression of mRNA of β2 Na+-K+-ATPase in the 
knockdown mice showed less egg formation, which directly reduced their population 
and so less spread of disease [25]. In humans, decreased heart functions or heart 
failures have been reported due to a decrease in its activity [26]. In plants, it helps in 
nutrient uptake, root development, stomatal regulation, and response to environmental 
stresses. It helps plants to maintain proper ion balance, participate in nutrient 
absorption, and regulate turgor pressure in cells. In the environment, it acts as a marker 
for organisms facing challenges such as varying salinity, ion concentrations, or 
osmotic stress. In the present study, the effect of subacute concentrations of lindane 
(0.025, 0.05, 0.1 mg/L) on the activity of Na+-K+-ATPase was assessed in order to 
evaluate the perturbations in the transport of ions in different fish tissues exposed for 
96 h. 

2. Materials and methods

2.1. Experimental design and exposure to lindane 

The healthy and active fish of 30–40 gm with no signs of any diseases or external 
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injury were equally distributed in four aquaria of 1 × 1 ft. The subacute concentrations 
of lindane (0.025, 0.05, 0.1 mg/L) prepared in acetone were used for the exposure of 
C. punctatus for 96 h. In the control group, an equal volume of acetone was added. All
aquaria were constantly aerated during the period of exposure by the aerator, and the
fish were fed properly. The water of all 4 aquaria was changed in 24 h and replenished
with fresh lindane.

2.2. Preparation of cell-free extracts and biochemical assays 

1) Protein determination: The quantitative estimation of total protein in various
tissue extracts and solutions was done according to the known procedure [27].
The samples were homogenized 10% (w/v) in 0.05 m sodium phosphate buffer,
pH 7.4, and centrifuged at 10,000 rpm for 10 min in a cold (4 ℃) condition. The
supernatants were collected in labelled vials, and volume was noted.
Determination of protein was done using a Folin-Ciocalteau reagent. The bovine
serum albumin (BSA) was used as a standard. A blank was prepared, which
contained all reagents but no protein. The intensity of the blue color was
measured colorimetrically at 620

2) Assay of Na+-K+-ATPase activity: The Na+-K+-ATPase activity was determined
as inorganic phosphorus (Pi) production using the method of Svobaca and
Mossinger [28] and Fiske and Subbarow [29]. The reaction mixture is given in
Table 1.

Table 1. Process for assay of Na+-K+-ATPase activity. 

10% (w/v) tissue homogenized in 0.25 m sucrose (pH 7.4) 

15 min centrifugation 12,000 rpm at 4 ℃ 

Supernatant collected 

1 2 

0.2 mL of 200 mm KCl 

0.2 mL of 1 m NaCl 0.1 mL of 1000 mm MgCl2 

0.1 mL of 1000 mm MgCl2 1.0 mL of 200 mm Tris buffer, pH 7.4 

1.0 mL of 200 mm Tris buffer, pH 7.4 100–200 µg supernatant 

0.2 mL distilled water 0.16 mL distilled water 

100–200 µg supernatant 0.2 mL of 10 mm ouabain 

Leave 5 min/35–37 ℃ 

0.2 mL of 25 mm ATP (di sodium salt) 0.2 mL of NaCl + 0.2 mL of 25 mm ATP 

Leave 15 min/35–37 ℃ 

1 mL of 10%TCA 

3000 rpm/5 min 

Supernatant collected 

0.5 mL supernatant 

3.0 mL DW 

0.5 mL of 2.5% ammonium molybdate in 5N H2SO4 

0.2 mL of 1, 2, 3, 4 ANSA 

Vortexed/10 min 

Reading at 600 nm 

Difference between 1 and 2 gives activity of Na+-K+-ATPase in µmol Pi liberated/mg protein/h. 

ANSA = aminonaphthol sulphonic. 

All reagents were obtained from Sigma Chemical Company, USA. The pesticide 
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used in the experiments was from Rallis India Limited. The double-distilled water was 
used for all biochemical experiments. 

2.3. Statistical analysis 

The values were presented as means ± standard error of mean (SEM) of observed 
data of three to five replicates. GraphPad Prism version 3.0 (GraphPad Prism Software 
Inc., San Diego, CA, USA) was used to analyze the data. Results obtained from treated 
and control fish were compared using the Turkey H test. 

3. Results and discussion

Effect of lindane on the activity of Na+-K+-ATPase in different organs of 
lindane exposed fish 

The data demonstrated the highest activity of Na+-K+-ATPase to be present in 
liver (41.67 ± 0.35 units/mg protein) and lowest in heart (16.73 ± 0.11 units/mg 
protein) of the control fish. The activities of Na+-K+-ATPase in other fish tissues such 
as gills, kidney, brain, and muscle were recorded as 33.78 ± 0.23, 32.87 ± 0.19, 30.29 
± 0.07, and 21.29 ± 0.09 units/mg protein, respectively. The order of level of enzyme 
activity recorded in the control fish tissues was as follows: liver > gills > kidney > 
brain > muscle > heart (Table 2, Figure 1). 

Table 2. Effect of lindane (mg/L) on the specific activity of Na+-K+-ATPase 
(units/mg protein) in different tissues of C. punctatus exposed for 96 h. 

Lindane Gills Heart Kidney Liver Muscle Brain 

0 33.78 ± 0.23 16.73 ± 0.11 32.87 ± 0.19 41.67 ± 0.35 21.29 ± 0.09 30.29 ± 0.07 

0.025 
30.59 ± 0.21 
(9.42) 

15.69 ± 0.09 
(6.21) 

29.79 ± 0.18 
(9.37) 

39.27 ± 0.33 
(5.76) 

19.17 ± 0.08 
(9.95) 

25.31 ± 0.05 
(16.44) 

0.05 
28.67 ± 0.22 
(14.98) 

14.87 ± 0.07 
(11.10) 

25.66 ± 0.15 
(21.97) 

37.09 ± 0.32 
(11.01) 

17.15 ± 0.07 
(19.47) 

22.11 ± 0.06 
(27.02) 

0.1 
25.87 ± 0.20 
(23.41) 

13.52 ± 0.08 
(19.19) 

23.35 ± 0.16 
(28.94) 

32.13 ± 0.29 
(22.92) 

14.97 ± 0.07 
(29.70) 

19.17 ± 0.04 
(36.68) 

Figure 1. Lindane exposure at different concentrations (0, 0.025, 0.05, 0.1 ppm) on 
the specific activity of Na+-K+-ATPase (units/mg protein) in different tissues of C. 
punctatus exposed for 96 h. 
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Values are represented as µm of Pi released/h/mg wet weight of tissue. Each 
value represents the mean ± SEM of ten different observations. Values in parenthesis 

are percent change over control. The () sign represents a decrease over control. h 
represents time in hours. SEM = standard error of mean. 

From the Turkeys HSD test all pairwise comparisons between different 
concentrations (0.025, 0.05, 0.1 mg/L) and control (0 mg/L) were statistically 
significant with p < 0.05. This indicates that there are significant differences in the 
mean values between the control and each of the concentrations, as well as between 
the different concentrations themselves for organs brain, muscle and liver. The non-
significant differences were observed in the gills and kidney with 0.1 vs. 0.05mg/L 
and heart 0.05 vs. 0.025 mg/L (Table 3). 

Table 3. Statistical inference of data based on pairwise comparisons between different concentrations of lindane 
(mg/L). 

Lindane Gills Heart Kidney Liver Muscle Brain 

0.025 vs. 0 P < 0.001 S P < 0.001 S P < 0.001 S P < 0.001 S P < 0.001 S P < 0.001 S 

0.05 vs. 0 P < 0.001 S P < 0.001 S P < 0.001 S P < 0.001 S P < 0.001 S P < 0.001 S 

0.1 vs. 0 P < 0.001 S P < 0.001 S P < 0.001 S P < 0.001 S P < 0.001 S P < 0.001 S 

0.05 vs. 0.025 P < 0.001 S P = 0.34 NS P < 0.001 S P < 0.001 S P < 0.001 S P < 0.001 S 

0.1 vs. 0.025 P < 0.001 S P < 0.001 S P < 0.001 S P < 0.001 S P < 0.001 S P < 0.001 S 

0.1 vs. 0.05 P = 0.52 NS P < 0.001 S P = 0.16 NS P < 0.001 S P < 0.001 S P < 0.001 S 

S = Significant, NS = Not significant. 

The treatment of the fish with three subacute concentrations of lindane displayed 
a marked decrease in the activity of Na+-K+-ATPase in all the tissues tested, i.e., the 
brain was maximally affected at all of these concentrations. At the lowest 
concentration of lindane (0.025 mg/L), the fish tissues such as gills, kidneys, and 
muscles showed the same level of percent inhibition (about 9%–10%) in the enzyme 
activity (Table 2). 

At the highest concentration of the pesticide (0.1 mg/L), the brain of the fish 
exhibited a maximum decrease of 37% in the enzyme activity, and the heart indicated 
a minimum decrease of 19% after 96 h of treatment duration. The decrease in the 
enzyme activity was in a concentration-dependent manner. The percent decrease in 
the activity of Na+-K+-ATPase in brain, gills, heart, kidney, liver, and muscle was 
found to be 36.7, 23.4, 19.2, 29, 22.9, and 29.7, respectively. The data indicated that 
the gills and liver were affected by lindane to a similar level, showing about a 23% 
decrease in enzyme activity. Further, the kidney and muscle displayed almost the same 
level of enzyme inhibition to about 29% when the fish was treated with lindane at a 
0.1 mg/L concentration for 96 h. The extent of inhibition in the enzyme activity from 
these fish tissues treated with the highest pesticide concentration (0.1 mg/L) was found 
in the following order: brain > muscle = kidney > gills = liver > heart (Table 2). 

This enzyme is known to be an early target for oxygen radical-induced damage 
to intact cells [30,31]. Sharma observed a significant reduction of liver ATPase 
activity in C. gaucha upon ensdosulphan exposure [32]. Oruc et al. reported a 
reduction of liver activity in Tillapia zilli and O. niloticus and suggested that increased 
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lipid peroxidation disturbed the anatomical integrity of the biomembrane and 
diminished its fluidity, leading to inhibition of activities of several membrane-bound 
enzymes, including Na+-K+-ATPase [33]. Very recently, cypermethrin at lethal (5.03 
µg/L) and sublethal (1.02 µg/L) concentrations has been shown to cause significant 
alterations in the gills, liver, and muscle of the fish Cirrhinus mrigala [34]. 

Similar observations have been reported in C. punctatus exposed to pyrethroids 
[35] and Clarias gariepinus juvenile exposed to oxadiazon [35]. Increased activity in
gills of silver catfish (Rhamdia quelen) was reported in water pH 9.0 and no significant
change in kidney [36]. In a hypotonic environment, the kidneys of fish species excrete
more dilute urine to maintain homeostasis [37], and in hypertonic they suffer from
dehydration, and so they drink more sea water, excreting out extra salts [38,39]. At
lethal concentration, the insecticide caused an increase in enzyme activity, whereas at
sublethal concentration the enzyme activity decreased [40]. Maiti exposed the fish
Clarius batrachus to 5.69 mg/L and 11.38 mg/L of chromium (lll) for 96 h and
reported a decrease in activity in the brain [41–45]. This inactivity can lead to diverse
alterations in the neurons, such as partial membrane depolarization, Ca+2 influx,
altered neurotransmitter release, and even apoptosis, and all can be co-related to
functional deficits in the brain [46].

4. Conclusions

The significance of sodium-potassium ATPase (Na+-K+-ATPase) in the
environment is its role in maintaining cellular homeostasis both in plants and animals. 
It contributes to the adaptability and survival of organisms in diverse environmental 
conditions and serves as a sensitive indicator of environmental stress and toxicity. The 
exposure of the fish to varying subacute concentrations of lindane has caused 
significant perturbations in the activity of this enzyme in different organs of the fish 
tested. The results may serve as an indicator of pesticide contamination in water and 
better management of pesticide application in agricultural practices to secure 
environmental health. 
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Abstract: This study investigated the adsorption of Cd, Co, and Zn ions onto unmodified and 

heat-treated sepiolite, focusing on the effect of contact time, initial pH, and heat pretreatments. 

Kinetic experiments were conducted in triplicate, and equilibrium experiments indicated that 

Co2+ had the highest adsorption preference, followed by Zn2+ and Cd2+. The adsorption 

efficiency for Co2+ significantly increased with higher initial pH, whereas Zn2+ and Cd2+ 

showed optimal adsorption at lower pH levels. Heat-treated sepiolite at 250 ℃ exhibited a 

higher surface area and adsorption capacity in comparison with unmodified and 150 ℃-treated 

sepiolite, which indicated the importance of heat pretreatment. The pseudo-second-order 

kinetic model better described the adsorption process, and it was confirmed chemisorption as 

the rate-limiting step. By increasing the contact time, adsorption rates enhanced, with 

equilibrium achieved within 480 min for all systems. Higher initial solute concentrations led 

to an increase in adsorption processes, with Co ions consistently showing higher adsorption 

efficiency in competitive multi-ionic solutions. Adsorption percentages varied with pH and 

thermal treatment, indicating the importance of these parameters in optimizing sepiolite’s 

adsorption capacity for heavy metal removal. 

Keywords: sepiolite; kinetic models; heavy metals; adsoption 

1. Introduction

Ever-increasing industrialization brings about essential decisions to protect the

environment and specifically conserve water resources by developing cost-effective 

wastewater treatment methods [1]. The application of clay and modified clays to 

remove toxic heavy metals from wastewater has attracted attention in recent decades 

[2,3]. Due to the high adsorption capacity of clays and their easy accessibility in 

nature, clay minerals have received more attention from researchers for adsorption 

experiments [4]. To improve their adsorption capacity, there are various methods like 

heat and acid treatment that are applied by many researchers [5]. The removal of toxic 

heavy metal ions and their lethal effects on the environment and industrial wastewater 

using different adsorbents has received more attention recently [6]. Sepiolite 

(Si12O30Mg8(OH)4(H2O)4·8H2O) is a natural, fibrous clay mineral with fine 

microporous channels [7]. The Sepiolite’s high adsorption capacity suggests its 

effectiveness in removing heavy metals from polluted/waste waters. Sepiolite in 

aqueous suspensions can acquire a surface charge through the adsorption and 

desorption of potential-determining ions, particularly protons, on its surfaces [8]. 

Sepiolite’s crystal-chemical features allow it to retain heavy metals through adsorption 

and/or cation exchange reactions [9]. 
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The adsorption process can occur on the oxygen ions of the tetrahedral sheets, on 

the water molecules at the edges of the octahedral sheet, and on Si-OH (silanol groups) 

along the direction of the fibers, whereas cationic exchanges occur by substituting the 

solvated ions inside the channels and/or inside the octahedral on the edges of the 

channels [10,11]. This unique structure leads to the study of this mineral for many 

experimental applications, such as membranes for ultrafiltration, catalyst carriers [12–

14], fillers in polymer composites [15], adsorbents for organic molecules and heavy 

metals [16], and inorganic templates [17]. 

Numerous studies have explored the efficient use of sepiolite, both natural 

(without heat pre-treatment) and modified (heat pre-treatment), for the removal of 

some selected heavy metals, including Cd, Zn, and Co, from industrial and municipal 

wastewater [18–20]. Specifically, the study assessed the effectiveness of both 

unmodified and heat-treated sepiolite in removing heavy metals from aqueous 

solutions, considering various factors such as solution pH, heavy metal concentration, 

and contact time (ranging from 5 to 2880 min). To gain a deeper understanding of the 

adsorption mechanism and kinetics, the experimental data was analyzed using the 

intraparticle diffusion, pseudo-first order, and pseudo-second order kinetic models. 

This analysis will help elucidate the rate-limiting step and the overall adsorption 

process involved in heavy metal removal by both unmodified and heat-pretreated 

sepiolite. 

2. Material and methods

2.1. Materials 

2.1.1. The sorbent 

The sepiolite sample used in this study was obtained from a mine near the town 

of Fariman in the Khorasan region of Iran. All samples were ground using an electric 

mill, processed by a ball mill, and then sieved to obtain particle sizes smaller than 0.05 

mm (<53 µm). By obtaining this size of sepiolite samples, all the sepiolite required for 

use as an adsorbent to remove Cd, Zn, and Co from aqueous solutions was saturated 

with calcium ions [21]. 

2.1.2. Chemicals 

For the saturation process, a 0.5 M CaCl2 solution was prepared using CaCl2 from 

Merck, Darmstadt, Germany. 55.45 g of CaCl2 dissolved in one liter of deionized 

distilled water to make this concentration of calcium. We ought to saturate all surfaces 

of this mineral with Ca2+ to start the sorption and desorption of heavy metals. So 5 g 

of sieved minerals were taken in centrifuge tubes, and 25 ml of CaCl2 0.5 M were 

added to them, and then the samples were shaken at 350 rpm for 30 min. After that, 

the suspensions were centrifuged at 3000 rpm for 10 min, and the limpid solutions of 

all these tubes were gathered to measure the EC. These steps were repeated until the 

EC of the clear solutions reached a stable value. Then the saturated samples in the 

extremity of tubes were gathered and were taken into the oven for 72 h at 75 ℃ to be 

dried completely, and then we started flouring and ball-milling again, same as sieving 

before, to obtain the 0.05 mm (<53 µm) sizes of mineral. 
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Sorption studies of cadmium (Cd), zinc (Zn), and cobalt (Co), along with the 

desorption of magnesium (Mg), were investigated using batch experiments. The 

adsorbent that is used in this study is prepared in three temperature treatments, 

including room temperature (22.5 ± 0.2 ℃), 150 ℃, and 250 ℃ heat pre-treatments. 

Sample pre-treatments of 150 ℃, and 250 ℃ of adsorbents were taken in an electrical 

kiln for 4 h. Since the kiln temperature was raised to the targeted warmth, the removal 

of the present (existent) zeolitic water, which was bound in the mineral structure, 

changed the adsorption capacity of this mineral for heavy metals in aqueous solutions. 

Therefore, the needed amounts of this mineral were taken in the kiln for 4 h at 150 ℃ 

and the same was done for the heat pre-treatment at 250 ℃. After this period, the kiln 

was cooled to room temperature, and the samples were extracted and stored in a 

desiccator to prevent the possible adsorption of air moisture on the surfaces of the 

heat-treated (modified) sepiolite [22]. 

To create multi-ion solutions, the following metal concentrations were used: 20 

ppm Cd, 20 ppm Co, and 20 ppm Zn for the 60-ppm solution; 80 ppm Cd, 80 ppm Co, 

and 80 ppm Zn for the 240-ppm solution; and 160 ppm Cd, 160 ppm Co, and 160 ppm 

Zn for the 480-ppm solution. The materials used to make these solutions were 

CdCl2·2½H2O obtained from BDH Company (England) and CoCl2 and ZnCl2 from 

Merck, Darmstadt, Germany. To make the desired solutions with high punctuality, at 

first, 1000 ppm concentrations of each of the heavy metals as a stock solution in a 

single component solution were made. To prepare 1000 ppm solutions of Cd, Co, and 

Zn, 2.031 g of CdCl2·2½H2O, 2.084 g of ZnCl2, and 2.203 g of CoCl2 were weighed, 

and each was dissolved in 1 liter of deionized water to obtain 1000 ppm solutions of 

these heavy metals. All solutions were made by using deionized water. In the presence 

of some Zn+2 complexes, such as the zincate complex [Zn (OH)4
2−], we had to reduce 

the stock solution pH by using the HCl 0.5N to prevent the deposition of those 

complexes and to get a sleek stock solution. This was due to the low solubility of ZnCl2 

in deionized water, and the Ksp of Zn2⁺ is close to 1.2×10⁻17. Finally, the produced 

multi-component solutions were conducted at pH 4 and pH 5. For adjusting the 

solutions at these pHs, if necessary, HCl 0.2N and NaOH 0.2N were used [23]. 

2.2. Methods 

2.2.1. Batch experiments 

A batch experiment is a simple method commonly used to assess the adsorptive 

capacities of natural and modified sorbents. Besides the ease of using this technique, 

it helps to provide important information about the efficiency of the sorbent in 

removing adsorptive species under static conditions [24]. Thus, batch techniques are 

widely used for environmental studies, especially for the removal of heavy metals 

from municipal and industrial wastewater [25]. 

To start this part of the experiments, 0.3 g of adsorbent was precisely weighted 

for each unmodified and the heat-pretreated sepiolite into polyethylene containers, 

then 30 cc of multi-component solutions were added to them (1:100 solid to liquid 

ratio) with three repetitions for each anticipated temperature treatment at the three 

specified concentrations: 60 ppm, 240 ppm, and 480 ppm, comprising adequate 

amounts of cadmium, cobalt, and zinc. All the above-mentioned stages were 
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conducted for eleven contact times, including: 5, 10, 20, 30, 60, 120, 240, 480, 720, 

1440, and 2880 min. 

2.2.2. Kinetic experiments 

Kinetic experiments were done by mixing 0.3 g of weighted samples from 

modified and unmodified sepiolite by heat treatments in polyethylene containers at 

three repetitions with 30 cc of multi-component solutions. So, we had 27 suspension 

containers for each contact time, which included 9 containers for adsorbents without 

heat treatment, 9 containers for the heat treatment of 150 ℃, and even 9 containers for 

the heat treatment of 250 ℃. Total sorption and desorption processes by eleven contact 

times, including 5, 10, 20, 30, 60, 120, 240, 480, 720, 1440, and 2880 min, were 

investigated. So, we had 298 suspension containers for the kinetic experiments. Each 

of the 27 containers related to each experimental contact time was shaken at an 

agitation speed of 350 rpm in the shaker for any of the mentioned contact times. Then 

these suspensions were centrifuged for about 10 min at 3000 rpm to separate the 

adsorbent from multi-ionic solutions, and after that, the clear solutions were passed 

through filter paper, poured into new containers, and prepared for atomic adsorption 

readings (model: SavantAA-GBC). Several kinetic models are available to investigate 

the adsorption kinetic mechanisms and potential rate-controlling steps such as 

chemical reactions and mass transport processes [26]. 

The adsorbed metal concentrations were determined by the difference between 

the initial and final concentrations in the aqueous solutions after the adsorbing process, 

using the equation below. 

𝑄𝑒 =  
𝐶0 − 𝐶𝑒

𝑚
. 𝑉 (1) 

where the Qe is the amount of metal absorbed per mass unit of adsorbent. The C0 and 

Ce are the initial and equilibrium concentrations (mg.kg−1), respectively, m is the mass 

of the adsorbent (g) and V is the volume of the solution (L) [27]. 

In this experiment three kinetics models including Pseudo-first and Pseudo-

second order model and Intraparticle diffusion model have been investigated to 

examine the controlling mechanism of the adsorption processes and to understand the 

behavior of the adsorbent and to test the experimental data. 

The Pseudo-first order model that was presented by Lagergren, is expressed as 

follows: 

𝑑𝑞

𝑑𝑡
= 𝑘1(𝑞𝑒 − 𝑞𝑡) (2) 

where the qe and qt are the amounts of adsorbed ions onto the sepiolite at equilibrium 

and at any time t, respectively. The K1 is the rate constant of first-order adsorption [28]. 

The linear form of this equation is expressed as follows: 

𝑙𝑛(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑛𝑞𝑒 − 𝑘𝑖 . 𝑡 (3) 

The plots of ln (qe−qt) against t, give a linear relationship from which k1 and qe 

values can be determined from the slope and intercept of this equation, respectively 

[29]. 
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The pseudo-second order model was also used to describe the sorption of metal 

ions. The equation for the reaction is expressed as follows: 

𝑑𝑞

dt
= 𝑘2(𝑞𝑒 − 𝑞𝑡)2 (4) 

where k2 is rate constant for pseudo-second-order adsorption (g.mg−1 min). qe and qt 

are the sorption capacity (mg/g) of ions at equilibrium and at a time t, respectively 

[30].  

Also, the linear form of this equation is represented as follows: 

t

qt
=

1

k2. qe
+

t

qe
(5) 

The plots of t/qt against t give a linear relationship in which k1 and qe values can 

be calculated from the slope and intercept of this equation, respectively [31]. 

The sorption data was also analyzed in terms of Intraparticle diffusion mechanism 

that can be described as following Equation (6): 

𝑞𝑡 = 𝑘𝑖 . √𝑡 + 𝐶 (6) 

where qt (mg. g−1) is the concentration of cations absorbed at time t by the adsorbent, 

and ki (mg. g. t−0.5) is the intraparticle rate constant [31]. 

3. Result and discussion

This study delves into the molecular structure and composition of sepiolite, a

mineral characterized by its unique fibrous arrangement. Sepiolite’s structure consists 

of alternating sheets of tetrahedra and octahedra, forming a network of channels that 

house coordinated water molecules bonded to magnesium centers. Additionally, 

zeolitic water resides within the mineral’s porous channels (Figure 1a). 

Transmission Electron Microscopy (TEM) images revealed the elongated, 

needle-like morphology of sepiolite, confirming its fibrous crystal structure and any 

potential defects (Figure 1b). X-ray Diffraction (XRD) patterns further validated the 

mineral’s phase identity, providing insights into its crystalline arrangement and purity 

(Figure 1c). Energy Dispersive X-ray Spectroscopy (EDAX) analysis confirmed the 

presence of magnesium, silicon, and other key elements within the sepiolite structure 

(Figure 1d). 

By combining TEM imaging, XRD, and EDAX, this comprehensive study 

provides a detailed understanding of sepiolite’s structural and compositional 

characteristics. This knowledge is essential for evaluating its adsorption properties and 

exploring its potential applications. 

The kinetic experiments were done in triplicate under the same conditions for 

each heat-treated sepiolite and for any of the contact times studied. The remaining 

concentrations of metal ions in the aqueous phase were computed from the averages 

of experimentally determined adsorbate concentrations after adsorption, using 

Equation (1). These values were then used in the analysis of data and for graph fitting 

by some kinetic models. 
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Figure 1. (a) 2:1 mineral structure; (b) TEM images; (c) XRD pattern; (d) EDAX spectrum of applied 

sepiolite. 

Equilibrium experiments were done, and the kinetic curves obtained for the 

sorption of Cd, Co, and Zn by sepiolite are presented. Figure 2 shows the heavy metal 

adsorption on unmodified and modified (heat-treated) sepiolite samples in various 

solution concentrations and different pH values. Also, Figure 3 shows the adsorption 

percentages of the investigated heavy metals on unmodified and modified sepiolite 

samples. The number of milligrams absorbed per gram of unmodified and heat-treated 

sepiolite as an adsorbent versus the number of milligrams at equilibrium per volume 

of solution is illustrated for Cd, Co, and Zn cations. Equilibrium was strongly 

favorable for Co2+. According to the equilibrium kinetics, the selectivity series is Co2+ > 

Zn2+ > Cd2+. The adsorption capacity of natural and heat-treated sepiolite was higher 

for cobalt than for the other two cations in all experiments and both studied pH 

solutions. It could be attributed to the atomic and adsorbing properties of cobalt that 

this element formed fewer complexes in multi-component solutions at pH 4 and 5 than 

other existing elements. And the adsorbing properties of natural and modified sepiolite 

refer to the crystalline structure and morphology of this mineral to substituting the 

existing cations in liquid phase with the leached Mg2+ from octahedral sheets under 

acidic conditions [32,33]. 
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(a) (b) 

(c) (d) 

(e) (f) 

Figure 2. Heavy metal adsorption on unmodified and modified sepiolite samples under different solution 

concentrations and pH values: (a) Cd at pH 4; (b) Cd at pH 5; (c) Zn at pH 4; (d) Zn at pH 5; (e) Co at pH 4; (f) Co at 

pH 5.  
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(a) (b) 

(c) (d) 

(e) (f) 

Figure 3. Adsorption percentages of the investigated heavy metals on unmodified and modified sepiolite samples: (a) 

Unmodified sepiolite at pH 4; (b) Unmodified sepiolite at pH 5; (c) 150°C heat-pretreated sepiolite at pH 4; (d) 150°C 

heat-pretreated sepiolite at pH 5; (e) 250°C heat-pretreated sepiolite at pH 4; (f) 250°C heat-pretreated sepiolite at pH 

5.
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3.1. Effect of initial pH value 

Adsorption usually directly depends on the amounts of H+ and OH- in solutions. 

The pH values have an important effect on the surface charge of an adsorbent, such as 

protonation and deprotonation of surface functional groups, and affect the interaction 

between chemical species of metal ions present in the solution [34]. A decrease in pH 

value increased the competition between H+ and other cationic species for adsorptive 

sites on the surface and edges of sepiolite. On the other hand, interaction of positive 

charges with sepiolite at lower pHs should be decreased [35]. As can be seen in 

Figures 1 and 2, the efficiency removal of cobalt ions increased considerably when 

the pH value of initial solutions increased from 4 to 5 in all concentrations of multi-

component studied solutions, and it occurs for Zn and Cd in multi-component 

solutions at concentrations less than 60 ppm. Although the adsorption of zinc and 

cadmium was decreased by increasing the initial pH values, it could justify that pH 4 

was not the optimum adsorption pH value for these two elements. Similarly, Guerra 

et al. [36] have investigated the absorption of arsenic (V) on sepiolite and modified 

sepiolite in the pH range of 1.0–8.0. They reported that the maximum values of 

adsorption of arsenic ions were observed in pH < 4. Factors such as concentration, 

metal recovery procedures, the formation of soluble metal complexes, and 

subsequently their stability in aqueous solutions are considerably affected by changes 

in pH values. In this study, it’s been clearly demonstrated that the surface charge of 

the adsorbent can be modified by charging the pH of the solution, and this parameter 

affected the chemical species in the solution [37]. The reason for diminished 

adsorption capacity of zinc and cadmium by natural and heat-treated sepiolite at pH 5 

in comparison with pH 4 at the high concentrations is the positively charged cationic 

species that are present in solution and the competition between the excess OH groups 

in multi-component solutions. On the top side, higher acid concentrations suppress the 

hydrolysis of the Zn and Cd ions (See Figures 1 and 2). The analysis of contact time 

and Qt data across multiple pH values and heavy metal concentrations revealed 

consistent trends in the behavior of the measured parameters. Each plot represents a 

clear relationship between contact time and the quantity of substance adsorbed (Qt), 

with varying slopes and intercepts indicating different kinetic behaviors across the 

datasets. This consistency across plots facilitates straightforward comparisons 

between different concentrations and various heat treatments, highlighting any outliers 

or anomalies that warrant further investigation. 

The observed trends suggested that the adsorption kinetics follow a predictable 

pattern, with most investigated batch systems and displaying a linear or near-linear 

relationship between contact time and Qt. This indicates that the adsorption process 

reaches equilibrium within the studied time frames. Future studies should focus on 

extending the contact time to explore the possibility of reaching a new equilibrium or 

identifying any potential secondary kinetics that may occur beyond the observed 

timeframe. Additionally, replicating this analysis with different substances (e.g., 

various clay minerals or organo-minerals) could validate the general applicability of 

the observed trends and further our knowledge of the adsorption mechanisms. 
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3.2. The effect of heat pre-treatment 

The effect of heat pre-treatment on sepiolite was investigated, and it was observed 

that the specific surface area of sepiolite samples that were heated before application 

as an adsorbent dominantly increased. Sepiolite heated at 250 ℃ exhibits a larger 

surface area compared to sepiolite heated at 150 ℃. As observed across all systems, 

the adsorption capacity of natural and heat-treated sepiolite follows the order: SEP 

250 ℃ > SEP 150 ℃ > natural SEP. Natural sepiolite contains a significant amount of 

water in its structure, which is located mostly in channels and is known in terms of 

zeolitic water [38]. This kind of water can be considered free since it’s exposed to heat 

treatment. By heat treating this mineral, the zeolitic water will be lost, and the specific 

surface area of this mineral should be increased in comparison to natural sepiolite [39]. 

The adsorption capacity of heat-treated sepiolite was considerably greater than that of 

natural sepiolite, e.g., up to 90% of Co ions in the 60 ppm multi-component solutions 

adsorbed by heat-treated minerals at both pHs 4 and 5 during a short time, and the 

needed time for adsorbing this amount of Co by natural sepiolite at the same conditions 

was about 48 h. 

Table 1. the results of kinetic adsorption models by natural sepiolite in multi-component solutions at pH 4 and 5. 

Temperature 

treatment 
pH 

Concentration 

(ppm) 
Element Intraparticle diffusion Pseudo-first order Pseudo-second order 

Ki C R2 K1 Qe R2 K2 Qe R2 

22.5 ± 0.2 

4 20 Cd 0.018 0.5 0.752 0.001 0.584 0.907 0.021 1.256 0.999 

4 20 Co 0.006 1.151 0.623 0.001 0.149 0.658 0.223 1.845 1 

4 20 Zn 0.022 0.811 0.638 0.001 0.674 0.851 0.027 1.730 0.999 

4 80 Cd 0.023 2.199 0.728 0.00 1.144 0.887 0.026 3.311 0.996 

4 80 Co 0.042 4.546 0.853 0.00 0.054 0.894 0.044 6.410 0.999 

4 80 Zn 0.042 3.289 0.826 0.001 1.496 0.862 0.039 5.128 0.999 

4 160 Cd 0.029 2.461 0.543 0.001 0.854 0.873 0.053 3.663 0.999 

4 160 Co 0.032 6.304 0.794 0.001 1.141 0.921 0.081 7.752 0.999 

4 160 Zn 0.084 3.965 0.821 0.001 3.062 0.945 0.024 7.633 0.998 

Temperature 
treatment 

pH 
Concentration 
(ppm) 

Element Intraparticle diffusion Pseudo-first order Pseudo-second order 

Ki C R2 K1 Qe R2 K2 Qe R2 

22.5 ± 0.2 

5 20 Cd 0.016 0.931 0.895 0.002 0.733 0.996 0.023 1.680 0.998 

5 20 Co 0.009 1.601 0.750 0.002 0.216 0.566 0.125 1.960 1 

5 20 Zn 0.007 1.341 0.968 0.00 0.414 0.976 0.037 1.718 0.998 

5 80 Cd 0.025 1.432 0.875 0.00 1.200 0.940 0.018 2.660 0.993 

5 80 Co 0.057 4.925 0.847 0.001 2.609 0.969 0.024 7.692 0.997 

5 80 Zn 0.05 2.814 0.755 0.001 1.670 0.893 0.029 4.975 0.998 

5 160 Cd 0.041 1.26 0.890 0.001 1.499 0.872 0.016 3.096 0.997 

5 160 Co 0.112 9.078 0.908 0.00 5.596 0.977 0.019 14.705 0.995 

5 160 Zn 0.043 2.997 0.783 0.001 1.831 0.866 0.021 5.050 0.996 

Table 1 shows the statistical analysis for the kinetic adsorption results of 

unmodified sepiolite in multi-ionic solutions at pH 4 and 5. The adsorption of Cd, Co, 
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and Zn was evaluated at three different concentrations (20 ppm, 80 ppm, and 160 ppm) 

and analyzed using the mentioned kinetic models, including intraparticle diffusion, 

pseudo-first order, and pseudo-second order. At pH 4, the pseudo-second-order model 

provided the highest R² values across all concentrations and ions, indicating that this 

model best describes the adsorption process. For instance, at 20 ppm, the R2 values for 

Cd, Co, and Zn were 0.999, 1, and 0.999, respectively. This suggests that the rate-

limiting step might involve chemisorption. Similarly, at pH 5, the pseudo-second-

order model again showed superior fitting, with R2 values consistently close to 1. For 

instance, at 80 ppm, the R2 values for Cd, Co, and Zn were 0.998, 0.998, and 0.998, 

respectively. The intraparticle diffusion model, while not the best fit, indicated that 

intraparticle diffusion might also play a role, especially for higher concentrations. 

Table 2. the results of kinetic adsorption models by 150 ℃ heat treated sepiolite in multi-component solutions at pH 4 

and 5. 

Temperature 

treatment 
pH 

Concentration 

(ppm) 
Element Intraparticle diffusion Pseudo-first order Pseudo-second order 

ki C R2 K1 Qe R2 K2 Qe R2 

150 ℃ heat 
treated 

4 20 Cd 0.013 0.758 0.688 0.001 0.478 0.902 0.027 1.335 0.998 

4 20 Co 0.002 1.757 0.752 0.001 0.080 0.774 0.365 1.866 1 

4 20 Zn 0.018 0.990 0.674 0.001 0.608 0.798 0.033 1.770 0.999 

4 80 Cd 0.021 2.516 0.833 0.001 0.905 0.943 0.035 3.508 0.998 

4 80 Co 0.038 4.736 0.890 0.001 1.445 0.940 0.048 6.451 0.999 

4 80 Zn 0.037 4.008 0.833 0.001 1.298 0.912 0.051 5.618 0.999 

4 160 Cd 0.039 3.013 0.771 0.00 1.464 0.855 0.036 4.695 0.999 

4 160 Co 0.042 6.450 0.895 0.00 1.816 0.965 0.044 8.475 0.999 

4 160 Zn 0.082 4.891 0.788 0.001 2.821 0.921 0.033 8.403 0.999 

Temperature 

treatment 
pH 

Concentration 
(ppm) 

Element Intraparticle diffusion Pseudo-first order Pseudo-second order 

ki C R2 K1 Qe R2 K2 Qe R2 

150 ℃ heat 

treated 

5 20 Cd 0.007 1.342 0.831 0.001 0.320 0.966 0.053 1.692 0.999 

5 20 Co 0.009 1.601 0.750 0.001 0.050 0.663 0.695 1.976 1 

5 20 Zn 0.008 1.363 0.944 0.00 0.378 0.959 0.042 1.751 0.999 

5 80 Cd 0.017 1.864 0.899 0.001 0.786 0.976 0.030 2.680 0.998 

5 80 Co 0.056 5.156 0.869 0.001 2.375 0.955 0.029 7.812 0.998 

5 80 Zn 0.03 4.00 0.916 0.001 1.324 0.952 0.037 5.464 0.998 

5 160 Cd 0.039 2.395 0.806 0.00 1.388 0.788 0.035 4.048 0.999 

5 160 Co 0.113 9.435 0.938 0.001 5.296 0.970 0.021 15.151 0.997 

5 160 Zn 0.035 4.125 0.627 0.002 0.774 0.828 0.120 5.494 1 

Tables 2 and 3 present the kinetic adsorption results of heat-treated sepiolite, 

respectively, for 150 ℃ and 250 ℃. The pseudo-second-order model continued to 

exhibit the highest R2 values, indicating its suitability in describing the adsorption 

kinetics of heat-treated sepiolite. At pH 4 and 80 ppm, the R2 values for Cd, Co, and 

Zn were 0.998, 0.999, and 0.999, respectively, for sepiolite treated at 150°C. Similarly, 

for heat-treated sepiolite at 250 ℃, the R2 values were 0.999 for Cd, Co, and Zn, 
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confirming the dominance of the pseudo-second-order kinetics. Interestingly, the heat 

treatment seemed to enhance the adsorption capacity (Qe) of sepiolite, specifically by 

increasing the heat treatment temperature and by increasing the concentrations. For 

example, at 160 ppm and pH 4, the Qe values for Cd increased from 3.663 mg. g−1 in 

natural sepiolite to 5.236 mg. g−1 in sepiolite treated at 250 ℃. This enhancement 

suggests that heat treatment modifies the sepiolite structure, potentially increasing the 

number of active sites available for contaminant adsorption. The intraparticle diffusion 

model’s ki values also increased with heat treatment, indicating improved diffusion 

rates within the sepiolite matrix. Overall, these results highlighted the significant 

impact of heat treatment and pH on the adsorption kinetics of heavy metals by Iranian 

sepiolite. 

Table 3. the results of kinetic adsorption models by 250 ℃ heat treated sepiolite in multi-component solutions at pH 4 

and 5. 

Temperature treatment pH Concentration (ppm) Element Intraparticle diffusion Psudo-first order Psudo-second order 

ki C R2 K1 Qe R2 K2 Qe R2 

250 ℃ heat treated 

4 20 Cd 0.012 0.935 0.842 0.001 0.476 0.926 0.031 1.473 0.998 

4 20 Co 0.001 1.859 0.655 0.00 0.054 0.894 0.344 1.912 1 

4 20 Zn 0.015 1.186 0.602 0.001 0.495 0.787 0.041 1.818 0.999 

4 80 Cd 0.023 3.121 0.832 0.001 0.809 0.926 0.061 4.115 0.999 

4 80 Co 0.036 4.867 0.935 0.001 1.567 0.988 0.04 6.579 0.999 

4 80 Zn 0.041 4.347 0.859 0.001 1.496 0.896 0.046 6.173 0.999 

4 160 Cd 0.040 3.560 0.785 0.001 1.120 0.792 0.057 5.236 0.999 

4 160 Co 0.078 6.337 0.944 0.001 3.807 0.952 0.019 10.309 0.995 

4 160 Zn 0.077 5.634 0.853 0.00 3.560 0.890 0.026 9.174 0.998 

Temperature treatment pH 
Concentration 
(ppm) 

Element Intraparticle diffusion Psudo-first order Psudo-second order 

ki C R2 K1 Qe R2 K2 Qe R2 

250 ℃ heat treated 

5 20 Cd 0.007 1.446 0.873 0.00 0.339 0.916 0.054 1.782 0.999 

5 20 Co 0.001 1.915 0.467 0.001 0.026 0.573 1.566 1.976 1 

5 20 Zn 0.007 1.440 0.910 0.00 0.317 0.938 0.058 1.770 0.999 

5 80 Cd 0.020 2.221 0.722 0.001 0.687 0.833 0.057 3.096 0.999 

5 80 Co 0.054 5.328 0.900 0.001 2.279 0.939 0.030 7.874 0.998 

5 80 Zn 0.033 4.243 0.944 0.00 2.063 0.951 0.026 5.952 0.997 

5 160 Cd 0.038 2.681 0.819 0.001 1.378 0.903 0.033 4.367 0.999 

5 160 Co 0.115 9.686 0.940 0.00 5.425 0.959 0.022 15.384 0.997 

5 160 Zn 0.043 4.571 0.764 0.00 1.586 0.813 0.050 6.410 0.999 

3.3. Effect of contact time 

The effect of contact time on the adsorption of Cd, Co, and Zn was analyzed 

kinetically over a range of 5 min to 48 h. The parameter of contact time is an important 

factor because it can reflect the adsorption kinetics of an adsorbent for a given initial 

concentration of the adsorbate [40]. The experimental data showed that by lapsing the 

contact time from 5 min to 48 h, the adsorption of heavy metals on natural and heat-
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treated sepiolite samples increased. Although the sorption equilibrium for each system 

was different from the others, the equilibrium was achieved within the initial 480 min 

(Figures 1 and 2). clearly indicates that the sorption of Cd, Co, and Zn at different 

concentrations in all systems increased instantly at the initial stage of the adsorption 

process and then increased gradually until the equilibrium was reached and after that 

remained constant. Similar results have been reported in research done by Bektas et al. 

[41], when they studied the removal of Lead from aqueous solutions by natural 

sepiolite [41]. Shirvani et al., indicated that by increasing contact time between the 

mineral adsorbent and heavy metals, the adsorption was increased [42]. 

3.4. Effect of initial solute concentration 

The removal amounts of Cd, Co and Zn were calculated in term of qt and the 

value of qt against the contact times for all multi-component solutions showed that by 

increasing the initial concentrations from 60 ppm to 240 ppm and then to 480 ppm, 

the amounts of adsorbed heavy metals on adsorbent increased. It was clear that, due 

to the high adsorption capacity of sepiolite, by increasing the solute concentrations, 

the sorption equilibrium will be reached at higher qt values. However, by increasing 

concentrations in initial solutions, the interactions between cationic species with each 

other and competitions for adsorption sites will be increased. Similar results have been 

reported by other researchers [43]. 

3.5. The effect of heavy metals competition in aqueous solutions 

Experimental data showed that the adsorption of Cobalt ions by natural and heat-

treated sepiolite at all concentrations and for both investigated pH solutions was 

greater than the adsorption of Cd and Zn. The reason for this difference must be 

attributed to the atomic characteristic of Co and to the adsorption properties of 

sepiolite for adsorbing cations in multi-component solutions [44]. The Co with atomic 

number of 27, has smaller cationic size compared to Zn and Cd, with atomic numbers 

of 30 and 48, respectively. Under the same conditions, the quantity of absorbed heavy 

metal by natural and modified sepiolite layer increases for smaller cations [45]. This 

increase can be supported by this hypothesis that small cations are adsorbed in 

channels and on the exchangeable structural sites of the sepiolite [46]. Similar results 

have been reported by Brigatti et al. [47], where they studied the removal of heavy 

metals Co2+, Cu2+, Zn2+, Cd2+ and Pb2+ by sepiolite and they showed that the amount 

of heavy metal sorbed by sepiolite layer increases for smaller cations [47]. Also, 

Kocaoba and Akyuz, studied the effect of pH, concentration, stirring time, stirring 

speed and sorption amount on adsorption, thus they indicated that the adsorption of 

Co by natural sepiolite was more than Ni, at all those factors [48]. 

3.6. Adsorption percentages 

As can be seen in Figure 3, the adsorption experiments conducted under various 

conditions revealed distinct adsorption efficiencies for the sepiolite mineral. At pH 4, 

the unmodified sepiolite showed varying adsorption percentages for Cd, Co, and Zn, 

demonstrating a gradual increase over time. The treatment at 150 ℃ significantly 

enhanced the adsorption capacity, particularly for Co and Zn, indicating a possible 
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modification of the mineral’s surface properties that facilitated better adsorption. The 

250 ℃ pretreatment, however, showed a different trend, with the adsorption 

percentages for Cd remaining relatively high while those for Co and Zn plateaued, 

suggesting that higher temperatures might lead to structural changes in the sepiolite, 

affecting its adsorption behavior differently for each metal. These results underscore 

the importance of both pH and thermal pretreatment in optimizing the adsorption 

efficiency of sepiolite for heavy metal removal. 

The varying adsorption efficiencies observed under different conditions highlight 

the complex interplay between pH, temperature, and the mineral’s adsorption capacity. 

The increased efficiency at pH 4 and 150 ℃ suggests that moderate thermal activation 

enhances the active sites available for adsorption, possibly by increasing the surface 

area or altering the surface chemistry to favor heavy metal interaction. However, the 

plateau observed at 250 ℃ indicates a potential limit to thermal activation, beyond 

which structural integrity might be compromised, reducing the number of effective 

adsorption sites. This finding aligns with previous studies that suggest optimal 

adsorption conditions are specific to the type of heavy metal and the physicochemical 

properties of the adsorbent [49]. Future research could further elucidate the 

mechanisms behind these observations, providing deeper insights into optimizing 

adsorption processes for environmental remediation. 

3.7. Kinetic analysis 

Sorption data have been interpreted via Pseudo-first and Pseudo-second order and 

the Intra-particle diffusion kinetic models. From the testing of plots which, qt versus 

t1/2, ln (qe−qt) versus t and (t/qt) versus t, the rate constants ki, k1, and k2, and correlation 

coefficients are calculated in Tables 1–3 for the unmodified, 150 ℃, and 250 °C heat 

treated sepiolite, respectively and a good correlation coefficient (R2) obtained for the 

pseudo-second order kinetic model. It was reported that the Pseudo-second order 

model with the (R2 ≥ 0.999) yields the best linearity model than the Pseudo-first and 

the Intra-particle diffusion model as R2 values are compared [30,50]. 

The adsorption kinetic data were analyzed by an intraparticle diffusion model to 

determine the rate and the quantity of adsorbing cations in the adsorption process. 

Furthermore, the Intra-particle diffusion kinetic model suggests that the adsorption 

process could be controlled by the internal diffusion with a partial effect of the external 

diffusion [51]. The fitted data via this model showed correlation coefficients mostly 

less than 0.9 and revealed the fact that the Intraparticle diffusion model couldn’t 

adequately support the adsorption process in these experiments. Similar results 

reported by Dada et al. [52], which investigated the parameters for modeling the 

kinetics with statistical validity, desorption and adsorption of Cu (II) ions onto 

zerovalent iron nanoparticles [52]. Also, Wang et al. [53] demonstrated that 

Interparticle diffusion model is not the controlling factor in determining the kinetics 

of Cd adsorption on clay minerals [53]. Also from the comparison data of Pseudo-first 

and the Pseudo-second order models, this fact clarified that all investigated parameters 

in the Pseudo-second order including adsorption capacity at time t (Qe), the rate 

constant (k2) and correlation coefficient (R2) were more than adsorption capacity at 

time t (Qe), the rate constant (k1) and correlation coefficient (R2) in Pseudo-first order 
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which indicated that the adsorption kinetic process was well supported by the Pseudo-

second order model. Other scientists reported that the adsorption from liquid solutions 

has been extensively studied, with a wealth of experimental data focusing on the 

adsorption capabilities of various materials towards different solutes. While many 

studies include both equilibrium and kinetic data, a common practice involves fitting 

the kinetic data to empirical models. Among these, the pseudo-first and pseudo-second 

order models are widely used, particularly in their linearized forms. Even though the 

pseudo-second order model often achieves excellent fitting quality, it lacks a physical 

basis and is inconsistent with the understanding that diffusion processes govern 

adsorption kinetics [54]. The present study demonstrates, through examples and 

analysis, that the apparent success of the Pseudo-second order model in fitting data is 

better compared to the two other employed kinetic models. 

3.8. Released magnesium 

In this study, the release of Mg2+ from the sepiolite structures into the solutions 

was investigated, along with the pH changes in the final solutions. Atomic adsorption 

measurements indicated that more Mg2+ was released from unmodified sepiolite 

compared to heat-treated samples, with minerals heated at 150 ℃ releasing more Mg2+ 

than those heated at 250 ℃. These findings suggest cation exchange between the 

investigated heavy metals and structural Mg2+. The differences in released magnesium 

quantities are due to the increased surface area and adsorption capacity of heated 

samples in comparison with natural ones. The magnesium at the edges of the 

octahedral sheets in 250 ℃ heated minerals, influenced by zeolitic water and increased 

surface area, was less than in 150 ℃ heated and unmodified mineral samples. 

Therefore, magnesium at the edges of octahedral sheets in natural sepiolite exchanged 

more with existing cationic ions in experimental solutions. Lazarevic et al. [35] 

reported that acid-treatment on sepiolite led to magnesium leaching from octahedral 

sheets and exchange with lead (Pb) ions in solutions. Miura et al. [33] observed that 

thermal, acid, and base treatments degraded sepiolite’s fibrous morphology, with high-

temperature or long-term treatments and acid treatments increasing the sepiolite 

surface area. 

Figures 3 shows the changes in pH values and released magnesium 

corresponding to heavy metal concentrations. At low equilibrium concentrations, the 

acidic content of the solutions, the freedom effect of solute ions, and the high 

adsorption ability of sepiolite resulted in high Mg2+ release, which interacted with OH- 

ions, brought about decreasing ℃ the final pH of the solution. Since the initial heavy 

metal concentrations increased, pH values decreased, and magnesium release 

increased smoothly. Continued increases in heavy metal concentrations led to 

significant Mg2+ release and pH decreases due to the exchangeable effect of 

magnesium with the investigated positive charge ions (See Figure 4a–f). 
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(a) (b) 

(c) (d) 

(e) (f) 

Figure 4. The changes in pH values and released magnesium correspond to heavy metal concentrations. (a) Natural 

sepiolite in solution with pH 4 values; (b) Natural sepiolite in solution with pH 5 values; (c) heat pretreated sepiolite at 

150 ℃ in solution with pH 4 values; (d) heat pretreated sepiolite at 150 ℃ in solution with pH 5 values; (e) heat 

pretreated sepiolite at 250 ℃ in solution with pH 4 values; (f) heat pretreated sepiolite at 250 ℃ in solution with pH 5 

values. 

The ability to regenerate and reuse sepiolite adsorbent is crucial for its 

sustainability and economic viability in real-world applications. While this study 
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focused on sepiolite’s capacity to remove Cd, Co, and Zn ions, the thermal 

pretreatment at 250 ℃ that enhanced its adsorption also opens the door for efficient 

regeneration. Previous research has shown that heat-treated absorbents can often be 

restored through simple thermal or chemical processes, which release bound ions and 

reactivate adsorption sites [55]. Given sepiolite’s stability at moderate temperatures, 

it’s likely that the material can be regenerated and reused multiple times without 

significant performance loss. Although, according to the natural condition of sepiolite 

constitution, the mineral’s original structure will be changed but the adsorption 

capacity for future uses will remain. 

Future studies should explore the regeneration potential of heat-treated sepiolite 

through desorption experiments. These experiments should assess both the adsorbent’s 

efficiency over multiple cycles and its long-term structural integrity. Such 

investigations are essential for confirming sepiolite’s suitability for large-scale 

environmental remediation as a sustainable adsorbent. On the other hand, given the 

abundant and low-cost availability of sepiolite in Iran, these methods and minerals 

present viable options for use in wastewater treatment. 

4. Conclusion

The present study successfully indicates the enhanced adsorption capacities of

heat-treated sepiolite for the removal of contaminant heavy metals from wastewaters. 

The findings indicated that heat pretreatment at 250 ℃ considerably increased the 

potential surface area and adsorption efficiency of sepiolite, specifically for Co2+ ions. 

The pseudo-second order kinetic model best fitted the experimental data and suggested 

chemisorption as the primary adsorption mechanism. The effect of pH on adsorption 

efficiency showed the importance of optimizing solution conditions for effective 

heavy metal removal. These understandings can inform low-cost and sustainable 

approaches for wastewater treatment, to provide readily available and easily modified 

natural adsorbents like sepiolite. Moreover, future research can focus on exploring the 

long-term stability of heat-treated sepiolite in various environmental conditions and 

its scalability for industrial applications. 

Although the present study primarily focused on Cd, Co, and Zn, the kinetic 

experiments were performed in multi-ionic solutions that reflect real-world conditions. 

The influence of additional ions, including H+ and OH− at varying pH levels, was 

considered, particularly in the analysis of adsorption behavior. However, it would be 

acknowledged that a more comprehensive investigation involving a wider range of 

competing ions (e.g., Na+, Ca2+, Mg2+) could provide deeper insights into competitive 

adsorption dynamics. Future work should extend these findings by examining the 

impact of these common ions in multi-component solutions to better understand their 

role in metal ion adsorption efficiency and adsorption site competition. This would 

provide a more complete understanding of the adsorption mechanisms in complex 

environmental matrices. 
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Abstract: The gut microbiota affects human health profoundly, and evidence is mounting that 

it can cause, worsen, or resolve illnesses. Particularly in drug-induced toxicity, its role in 

diverse toxicological reactions has garnered attention recently. Drugs may interact directly or 

indirectly, through the gut flora, whether or not they are taken orally, changing the toxicity. 

Current research focuses mainly on the one-way effect of xenobiotics on the makeup and 

activities of gut microbes, which leads to altered homeostasis. However, there are two-way 

interactions between the gut microbiota and xenobiotics, and it is important to consider how 

the gut microbiota affects xenobiotics, particularly medications. Therefore, we emphasise the 

microbiome, microbial metabolites, and microbial enzymes in this review to emphasise how 

the gut microbiota affects medication toxicity. To aid in the identification of micro-biologic 

targets and processes linked to drug toxicity, we establish connections between medications, 

the microbiome, microbial enzymes or metabolites, drug metabolites, and host toxicological 

reactions. In addition, a summary and discussion of contemporary mainstream approaches to 

controlling medication toxicity by microbiota targeting are provided. 

Keywords: gut microflora; inflammation; drug detoxification; metabolites; immune response 

1. Introduction

In recent decades, the role of the microbiome in disease pathogenesis in various
vital as well as other organs of the body has attracted attention. Its accumulative 
weight is equivalent to that of the liver, and its vast numbers surpass those of human 
cells by magnitudes, suggesting that it has enormous potential for controlling human 
health and illness. The microbiota, which is considered an essential microorganism 
system, is found in nearly every bodily niche and is primarily colonised in the 
gastrointestinal, urogenital, eyes, skin, and airways. The bulk of the microbiota’s 
habitats are found in the gut. They are categorised as viruses, bacteria, fungus, 
archaea, and several other microorganisms [1]. 

The majority of intestinal microorganisms are prokaryotes, with Proteobacteria, 
Firmicutes, Actinobacteria, and Bacteroidetes accounting for more than 90% of the 
gut microbiota [2]. Diverse taxa have diverse functions for their gut flora. A 
dysregulated Firmicutes/Bacteroidetes ratio is frequently interpreted as an indication 
of gut dysbiosis. Several phyla play a crucial role in maintaining host homeostasis. 
The Firmicutes/Bacteroidetes ratio is linked to metabolic disorders [3]. 

Certain enzymes, including β-glucuronidase, β-glucosidase, and β-
galactosidase, can be secreted by a particular gut microbiota. Additionally, it can 
produce metabolites, such as lipids, bile acids, vitamins, and amino acids, which are 
all heavily involved in both the pathogenesis and maintenance of health. Given that 
the gut microbiota is thought to be a key regulator of human health [4–8]. 
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Research has shown that the intestinal microbiota has a role in the aetiology of 
diseases in the brain, liver, kidney, gastrointestinal tract [9,10], and other areas of the 
human body. Treatments such as food modification, FMT, and pre-/pro-/synbiotic 
supplementation have been used in both human and animal trials [11]. Terms like the 
gut-liver axis, gut-brain axis, gut-kidney axis, etc. are derived from the interactions 
between the gut and other organs, and each is made possible via unique routes [12]. 

However, modifications in one of these axes may trigger modifications in 
another, leading to a changed microbiome. To put it another way, the gut acts as a 
link between several human systems. For example, the gut-liver-kidney and gut-
liver-brain axis are proposed as important regulators in the pathophysiology of 
chronic kidney disease [13] and hepatic encephalopathy (HE) [14], respectively. 

Throughout the process of developing and using drugs, adverse drug responses 
might happen. Significant drug toxicity in preclinical and clinical trials results in the 
discontinuation of the medication’s development; nevertheless, significant drug 
toxicity in marketed pharmaceuticals causes fatalities and eventually leads to the 
removal of the drug [15]. Therefore, it is possible to decrease compound attrition 
during medication development and safeguard patient safety by precisely 
anticipating and preventing headache, delirium, psychosis, and drug toxicity. 

Differences in host toxicological reactions to certain medications remain poorly 
understood, despite the ever-expanding understanding of processes via which 
pharmaceuticals are metabolised, absorbed, distributed, and removed alongside 
advances in pharmacogenetics and pharmacogenomics. A new area, i.e., 
pharmacomicrobiomics, aims to understand how interindividual differences in the 
microbiome influence the toxicity and effectiveness of drugs [16]. 

From the standpoint of the microbiome, which is now understood to play 
critical roles in drug metabolism [17,18], pharmacokinetics [19,20], efficacy, and 
toxicity, it offers a fresh perspective on explaining variability in drug outcomes [21]. 
These days, evidence-based medicine emphasises the use of pharmacogenetics and 
pharmacogenomics to interpret patient variances in drug responses [22]. Additionally, 
as the human gut microbiota expresses many more genes than the host, it should also 
be highlighted how drugs affect patient outcomes [23]. 

Drug-metabolizing enzymes regulate the metabolism of both foreign and 
endogenous drugs. Drugs often lose their pharmacological activity through metabolic 
change, producing highly water-soluble metabolites that are easily eliminated. 
Therefore, metabolising enzymes play a very important role. Controlling drug PK is 
critical. Characterization of enzymes involved in human drug metabolism is crucial 
for preventing severe adverse effects. 

In the present review, we are trying to understand the role of microbiome on 
drug toxicity and therapeutic alternatives to exploiting them. 

1.1. Role of microbial enzymes in drug toxicity 

There is growing evidence to show that the metabolic repertoire of 
microorganisms is greater than that of human cells [24]. Drug transformation is 
mediated by the microbiota, which also triggers a variety of chemical processes. The 
majority of drugs are affected by hydrolysis and reduction [25]. Drugs are exposed to 
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the microbiota either directly or by biliary excretion, regardless of how they are 
administered [26]. Drugs may undergo microbial changes that change their 
pharmacokinetic characteristics, activate prodrugs, cause unwanted side effects, or 
reduce their effectiveness. By means of chemical transformation, the microbial 
enzymes can either exacerbate or provide relief from the harmful reactions that 
medications elicit. 

1.2. Microbial role in drug activation 

The most prevalent metabolic route in the gastrointestinal system is hydrolysis, 
which is mostly catalysed by microbial proteases, glycosidases, and sulfatases. In 
addition to producing products like glucose and sulphates to promote 
microbiological development, these activities often release smaller molecules for 
further metabolism [24]. However, they can also activate medications and change 
their toxicity. The gut microbiota is the only source of the hydrolytic enzyme β-
glucosidase. Aglycones are formed when it releases glucose from glucosides; some 
of these aglycones are even more hazardous than the glucosides they are associated 
with. This mechanism is particularly prevalent in the digestion of phytomedicine 
components by gut microbes. 

The main bioactive ingredient in Armeniacae semen, amygdalin, is degraded by 
the microbial β-glucosidase to produce glucose and mandelonitrile, the latter of 
which is poisonous when amygdalin is present [27]. Similar to this, geniposide, a 
significant bioactive ingredient found in many phytomedicines such as Gardenia 
jasminoides Elli, Eucommia ulmoides Oliv., and Rehmannia glutinosa Libosch. [28], 
is broken down by microbial β-glucosidase into its aglycone genipin [29], and 
genipin is assumed to be the cause of geniposide-induced hepatotoxicity [30]. By 
eliminating gut microorganisms, antibiotic therapy may significantly reduce the 
microbial enzyme and impede the genipin formative process [31]. 

Numerous enzymes, some of which are exclusively microbial, such as 
nitroreductases, azoreductases, alkene reductases, and sulfoxide reductases, facilitate 
the reductive conversions that the gut microbiome mediates [32]. A decrease in gut 
microbiota chemicals results in changes to their polarity, bioavailability, and action. 
While the microbiome and the host both express nitroreductases, gut microbial 
nitroreductases are a class of enzymes that significantly impact medication toxicity. 
Nitrazepam is a kind of nitrobenzodiazepines that are metabolised into 7-
aminonitrazepam, the metabolite that causes nitrazepam-induced teratogenicity, via 
nitroductases that are generated by the liver and microbiota [33]. 

Antibiotic therapy, however, significantly reduced malformation and almost 
eliminated 7-aminonitrazepam synthesis, indicating a direct relationship between 
nitrazepam-induced teratogenicity and its nitroreduction by gut microorganisms [33]. 
Another study that used N-nitrosodiethylamine as the substrate verified the 
metabolic action of nitroreductases to generate toxicity [34]. The gut microbial 
azoreductase cuts its azide bond reductively to produce sulfapyridine (SP) and 5-
aminosalicylic acid (5-ASA), the former of which is in charge of sulfasalazine’s 
adverse effects [35]. Even though azoreductase metabolises ipsalazide and 
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balsalazide, two analogues of sulfasalazine, their toxicity is eliminated by the altered 
structure of SP [36]. 

1.3. Microbial role in drug reactivation 

The metabolism of xenobiotics in the gut microbial community frequently 
promotes microbial development by providing nutrition and energy generation, even 
as the host metabolism helps eliminate xenobiotics from the body [24]. Notably, the 
gut microbiota frequently opposes or reverses host-performed chemical changes, 
changing the pharmacokinetic and pharmacodynamic characteristics of xenobiotics. 
The action of microbial β-glucuronidases on medicines that are reabsorbed and 
metabolised in the gut through enterohepatic circulation embodies this well. 

A hydrolase often found in bodily fluids, microbiota, and mammalian tissues is 
β-glucuronidase. Numerous harmful drugs are detoxified in the liver by UDP-
glucuronosyltransferases (UGTs); however, the metabolites conjugated with 
glucuronic acid are reabsorbed in the gut, where they are converted back into their 
poisonous precursors by gut microbial β-glucuronidases. The first drug for 
Alzheimer’s disease to be licensed was tacrine, but it was taken off the market 
because of significant pharmacokinetic variation [37] and the erratic hepatotoxicity 
that resulted [38]. According to a recent thorough investigation, rats react to tacrine 
in diverse ways. Strong responders show larger levels of tacrine exposure, increased 
deglucuronidation capacities, and an abundance of β-glucuronidase. The 
transportation and metabolic routes of drugs within the host are crucial for their 
reactivation by microbial β-glucuronidases. 

One of the most widely used anticancer drugs for colon cancer treatment, 
iminotecan, can be fatally hazardous to at least 36% of patients, the majority of 
whom have mucositis, diarrhoea, and other gastrointestinal side effects [39]. The 
liver and the gut microbiota in humans both metabolise iminotecan. Liver 
carboxylesterases first convert it to bioactive SN-38, and then hepatic UGTs 
conjugate it with glucuronic acid to form SN-38G. This is subsequently subjected to 
gut bacterial β-glucuronidases to regenerate SN-38, which is also a toxin that causes 
severe diarrhoea and damage to intestinal epithelial cells [40]. It has been noted that 
the gut bacterial β-glucuronidases play a crucial role in reducing irinotecan-induced 
gastrointestinal toxicity. The suppression of intestinal bacterial β-glucuronidases has 
been shown to be efficient in reducing irinotecan toxicity and boosting anticancer 
activity and is thought to be a predictive biomarker of irinotecan-triggered diarrhoea 
severity [41–44]. 

Furthermore, inhibiting bacterial β-glucuronidases with distinct origins and 
structures produced quite different results: inhibiting β-glucuronidases derived from 
Firmicutes and Proteobacterium alleviates irinotecan-induced diarrhoea in mice, 
whereas inhibiting β-glucuronidases derived from Bacteroidetes does not, indicating 
functional diversity in orthologous enzymes of the gut microbiota [45]. Interestingly, 
the liver and gut microbiota of mice also use the same metabolic route to break down 
mycophenolate mofetil (MMF) in conjunction with irinotecan. It functions as a 
prodrug that is hydrolyzed to mycophenolic acid (MPA) to provide effectiveness, 
and hepatic enzymes then further convert it to glucuronized MPA (MPAG). 
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The majority of MPAG is eliminated by urine, but 10% of it enters the digestive 
system and is converted back into MPA by the gut microbial βglucuronidase. This 
buildup of MPA in the colon is linked to MMF-induced colonic inflammation [46]. 
Additionally, MMF increases the production of active β-glucuronidase, which 
aggravates its deleterious effect on the gastrointestinal tract and can be remedied 
with antibiotics [47]. 

It has been shown that inhibiting β-glucuronidase activity is an effective way to 
relieve associated drug toxicities, and it is a promising target for the creation of new 
treatments. Certain natural compounds, like quercetin, have the ability to block β-
glucuronidase as well as cause the gut microbiota to produce protective metabolites 
[48]. Unfortunately, the poor pharmacokinetic profile of currently available β-
glucuronidase inhibitors limits their clinical use [49]. Nevertheless, β-glucuronidase 
might be a useful target for reducing medication toxicity. 

Microbial metabolism of food and endogenous substances has an indirect effect 
on important host hepatic enzymes that contribute significantly to drug metabolism. 
For example, Phase I hepatic enzymes, which comprise the cytochrome P450s 
(CYPs) superfamily and flavin-containing monooxygenases (FMOs), account for 
80% of the oxidative metabolism of routinely used drugs. Phase II hepatic enzymes, 
such as glutathione S-transferases (GST), sulfotransferases (SULTs), and uridine 
diphosphate-glucuronosyltransferases (UGTs), play critical roles in drug 
detoxification and removal from the body. The gut microbiota’s metabolism of 
uremic solutes, bile acids, and steroid hormones influences the expression and 
activity of these enzymes; these microbiome-drug interactions can have negative 
effects for patients taking medicines that are substrates for these enzymes. 
Microbiota-produced uremic solute indoxyl sulphate reduces CYP3A4 expression, 
lowering CYP3A4-mediated metabolic clearance of a wide variety of medications, 
including erythromycin, nimodipine, and verapamil. 

1.4. Role of microbiome on drug inactivation 

The inactivation of drugs by microbial metabolism has different effects than the 
activation and reactivation that often worsen drug toxicity. Through chemical 
alteration, the microbiome-mediated inactivation lowers medication toxicity while 
simultaneously increasing adverse effects and decreasing treatment effectiveness. 
One of the main drugs used to treat Parkinson’s disease is levodopa. Reduced 
effectiveness in the brain and heightened adverse effects in the peripheral tissues and 
an increased dose schedule of levodopa treatment in Parkinson’s disease may be 
explained by the gut microbiome’s inactivation of levodopa [50]. By concurrently 
giving levodopa and carbidopa, abd AADC inhibitor (S)‐α‐Fluoromethyltyrosine—a 
substance that suppresses Enterococcus faecali and Eggerthella lenta—blocks the 
microbial metabolism of levodopa and enhances its bioavailability [51]. This 
suggests that a useful strategy for managing microbial inactivation-induced reduced 
effectiveness and increased toxicity might be the targeted suppression of gut 
microbiota that takes part in drug metabolism. Similarly, Eubacterium lenta 
inactivates digoxin, a nature-derived cardiac glycoside used to treat arrhythmia and 
heart failure, in the stomach to generate 20R-dihydrodigoxin [52]. 
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Digoxin needs the unsaturated lactone ring structurally to elicit its therapeutic 
actions; however, the microbiota reduces it, which results in inactivation. The 
microbial metabolism of digoxin results in variable toxicity because of its limited 
therapeutic window and the notable individual variability in gut flora. Despite its 
identified function in the metabolism of digoxin, Eubacterium lenta is also present in 
individuals lacking the excretion of 20R-dihydrodigoxin [53]. Digoxin’s varying 
toxic effects and pharmacokinetic characteristics among the population are better 
understood thanks to the discovery of cardiac glycoside reductase (CGR) in its 
metabolism. It also provides ways for lowering metabolism and, as a result, 
regulating digoxin’s toxicity [53]. 

On the other hand, by breaking down harmful drugs into less hazardous 
metabolites, the microbiome-initiated drug inactivation also serves as detoxification. 
The anticancer drug doxorubicin has side effects that include vomiting, diarrhoea, 
hair loss, and even cardiotoxicity. It has been shown that Raoultella planticola 
functions as an inactivator of doxorubicin by deglycosylating it to produce the less 
harmful metabolites 7-deoxydoxorubicinol and 7-deoxydoxorubicinolone [54]. 

This suggests that depending on the toxicity of metabolites following 
deglycolation, pharmacological activation or inactivation results from microbial 
metabolism-induced deglycosylation [28,30,54]. Furthermore, mitochondrial 
inactivation detoxifies arsenic, a hazardous pollutant linked to a number of illnesses 
such as diabetes, heart disease, and multiorgan malignancies. When assessing arsenic 
biotransformation and toxicity, the monomethylarsonic acid/dimethylarsinic acid 
(MMA/DMA) ratio is thought to be a biomarker. In general, pentavalent arsenic 
species are less dangerous than trivalent arsenic ones. Growing data indicates that 
the metabolism and toxicity of arsenic are significantly influenced by the microbiota 
[55]. 

By promoting arsenic methylation and lowering the MMA/DMA ratio, the gut 
microbiota lessens the toxicity of arsenic [56]. Due to its capacity to encode 
methyltransferase, supplementary Faecalibacterium prausnitzii offers protection 
against arsenic poisoning, even if antibiotic therapy and a germ-free state enhance it 
[57]. Given that the microbiome plays a role in the metabolism of arsenic and the 
toxicity that results, it is possible to reduce drug toxicity by using microbial 
inactivation of xenobiotics to aid in detoxification. 

Even though fecal microflora or accessible separated species were used by 
many researchers to study the impact of microbial metabolism on drug toxicity prior 
to the 1980s, this field is still largely unknown despite the development of high-
throughput techniques in recent years. 

Microbial incubation can reveal the effects of β-glucosidase and other enzymes 
that are only produced by the gut microbiota. However, the host and gut microbiota 
overlap many metabolic pathways, making it difficult to distinguish the role of the 
microbes in drug metabolism from that of the host. In addition, systematic studies on 
microbial metabolism are limited by the individual differences in gut microbial 
diversity and function. The only current mainstream approaches are germ-free 
animal models and nonspecific antibiotics. 

Periodically, the metabolic profiles of medicines in conventional, gnotobiotic, 
and germ-free animal models are compared in an effort to disentangle the role of gut 
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microbes on drug pharmacokinetics and toxicity from the host [23]. Disentangling 
the roles of the host and microbiome in drug metabolism and hazardous effects is 
more challenging though, as the germ-free condition may cause changes in the host’s 
metabolic characteristics. However, a deeper comprehension of the particular species 
and enzymes involved in drug metabolism may help with dosage and medication 
selection. 

1.5. Regulating the drug toxicity via nuclear receptors 

Nuclear transcriptional factors are important regulators of the production of 
phase II enzymes and transporters, as well as CYP450s. To improve the clearance, 
they serve as sensors of xenobiotics and harmful metabolites of endogenous 
metabolism. Microbiota-nucleus transcription factor connections are studied using 
germ-free animal models, which provide valuable insights. The expression levels of 
PXR and CAR in germ-free mice are considerably less than in the particular 
pathogen-free mice, which causes CYP450 expression to be reduced as a result [58]. 
Contradictory findings have been noted in another study, indicating that germ-free 
mice exhibit greater levels of PXR and CAR in conjunction with CYPs such as 
CYP2A4, CYP2B13, CYP2C38, and CYP4A14 [59]. Different studies may yield 
different results due to variations in the expression of nuclear regulators during 
different growth stages [60]. However, it has been determined that the gut microbiota 
is involved in controlling nuclear regulator expression, which in turn controls the 
expression of metabolic enzymes and transporters. The finding that compounds 
originating from the gut microbiota, particularly microbial products of aromatic 
metabolism, function as either agonists or antagonists of PXR and AHR, confirms 
this [61]. 

AHR and PXR ligands have been found to be associated with a number of 
microbial tryptophan catabolites, including skatole, indole, tryptamine, and a series 
of indolyl-3‐(lactate, pyruvate, acrylate, propionate, acetate, aldehyde, acetamide, 
ethanol) [62]. It is commonly known that these microbial tryptophan catabolites 
stimulate the intestinal mucosa’s innate immunity and cause quick inflammatory 
reactions by stimulating or opposing epithelial nuclear receptors [63]. 

A fresh approach to drug development has been suggested in the form of 
microbial metabolite imitation. Strong PXR agonists, such as indole and indole 3 
propionate, are designed to lessen colitis by enhancing the expression of CYP3A4 
and multidrug resistance 1 (MDR1) and preventing NF-κB activation [64]. 

While a large body of research has shown how the gut microbiota may 
influence how host metabolic enzymes are expressed, very few have examined the 
impact of certain xenobiotics on metabolic alterations and the ensuing harmful 
effects. It has been discovered recently that AHR activation reduces intestinal 
toxicity caused by chemotherapy by progressively blocking the tryptophan-
kynurenine-kynurenic acid axis metabolism [65]. In addition, it has been discovered 
that indole 3-propionic acid, via PXR activation, protects against gastrointestinal 
tract injuries and radiation-induced hematopoietic system damage [66]. These 
investigations suggest that by activating nuclear factors, it is possible to use gut 
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microbial metabolites and their analogues to reduce drug-induced gastrointestinal 
toxicity. 

Nuclear regulators are thought to be implicated in xenobiotic toxicity by 
controlling endogenous metabolism, as these nuclear factors also take part in 
endogenous metabolism, and xenobiotics might cause harm by altering the host 
metabolome. Myopathy is a side effect of statins, a family of medications intended to 
control blood cholesterol and lower the risk of heart disease. They also raise the risk 
of type 2 diabetes mellitus. It is thought that changes in cholesterol and glucose 
metabolism as well as PXR-dependent gut dysbiosis are responsible for the adverse 
effects of statins [67,68]. 

The most often used non-nucleoside reverse transcriptase inhibitor, efavirenz, 
has been linked to hepatic steatosis and dyslipidemia side effects. The fundamental 
mechanism is that efavirenz effectively activates PXR, which in turn controls 
important hepatic lipogenic genes. This leads to enhanced hepatic cell lipid 
absorption and cholesterol production [69]. One of the main defense mechanisms 
against oxidative stress brought on by xenobiotic toxicity is the activation of nuclear 
factor erythroid-derived 2‐like 2 (Nrf2). Under normal circumstances, Nrf2 is 
attached to Kelch-like ECH associating protein 1 (Keap1) in the cytoplasm. However, 
in times of high oxidative stress, Nrf2 is released, translocates to the nucleus, and 
binds to the antioxidant response element (ARE), inducing the activation of defense 
genes [70]. 

Lactobacilli activates hepatic Nrf2, which reduces APAP-induced 
hepatotoxicity [71]. The in vitro activation of Nrf2 by Lactobacilli-derived 5-
methoxyindoleacetic acid (5-IAA) is comparable to the impact of oral Lactobacilli 
administration, suggesting that Lactobacilli activate Nrf2 by 5-IAA secretion [71]. 
Additionally, the gut microbiota controls the circadian liver transcriptome and 
detoxification pattern, resulting in APAP-induced hepatotoxicity that varies during 
the day and is more severe at night [72]. 

The gut microbiota modulates drug toxicity through metabolic intervention and 
host defense activation. It does this by exerting significant impacts on nuclear factors. 
But the majority of what we now know about the microbiome’s impact on nuclear 
factors is very limited, and it hardly touches on the effects it may have on xenobiotic 
metabolism and toxicity. Further understanding of how the microbiota affects 
nuclear factors to modify medication toxicity is needed. 

1.6. Regulation of drug toxicity via host metabolism 

Numerous metabolites that the microbiome produces contribute to the 
physiology of the host; these metabolites’ production, roles, and mechanisms of 
action have all been thoroughly studied in other places [5,6]. The microbial 
metabolites, exemplified by bile acids and SCFAs, play a significant role in the 
host’s metabolism of endogenous chemicals and have been linked to a number of 
metabolic disorders, such as obesity, hyperglycemia, and nonalcoholic fatty liver 
disease (NAFLD) [73,74]. Apart from their typical roles in influencing health and 
illnesses, microbiological metabolites take part in xenobiotics’ host metabolism, 
which controls their harmful and metabolic effects. 
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The interaction between 5-fluorouracil (5-FU) and sorivudine is a classic 
example of how adverse drug-drug interactions can result from microbial metabolites 
interfering with the host drug metabolism. 5‐FU is used to treat colon cancer, yet 
adverse effects to the mucosa, such as mucositis and diarrhoea, are commonly 
reported. Hepatic dihydropyrimidine dehydrogenase (DPD) is primarily responsible 
for detoxifying the human body; its suppression leads to the buildup of 5 FU and 
subsequently exacerbates negative consequences. 

By vieing for the host’s metabolic enzymes, the microbiome produces both 
endogenous and external metabolites and indirectly contributes to the metabolism of 
the host. While the activation of nuclear receptors caused by changes in the 
microbiota can result in a variety of alterations related to drug metabolism and 
toxicity, the competition of microbial metabolites with host enzymes often increases 
drug toxicity by impeding host detoxification. Despite the increasing interest in 
comprehending the interaction between the microbiome and host metabolism, more 
research is needed to clearly connect medication metabolism with microbial changes 
to host metabolic enzymes. 

1.7. Modulation of drug toxicity via regulating the immune response 

The effects of the microbiome on drug metabolism and immunity form a major 
basis for the postulated involvement of the microbiome in modifying drug toxicity 
[75]. In contrast to the impact of direct microbial metabolism on medication toxicity, 
a diverse array of chemicals and receptors modulate the immune-regulated drug 
toxicity associated with the microbiome. Drugs can directly harm the host and 
trigger immunological responses, but some can produce toxicity that is mediated via 
the interplay between the immune system and the microbiota. 

1.8. Interplay between the microbiome and immune system 

The immune system regulates the preservation of gut homeostasis, but the 
microbiome is essential to the growth and development of key elements of the host’s 
innate and adaptive immune systems. On the other hand, a compromised immune 
system can also result in gut dysbiosis, which can increase pathogenic and/or Gram-
negative bacteria and metabolites, disturb the epithelial barrier, and make the system 
more susceptible to infections. Gut dysbiosis can also promote inflammation and 
oxidative stress. The intestinal mucosa serves as an interface for two-way 
communication between the microbiome and the host immune system, as well as a 
natural barrier against pathogenic infection and commensal infiltration from the gut 
[76]. 

There are several chemicals and receptors that facilitate the reciprocal exchange 
of information between the host immune system and the microbiome. Intestinal 
paneth cells, which constitute one of the phylogenetically ancient components of the 
innate immune system, generate antimicrobial peptides, or AMPs. Multiple 
interactions between intestinal AMPs and the microbiota alter its structure [77]. In 
addition, pattern recognition receptors (PRRs) like TLRs and nucleotide-binding 
oligomerization domain (NOD)-like receptors (NLRs) play a major role in mediating 
the crosstalk between the microbiome and the host innate immune system. These 
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PRRs identify pathogen-associated molecular patterns (PAMPs) and trigger the 
innate immune system in response [78,79]. 

Bacteroides fragilis produces a microbial compound called polysaccharide A 
(PSA), which is recognised by TLR2/1 and C-type lectin-like receptor. This 
recognition activates the anti-inflammatory arm of the phosphoinositide 3 kinase 
(PI3K) pathway, which in turn trains CD4+ Tregs to produce the immunomodulatory 
cytokine IL-10. Primary response protein 88 (MyD88) of myeloid differentiation 
functions as an adapter for inflammatory signalling pathways that are downstream of 
TLR and interleukin-1 (IL-1) receptor family members [80]. Its absence is linked to 
changed microbiota configuration and a lack of sensitivity to microbial ligands for 
TLR4 [81]. 

After identifying pathogenic bacteria or metabolites, certain PRRs combine to 
form inflammasomes. These inflammasomes then trigger inflammatory caspases, 
which release cytokines and cause pyroptotic cell death, as was previously discussed 
[82]. It is well known that inflammatory proteins, such as NLRP3 and NOD-pyrin 
domain-containing 6 (NLRP6), reversely control the makeup of microbes and 
preserve intestinal homeostasis [83,84]. The microbiome has the ability to modify 
innate immune responses, which are governed by immune cells like macrophages 
and natural killer (NK) T cells. This can impact the functionality of immunological 
organs like the liver [85,86]. The microbiome affects the innate immune system, but 
it also plays a role in the control of the host’s adaptive immune system. 

It is shown that the IgA antibody response, which mediates the preservation of 
gut homeostasis, may be activated by commensal bacteria [87]. Furthermore, 
microbial metabolites represented by SCFAs have a significant role in host adaptive 
immunity via suppressing the growth of proinflammatory Th17 cells and promoting 
the development of Treg cells [88] and anti-inflammatory forkhead box protein P3 
(Foxp3) [89,90]. Strong evidence of the connection between the microbiota and 
human immune system has been found in a recent human study that compared the 
effects of immunomodulatory drugs with those of the microbiota. The study found 
that the microbiota affects systemic immune cell dynamics over time [91]. 

2. Challenges and limitations

Pharmacomicrobiomics is a rapidly evolving field that studies the complex
relationship between gut bacteria and medication responses. While there have been 
considerable improvements in these areas, however, there are still various issues in 
this area: (1) Standardised procedures are lacking for sample collection, sequencing, 
and data processing in pharmacognostic investigations. 

This makes it difficult to compare study data and produce clinical practice 
guidelines. (2) The gut microbiota is a dynamic ecosystem influenced by factors 
such as nutrition, lifestyle, and genetics. Distinguishing between the impact of these 
variables and drug-induced microbiome alterations can be challenging. (3) Individual 
Variability in Drug Response (IVDR): The gut microbiota varies significantly 
between individuals, which might have an influence on drug-microbiota interactions. 
(4) Limited knowledge of mechanisms: Although there is evidence of drug-
microbiota interactions, the mechanisms remain unclear. It is unknown how
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interactions change across medications and people. (5) Therapeutic translation: 
While pharmacomicrobiomics has intriguing therapeutic applications, several 
challenges must be addressed before it can be implemented in practice. Developing 
microbiota-based biomarkers for treatment response requires extensive validation 
research and regulatory approval. (6) Ethical issues: Personalised medicine, 
including the use of microbiome data, requires ethical considerations. Concerns 
include privacy, data sharing, and potential discrimination based on microbial traits. 
(7) Small sample numbers in pharmacomicrobiomics investigations might impair
statistical power and generalizability of findings. More extensive research is needed
to validate and build on preliminary findings. (8) Population diversity:
Pharmacomicrobiomics research has mostly focused on Western populations,
resulting in a lack of variation in ethnicity, location, and lifestyle characteristics.
This reduces our understanding of how drug-microbiota interactions may differ
between communities. (9) Confounding variables: Diet, age, gender, and
environmental exposures might affect gut flora, making it difficult to discriminate
between medication effects and other factors. To address these challenges,
researchers, clinicians, and industry partners should collaborate to develop
standardised methodologies, improve understanding of drug-microbiota interactions,
and translate findings into safe and effective clinical practice.

3. Conclusion

The complex relationship between drugs and the microbiota has a significant
impact on the toxicity. Drugs have the potential to change the makeup and function 
of microbes, which could lead to toxicity because of increased risk factors brought 
on by dysbiosis in the gut; however, the microbiome also produces enzymes and 
metabolites that are involved in drug metabolism and host detoxification patterns, 
which could change the toxic effects of drugs. In addition, the microbiota influences 
immunological responses that can be used to mitigate drug toxicity. 

To understand the relationship between the microbiome and drug toxicity 
systemically, the microbial components that affect drug toxicity may be linked as 
follows: drug, microbiome, microbial enzymes/metabolites, drug metabolites, host 
toxicant responses. The ultimate objective is to identify the microbial species that 
cause the interaction between medication toxicity and the microbiome and to use 
strategies to target them in order to minimise drug toxicity. Currently, pro-, pre-, and 
synbiotic supplementation, FMT, and dietary manipulation are the methods for 
reducing medication toxicity by focusing on the microbiome; none of these methods 
is drug-specific. 

Targeting specific microbial species, enzymes, or metabolites can improve drug 
toxicity, as seen in the successful manipulation of levodopa’s peripheral toxicity by 
targeting a microbial enzyme. To do this, though, we must completely understand 
the microbial drug metabolism pathways and the processes behind drug toxicity. We 
can only take advantage of the microbiome’s amazing potential to lessen toxicity and 
increase the effectiveness of medications by developing a thorough grasp of these 
mechanisms (Figure 1). 
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Figure 1. Drug-Microbiota interaction and role of microbiota on drug metabolism. 

Precision medicine is hindered by the heterogeneity of the human microbiota, 
the rise of multi-drug-resistant bacteria, and the impact of various medications on 
microbial pathways. Nonetheless, precision medicine remains the perfect possibility 
for future theranostics, with a complete understanding of the role of the microbiota 
on IVDR permitting stratification of patients based on recognised biomarkers, 
microbiota types, and metabotypes. 
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Abstract: Acetylsalic acid, (Aspirin®) is a non-steroidal anti-inflammatory drug (NSAID) 

widely used in human and veterinary medicine, especially for its analgesic and antithrombotic 

effects, mainly in the prevention of cardiovascular complications and in the treatment of 

various diseases. Aspirin® can not be metabolized in cats because they do not have the enzyme 

glucuronyl transferase. For this reason, it has a long half-life and a narrow dose range. High 

dose administration in cats may cause serious toxicity in the liver. Acetylsalicylic acid is known 

to cause gastric ulcers associated with decreased prostaglandin levels. For these reasons, it is 

considered toxic to cats. But it also has antipyretic, analgesic, anti-inflammatory and 

antithrombotic properties. It is indicated for use alone or in combination with other 

antithrombotic drugs in the treatment and prophylaxis of thrombus formation resulting from 

cardiovascular diseases. This review aims to examine the indicated and contraindicated areas 

of use of Aspirin®, which is widely considered toxic in cats. 

Keywords: aspirin; NSAID’s; ulcer; salicylate; thromboembolism; toxicity 

1. Introduction

Acetylsalicylic also known as Aspirin®, is widely used in human and veterinary

medicine [1]. Aspirin® was initially used only for its analgesic effects, but over time 

its antipyretic, anti-inflammatory and antithrombotic effects were also discovered. 

Today, its use in human medicine is quite common, but its use in cats is controversial 

[2].  

Aspirin® has been widely thought to be toxic in cats for years, as reported in many 

studies, but studies are being conducted to examine whether it can be used in low doses 

due to its anti-inflammatory and antithrombotic effects in patients with pain, fever, and 

cardiovascular diseases. Its effectiveness has been reported and suggested to be 

indicated, especially in cardiovascular diseases and the prevention of arterial 

thromboembolism [3]. It is also claimed that the use of Aspirin® prolongs life in 

geriatric patients because it reduces the risk of various diseases [4]. However, cats are 

more sensitive to Aspirin® than humans and dogs [5]. The half-life of Aspirin® is 

longer in cats than in other animals (especially dogs) [6]. The reason for this is thought 

to be the slowness of glucuronidation [7]. 

As a result of the combination of a toxic substance with glucuronic acid, it 

transforms that drug into a form that is less toxic than original substance, more water 

soluble and more easily excreted from the body. This physiological situation is called 

glucuronidation. However, glucuronidation in the cat body is very slow than other 

animals and incomplete. For this reason, the elimination of Aspirin® from the cat body 

is very slow. This increases the half-life of Aspirin® in the cat body [8]. On the other 

hand, it is thought that one of the reasons for the slow clearance of Aspirin® from the 
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body may be due to the weak glycine conjugation. However, it has many side effects 

in cats and, at higher doses, in humans or dogs [9]. 

It has been mentioned in numerous literature over the years that Aspirin® causes 

gastric hyperemia and ulceration in dogs and rabbits. In the years following its 

discovery, similar situations were observed with intravenously administered Aspirin®. 

This has shown that Aspirin® can damage the gastric epithelium even if it does not 

come into contact with the stomach mucosa [10]. For this reason, studies were carried 

out to produce a drug that has as many indications and effects as Aspirin®, but has 

fewer side effects on the gastrointestinal tract. As a result of these studies, the active 

ingredient ibuprofen was discovered in 1961 [2]. Despite the toxicity of Aspirin®, 

especially in cats, Aspirin® is still considered indicated in some diseases today, even 

if different medications are used. Therefore, in this review study, a perspective on 

limited indications versus contraindications is examined. 

2. History of aspirin

Aspirin® is one of the most widely used drugs today. It has been the most

interesting drug throughout history. Its history dates back to 3500 years ago. It was 

used by Sumerians and Egyptians for joint diseases. During these periods, it was 

obtained as extracts from the willow tree (especially its bark) and these extracts were 

applied topically [11]. Later, it was recorded that it was used during the times of 

Hippocrates and Galen, the famous scientists of the period, and it was used for 

analgesic purposes in a geography extending from South Africa to North America [12]. 

It is mentioned that it is used especially for joint pains and headaches during these 

periods. Later, in the third century, the use and effect of salicylates spread to the Far 

East [11]. 

In the 18th century, the willow tree was mentioned as “The Bark of an English 

Tree” by Lord Edward Stone. Lord mentioned its analgesic properties and suggested 

its use in the treatment of malaria [13]. In the following century, it was studied for its 

commercial form and its extract was obtained and put on the market [14]. The 

commercial form of acetylsalicylic acid spread throughout the world soon after it was 

produced and became widespread immediately. It was used by famous people during 

these periods. State leaders were also among these people. Even famous writers 

mentioned Aspirin® in their books and works. This fame made the drug itself the 

subject of textbooks. As the years progressed, it began to be produced in different ways 

by different manufacturers. However, information about the mechanism of action was 

very limited [11]. 

In the 1900s, Aspirin® and other NSAIDs began to be investigated in more detail, 

and a number of studies were conducted only in the later years of the 20th century [11]. 

In these studies, prostaglandins were studied for their mechanism of action. One of the 

most important of these was made by Sir John Robert Vane. The study was published 

in 1971 and focused on the mechanisms of action of aspirin-like drugs. The study 

mentioned, but was not limited to, the antipyretic, anti-inflammatory and analgesic 

effects of anti-inflammatory drugs. In addition, its bronchoconstrictor effects were also 

mentioned. In addition to the mechanism of action, gastrointestinal effects were 

mentioned as side effects. In this regard, peptic ulcers have been mentioned [15]. This 
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study shed great light on the unknown mechanism of action of Aspirin® [11]. Despite 

such side effects, different drugs such as ibuprofen have also been discovered [2]. 

In the following years, the mechanism of action of Aspirin® became much clear 

and its antithrombotic effects began to be mentioned. This situation has set an 

important example for the uses of Aspirin® other than its anti-inflammatory properties. 

It has been shown that it can be used and even indicated in the treatment of 

cardiovascular diseases [11]. 

Today, it is known that Aspirin® is indicated for the treatment of many 

diseases and also has many side effects. Studies are progressing further than 

the mechanism of action, towards indication areas and reducing side effects. 

For this purpose, the aim is to determine appropriate dose ranges, determine the 

lowest effective dose ranges throughout the disease and use them correctly. Studies 

are being conducted on the use of Aspirin® in many areas beyond anti-inflammatory 

processes, from cardiovascular diseases to cancer treatment. In modern days, it 

is known as the most widely used drug in the world [11]. 

3. Mechanism of action

Although Aspirin® is a weaker analgesic than strong analgesics, it is a very

effective analgesic for mild and moderate pain [4]. It is an ester of acetic acid 

hydrolyzed to salicylic acid by esterases found in the gastrointestinal tract and liver 

and is a weak acid [2].  

Aspirin® is absorbed from the stomach and duodenum because it is lipophilic [12]. 

The absorption of the drug depends on many factors such as stomach pH and food 

intake [16]. It inhibits the biosynthesis of thromboxane A2 (TXA2) and other 

prostaglandins. TXA2 is a prostanoid produced by the oxidation of arachidonic acid 

produced from membrane phospholipids. Arachidonic acid, on the other hand, plays a 

role in the production of prostaglandin H2 (PGH2) and TXA2 through its 

cyclooxygenase (COX) activity [14]. They permanently inhibit COX function. Finally, 

they are cleared from the body by conjugation with glucuronic acid and glycine [17]. 

They are excreted from the body through the kidneys, and the excretion rate may vary 

depending on the urine pH [16]. As the urine pH increases, their excretion from the 

urine increases, and while they are excreted from the urine, they also reduce the pH of 

the urine [18]. 

Aspirin® is a phenol compound and it can not be adequately glucuronidated in

cats due to glucuronyl transferase deficiency. However, dogs may tolerate Aspirin® 

better [2]. It is also suitable for use in cattle and goats. They are not preferred 

in newborns because biotransformation is insufficient and urinary excretion is 

limited. The absorption of enteric-coated Aspirin® is thought to be low [18]. 

4. Contraindications

Aspirin® may increase bleeding times and lead to anemia due to its antiplatelet

effect [19]. Additionally, it should be used with caution in patients with respiratory 

diseases as it may cause oxidative damage and asthma [20]. Aspirin® causes blood pH 

to increase due to hyperventilation and associated CO2 loss. This may result in 

109



Journal of Toxicological Studies 2024, 2(2), 1486. 

respiratory alkalosis. The kidneys may cause metabolic acidosis by secreting bases 

such as sodium bicarbonate to reduce the increasing pH. Aspirin® causes blood pH to 

increase due to hyperventilation and associated CO2 loss. This may result in 

respiratory alkalosis. The kidneys may cause metabolic acidosis by secreting bases 

such as sodium bicarbonate to reduce the increasing pH [19]. In addition, due to its 

undesirable effects such as gastrointestinal ulcers, its therapeutic index is very narrow 

and therefore it should be used with extreme caution. Compared to Aspirin®, the use 

of clopridogrel, which has fewer side effects in terms of its antithrombotic effect, is 

preferred. However, its combined use with Aspirin® has been reported to cause 

gastrointestinal side effects in humans [6]. 

Aspirin® can cause serious toxicities in the liver of cats [21]. Almost all NSAIDs 

can cause stomach damage. Most NSAIDs are acidic and damage the gastric mucosa. 

NSAIDs may reduce mucosal proliferation. However, whether mucosal proliferation 

can cause gastropathy is still a matter of debate. In particular, the local toxic properties 

of Aspirin® are known. Aspirin® causes fever, respiratory alkalosis, metabolic acidosis, 

stomach irritation and liver necrosis. Ataxia and seizures may occur at high doses. 

Additionally, electrolyte disorders and depression may occur [17]. At the same time, 

Aspirin® is assumed to be a hemolytic agent and may cause hypoprothrombinemia 

[21]. In human studies, it has been reported that Aspirin® may cause acute renal failure 

[22]. It can cause deterioration of kidney function in people with chronic kidney 

disease (CKD). CKD, the most common kidney disease in cats, is especially common 

in older cats and is irreversible. As a result of the disease, there is a decrease in kidney 

functions. Since it is a progressive disease, the aim is to slow the progression of the 

disease. The disease may also cause thrombosis. For this reason, its use is not 

recommended, especially in geriatric patients and patients with CKD [6]. Also 

NSAIDs can cause severe organ damage [16]. 

The reason why it causes stomach ulcers is thought to be related to the decrease 

in mucosal prostaglandin levels due to inactivation of the prostaglandin system [23]. 

It is thought that a barrier disorder occurs in the back diffusion of hydrogen ions of 

Aspirin®, which is absorbed through nonionic diffusion. As a result, lesions and 

injuries may occur due to the back diffusion of hydrogen ions into the mucosa. 

However, these hypotheses can not explain the gastric lesions formed in Aspirin® 

applications outside the gastrointestinal tract [24]. 

Aspirin® reduces prostaglandin formation and increases leukotriene formation, 

which has inflammatory effects. This makes the stomach non-resistant to simple 

ulcerogenic agents. It is also deacetylated with salicylate immediately after inhibition 

of COX activity. Aspirin® and salicylate are toxic to mucosal epithelial cells. Salicylate 

disrupts mucosal barrier function, reduces ATP and accelerates proton loss [20]. 

Aspirin® can also cause mucosal damage in the intestine [25]. 

Especially its use with corticosteroids or other NSAIDs increases the risk of 

stomach ulcers. For this reason, it should not be used with other NSAIDs [16]. Renal 

excretion may be delayed with some drugs, such as furosemide. In addition, drug 

effectiveness decreases when used together with Furosemide in heart diseases. It has 

been reported that it reduces or prevents the effectiveness of spironolactone [18]. 

In a study conducted in the past years, it was reported that intravenous Aspirin® 

administration alone did not cause stomach ulcers, but its combined use with histamine 
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caused stomach ulcers [26]. In a similar study, it was reported that intravenous 

histamine and intravenous Aspirin® caused stomach ulcers equally in cats [27]. 

Additionally, the risk of erosion increases if there is ongoing bleeding in the stomach 

[28]. For this reason, it is recommended to take Aspirin® with or after a meal on a full 

stomach and use it together with stomach protectors such as proton pump inhibitors or 

H2-receptor antagonists [25]. 

It has been suggested that Aspirin® may cause hypoplasia in the bone marrow. In 

a study, severe anemia and Heinz bodies in red blood cells were observed in some cats 

treated with Aspirin®, and the cause of the anemia was thought to be due to 

gastrointestinal tract bleeding [21]. It is unsafe to use in pregnant animals and has 

teratogenic effects. It can also delay birth. In addition, there is a risk of bleeding in 

long-term use, it can pass through the placenta and decrease to fetal levels and even 

pass into milk [18]. 

NSAIDs should not be used in cats with sensitivity, anemia, stomach 

ulcers, asthma, and organ failure such as the liver, as they are eliminated from 

the body as a result of liver metabolism. In addition, it should be used with extreme 

caution in creatures that are dehydrated or have other abnormal clinical findings [16]. 

Gastric lavage, symptomatic and supportive treatment are applied for treatment 

of toxicity [17]. In fact, some veterinarians do not recommend prescribing Aspirin® to 

cats, even in low doses [21]. It should be used with caution, especially in elderly cats 

and cats with kidney or liver disease [12]. In addition, although its use in the treatment 

of pain, fever and inflammation is not clear enough, reports of toxicosis due to 

Aspirin® are very few [17,18]. 

5. Indications

NSAIDs are used specifically to treat inflammation. The concept of inflammation

is the reaction of the tissue due to damage. This may be caused by microorganisms 

such as bacteria and viruses, but also by physical factors such as heat or trauma. In 

such cases, the analgesic properties of aspirin are used. However, aspirin prevents the 

body temperature from rising as a result of the inflamed area, due to its antipyretic 

properties [16]. It is recommended to use it in combination with opioids for pain 

management in cats. At the same time, its anti-inflammatory effect is used in the 

treatment of arthritis. The many therapeutic effects of aspirin are very advantageous 

for veterinary medicine [16]. 

 It has been reported that the increase in body temperature caused by bacterial 

pyrogen was reduced from 40.2 ℃ to 39.30 ℃ with Aspirin® and the prostoglandin-

like activity in the cerebrospinal fluid was reduced [29]. Pain management is a big 

problem in cats. Because cats are extremely sensitive to most drugs and most drugs 

are toxic to cats. However, Aspirin® can be used for short periods of time [30]. Its 

analgesic, anti-inflammatory and antithrombotic effective dose is administered 

enterally every 48–72 h [18]. 

Nowadays, its use in cats has become widespread, especially due to its 

antithrombotic effect [17]. It can be used in the treatment and even prevention of 

thrombosis that occurs as a result of heart and brain diseases [25]. It is also 

recommended to prevent thrombosis in diseases such as cardiomyopathy and 
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heartworm [17]. By inhibiting the COX enzyme, NSAIDs suppress the production of 

TXA2, which is the activator of platelet aggregation [1]. 

Thromboembolism may occur as a result of cardiac, inflammatory, 

metabolic or neoplastic processes [31]. While in the systemic circulation, 

thrombi can occlude arterial segments and alter tissue perfusion. Treatment options 

are limited and relapses are common [32]. Aspirin® permanently inhibits the COX 

activities of PGH synthase-1 and PGH synthase-2 [31]. There are three different 

cyclooxygenase enzymes: COX-1, COX-2 and COX-3. While COX-1 plays a role in 

cell communication, COX-2 plays a role in the production of prostanoids responsible 

for inflammatory reactions in inflamed areas. As a result of acetylsalicylic acid 

inhibiting COX-2, analgesic and anti-inflammatory effects are observed. COX-3 plays 

a role in pain and increase in body temperature, especially in humans [16]. COX-1 and 

COX-2 catalyze the conversion of arachidonic acid to PGH2, the precursor of TXA2. 

TXA2 induces platelet aggregation and vasoconstriction. As a result, platelet function 

increases. Vascular endothelial cells convert PGH2 into prostacyclin (PGI2). PGI2 

inhibits platelet aggregation and induces vasodilation. TXA2 is produced by platelets 

via COX-1. PGI2 is produced by the vascular system with COX-1 and COX-2. 

Aspirin® also creates permanent defects in TXA2 synthesis (Figure 1) [31]. 

Figure 1. As a result of the binding of acetylsalicylic acid to COX-1 and COX-2, it 

causes the inhibition of protsaglandins and, as a result, platelet aggregation. ASA: 

Acetylsalicylic asid [33]. 

Hypertrophic cardiomyopathy is the most common disease that causes heart 

failure in cats. While the disease fundamentally changes the functioning of the heart, 

it also changes the level of trace elements. While copper levels are high in male cats, 

a study on canine dilated cardiomyopathy showed significant changes in selenium 

levels depending on age [34,35]. It has been suggested that platelets may be 

hyperreactive in cats with hypertrophic cardiomyopathy (HCM). On the other hand, it 

is suggested that although Aspirin® can not completely prevent platelet aggregation, it 

may limit it to some extent [1]. Aortic thromboembolism may develop in cats with 

HCM. The most important factors in this risk factor are left atrial enlargement and 

associated weakness of function. For this reason, the use of clopidogrel is 

recommended in cats with HCM and at risk of developing aortic thromboembolism. 

Clopidogrel is constantly spit out by cats due to its bad taste and also does not 

completely eliminate the risk of aortic thromboembolism. For this reason, it is 

recommended to use it in combination with another antithrombotic drug, especially 
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aspirin [36]. Aspirin® may be considered as a treatment option in cats with left atrial 

enlargement. For this purpose, it is aimed to reduce platelet function [37]. However, 

Aspirin® can not be used alone as an antithrombotic agent in cats with cardiomyopathy 

[38]. It has been reported that the combination of clopidogrel and Aspirin® may be 

effective in the treatment of arterial thromboembolism [39]. Additionally, there are 

opinions arguing that clopidogrel is much more effective and better tolerated than 

Aspirin® [32]. Platelet levels are important in determining the risk of thrombus in cats 

with HCM. The decrease in platelet count increases the number of platelets and a 

hypercoagulative state occurs. Although the use of acetylsalicylic acid appears to be 

indicated in cats at risk of thrombus, further studies are recommended to evaluate the 

risk of thrombus in cats with HCM, particularly based on blood parameters such as 

platelets [40].  

In some studies, it has been reported that Aspirin® increases the survival rate after 

endotoxin applications [41]. Other studies have also reported that Aspirin® inhibits 

acute vascular responses to endotoxins in cats [42]. In human cancer studies, the anti-

cancer activity of Aspirin® has been suggested. Accordingly, it is thought that 

Aspirin®’s antithrombotic and anti-inflammatory effects may prevent cancer [43]. 

However, the platelet inhibition effectiveness of Aspirin® is still a matter of debate 

[37]. Aspirin also has pro-apoptotic effects. It destroys cancer stem cells and also 

inhibits the genes that cause cancer development. In this regard, it induces the arrest 

of G0/G1 cell cycle phases [44]. 

Clarence et al. (1990) examined the effect of Aspirin® in cats experimentally 

transplanted with heartworms, but no satisfactory response was obtained. However, as 

a result of the study, less arteriosclerosis was observed [45]. According to some studies, 

Aspirin® increases the absorption of ascorbic acid from the intestines, while other 

studies have observed that its excretion in the urine increases [46]. It has also been 

reported to suppress the development of lung lesions [41]. 

Aspirin® is recommended at a dose of 10–20 mg/kg twice a day for dogs and once 

every other day for cats. Toxicosis may not be observed in cats at doses of 25 mg/kg 

every other day [6]. In a study conducted on this subject, a clinical improvement of 

nearly 50% was reported with the use of Aspirin® at a dose of 25 mg/kg every three 

days in cats with thromboembolism [47]. The clinical efficacy of lower doses is still a 

matter of debate [6]. 

In one study, 35 cats received Aspirin® at doses ranging from low doses up to 

200mg/kg, resulting in mucosal lesions, including ulcers. However, the frequency of 

lesions did not change in cats given low doses. Additionally, as a result of applications 

at a dose of 200 mg/kg, a decrease in body weight, anorexia and even death was 

observed. In the same study, death was observed even at relatively lower doses of 

50mg/kg, and bronchopneumonia was found on necropsy [24]. 

6. Safer use of acetylsalicylic acid

Although acetylsalicylic acid is widely used in human and veterinary medicine,

it has many side effects. The most discussed side effect in the literature is 

gastrointestinal mucosal damage. This carries the risk of damaging the gastric mucosa 

even at very low doses in cats and humans. For this reason, its administration to those 
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at risk of bleeding, those who have previously had a stomach ulcer, and geriatric 

patients is limited [44]. Despite all this, there are many indications in both human and 

veterinary medicine. Therefore, using aspirin in safer doses or the production of a safer 

Aspirin® model is of great importance for human and veterinary medicine. Studies on 

this subject are not yet sufficient. 

Despite the side effects of Aspirin®, various studies have been conducted, 

especially in human medicine. These studies were generally conducted for 

gastrointestinal effects. For this reason, instead of bolus administration, low-dose 

infusion applications were tried and as a result, a high degree of platelet selectivity 

was obtained. However, it has the potential to cause inflammation in the 

gastrointestinal tract. It has also been suggested that Aspirin® is absorbed through the 

skin as a result of transdermal applications and may reduce gastrointestinal side effects 

[48]. In addition, simultaneous use with proton pump inhibitors or H2 receptor 

antagonists is recommended [44]. 

A method developed against gastrointestinal side effects is the use of enteric-

coated Aspirin tablets. It is thought that this type of Aspirin® tablets may cause less 

damage to the gastrointestinal mucosa. It has also been suggested that enteric-coated 

tablets will cause less erosion in long-term use [14]. It has also been reported that the 

cardiovascular prophylactic effect of enteric-coated Aspirin tablets remains sufficient 

[49]. However, TXA2 inhibition of enteric-coated Aspirin tablets is much lower than 

standard Aspirin tablets. Moreover, although it does not damage the gastric mucosa, it 

may cause mucosal erosion in the small intestine. This brings into focus the discussion 

that enteric-coated tablets have clinically significant improvements [50]. 

In one study, the prostaglandin analog misoprostol, which is used to prevent 

gastrointestinal lesions resulting from the use of NSAIDs in humans, was tested on 

dogs. It has been suggested that misoprostol inhibition of stomach acid production 

may be effective against the gastrointestinal side effects of NSAIDs. As a result, it has 

been reported that if misoprostol is given to dogs treated with aspirin, it can prevent 

the development of gastroduodenal lesions [51]. 

As a result, methods to reduce the gastrointestinal side effects of Aspirin include 

avoiding long-term use and simultaneous use of other anticoagulants or steroidal drugs. 

In addition to medications, the use of NSAIDs with alcohol or in the presence of 

bacterial infection increases the risk of gastrointestinal, mucosal damage and even 

bleeding. It is recommended to use it together with stomach protectors such as proton 

pump inhibitors or H2-antagonists [52]. Despite the negative effects of aspirin-induced 

COX inhibition, prostaglandin-inducing agents can be used or external prostaglandin 

application can be made [44]. Apart from these, the mechanisms associated with a 

safer form of aspirin are still under investigation. Discovery of these forms or 

mechanisms will be a ray of hope for many future treatments, especially in cats. 

7. Conclusions

Acetylsalicylic acid is a non-steroidal anti-inflammatory drug used in a wide

range of areas, from simple pain management to the treatment of complex 

cardiovascular complications. While it has a wide range of uses, especially in human 

medicine, its use is limited in cat practice because it can not be glucuronidated 
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sufficiently. It is especially known to cause stomach ulcers. However, despite its 

contraindications, there are many indication areas in cats. It is possible to benefit from 

its antithrombotic effects in inflammatory and heart diseases. However, it should be 

used with caution due to its side effects. The effectiveness of aspirin needs to be 

studied further. We believe that if studies are carried out to reduce the toxic effects of 

the drug in cats, it will find use in the treatment of many diseases with correct dosing 

and use in the right situations. 
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Abstract: The intensification of agricultural practices to meet global food demand has led to 

extensive pesticide use, which poses significant challenges for food safety, environmental 

health, and human well-being. This narrative review provides a comprehensive analysis of the 

global use of pesticides in agriculture, focusing on the persistence of pesticide residues in food 

crops, their environmental impacts, and the associated health risks. Historically, pesticides 

have been integral to agricultural productivity, but their adverse effects have become 

increasingly clear. Notably, pesticide residues in food can pose serious health risks, particularly 

to vulnerable populations such as children and pregnant women. This review also discusses 

regional disparities in pesticide-related health outcomes, with a focus on Brazil. The findings 

underscore the urgent need for sustainable pest management practices, including organic 

farming and improved regulatory measures, to mitigate the adverse effects of pesticide use. By 

integrating these strategies, a more balanced and sustainable agricultural system can be 

achieved, safeguarding both human health and environmental quality. 

Keywords: pesticide residues; environmental health; sustainable agriculture 

1. Introduction

The intensification of agricultural practices, driven by the need to meet growing
global food demand, has led to the extensive application of pesticides [1]. Pesticides 
have become an integral component of modern agriculture, applied to protect crops 
from pests, weeds, and diseases by killing or restricting the population expansion of 
some organisms [2]. While these pesticides have undoubtedly contributed to increased 
agricultural productivity, their widespread use raises serious concerns regarding their 
residues in food, environmental contamination, and potential health risks to humans 
[3,4]. 

The persistence of pesticide residues in vegetables and other food products poses 
a direct threat to consumer health. Numerous studies have documented the presence 
of these residues in market-ready products, often exceeding recommended safety 
levels [5–8]. Exposure can lead to adverse health effects, particularly in vulnerable 
populations such as children, pregnant women, and agricultural workers [9]. Beyond 
direct human exposure, pesticides also have significant environmental implications, 
contaminating soil, water, and non-target organisms, further complicating the 
assessment of their safety and long-term impacts [10–13]. 

Given the increasing awareness of their harmful effects on both the environment 
and human health, this review is significant as it provides a comprehensive assessment 
of the global use of pesticides, their persistence in food crops, and the associated health 
and environmental risks. By highlighting the alarming prevalence of pesticide residues 
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and their potential impacts on vulnerable populations, this work aims to raise 
awareness among stakeholders, including policymakers and the agricultural 
community, about the critical need for safer pesticide management practices. 
Ultimately, this review serves as a call to action for adopting sustainable agricultural 
practices that safeguard human health and the environment. 

2. Global use of pesticides in agriculture

The use of pesticides in agriculture has a long history that dates back to ancient
civilizations where natural substances like sulfur, arsenic, and plant extracts were 
employed to protect crops from pests and diseases [14]. However, the advent of 
synthetic chemical pesticides in the mid-20th century marked a turning point in 
agricultural practices worldwide. The introduction of compounds such as DDT 
(dichlorodiphenyl-trichloroethane) and organophosphates revolutionized crop 
protection, leading to significant increases in agricultural productivity [15–17]. These 
chemicals quickly became the cornerstone of pest management strategies, allowing 
farmers to control various pests with efficacy. However, in 1962, Rachel Carson 
published the book “Silent Spring”, highlighting the harmful effects of DDT on the 
environment and human health, which made some states prohibit the use of DDT [18]. 

Figure 1. Pesticide consumption worldwide. (A) and country ranking of consumption 
of pesticides; (B) from 1990 to 2021.  
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The Green Revolution of the 1960s further accelerated the global adoption of 
other pesticides, such as high-yield crop varieties, coupled with the intensive use of 
agrochemicals, which were promoted to combat food insecurity in developing 
countries [14]. This period saw a dramatic increase in pesticide production and usage, 
particularly in countries with rapidly expanding agricultural sectors [19].  

In recent decades, the global pesticide market has continued to grow (Figure 1A) 
[20]. Brazil, the United States, and Indonesia were the biggest consumers of pesticides 
(Figure 1B). Brazil applied 719,507 tons of pesticides in 2021, followed by the United 
States (457,385 tons) and Indonesia (283,297 tons). Herbicides, insecticides, and 
fungicides remain the most commonly used classes of pesticides, with glyphosate, in 
particular, becoming the most widely applied herbicide globally [21].  

Considering the vast quantities of pesticides applied annually, it is important to 
evaluate their potential impacts on living organisms across all environmental 
compartments. 

A study by Maggi et al. [22] mapped the global indexes of pesticide hazards, 
population exposure, and human intake dose in 133 nations. All the indexes showed 
hotspots in the Americas, Asia, and Europe; however, it is worth highlighting that in 
Europe (EU27), the legislation is strict on pesticide use. The study also revealed that 
1.7 billion people live near pesticide application areas with pesticide loads above 100 
kg km-2 year-1, 2.3 billion exceed the acceptable pesticide intake, and 15% of them 
exceed by 10 fold. 

The study by Tang et al. [23] reported that 64% of global agricultural land is at 
risk of pesticide pollution involving more than one active ingredient. Additionally, 31% 
of this land is at high risk, meaning pesticide residues exceed no-effect concentrations 
by three orders of magnitude. Among the high-risk areas, 34% are located in regions 
of high biodiversity, 5% in water-scarce areas, and 19% in low- and lower-middle-
income countries. Watersheds in South Africa, China, India, Australia, and Argentina 
were identified as high-concern regions due to high pesticide pollution risk, rich 
biodiversity, and water scarcity. This study stands out by evaluating multiple active 
ingredients and integrating risks across different environmental compartments on a 
global scale. 

The widespread use of pesticides continues to raise significant concerns 
regarding environmental pollution and public health risks worldwide. These findings 
underscore the urgent need for more stringent regulations, better management 
practices, and global collaboration to mitigate the impacts of pesticide pollution and 
safeguard both ecosystems and human populations. 

3. Pesticide residue persistence in vegetables

Pesticide residues in food crops, particularly vegetables, are a significant concern
due to their potential impacts on human health [24]. The persistence of these residues 
is influenced by a complex interplay of factors that determine the length of time that a 
pesticide remains in or on the plant after application [25,26]. Every year, the 
Environmental Working Group (EWG), a nonprofit organization from the USA, 
publishes a list of the 12 vegetables with the most pesticide residues [27]. In 2024, the 
vegetables were: strawberries (1°), spinach (2°), kale, collard and mustard greens (3°), 
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grapes (4°), peaches (5°), pears (6°), nectarines (7°), apples (8°), bell and hot peppers 
(9°), cherries (10°), blueberries (11°), and green beans (12°) [27].  

One of the primary factors influencing pesticide residue persistence is the 
chemical nature of the pesticide itself. Pesticides can vary widely in their stability, 
solubility, and volatility, which directly affect their behavior in the environment and 
within the plant. For instance, highly lipophilic pesticides tend to accumulate in the 
waxy cuticle of plant leaves, leading to longer persistence. In contrast, hydrophilic 
pesticides may be more readily washed off by rain or irrigation; however, they can 
also be absorbed more easily by the plant’s roots and transported throughout its tissues 
[28]. 

The mode of application influenced the residue levels. Foliar applications, in 
which pesticides are sprayed directly onto the leaves, often result in higher residue 
levels on the surface of the vegetable. A study conducted by Juraske et al. [29] 
evaluated the application of the insecticide imidacloprid in tomatoes, and the results 
showed that the total residues were up to five times higher in plants treated by foliar 
spray application than by soil irrigation.  

In contrast, systemic pesticides, which are absorbed by the plant and translocated 
throughout its tissues, can lead to residues within the plant itself [30]. The timing of 
the application relative to the harvest period is another key factor; pesticides applied 
closer to harvest are more likely to leave residues that persist until the crop reaches the 
consumer [29]. 

Environmental conditions such as temperature, humidity, and sunlight also 
significantly impact pesticide residue persistence [31]. Higher temperatures can 
accelerate the degradation of some pesticides, reducing their persistence, while others 
may become more stable under these conditions. Ultraviolet (UV) radiation from 
sunlight can break down certain pesticide molecules, but some compounds may 
degrade into more toxic byproducts, complicating residue management [31]. Soil 
composition and microbial activity further influence the degradation or persistence of 
pesticides, particularly for those absorbed through the roots [32]. 

Vegetable characteristics, such as the type of crop, growth stage, and presence of 
protective structures like leaves or husks, also affect residue persistence [33]. Leafy 
vegetables, for example, often have higher residue levels due to their large surface area 
and exposure to pesticide sprays [24]. Root vegetables, on the other hand, may 
accumulate residues differently because pesticides in the soil can be absorbed directly 
by the roots [34]. 

4. Pesticide contamination of soil and water

When pesticides are applied to crops, a portion inevitably reaches the soil, where
it can either be absorbed by plants, leach into groundwater, or run off into surface 
waters such as rivers, lakes, and streams [34]. The extent of soil and water 
contamination depends on various factors, including the chemical properties of the 
pesticide, soil composition, climate conditions, and agricultural practices [35]. 

In soil, pesticides can persist for a long time depending on their degradation rates, 
which are influenced by factors such as temperature, moisture, and microbial activity 
[36]. Some pesticides, particularly those with high persistence, pose a risk of 
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accumulation over time, affecting soil health and fertility [37]. Additionally, pesticides 
can bind to soil particles and be transported by erosion, further spreading 
contamination to adjacent ecosystems [35]. 

A study by Silva et al. [38] investigated the contamination by pesticide residues 
in soil collected from 11 countries members of the European Union. The results 
showed that 80% of the tested soils were contaminated by pesticide residues in a total 
of 166 different pesticide combinations [38]. 

Water resources are particularly vulnerable to pesticide contamination from 
runoff from agricultural fields [39]. A study by Andrade et al. [40] evaluated river 
water before and after rainfall during the pesticide application in agricultural regions 
of Argentina. The results showed that pesticide concentrations in the rivers increased 
immediately after rainfall events. However, the authors also observed that pesticide 
concentrations can change depending on the crop life cycle, the pesticide solubility, 
the area slope, and the percentage of riparian forest [40]. 

This contamination poses risks not only to aquatic ecosystems but also to human 
populations that use these water sources for drinking and irrigation [1]. Pesticides in 
water can persist in the environment, sometimes forming harmful byproducts that 
exacerbate their toxic effects [41]. The contamination of water resources by pesticides 
is a critical concern because it can lead to the bioaccumulation of toxic substances in 
aquatic organisms, which may then be transferred up the food chain, ultimately 
affecting human health [1]. 

Clasen et al. [42] evaluated the bioaccumulation of five pesticides during fish 
growth in consortium with rice. The results showed that after 100 days of exposure, 
the pesticides lambda-cyhalothrin and tebuconazole bioaccumulated in carp muscles. 
Additionally, pesticides induce oxidative stress on fish, indicating the potential risk to 
other organisms [42]. 

The ecological consequences of pesticide accumulation underscore the need for 
sustainable pest management practices that minimize environmental contamination 
and protect biodiversity. Strategies such as integrated pest management, organic 
farming, and the development of less persistent and targeted pesticides are essential 
for reducing the environmental impact of pesticide use and ensuring the health of 
ecosystems [43]. 

5. Effects on non-target species and biodiversity

Pesticides are designed to target specific pests, but their effects often extend to
non-target species, including beneficial insects, plants, and animals. This non-
selectivity can have severe consequences for biodiversity, disrupting ecological 
balances and leading to the decline of important species [44]. For example, pollinators 
such as bees and butterflies, which are important for the reproduction of many plants, 
can be affected by pesticide exposure, leading to declines in their populations [45,46]. 
Similarly, predators and parasitoids that naturally control pest populations can be 
adversely affected, reducing the effectiveness of biological pest control and potentially 
leading to pest outbreaks [47]. 

Aquatic ecosystems are particularly sensitive to pesticide contamination. Fish, 
amphibians, and aquatic invertebrates can be directly affected by pesticide exposure, 
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leading to reduced survival, reproductive failure, and altered behavior [1]. The loss of 
these species can disrupt food webs and cause cascading effects throughout the 
ecosystem. Downing et al. [48] observed the impact of pesticides in a mesocosmic 
aquatic ecosystem, where zooplankton richness, diversity, abundance, and oxygen 
concentrations decreased and remained with significant differences even after 40 days. 

6. Pesticide occurrence in the atmosphere

The atmospheric presence of pesticides has become an increasingly critical issue
[49]. Pesticides can enter the atmosphere through various pathways, including 
volatilization during and after application, drift during aerial spraying, and 
atmospheric deposition from agricultural fields [50]. Once in the atmosphere, these 
chemicals can be transported over considerable distances, often affecting ecosystems 
and communities far from their original localization [51]. 

Recent studies have detected a range of pesticides in air samples collected from 
rural and urban areas [49,52]. For instance, volatile organic compounds such as 
chlorpyrifos and diazinon have been identified in the air, even in regions with no direct 
agricultural activity [53]. This phenomenon raises significant concerns about the 
potential for human exposure to these toxic substances, particularly among 
populations living near agricultural fields [54]. 

Factors influencing the volatilization and atmospheric transport of pesticides 
include temperature, humidity, and wind speed [50]. Higher temperatures can enhance 
volatilization rates, increasing the likelihood of pesticide dispersal into the air. 
Additionally, wind can facilitate the movement of pesticide particles, thereby 
contributing to their spread over large areas [50].  

Atmospheric deposition is another important mechanism through which 
pesticides can pollute land and water resources. Pesticides in the atmosphere can be 
removed by precipitation, which leads to the contamination of soil and surface water 
[55]. This process, often referred to as “pesticide rain”, can lead to the accumulation 
of harmful chemicals in ecosystems, affecting plant and animal life [52]. For example, 
studies have shown that pesticides can be found in rainwater collected in agricultural 
regions, raising concerns about the long-term effects of pesticides on soil health and 
water quality [56,57].  

A previous study identified the widespread presence of organochlorine pesticides 
in the air of urban areas in Southeast Brazil, particularly in the regions of Rio de 
Janeiro and São Paulo [58]. The most prevalent organochlorine pesticides detected 
were Ʃ-HCH and Ʃ-DDT, both still registered for domestic sanitation purposes in 
Brazil. Concentrations of these pollutants tended to be higher during the summer 
months [58]. This seasonal fluctuation suggests that environmental conditions, such 
as increased temperatures, may enhance the volatilization and dispersion of these 
chemicals, further elevating the exposure risk in urban areas. A key aspect of the 
research was the assessment of health risks, specifically cancer risks associated with 
inhaling organochlorine pesticides. The findings indicated that individuals living in 
the studied regions face increased cancer risks, with infants and children showing the 
highest vulnerability [58]. 
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Another study conducted in both urban and rural areas of São Paulo, Brazil, 
evaluated pesticides associated with particles measuring 2.5 micrometers or smaller. 
The findings revealed that in rural areas, the most frequently detected pesticides were 
λ-cyhalothrin, kresoxim-methyl, and atrazine. In contrast, permethrin and malathion 
were most commonly found in urban and industrial locations [59]. 

The impact of atmospheric pesticide occurrence is complex. Understanding the 
dynamics of pesticide occurrence in the atmosphere is essential for developing 
effective monitoring and regulatory strategies aimed at protecting public health and 
the environment. 

7. Human health risks from pesticide exposure

The initial enthusiasm for these “miracle” chemicals soon gave way to concerns
about their environmental and health impacts [60]. Pesticide exposure can cause acute 
and chronic health effects, depending on the level, duration, and frequency of exposure. 
Acute exposure typically occurs through direct contact with pesticides during 
application, accidental ingestion, or inhalation. The symptoms of acute pesticide 
poisoning can range from mild, such as headaches, and nausea, to severe, including 
respiratory distress, convulsions, and even death in extreme cases [61]. 

Organophosphates and carbamates, which are commonly used insecticides, are 
notorious for their acute toxicity, as they inhibit acetylcholinesterase, an enzyme 
essential for normal nervous system function [62]. As a consequence, the patient 
presents with muscle paralysis affecting particularly upper-limb muscles, neck flexors, 
and cranial nerves some 24–96 h after organophosphates exposure and is often 
associated with the development of respiratory failure [62]. 

Chronic exposure to pesticides, often resulting from prolonged, low-level 
exposure, can lead to various long-term health issues. These conditions may include 
respiratory problems, skin disorders, and chronic neurological conditions [61]. 
Chronic pesticide exposure has been associated with reproductive and developmental 
effects, such as reduced fertility, congenital disabilities, and developmental delays in 
children [63]. The latency period between exposure and the manifestation of chronic 
conditions can make it challenging to establish direct causal relationships, further 
complicating risk assessment and management. 

Considering that Brazil is the largest consumer of pesticides, below is reported 
data from intoxication by pesticides, which most frequently occurs by contact during 
agricultural practices. Figure 2 provides data on intoxication cases around Brazilian 

states over the years 2013 to 2023 reported by the Health Ministry—DATASUS 

system (https://datasus.saude.gov.br/).  
It is possible to conclude that states such as Minas Gerais, São Paulo, and Paraná 

consistently show the highest notification rates across all years. These states are major 
economic centers with significant agricultural and industrial activities, which could 
explain their higher levels of reporting. The infrastructure and resources available in 
these states may contribute to better data collection and reporting mechanisms. In 
contrast, states such as Acre, Amapá, and Roraima show significantly lower 
notification rates. These regions are characterized by lower population densities and 
more remote locations, which could hinder data collection and reporting. The low 
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notification rates may not accurately reflect reality but rather highlight the challenges 
in monitoring and reporting in these areas. 

The observed disparities suggest the need for more equitable distribution of 
resources and efforts to improve data collection in underreported regions. Enhancing 
monitoring infrastructure in less developed states could lead to more accurate and 
comprehensive data. 

Figure 2. Occurrence of notification by intoxication with pesticides used in agriculture reported in Brazilian States 
from 2013 to 2023. Source: DATASUS. 

Figure 3 illustrates deaths across Brazil from 2013 to 2023. The analysis reveals 
significant regional disparities that highlight the varying impacts of health-related 
challenges across the country. Pernambuco, in the Northeast region, stands out with 
the highest number of deaths, accounting for 382 fatalities. In the southeast region, 
São Paulo and Minas Gerais have reported 189 and 172 deaths, respectively. The 
Southern region, particularly Paraná, has a high number of deaths, with 231 fatalities 
reported. In contrast, the Northern and Central-Western regions, while showing lower 
absolute numbers of deaths, reflect concerning trends in states like Rondônia (89 
deaths) and Goiás (45 deaths).  

The high mortality rate could be attributed to a combination of factors, including 
socioeconomic conditions, healthcare infrastructure, or poor careful practices during 
pesticide application [64]. In any event, this concentration of deaths underscores the 
need for targeted public health interventions to address the underlying causes. 
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Figure 3. Occurrence of deaths caused by intoxication by pesticides of agricultural use in Brazil, from 2013 to 2023. 

Agricultural workers, pesticide applicators, and residents of rural areas near 
agricultural fields are among the most at-risk groups due to their frequent and direct 
contact with pesticides [65]. Occupational exposure to pesticides can be particularly 
hazardous because workers may be exposed to concentrated forms of these chemicals, 
often without adequate protective measures [66]. Studies indicate that agricultural 
workers are at a high risk of various chronic conditions, including cancer, mental, 
neurological, endocrine, renal, auditory, respiratory, and autoimmune diseases. 
Additionally, they are susceptible to subclinical effects, such as genetic damage and 
biochemical alterations, as well as clinical signs and symptoms of acute intoxication. 
These studies also highlight several limitations, particularly in the assessment of 
exposure and outcomes, as well as in study design and sampling [67,68]. 

In their study, Pignati et al. [69] reported that pesticide workers from Mato 
Grosso State (Brazil) were 20 to 49 years old, often lacked formal qualifications, and 
were employed as machine operators, mechanics, and agricultural workers. 
Additionally, they live less than 500 meters from agricultural fields and handle 
herbicides. Additionally, Pluth et al. [70] reported a higher incidence of cancer in 
people living in rural areas with extensive use of pesticides.  

Children are another vulnerable population because of their developing bodies 
and behaviors that increase their exposure risk, such as playing on treated surfaces or 
consuming residues from food. Their metabolic pathways are also less developed, 
making them less capable of detoxifying and eliminating pesticides from their bodies 
[71]. Pregnant women are similarly at risk because pesticide exposure during 
pregnancy can affect fetal development, leading to adverse birth outcomes such as low 
birth weight, preterm birth, and congenital disabilities [72]. 

8. Strategies to reduce pesticide risks

Organic and sustainable farming practices play an important role in reducing
pesticide risks by minimizing or eliminating the use of synthetic pesticides and 
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promoting ecological balance in agricultural systems [73]. In Brazil, the Fazenda 
Malunga, located in the Federal District of Brazil, serves as a model for sustainable 
agriculture through its production of organic vegetables. Established in the 1980s, the 
farm has become a leader in pesticide-free food production, supplying fresh produce 
to various markets across the Central-West region of Brazil. The farms’ practices 
emphasize environmental stewardship, social equity, and economic viability, aligning 
with the principles of organic farming. Furthermore, Fazenda Malunga contributes to 
environmental education by offering guided tours that educate visitors about organic 
agriculture and sustainable practices [74]. 

One of the primary benefits of organic farming is the reduction in pesticide 
residues in food and in the environment, which directly translates into lower health 
risks for consumers and reduced environmental contamination. By fostering natural 
pest control mechanisms, such as the presence of beneficial insects and 
microorganisms, organic farming reduces the reliance on chemical interventions. 
Additionally, organic practices often lead to improved soil health, which can enhance 
crop resilience to pests and diseases, further decreasing the need for pesticides. 

The widespread use of pesticides in modern agriculture, while instrumental in 
enhancing crop yields and combating pests, presents significant challenges related to 
food safety, environmental contamination, and human health. The persistence of 
pesticide residues in food and the environment poses direct health risks to consumers, 
especially vulnerable groups. The widespread contamination of soil and water 
resources further complicates the issue, resulting in ecosystem degradation and 
potential long-term impacts on biodiversity. 

Addressing pesticide contamination necessitates not only the implementation of 
regulatory measures but also the exploration of innovative remediation techniques. 
Among these, the use of magnetic graphene oxide (MGO) has gained significant 
attention owing to its superior adsorption properties and ease of separation from 
contaminated media [75]. MGO exhibits a high surface area and functional groups that 
enhance its affinity for various pesticide molecules, enabling its effective removal 
from both water and soil matrices. The incorporation of magnetic nanoparticles into 
graphene oxide facilitates the rapid separation of the adsorbent using an external 
magnetic field, significantly reducing the time and labor associated with traditional 
filtration methods [76]. 

Recent studies have demonstrated the efficacy of MGO in adsorbing common 
agricultural pesticides, such as glyphosate and organophosphates [77], with its 
adsorption capacities surpassing those of conventional adsorbents. Furthermore, the 
functionalization of MGO can be tailored to enhance its selectivity for specific 
pesticide classes, improving its overall efficiency in real-world applications. 

In addition to MGO, alternative methods, such as phytoremediation, which 
utilizes specific plant species to uptake and detoxify pesticides from contaminated 
soils, show promise. Plants like sunflowers have been identified as effective pesticide 
residue accumulators, enabling their safe disposal through harvesting [78]. 
Furthermore, advanced oxidation processes, including ozonation and photocatalysis, 
use reactive oxygen species to degrade pesticide contaminants into less harmful 
byproducts, thus enhancing the safety of agricultural runoff [79]. 
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Collectively, these innovative approaches, including the use of magnetic 
graphene oxide, provide strategies for addressing pesticide residues. They not only 
mitigate the environmental and health impacts of pesticide use but also contribute to 
the development of sustainable agricultural practices. The integration of these 
technologies could serve as a vital component of comprehensive pesticide 
management programs, ensuring the safety of food systems and the protection of 
ecological health. 

Addressing these concerns requires a multidisciplinary approach that includes the 
adoption of sustainable agricultural practices, such as organic farming. Efforts to 
improve pesticide management, enforce safety regulations, and enhance public 
awareness are essential to mitigate the adverse effects associated with pesticide use. 
By integrating these strategies, we can work toward a more balanced and sustainable 
agricultural system that protects both human health and the environment. 
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