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I. Introduction 
Cytotoxicity, in the context of chemical-based nanoparticles, explores the potential adverse effects of 

these nanomaterials on various biological systems. Understanding cytotoxicity is crucial for assessing the safety 

of nanoparticles in diverse environments. This encompasses plant cytotoxicity, examining the impact on plant 

cells and ecosystems; animal cytotoxicity, delving into the consequences for animal tissues and organisms; and 

microbial cytotoxicity, exploring how nanoparticles may affect microorganisms and their functions. 

Investigating these aspects is vital for responsible development and application of nanotechnology, ensuring its 

compatibility with different biological systems. 

 

Plant cytotoxicity 

Plant cytotoxicity assessment is a pivotal aspect in the evaluation of chemical-based nanoparticles, 

emphasizing their potential impact on plant cellular systems. As these nanoparticles interact with plant cells, 

understanding the intricate mechanisms involved becomes crucial for comprehending their environmental 

implications. Investigating plant cytotoxicity provides insights into the potential risks posed to the plant 

kingdom, prompting a meticulous examination of how these nanoparticles may influence plant growth, 

development, and overall ecological balance. This facet of cytotoxicity assessment plays a key role in shaping 

responsible and sustainable practices in the utilization of chemical-based nanoparticles within environmental 

contexts. 

 

Animal cytotoxicity 

Animal cytotoxicity evaluation is paramount in the scrutiny of chemical-based nanoparticles, aiming to 

discern potential adverse effects on diverse biological systems. Understanding how these nanoparticles interact 

with animal cells is pivotal for assessing their safety and potential implications for human health. The 

investigation of animal cytotoxicity delves into the intricate mechanisms that may influence physiological 

processes, organ functions, and overall well-being. This comprehensive assessment is indispensable in 

establishing a thorough understanding of the safety profile of chemical-based nanoparticles, guiding responsible 

applications to mitigate potential risks to animal and human populations alike. 

 

Microbial cytotoxicity 

Microbial cytotoxicity assessment is a critical component in the thorough examination of chemical-

based nanoparticles, shedding light on their potential impact on microbial communities and ecological 

processes. Understanding how these nanoparticles interact with microorganisms is essential for evaluating their 

safety and environmental consequences. Microbial cytotoxicity investigations delve into the intricate 

mechanisms that may influence the viability, growth, and functions of diverse microbial species. This aspect of 

cytotoxicity assessment contributes to our understanding of the potential repercussions on crucial ecological 

balances, emphasizing the need for responsible and sustainable utilization of chemical-based nanoparticles in 

order to safeguard microbial ecosystems and their pivotal role in environmental dynamics. 

 

II. Cell Cytotoxicity Methods 
Dye exclusion 

Dye exclusion methods stand as fundamental tools in the assessment of cell cytotoxicity, offering a 

straightforward yet effective means to discern viable cells from non-viable ones. This approach involves 

utilizing vital dyes that selectively penetrate healthy cells, while being excluded by damaged or compromised 

cell membranes. The principle lies in the ability of viable cells to maintain membrane integrity, preventing the 
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entry of these dyes. By quantifying dye exclusion, researchers can gauge the viability of cell populations and 

infer potential cytotoxic effects induced by various agents. The simplicity and reliability of dye exclusion 

methods make them invaluable in cytotoxicity studies, providing a quick and accessible means to evaluate the 

impact of substances on cellular viability. 

 

Onion root tip assay 

The onion root tip assay serves as a unique and accessible method for evaluating cell cytotoxicity, 

particularly in the context of plant cells. Leveraging the regenerative capacity of onion root tips, this assay 

provides a dynamic platform to assess the impact of substances on cell division and growth. By exposing onion 

roots to test agents and observing subsequent changes in root tip morphology, researchers can infer potential 

cytotoxic effects. This method offers a practical and cost-effective means to study the consequences of various 

compounds on plant cell viability and division. The onion root tip assay, with its simplicity and reproducibility, 

emerges as a valuable tool in plant cytotoxicity assessments, contributing to our understanding of the potential 

effects of substances on plant cellular processes. 

 

Pollen germination assay 

Pollen germination assays constitute a pivotal method in the evaluation of cell cytotoxicity, particularly 

within the realm of plant reproductive biology. This technique involves exposing pollen grains to test substances 

and observing their subsequent germination and growth. The assay provides valuable insights into the impact of 

various agents on the crucial reproductive process of plants. By assessing the ability of pollen grains to 

germinate and produce pollen tubes, researchers gain a nuanced understanding of potential cytotoxic effects on 

plant reproductive cells. The pollen germination assay emerges as a specialized yet effective tool, offering a 

direct and sensitive means to investigate the influence of substances on plant cell viability and reproductive 

success. 

 

Pollen cell viability asaay 

The assessment of pollen cell viability stands as a pivotal method in unraveling the impact of various 

substances on plant reproductive cells. The pollen cell viability assay involves subjecting pollen to test agents 

and subsequently evaluating the integrity and vitality of pollen cells. By employing vital dyes or other 

indicators, researchers can discern viable from non-viable pollen cells, providing valuable insights into the 

cytotoxic effects of tested substances. This method offers a direct and specific approach to understanding the 

potential influence of agents on the reproductive success of plants. The pollen cell viability assay emerges as a 

valuable tool, contributing to our comprehension of the effects of substances on plant reproductive cell health 

and overall reproductive processes. 

 

III. Plant Based Chitosan Nanoparticles Cytotoxicity Testing 
In the pursuit of safer alternatives to chemical-based nanoparticles, plant-based nanoparticles, such as 

chitosan nanoparticles, have garnered attention for their potential mitigating effects on cytotoxicity. This study 

focuses on evaluating the cytotoxicity of plant-based chitosan nanoparticles, aiming to assess their safety profile 

and explore their potential as a less harmful alternative. By subjecting these nanoparticles to rigorous 

cytotoxicity testing, we aim to elucidate their impact on various biological systems and compare the findings 

with those observed with chemical-based counterparts. This research seeks to contribute valuable insights into 

the potential of plant-based nanoparticles, specifically chitosan nanoparticles, as a promising avenue to 

overcome the adverse effects associated with traditional chemical-based nanoparticles. 

 

Onion root tip : 

In the onion root tip assay, the evaluation of root length revealed notable differences between the 

control and the application of chitosan nanoparticles (0.1%). The control group exhibited a root length of 4.5 

cm, while the introduction of chitosan nanoparticles led to a substantial increase, measuring 5.4 cm. This 

corresponds to a significant 22.22% rise in onion root length compared to the control on day 6. The observed 

augmentation in root length suggests a pronounced stimulatory impact of chitosan nanoparticles on the growth 

of onion roots. These findings underscore the potential positive influence of chitosan nanoparticles, 

emphasizing their role in promoting root development and suggesting a favourable aspect in mitigating adverse 

effects associated with chemical-based nanoparticles. 
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FIG: The above figure depicts different concertation of plant-based chitosan nanoparticles 

(0.01%,0.1%,1%, control, respectively). The left figure depicts microscopic image of mitosis in onion root 

tip with 0.1% of plant-based chitosan nanoparticles in 40X magnification. 

 

Pollen germination 

In the pollen germination assay, a significant increase in germination was observed, with chitosan 

neem nanoparticles at 100 mg/ml exhibiting a notable rise from 63.63% (control) to 94.40% within 24 hours. 

This substantial enhancement underscores the potential biocompatibility of the nanoparticles, indicating their 

favorable interaction with reproductive cells. The observed boost in pollen germination rates suggests an 

encouraging influence on early-stage reproductive cell growth. These results imply the potential of chitosan 

neem nanoparticles to enhance reproductive processes, highlighting their promise as a biocompatible alternative 

that may contribute to overcoming the adverse effects associated with chemical-based nanoparticles in the 

context of reproductive biology. 

 

 
Fig: The notable rise in pollen germination from 63.63% (control) to 94.40% (Chitosan Neem NPs at 

100mg/ml) within 24 hrs. suggests the potential biocompatibility of  NPs & enhanced reproductive cell growth 

at an early stage 

 

Pollen cell viability: 

In the pollen cell viability assessment, a significant increase was observed, with pollen cell viability 

rising notably from 31.81% in the control group to 77.27% in the presence of chitosan nanoparticles at 100 

mg/ml after 24 hours. This substantial enhancement suggests a potential lack of cytotoxicity associated with 

chitosan nanoparticles and indicates a possible beneficial impact on the survival of pollen cells under the 

experimental conditions. These results underscore the potential biocompatibility of chitosan nanoparticles, 

emphasizing their positive influence on the viability of reproductive cells and supporting their role as a 

promising alternative with reduced adverse effects compared to chemical-based nanoparticles. 

 

Dye exclusion 

In the yeast cell viability assay utilizing dye exclusion, a notable increase in yeast cell viability was 

observed. The control group exhibited a baseline viability of 95.9%, while the introduction of chitosan 

nanoparticles at 0.1% led to a substantial rise to 97.91% after 24 hours. This significant enhancement suggests a 

potential lack of cytotoxicity associated with chitosan nanoparticles and indicates a possible beneficial impact 

on the survival of yeast cells under the experimental conditions. These findings support the notion of chitosan 

nanoparticles as biocompatible, highlighting their potential positive influence on yeast cell viability and 

signalling a promising avenue for further exploration as an alternative with reduced adverse effects compared to 

chemical-based nanoparticles. 
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FIG – By dye exclusion method  cell toxicity test of plant chitosan naoparticles by tryphan blue assay was 

performed on yeast cell where, there was significant increase in viability of cells in plant based chitosan 

nanoparticles with respect to each time interval  and maximum 98.32 %viabilty was observed in plant 

based chitosan nanoparticles  with 97.90% viability in control at 36 hours 

 

IV. Conclusion: 
The comprehensive findings from our research underscore the promising potential of chitosan 

nanoparticles as a biocompatible alternative to chemical-based nanoparticles. In the yeast cell viability assay, 

the substantial increase in viability from 95.9% to 97.91% suggests a lack of cytotoxicity and hints at a 

beneficial impact on yeast cell survival. Similarly, the pollen cell viability assessment demonstrates a 

remarkable rise from 31.81% to 77.27%, reinforcing the idea of chitosan nanoparticles as biocompatible and 

supportive of reproductive cell survival. 

The pollen germination assay further highlights the positive influence of chitosan neem nanoparticles, 

with a significant increase from 63.63% to 94.40%, indicating their potential to enhance early-stage 

reproductive cell growth. In the onion root tip assay, the observed 22.22% rise in root length suggests a 

stimulatory effect of chitosan nanoparticles on onion root growth. 

Collectively, these results support the notion that chitosan nanoparticles exhibit biocompatibility and 

beneficial effects on various cell types, making them a promising avenue for further exploration as an 

alternative with reduced adverse effects compared to chemical-based nanoparticles. This research contributes 

valuable insights into the potential applications of chitosan nanoparticles, particularly in addressing cytotoxicity 

concerns, and encourages further investigations for their safe and sustainable utilization.  

 

 
FIG: After Several Cell Toxicity Assays Performed, There Was Prominent Vialibility Observed In Pollen 

Germination With 94.40% Viability In Plant Based Chitosan Nanoparticles With Comparison To 63.63% 

In Control.The Pollen Viability Rose 77.27% In Plant Based Chitosan Nanoparticles Than 31.81% In 

Control. There Was Significant Increase In Root Length With 22.22% Growth, Also Notable Increase In 

Cell Viability From 95.90% To 97.91% Was Observed In Yeast Cells. 
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