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Abstract

In the 21st century, nanotechnology, an interdisciplinary research has become an innovative field and made a new revolution 
in science and technology. Its unique properties has led an extensive research interest among the researchers and utilized in 
various fields including biomedical applications. Increased use of nanomaterials in health sciences and medicine aroused a 
global concern on the biological response, effectiveness, and toxicity of these materials. Therefore, it has become imperative in 
studying the toxicity of nanomaterial (Nanotoxicology) in therapeutic applications. The main aim of nanotoxicological studies is 
to determine the toxic/hazardous effects of nanomaterials on humans and to the environment. The toxicity of the nanomaterials 
depends on various physicochemical properties such as size, shape, surface area, surface chemistry, concentration and several 
others parameters. Nanomaterials have shown higher toxicity particularly in inhalation studies, hence stringent regulations 
are made for nanotechnology products to ensure the safety of the products. There are few approaches to overcome these 
toxicities and improve its therapeutic efficacy and safety. Hence development of nanotechnology should occur on par with 
risk assessment to identify and subsequently avoid possible dangers in the near future. This article highlights on the different 
nanomaterials, their unique properties and frameworks for assessing the toxicity of nanomaterials. 
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Introduction

Nanotechnology is the branch of science and technology 
in fabricating/synthesizing the materials at the atomic 
scale size ranges from 1 to 100 nm. Past few decades this 
nanotechnology has expanded rapidly and influences in 
different aspects of life. These nanotechnology products are 
utilized extensive in human beings for various applications 
[1]. The widespread entry of nanomaterials into the 
manifolds of life has elevated concerns regarding its safety on 
human health subsequently its impact on the environment. 

Several studies are highlighted that during absorption or 
inhalation can enter into various tissues and organs that lead 
to produce toxicity in human beings [2].

Nanotoxicology is the field of study which deals with 
the assessment of toxicological properties of nanomaterials 
and its risks associated in human beings. The concept of 
Nanotoxicology was established to reflect the potential 
uniqueness of the physicochemical properties of 
nanomaterials suggesting that their interactions with cells 
and tissues may cause health treats. Nanomaterials physical 
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and chemical properties such as size, shape, surface area, 
surface charge, pH, crystal structure, coating, solubility/
dissolution and chemical composition can influence/produce 
the toxicity. Hence, it is necessary to assess its property and 
the toxicity of nanomaterials in both in vitro as well as in vivo 
methods [3]. 

Nanomaterials

Based on the size, shape and surface characteristics, the 
nanomaterials can be developed into smart systems, encasing 
therapeutic and imaging agents as well as bearing stealth 
property. Further, these systems can deliver drug to specific 
tissues and provide controlled release therapy. The size of 
materials is reduced to Nano-scale range (<100 nm) through 
nanotechnology; this is more beneficial in biomedical and 
clinical field [4].

The noteworthy benefits of Nanomaterial in drug 
delivery systems are
•	 Aptitude to focus on certain targets in the body.
•	 To reach the target spot, a less quantity of medication is 

required.
•	 Accumulation of reduced concentrations in non-target 

locations and other organs, resulting in fewer side 
effects [5].

Classification and Properties

Nanomaterials are produced by manipulation in its 
atomic levels with at least one dimension having size of 
<100 nm. Whereas these nanomaterials are in a variety of 
shapes and sizes, including single, fused, aggregated, and 
agglomerated forms with spherical, tubular, and irregular 
geometries. Nanotubes, dendrimers, quantum dots, and 
fullerence are examples of nanomaterials which are generally 
used [6].

Based on the dimension Nanomaterials are classified 
into
•	 Zero dimensional – The entire dimension is measured 

within the nanoscale. Example – Graphene quantum 
dots, CQDs

•	 One dimensional – One dimension is outside the 
nanoscale. Example - Thin films 

•	 Two dimensional – Two dimensions are outside the 
nanoscale. Example - Carbon nanotubes. 

•	 Three dimensional – Bulk materials. Examples - 
dendrimers, quantum dots, fullerenes [7].

Nanomaterials Unique Properties 

The properties of microstructure materials are similar 
to those of bulk materials; however nanoscale materials 

have a different ratio of surface area to volume. This 
different ratio of surface area to volume can cause the 
surface or interfacial atoms to be larger, resulting in more 
“surface” dependent material properties. The surface to 
volume ratios of nanomaterials vary depending on their 
shape, demonstrating their diversity and unique features. 
The huge fraction of surface atoms, greater surface energy 
and spatial confinement are significant differences between 
nanomaterials and bulk materials. Unique properties of 
nanomaterials are [8].
•	 Optical properties
•	 Electrical properties
•	 Mechanical properties
•	 Magnetic properties

Drug Delivery System- Nanoparticles

Delivering the drugs at the specified target site has 
long been considered as a major goal in the drug delivery 
system. This nanotechnology product’s advancement and 
adaptability has considered as a wonderful alternative one 
in targeted drug delivery at the proper time. 

Nanoparticles, which can increase the pharmacokinetic 
features of medications, also avoid the body’s defensive 
mechanism. Drug delivery nanomaterials come in a variety 
of sizes and shapes [5].

The size and shape of nanomaterials have an important 
impact in delivery of drug to the target site. Also the form of the 
nanoparticle can affect cellular absorption, biocompatibility, 
and retention of drugs in different organs and tissues. The 
medicine can be delivered efficiently to the target site by 
selecting the suitable preparation technique, appropriate 
polymer as a carrier, and nanoparticles of desired size and 
form [9].

As a result, making nanoparticles from drugs and 
polymers in the range of 1-100 nm has been considered as 
a difficult task. In drug delivery system, nanoparticle in the 
1-100 nm can be prepared by 
•	 Dispersion of preformed polymers - Solvent diffusion 

method, solvent evaporation method, Salting out method 
and Nanoprecipitation method

•	 Polymerization of monomers
•	 Ionic gelation method for hydrophilic polymers.

Nanotoxicity

Nanotoxicology is the branch of science in nanotechnology 
to study the toxicity of nanomaterials in human health. 
This nanotoxicology study is a multidisciplinary approach 
involving different branch of science like physics, chemistry, 
biology, toxicology, geology, material science, medicine, 
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and pharmacokinetics and exposure assessment [10]. 
On exposure to the nanomaterials, the biochemical and 
biomolecules are either directly or indirectly affected. 
Earlier literatures on toxicological study of nanoparticles 
showed higher toxicity risk than larger particle owing to its 
imperative properties, size, shape, and large surface area. 
This higher toxicity risk is due to its size, physicochemical 
property, chemical reactivity and biological activity [11]. 
In addition, some nanomaterials are localized into the 
mitochondria leading to the production of reactive oxygen 
species (ROS) and apoptosis. Few of the nanomaterials are 
absorbed in blood circulation which induces hemolysis [12]. 
Hence, recently more research works have focused towards 
the toxicity of nanoparticles. Presently, no specific standard 
method is available for assessing the toxicity of nanoparticles, 
hence it has become a challenging task [13,14].

Several in vitro methods are frequently utilized to assess 
the toxicity of nanoparticle to predict the response in animal 
and human and the observed results are found reliable. 

In vitro methods are
•	 Cytotoxicity 
•	 Hemolysis assay
•	 Lactate dehydrogenase Leakage tests 

Cytotoxicity

Cytotoxicity for nanomaterials is assessed by XTT and 
MTT assay methods [15].

XTT Assay: XTT assay is performed to assess the 
mitochondrial function. XTT (sodium (2,3-bis(2-methoxy-
4-nitro-5-sulphophenyl)-2H-tetrazolium-5-carboxanilide)) 
assay, which is a colorimetric techniques for non-radioactive 
quantification of cells viability, proliferation and cytotoxicity. 
The principle behind of this assay procedure is the 
reduction of XTT from yellow to an orange formazan dye 
by metabolically active cells. This formed formazan dye is 
soluble in water, which can be quantified directly using an 
ELISA reader [16,17].

Depending upon the number of living cells, there is 
an increase in the quantity of orange formazan formation 
which shows the increased activity of mitochondrial 
dehydrogenases. 

MTT assay: The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) is a colorimetric technique to 
determine the cell viability, proliferation and cytotoxicity. The 
principle behind this assay procedure is the reduction of MTT 
from yellow to purple color formazan dye by metabolically 
active cells contains NAD(P)H-dependent oxidoreductase 

enzymes largely in the cytosolic compartment of the cell. The 
formed formazan dye is dissolved in a solubilizing solution 
and the colored solution can be quantified directly using a 
multi-well spectrophotometer. The dark color of the solution 
is directly related to number of viable metabolically active 
cells [18].

Hemolysis Assay

The impact of nanoparticle porosity, geometry, and 
surface functionality on human red blood cells (RBCs) are 
evaluated by a hemolysis assay. The hemolytic activity 
provides primary information on the cytotoxicity of the 
nanomaterials on the healthy cells. Erythrocytes have long 
been used to test haemolytic activity, and are thought to be 
the most important target, influenced by the concentration of 
nanomaterials. The simple availability and isolation of cells 
from blood are the two advantages of employing erythrocyte 
as a model for haemolytic action. This feature is alike to other 
cell membranes.

Hemolysis assay is based on properties of the reactive 
constituents to elicit hemoglobin leads to release of 
erythrocytes (red blood cells) and their contents into the 
surrounding fluid (cytoplasm) by membrane damage. The 
hemolytic activity of the nanomaterials can be evaluated 
using human erythrocytes, by comparing the optical density 
of the nanomaterials [Nanomaterial + human erythrocytes 
suspended in Phosphate Buffered Saline (PBS)] with the 
maximal hemolytic control (Positive control + Human 
erythrocytes suspended in PBS) and minimal hemolytic 
control (PBS + Human erythrocytes). Assessment of in vitro 
hemolytic activity by UV spectrophotometric method is an 
easy and effective technique to assess the cytotoxicity of the 
bioactive molecules [19,20].
 

Lactate Dehydrogenase Leakage Tests

Lactate dehydrogenase (LDH) is another method for the 
determination of cytotoxicity colorimetrically by assessing 
the neuronal necrosis LDH, a cytoplasmic enzyme found 
stable extensively in body tissues, such as blood cells and 
heart muscle. The principle behind this test procedure 
is the release of LDH into the cell culture from the plasma 
membrane when there is any damage like necrosis, 
apoptosis, and cellular damage. The release of LDH can be 
determined using NADH produced during the conversion to 
pyruvate from lactate. This conversion can be monitored by 
reduction of yellow tetrazolium salt into a red formazan dye. 
The formed formazan dye is soluble in water, which can be 
quantified directly in a spectrophotometer at 492 nm. The 
intensity of formazan color is directly proportion to the dead 
or damaged cells [21].
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Conclusion

In this review, three major toxicity determination assays 
of nanomaterials have been described. Nanotoxicology is an 
emerging field and it has become crucial to study nanotoxicity 
to understand its impact on human and environment. 
Nanotoxicities can be overcome if certain parameters viz. 
while developing new method, stable and purified model 
nanoparticles with less toxicity are prepared, characterizing 
the size of individual nanoparticles using real-time imaging 
tools and performing effective in-vivo assays for screening and 
probing the biocompatibility toxicity of model nanoparticles 
are considered. Nanotoxicity can be avoided by utilizing a 
biocompatible, non-toxic covering substance. Antioxidants 
are vital in avoiding or minimizing the damage produced by 
reactive oxygen species (ROS). As a result, antioxidants can 
help to minimize toxicity. The accumulation of NPs in various 
tissues and induction of toxicity are the most common forms 
of toxicity. At present, the cytotoxicity of nanoparticles is 
being used in a beneficial way for curing cancer by targeting 
cancerous and tumor cells. Nowadays, researchers are trying 
to produce safe nanomaterials employing techniques of 
green chemistry to reduce any toxicity. Since nanomaterials 
have potential wider applications in many fields, the 
ruptures pertinent to the investigations on toxic effects of 
NPs should be made targeting the biogenetic systems. Hence 
in the future, nanomaterials should be developed in such a 
way to improve its safety increasing its use as it has several 
applications in medicine and other fields.

References

1. Khan I, Saeed K, Khan I (2019) Nanoparticles: Properties, 
applications and toxicities. Arab J Chem 12(7): 908-931. 

2. Yildirimer L, Thanh NTK, Loizidou M, Seifalian AM (2011) 
Toxicology and clinical potential of nanoparticles. Nano 
Today 6(6): 585-607. 

3. Sharifi S, Behzadi S, Laurent S, Forrest ML, Stroeve P, 
et al. (2012) Toxicity of nanomaterials. Chem Soc Rev 
41(6): 2323-2343. 

4. Rizvi SAA, Saleh AM (2018) Applications of nanoparticle 
systems in drug delivery technology. Saudi Pharm J 
26(1): 64-70.

5. De Jong WH, Borm PJ (2008) Drug delivery and 
nanoparticles: applications and hazards. Int Nanomed 
3(2): 133-149.

6. Wilczewska AZ, Niemirowicz K, Markiewicz KH, Car 
H (2011) Nanoparticles as drug delivery systems, 
Pharmacol Rep 64(5): 1020-1037. 

7. Pal SL, Jana U, Manna PK, Mohanta GP, Manavalan R 
(2011) Nanoparticle: An overview of preparation and 
Characterization. J Appl Pharma Sci 1(6): 228-234.

8. Biener J, Wittstock A, Baumann TF, Weissmüller J, 
Baumer M, et al. (2009) Surface Chemistry in Nanoscale 
Materials. Materials (Basel) 2(4): 2404-2428.

9. Gupta RB (2011) Fundamentals of Drug Nanoparticles. 
In: Gupta RB, et al. (Eds.), Nanoparticle Technology for 
Drug Delivery. 1st (Edn), Taylor & Francis Group, LLC, 
New York, pp: 1-19.

10. Ramazan A, Aydogan HC, Yildirim MS, Tastekin B, Saglam 
N (2020) Nanotoxicity: a challenge for future medicine. 
Turk J Med Sci 50(4): 1180-1196.

11. Younus Wani M, Ali Hashim M, Nabi F, Ahmad Malik M 
(2011) Nanotoxicity: Dimensional and Morphological 
Concerns. Adv Phy Chem 15.

12. Armstead L, Li B (2016) Nanotoxicity: emerging concerns 
regarding nanomaterial safety and occupational hard 
metal (WC-Co) nanoparticle exposure. Int J Nanomed 
11: 6421-6433.

13. Ahadian S, Radisic M (2017) Nanotoxicity. In: Razavi M, 
et al. (Eds.), Nanobiomaterials Science, Development 
and Evaluation. Elsevier, pp: 233-248.

14.  Asati S, Sahu A, Jain A (2021) Nanotoxicity: The Dark 
Side of Nanoformulations. Curr Nanotoxic Prev 1(1): 
6-25.

15. McGaw LJ, Elgorashi EE, Eloff JN (2014) Toxicological 
survey of african medicinal plants cytotoxicity of African 
medicinal plants against normal animal and human cells. 
In: Kuete V, et al. (Eds.), Toxicological survey of African 
medicinal plants, Elsevier Inc, pp: 181-233.

16. Riss TL, Moravec RA, Niles BSAL, Duellman S, Benink 
HA, et al. (2004) Cell Viability Assays. In: Markossian 
S, et al. (Eds,). Assay Guidance Manual [Internet]. Eli 
Lilly & Company and the National Center for Advancing 
Translational Sciences.

17. Morteza M, Saeedi-Eslami SN, Shokrgozar MA, 
Azadmanesh K, Hassanlou M, et al. (2012) Cell 
“vision”: complementary factor of protein corona in 
nanotoxicology. Nanoscale 4(17): 5461-5468.

18. Fubini B, Aust AE, Bolton RE, Borm PJ, Bruch J, et al. 
(1998) Non-animal tests for evaluating the toxicity of 
solid xenobiotics. ATLA 26(5): 579-617.

19. Lakshmana.Prabu S, Umamaheshwari A, Grace Felciya SJ 
(2020) Investigation on the biofilm eradication potential 

https://medwinpublishers.com/BEBA/
https://www.sciencedirect.com/science/article/pii/S1878535217300990
https://www.sciencedirect.com/science/article/pii/S1878535217300990
https://www.sciencedirect.com/science/article/pii/S1748013211001137
https://www.sciencedirect.com/science/article/pii/S1748013211001137
https://www.sciencedirect.com/science/article/pii/S1748013211001137
https://pubs.rsc.org/en/content/articlelanding/2012/cs/c1cs15188f
https://pubs.rsc.org/en/content/articlelanding/2012/cs/c1cs15188f
https://pubs.rsc.org/en/content/articlelanding/2012/cs/c1cs15188f
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5783816/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5783816/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5783816/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2527668/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2527668/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2527668/
https://pubmed.ncbi.nlm.nih.gov/23238461/
https://pubmed.ncbi.nlm.nih.gov/23238461/
https://pubmed.ncbi.nlm.nih.gov/23238461/
https://www.japsonline.com/admin/php/uploads/159_pdf.pdf
https://www.japsonline.com/admin/php/uploads/159_pdf.pdf
https://www.japsonline.com/admin/php/uploads/159_pdf.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5513586/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5513586/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5513586/
https://www.taylorfrancis.com/chapters/edit/10.1201/9780849374555-3/fundamentals-drug-nanoparticles-ram-gupta
https://www.taylorfrancis.com/chapters/edit/10.1201/9780849374555-3/fundamentals-drug-nanoparticles-ram-gupta
https://www.taylorfrancis.com/chapters/edit/10.1201/9780849374555-3/fundamentals-drug-nanoparticles-ram-gupta
https://www.taylorfrancis.com/chapters/edit/10.1201/9780849374555-3/fundamentals-drug-nanoparticles-ram-gupta
https://pubmed.ncbi.nlm.nih.gov/32283898/
https://pubmed.ncbi.nlm.nih.gov/32283898/
https://pubmed.ncbi.nlm.nih.gov/32283898/
https://downloads.hindawi.com/archive/2011/450912.pdf
https://downloads.hindawi.com/archive/2011/450912.pdf
https://downloads.hindawi.com/archive/2011/450912.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5138053/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5138053/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5138053/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5138053/
https://www.sciencedirect.com/book/9780081009635/nanobiomaterials-science-development-and-evaluation
https://www.sciencedirect.com/book/9780081009635/nanobiomaterials-science-development-and-evaluation
https://www.sciencedirect.com/book/9780081009635/nanobiomaterials-science-development-and-evaluation
https://www.eurekaselect.com/article/112819
https://www.eurekaselect.com/article/112819
https://www.eurekaselect.com/article/112819
https://www.sciencedirect.com/book/9780128000182/toxicological-survey-of-african-medicinal-plants
https://www.sciencedirect.com/book/9780128000182/toxicological-survey-of-african-medicinal-plants
https://www.sciencedirect.com/book/9780128000182/toxicological-survey-of-african-medicinal-plants
https://www.sciencedirect.com/book/9780128000182/toxicological-survey-of-african-medicinal-plants
https://www.sciencedirect.com/book/9780128000182/toxicological-survey-of-african-medicinal-plants
https://pubmed.ncbi.nlm.nih.gov/22842341/
https://pubmed.ncbi.nlm.nih.gov/22842341/
https://pubmed.ncbi.nlm.nih.gov/22842341/
https://pubmed.ncbi.nlm.nih.gov/22842341/
https://pubmed.ncbi.nlm.nih.gov/26042488/
https://pubmed.ncbi.nlm.nih.gov/26042488/
https://pubmed.ncbi.nlm.nih.gov/26042488/
https://www.sciencedirect.com/science/article/pii/S2215017X20302496
https://www.sciencedirect.com/science/article/pii/S2215017X20302496


Bioequivalence & Bioavailability International Journal5

Lakshmana Prabu S, et al. Emerging Approaches and Perception of Toxicity Assessment in 
Nanomaterials. Bioequiv & Bioavailab Int J 2022, 6(1): 000168.

Copyright©   Lakshmana Prabu S, et al.

of selected medicinal plants against methicillin-resistant 
Staphylococcus aureus. Biotechnology Reports 28: 
e00523.

20. Sulaiman CT, Gopalakrishnan VK (2013) Radical 
scavenging and in-vitro hemolytic activity of aqueous 

extracts of selected acacia species. J Appl Pharma Sci 
3(3): 109-111.

21. Yu T, Malugin A, Ghandehari H (2011) Impact of Silica 
Nanoparticle Design on Cellular Toxicity and Hemolytic 
Activity. ACS Nano 5(7): 5717-5728.

https://medwinpublishers.com/BEBA/
https://www.sciencedirect.com/science/article/pii/S2215017X20302496
https://www.sciencedirect.com/science/article/pii/S2215017X20302496
https://www.sciencedirect.com/science/article/pii/S2215017X20302496
https://www.japsonline.com/admin/php/uploads/828_pdf.pdf
https://www.japsonline.com/admin/php/uploads/828_pdf.pdf
https://www.japsonline.com/admin/php/uploads/828_pdf.pdf
https://www.japsonline.com/admin/php/uploads/828_pdf.pdf
https://pubmed.ncbi.nlm.nih.gov/21630682/
https://pubmed.ncbi.nlm.nih.gov/21630682/
https://pubmed.ncbi.nlm.nih.gov/21630682/

	_GoBack
	Abstract
	Introduction
	Nanomaterials
	Classification and Properties
	Nanomaterials Unique Properties 
	Drug Delivery System- Nanoparticles

	Nanotoxicity
	Cytotoxicity
	Hemolysis Assay
	Lactate Dehydrogenase Leakage Tests

	Conclusion
	References

