
 

JOURNAL OF CRITICAL REVIEWS  
                                                                                                

                                                                                                      ISSN- 2394-5125   VOL 08, ISSUE 03, 2021 
 
 
 

677 
 

Nanoparticles: Features, Uses and Toxicities 

Pawanjit Kaur 

Guru Kashi University, Talwandi Sabo 

 

Abstract 

This paper provides a comprehensive overview of the amalgamation, attributes, and 

utilizations of nanoparticles (NPs), which arrive in an assortment of shapes and sizes. NPs 

are tiny materials that reach in size from 1 to 100 nm. They can be separated into numerous 

classifications in view of their elements, structures, and sizes. Fullerenes, metal NPs, 

earthenware NPs, and polymeric NPs are among the different gatherings. In light of their 

enormous surface region and nanoscale size, NPs have extraordinary physical and 

synthetic qualities. As per reports, their optical characteristics are impacted by their size, 

which brings about factor tones because of retention in the noticeable region. Their 

particular size, shape, and construction impact their reactivity, durability, and other 

qualities. 

The creation of various nanoparticles (NPs) with potential biological benefits is rapidly 

growing nowadays. Drug delivery systems, drug formulation, medical diagnostics, and 

biosensor manufacture all have a strong interest in NPs. Apart from their medical 

usefulness, NPs' undesirable side effects, such as possible cytotoxicity, inflammatory 

response stimulation, and medication interruption, should be carefully examined. The 

toxicity induction of NPs is caused by a number of molecular and physicochemical 

processes. 
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1. Introduction 

Nanotechnology has been considered since the last century. Since Nobel Laureate Richard 

P. Feynman presented the expression "nanotechnology" in his notable 1959 talk "There's 

Plenty of Room at the Bottom" (Feynman, 1960), there have been various advancement 

progresses in the subject of nanotechnology. At the nanoscale, nanotechnology made an 

assortment of materials. Nanoparticles (NPs) are a general class of materials that 

incorporate particulate substances with a base breadth of 100 nm (Laurent et al., 2010). 

These materials can be 0D, 1D, 2D, or 3D relying upon the general shape (Tiwari et al., 

2012). The meaning of these materials was clear when scientists found that size can 

influence a substance's physiochemical characteristics, like its optical capacities. Wine red, 

yellowish dim, dark, and dull dark are the tones of 20-nm gold (Au), platinum (Pt), silver 
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(Ag), and palladium (Pd) NPs, separately. Figure 1 gives an illustration of this portrayal, 

with Au NPs of different sizes created. These NPs had particular shades and properties that 

differed in size and shape, and they may be utilized in bioimaging applications (Dreaden et 

al., 2012). The shade of the arrangement changes when the angle proportion, nanoshell 

thickness, and percent gold fixation change, as found in Fig. 1. Changes in any of the 

previously mentioned factors influence the ingestion abilities of the NPs, bringing about 

factor retention hues. 

 

Figure 1. Color dependence of Au NPs on size and shape. 

https://www.sciencedirect.com/topics/chemistry/nanoparticle
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Engineered nanoparticles (NPs) are commercially generated materials with a minimum 

diameter of 100 nanometers[1]. Nanotechnology has ushered in a major shift in the 

industrial sector. Nano-sized materials stand out in the fields of hardware, biotechnology, 

and aeronautic design as a result of their extraordinary physicochemical and electrical 

properties. NPs are being utilized as another conveyance component for medications, 

proteins, DNA, and monoclonal antibodies in medication. Metals and non-metals, 

polymeric materials, and bioceramics have all been utilized to make NPs up until this 

point. Liposomes, polyethylene glycol, and dendrimers are the most well-known NPs with 

clinical applications. Since youth, people have been presented to an assortment of nano-

scale materials, and the new developing study of nanotechnology has become one more 

risk to human existence. Due to their little size, NPs can rapidly enter the human body and 

infiltrate natural boundaries, possibly arriving at the most delicate organ. 

Nanotechnology is an innovation that arrangements with things that are a couple of 

nanometers in size. Nanotechnology is projected to create on different levels, including 

materials, gadgets, and frameworks. Nanomaterials are right now the most progressive, 

both with regards to logical comprehension and business utilizes. Nanoparticles were 

researched 10 years prior as a result of their size-subordinate physical and compound 

highlights. They've currently continued on toward business investigation. 

2. Applications of nanoparticles 

Nanomaterials are at the cutting edge of nanotechnology's continually developing field. 

These materials are remarkable and crucial in numerous areas of human action because of 

their one of a kind size-subordinate attributes. This short review endeavors to sum up late 

advances in the field of applied nanomaterials, with an emphasis on their utilization in 

science and medication, as well as their commercialization potential. 

Coming up next is a rundown of a portion of the uses of nanoparticles in science and 

medication: 

• Natural names that shine in obscurity 

• Medication and quality conveyance 

• Microbe bio location 

• Protein recognition 

• DNA structure testing 

 • Tissue designing 

• Cancer obliteration through warming (hyperthermia) 

• Partition and sanitization of organic synthetic compounds and cells 



 

JOURNAL OF CRITICAL REVIEWS  
                                                                                                

                                                                                                      ISSN- 2394-5125   VOL 08, ISSUE 03, 2021 
 
 
 

680 
 

• X-ray contrast improvement 

Nanomaterials are reasonable for biotagging or naming since they dwell in similar size 

space as proteins, as recently expressed. Be that as it may, size is only one of many 

elements of nanoparticles, and it is seldom enough assuming nanoparticles are to be 

utilized as organic labels. A natural or sub-atomic covering or layer going about as a 

bioinorganic connection point ought to be clung to the nanoparticle for it to cooperate with 

organic targets. 

 

Figure: 1. Applications of Nanoparticles 

3. Toxicity of Nanoparticles 

Beside different modern and therapeutic applications, NPs and other nanomaterials are 

related with specific poison levels (Bahadar et al., 2016, Ibrahim, 2013, Khlebtsov and 

Dykman, 2011, Khlebtsov and Dykman, 2010b), and fundamental data is expected to 

address these hurtful impacts actually. During various human exercises, NPs penetrate 

the climate through water, soil, and air. The utilization of NPs for natural treatment, 

then again, includes effectively infusing or unloading planned NPs into the dirt or 

amphibian frameworks. Therefore, all partners are turning out to be progressively 

concerned. Attractive NPs' benefits, like their little size, high reactivity, and huge limit, 
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could turn out to be dangerous angles by delivering cell harmful and adverse outcomes 

not found in micron-sized counterparts. 

3.1. Nanomaterials of different substances and their toxicity: 

3.1.1. NPs of some metallic substances: 

 

• Aluminum oxide 

Aluminum-based NPs represent 20% of all nanoscale compounds. Aluminum-based NPs 

are utilized in an assortment of utilizations, including energy components, polymers, 

paints, coatings, materials, and biomaterials, as indicated by a paper named "The Global 

Market for Aluminum Oxide NPs." Aluminum oxide NPs have been displayed to disturb 

cell suitability, influence mitochondrial work, improve oxidative pressure, and alter blood-

cerebrum hindrance tight intersection protein articulation, as per Chen et al (BBB). 

Aluminum oxide NPs have been read up for cytotoxicity and genotoxicity, as per the 

accessible writing. Aluminum-based NPs ought to be evaluated for other destructive 

wellbeing impacts on individuals utilizing regular methods, given their inescapable use in 

various fields and ensuing human openness. 

• Gold 

Gold nanoparticles have strange physicochemical properties. They can undoubtedly be 

functionalized by amine and thiol gatherings. These properties loan themselves to surface 

adjustment, and gold NPs are being concentrated as medication transporters in malignant 

growth and hotness treatment, as well as differentiation agents[21]. Since the center of 

gold NPs is inactive and non-poisonous, they are accepted to be very innocuous. A few 

gold NPs (4, 12, and 18 nm) with various caping specialists were tried for cytotoxicity 

against a leukemia cell type in one exploratory study[22]. As per the discoveries, circular 

gold NPs enter the cell and are non-harmful to cell work. 

• Copper oxide 

Semiconductors, antimicrobial reagents, heat move liquids, and intrauterine prophylactic 

gadgets all utilization copper oxide NPs[26]. Copper nanomaterials have been displayed to 

create destructive outcomes on the liver and kidney in experiments[27]. In trial creatures, 

nano-copper has caused significant harm in the liver, kidneys, and spleen. Exceptionally 

receptive ionic copper is created after oral conveyance and association with gastric liquid, 

which is then saved in the kidneys of uncovered animals[28,29]. Copper oxide NPs (50 

nm) were viewed as genotoxic and cytotoxic in one in vitro examination, as well as 

disturbing cell layer trustworthiness and causing oxidative pressure. 
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• Silver 

Silver has a long history of being utilized as an antibacterial specialist. Its nanoparticles are 

utilized in an assortment of business products. Silver nanoparticles are utilized in injury 

dressings, careful hardware coatings, and prosthetics[31]. They enter the human body in an 

assortment of ways, amassing in a few organs prior to crossing the BBB and arriving at the 

cerebrum. In the wake of presenting rodents to silver-based NPs by inward breath or 

subcutaneous infusion, silver NPs have been found in a few organs, including the lungs, 

spleen, kidney, liver, and brain[32]. Besides, these NPs have showed higher harmfulness 

concerning cell reasonability, receptive oxygen species (ROS), and lactate dehydrogenase 

(LDH) spillage when contrasted with others[33]. Silver NPs arrive in an assortment of 

coatings, each with a changing degree of cytotoxicity. Foldbjerg et al.[34] observed portion 

subordinate cytotoxicity and cell DNA adduct creation subsequent to uncovering 

polyvinylpyrrolidone-covered silver NPs (6-20 nm) to a human cellular breakdown in the 

lungs cell line. 

3.1.2. NPs of non-metallic substances 

• Carbon-based nanomaterials 

Carbon-based nanomaterials, like carbon nanotubes, fullerenes, single and multi-walled 

carbon nanotubes, are the most engaging and regularly utilized nanomaterials from an 

application standpoint[57]. In the writing, carbon-based nanomaterials have been 

recognized as cytotoxic specialists. Carbon-based nanomaterials show size-subordinate 

cytotoxicity, as per Magrez et al.[58]. These analysts utilized the MTT measure to assess a 

few sorts of carbon NPs on cellular breakdown in the lungs cells to decide cell endurance. 

Moreover, Herzog et al.[59] uncovered practically identical discoveries on carbon 

nanoparticles in a different examination. These scientists took a novel approach to 

surveying cell poisonousness, utilizing the clonogenic test method for cell expansion and 

demise. Human alveolar carcinoma epithelial cell line, ordinary human bronchial epithelial 

cell line, and human keratinocytes cell line were utilized in this review. The poisonousness 

of carbon nanotubes is size subordinate. When infused into the peritoneal pit of creatures, 

multi-walled carbon nanotubes displayed cancer-causing impacts like asbestos, rather than 

single-walled carbon nanotubes, which were promptly taken up by macrophages. Because 

of an absence of exhaustive poisonousness information, the protected use of carbon NPs 

can't be determined. 

• Silica 

Silica nanoparticles have various benefits in drug conveyance frameworks. It has been seen 

that silica NPs can be effectively functionalized as medication carriers[70]. 

Notwithstanding their utilization in prescription conveyance frameworks, silicon dioxide 

NPs are found in the surrounding air, representing 8% of all airborne NPs[71]. Already, 
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nanosilica was thought to be a biocompatible material for drug conveyance frameworks, 

yet new examination proposes that silica NPs trigger the development of receptive oxygen 

species (ROS) and resulting oxidative stress[72]. Lin et al.[73] found that treating human 

bronchoalveolar carcinoma cells with silica NPs (15-46 nm,) at a portion scope of 10-100 

g/mL expanded the degrees of ROS, LDH, and malondialdehyde. ROS was identified in 

this work utilizing a business unit and 2',7'- dichlorofluorescin diacetate, LDH. One more 

in vitro examination on liver cells found that silica-based NPs (70 nm) at 30 mg/kg altered 

metabolic parameters and had hepatotoxic effects. 

4. Conclusion 

We gave a nitty gritty outline of NPs, their sorts, creation, portrayals, physiochemical 

properties, and applications in this audit. Controlling the exact morphology, size, and 

attractive qualities of NPs should be possible through engineered approaches. However 

NPs are advantageous for an assortment of utilizations, they can represent a wellbeing 

gambles because of their uncontrolled use and release into the regular habitat, which ought 

to be considered to make NP utilize more helpful and naturally satisfactory. 

Presently, an assortment of techniques are utilized to survey the harmfulness of made NPs. 

The in vitro investigations are the most practical and efficient of every one of them. 

Nonetheless, various research facilities' in vitro tests have yielded various results up to this 

point. Tetrazolium decrease tests, cell film respectability utilizing LDH examines, 

immunohistochemical biomarkers for apoptosis, and comet measures for genotoxicity are 

the most used methods for determining cell viability. 
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