
 

TREASURE TROVE SYNTHESIS WITH REFERENCE TO INTRINSIC 

TOXICITY, PROPERTIES, THERAPEUTIC POTENTIAL AND 

IMPLEMENTATIONS OF NANO PARTICLES FOR THERAGNOSTICS: 

PRESENT, PAST AND FUTURE 

ABSTRACT 

Since from intervals, NPs and nano-medicines have been employed due to their beneficial impact 

on diagnosis, illness, detection and human health at a wide range. NPs have mechanism for 

synthesis and also valuable to their daily use in all fields of life. NPs may induce toxicity, this 

aspect may have create and introduce great interest to their role and impact on human beings. With 

reference to their therapeutic potential, nano-medicines develop a constructive role in all health 

and care aspects of life and science. In order to evaluate the distribution, drug release, functional 

groups, chemical composition and particle surfaces zeta potential is fundamental tool. The core 

goal line of this review is to explore the mechanism, distribution, drug delivery and cellular 

absorption of NPs in human beings. This article also highlight the therapeutic potential of different 

medicines, trans-vascular transport mechanism, nano-medicines role and characteristics of their 

derivative polymers as well as modified attributes of nano-medicines and also analysis of depth 

mechanistic and toxicity induces by NPs and nano-medicines.  
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1: INTRODUCTION: 

Due of its significant implications for the biological and nutritional disciplines, nanoscale 

is now a fascinating field of study. The possible uses of metal nanoparticles were the subject of 

ongoing studies.  Contemporary conditions demand the creation of innovative nanoparticles 

having distinct features, required operates, or abilities. Further study is needed on how 

relationships among nanostructures like cells affect biodiversity and stability since natural 

nanostructures were crucial. (Ealia et al. 2017). 

Whenever nanoparticles get released into the natural world, there are a number of dangers 

related to them that need be analysed using specific techniques in order to cope address potential 

threats to both personal and biological health. The production of safer nanomaterials is more 

crucial to the wellness of human beings and systems of life. Researchers are very interested in 

nanotechnologies because they exhibit unique types of characteristics, such as magnetized optics, 

chemical, and electrical power, and this provide an identifiable newness in contrast with 

conventional bulk constituents. Various kinds of tiny substances and small particles are being 

created during the history of nanotechnologies; these particles possess a variety of forms and sizes 

underneath their diameters of one to one hundred nm  (Rafique et al. 2017). 

For instance, whereas the majority of either silver or gold is highly inactive, the tiny 

particles of those metals demonstrate volatile characteristics. Their top-to-volume proportion of 

nitrogen compounds increases when benign substances are dispersed at the nanoscale, while the 

so-called quantum impact also influences the NMs' surface attributes. When a result of each of 

these impacts, NMs exhibit unique characteristics. NPs, or a type of nanotechnology with 

antimicrobial activity towards various microorganisms, are widely used in antibiotics. Once within 

the cell's walls, they stop communication transductions as well as other extremely important 

procedures, which makes cell destruction conceivable (Iravani et al. 2020). 

According to a Woodrow Wilson Centre assessment, a large number of nanoparticles—

313 of a total of 1317 nanoparticles, for example—use NPs. Possible releases of such NPs have 

negative consequences on the capacity of the planet to sustain life. NPs discharged into the 

environment by several industries, including as the paint, textile, and other businesses. Because 

they immediately communicate with the abiotic and biotic components of their environment, NPs 

additionally become very responsive. Certain characteristics that characterize nanoscale are altered 

and transformed throughout these physical and chemical treatments that contribute to the 
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individual forms of ecological consequences that they have. The variety of hazardous 

investigations as well as breakthroughs have been considered taken into account. As few 

biomolecules exist, molecular biology may aid in the construction of these new particles certain 

biological molecules such as polymers, proteins, lipids, including amino acids, are possible 

subjects for nanoscale study, suggesting that molecular science may play a role in the creation of 

those unique nanoparticles. Elements within those biomolecules serve an essential part because 

encapsulating and decreasing agents throughout environmentally friendly manufacturing process 

of nanostructures (Zhang et al. 2020). 

2: HISTORY OF NANOTECHNOLOGY: 

Richard P. Feynman presented the fundamental idea of nanoscale about 1959; nevertheless, 

Japanese scientists subsequently utilized the phrase nanotechnology in its current correctly. 

Subsequently clarified the significance and potential uses of such atoms within the fields of applied 

sciences, including how they might be utilized to enhance electron microscope methods, the 

printing process, as well as a variety of additional equipment. Concept over the manufacture of 

tiny enlarged content alongside the aid of the natural sciences as well as their principles. From 

2001, nanoscale or what it produces have had a bearing on the worldwide economy (Salem et al. 

2021). 

In accordance with a survey by the European Union, sales of the goods it produces 

generated approximately € 200 milliards of dollars in 2009, and increased to Eur 2 trillion for 2015. 

Since there are more and more possibilities for tiny particles, there have been more and more 

illnesses occur worries about these compounds. Because in particular to the specific qualities or 

dangers posed by tiny particles, increasing numbers of studies in the discipline of nanomaterials 

have broadened its boundaries. Ecotoxicology, nanotechnology, nanotechnology, etcetera. are a 

few examples (Chavali et al. 2019). 

3: SYNTHESIS METHOD OF NANOPARTICLES: 

Bottom-up and top-down approaches were two broad groups used to categories diverse 

procedures and methods used to synthesize nanomaterials featuring distinctive innovative features 

and prospective applicability. The officially described approach, which often involves turning, 

pounding DC mode, flame heating, or laser treatment, produces nanoscale of solid materials. Every 

one of these techniques involve the structural formation of tiny fragments using their substantial 
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components; without a few modifications, such techniques may be applied to the manufacturing 

of Nss of an enormous level (Bruna et al. 2021). 

Compared to employing bottom-up procedures, nanostructures are created via self-

assemblage through structural configurations amongst tiny electrons, atoms at all or proteins. 

Using electrons as the foundation, moist chemical treatments can produce additional kinds of 

nanostructures by a variety of operations, including formation, a decrease, capping, and 

development. According to their bulk substance, upward procedures were the most effective ones 

for producing nanoscale on an enormous scale. According to the bulk substances, the top down 

approaches are the most effective ones to generate nanostructures at an enormous level  (Suchomel 

et al. 2018). 

 

DIAGRAM:  (Top down and bottom up methods of metallic N.Ps synthesis) 

Once solids were physically reduced to microscopic dimension, it gets extremely 

challenging to manage the form, dimension, and cleanliness of the resulting nanoscale. However, 

such methods typically call for a lot of pricy treatments or instruments. The majority of benefits 

are offered through bottom-up strategies. The manufacture of nanotechnology is relatively simple 

and economical; in specific, it is extremely simple to create molecules having the correct 

dimensions and form to fulfil their prospective uses. As a result, those methods are often employed 

to be used within laboratories (Gamboa et al. 2019). 
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4: NANOMATERIALS-A PROPER DEFINITION: 

Nearly 1600 items containing nanotechnology are currently documented, and an extensive 

array of everyday items are being created on the marketplace. An exact and widely accepted 

description of the substances has yet to be accessible. Instead, many stakeholders propose diverse 

conceptual definitions of nanomaterials for various reasons. Nano engineers and Nano 

toxicologists nevertheless, are the primary concern of everyday lawmakers who need an easily 

understood overview of nanotechnology. (Chandra et al. 2020). 

There were numerous more descriptions given for nanotubes or tiny particles, but the one 

that is most often employed is that "nanomaterials were substances with dimensions that vary in 

regions of 1-100nm in length." The nanoparticles of polymers are characterized in the delivery of 

drugs to medicinal investigations as nanomaterials having sizes between 10 and 1000 nanometer. 

With the purpose of accurately describing nanostructures or small particles, a number of 

investigators have recommended that the distinctive features of the nanostructures in addition to 

scale ought to be given account, especially with regard to metals and oxide nanoparticles (Khandel 

et al. 2018). 

The Japanese Researcher Centers (JRC) Commissioners described nanostructures in a 

manner which clarifies the production process, condition of these small particles, in the 

relationships between them as well as their environment. The above description also clarifies the 

dimensions and limitations of nanotechnology below 100 nanometer. The EFSA, the European 

Food Safety Authority, also advised using two distinct, clear methods towards the identification 

of all of the aforementioned nanotechnologies, with the use of electromagnetic imaging approach 

being referred to being the mandatory option. Toxicological investigations, wherein the primary 

emphasis of these investigations centers around the adverse reactions of the nanomaterials and 

their were one area that a variety of assessment approaches are applied collaboratively or reasons 

of science (Khandel et al. 2018). 

5: NANOPARTICLES APPLICATIONS: 

The present state of nanoscale makes it extremely hard to create various nano kinds having 

distinctive features with possible uses in many industries. In several investigations and 

programmers, different kinds of nanomaterials with relevant definitions, characteristics, 

dimensions, forms, or geometries have gained increasing appeal. One of the newest advances in 

nanomaterials is the creation of nanostructures, namely. Traditionally, a variety of physical and 
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chemical methods have been used to create nanoscale. Solvo hot manufacturing, sol gelatin 

technology, decrease, or ions blasting approach could be the three most often utilized 

processes(Waris et al. 2021). 

 

DIAGRAM: Applications of N.Ps 

6: Metallic Nanoparticles:                    

                Chemical modifications as well as straightforward production techniques made these 

nanoparticles even more appealing due to their prospective use. Lesser tiny nanoparticles were 

simple to produce because of both electrical characteristics & optical properties as opposed to 

other types of nanoparticles. The academic world is becoming increasingly interested in metals 

having desirable characteristics, including dimensions, forms, or morphology (Siddiqi et al. 2018). 
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Since a large number of possible uses have been ascribed on the dimensions of the 

particulates, there are significant issues or investigations around the production of nanoparticles 

having desirable dimensions. A number of investigations have concentrated upon possible uses of 

nanoparticles made from metals, including platinum, silver, gold, palladium, which titanium is etc. 

However, nanoparticles made of gold and silver are the ones that are more frequently researched 

or explored and potential applications  (Saha et al. 2017). 

7: Silver nanoparticles: 

From long ago, silver metal has been valued prized due to its exceptional chemical and 

physical qualities, including flexibility, electrically or heat conductivity, stability in chemicals, and 

enzymatic and bactericidal characteristics. Consequences on the surface Plasmon’s and interface 

enhancement the nanostructures function best in their possible uses due to scattering of Raman 

and other surface characteristics. Numerous nanoscale shapes, such as pieces, lenses, cables, pieces, 

and Nano spheres, were produced using specific processes and procedures  (Majeed et al. 2021). 

But because of therefore attractive landscape design luster as well as antibacterial 

characteristics, ancient cultures could have been drawn to metal. In overall, the Greeks and 

Romans noticed multiple uses for the metal, and therefore employed it in a variety of biological 

weapons and instruments. Additionally, it is frequently used to create silkscreened wiring, 

conducive bonds, as well as multiple-layer ceramic caps (Muniandy et al. 2017). 

8: Why we choose silver nanoparticles: 

Having anatomical masses of 47, silver, also known as Ag, is an essential component in 

the current global order. From 1977, it became a part of the polluted atmosphere. But throughout 

the dawn of mankind's civilization, gold have been used. Because of its antibacterial qualities, it 

was utilized in medications in the eighteenth century. Once argent was initially proven 

commercially available, research into its toxicity, metabolism, and persistence has deemed it 

necessary to regulate its use and consumption in the natural world. The antimicrobial capabilities 

of silver nanoparticles have helped increase their use in a variety of applications and merchandise 

throughout the world. a combination of the fact that silver nanomaterials' diverse dimensions, 

forms, transformations, analysis texts, and eventually encapsulation and diminishing 

intermediaries, determining the harmful effects requires a varied approach (Muniandy et al. 2017). 
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According to research, silver's nanoscale are less hazardous than its electrons. Multiple 

investigations have shown that the bodies of human’s beings become more immune against the 

cytotoxicity of metallic silver, which is due to its dimension, form, and covering substances which 

differ greatly in the size of the nanoparticles. In order to produce less hazardous metal 

nanoparticles using a variety of techniques, eco cytotoxic investigations call need an in-depth 

description of nanomaterials including hazard evaluation  (Narayana et al. 2020). 

9: Nanoparticles Classification: 

  Due of their atomic origins its biochemical make-up, nanocrystals can be 

categorised.Individuals may be grouped into three categories based on the location they came from, 

for example.  Either manufactured or developed, accidental, nor spontaneous. They may be two 

kinds of tiny particles, among them artificial and environmentally friendly, based on their 

chemistry. Since nanoscale tend to be aqueous in the natural world, they are commonly referred to 

as extremely tiny parts (UFPs) if they occur in the environment as well as water and soil. In the 

instance of UFPs, a basic structure specification without a little variation across the dimension 

band (1nm, 1mm) may be used (Jain et al. 2017). 

10: Attributes of nanoparticles: 

Different types of color are exhibited by the solution of different sizes nanoparticles. Such 

type of nanoparticles with small sized are light in color as compared to the large nanoparticles 

which exhibit darker color shades. For example deep red color of the nano gold is seen on scaling 

down the gold of yellow color generally (Hazarika et al. 2017). 

10.1: Surface Plasmon resonance (SPR) of NPs): 

It involves the measuring of the magnetic resonance oscillations resulting from the flow of 

protons across the point of contact between materials with both negative and positive permits that 

have been strengthened with light that hits them.PR is typically used to measure the exterior 

adsorptions of nanoparticles made of metals, primarily plane metallic parts (particularly argent & 

platinum). The parameters of Plasmon reflection serve as the foundation for several applications 

including color biological detection methods including particles (Husain et al. 2019). 
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10.2: Definite surface area (DSA): 

Massive surface areas in relation to volume ratios have a relationship with tiny particles, 

so they are vital to their activity. Particles' outermost regions grow, so as a result, so do the 

molecules that are present on their exteriors. For instance, while gallium argon (GaAs) NPs are 

28.3 percent nanometer in size, they only had 2.9% of their elements on their area; nevertheless, 

by the time they were 1.13 nm in size, 51.4 percent of their elements ought to have filled the 

outermost layer. The electrical potential of nanoscale increases with a rise in their outermost areas. 

The dimensions of these particles has a significant impact on the electrical properties of the 

nanoscale because it has been shown that as their dimensions is reduced, their related total potential 

is boosted (Maddinedi et al. 2017). 

 

DIAGRAM:  Interactions between free electron and electric field oscillation of radiation 

10.3: Quantum outcome of NPS: 

The physical and chemical properties of the nanostructures are influenced by various 

particle movements that take place throughout the compounds. Meanwhile the entire substance is 

converted to small particles, the amount of room for motion decreases as well as grows restricted 

and distinct levels of energy for electricity are intended within this scenario. While the electrons 

themselves reside within the solid state, their unimpeded motion all over each electron pool is 

exceptionally straightforward, as well as a accessible time over circulation is sufficient over the 

entire procedure. With the application of UV or sunlight, a 2-4eV band separation between the 

levels is seen (Li et al. 2017). 
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10.4: Transformation of Nanoparticles: 

The external features of the tiny particles, such as atomic access, surface energy, and huge 

dimension, were what cause them to interact to what is around them. The behavior or durability of 

the nanostructures are influenced by substances plus kinds that occur in the substrate as well as 

nearby environments. When opposed to their counterparts in bulk constituents, the nanoscale' toxic 

relationships, reactions, accessibility, and longevity are all tied to an in-depth awareness of the 

alterations that take place within them. The three primary kinds of alterations of particles are 

physical, Biological, and chemical alteration (Li et al. 2017). 

10.5: Chemical revolution: 

A variety of natural chemical responses, including as decrease, burning, photo-oxidation, 

absorption, suffixation, and breakup, among others, may change the molecular characteristics of 

nanoscale. In-depth descriptions of chemical shifts in the natural world have been provided in 

many studies (Li et al. 2017). 

10.6: Physical revolution: 

Although nanoscale are thermally unstable because of collisions with one another across an 

extended scale, they are kinetically steady in suspended and liquid states. Three distinct 

mechanisms could be discussed within this context: 

• Particles can aggregate kinetically as a result of a Brownian motion. 

• Particulate collection caused by Orthokinesis caused by differing speeds 

• Heterogeneous settlement is caused by multiple sizes of particles. 

Collectives of atoms result from a disparity between the attraction and repelling attractions; 

this phenomena entails changes in physical structure. Surface regions between the two times are 

not at all altered if particle are gathered due to a weak binding at a location as well as an 

arrangement of tiny particles is seen above; this is known as agglomeration. Clustering is a method 

by which particles are tightly bonded or merged together, reducing their combined dimension  

(Siddiqi et al. 2020). 
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DIAGRAM: Present the difference between agglomerations and aggregations of the particles.  

Through Eco toxicological research, it was shown that as nanoparticles are compiled, their 

toxic effects are lowered; nevertheless this doesn't hold true for any kind of fragments, as there are 

a number of outliers. Owing to the dispersed organic compounds (DOM), PVP-capped NPs 

managed to remain stable in the microscopic; otherwise, AuNPs, which appeared to congregate. 

But the GA-capped NPs, wherein the tiny particles were dispersed by the Document Object Model 

had different outcomes. It was discovered that the activity of marine exopolymeric fluids lowered 

the toxicology and bioavailability of these nanoscale. Re-precipitations, shaped alteration, and 

additional conceivable types of chemical changes can occasionally change the forms and 

morphological of nanomaterials (Siddiqi et al. 2020). 

10.7: Biological revolution: 

Various elements of biology, including DNA, proteins, organelle-like structures 

phospholipids are and barriers, are reacted with by the nanomaterials' contents. The responses 

between the elements alter both its chemical as well as distinct biological traits. As well as 

chemistry, which may potentially be affected. When nanomaterials come in contact with molecules 

and cause the dissolution of enigmatic amino epitopes, the intended purpose of the interacting 

proteins was observed to shift.  
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When subjected to a number of biological materials, such as fetal animal serum (FBS) or 

horseradish peroxidase, also known as HRP, proteins, various nanomaterials' toxicity decrease 

became apparent (2011; nanotechnology were discovered to have been destroyed in living 

environment). Additional study is required to better understand how nanomaterials convert in the 

body. During their Eco toxicological research, complete definitions of these nanoscale ought to be 

carried out, as This is because nanomaterials are continuously altered in surroundings because of 

their responsiveness and surface features (Hoseinnejad et al. 2018). 

11: Nanoparticles Characterization: 

Following accurate definitions of the fragments, the ability to be absorbed, behaviors, 

reaction, equilibrium, uniformity, and safety of the tiny particles are correctly assessed. Methods 

for characterizing nano include describing their dimensions, dimensional structures, and other 

aspects relating to their physical, chemical, and biological constitution. Knowing a particle's 

concentrations is perpetually vital to determining the amount to be administered & the proper 

granular cytotoxicity. The material that follows will cover over a number of crucial nanoscale 

features or the methods that may be used to measure and evaluate them. (Dong et al. 2019). 

11.1: Size: 

  It is one of the most researched characteristics of tiny particles, and their behaviours or 

reactivity are directly correlated with it. Although height has a significant impact on study 

efficiency, designs are as crucial. Corresponding molar weight, predicted subject matter, & 

physical radius are used to determine the particle size of a nanoparticle. Various approaches and 

procedures are used for evaluating it (Bai et al. 2020). 

11.2: Dynamic Light Scattering 

Dynamic Light Scattering (DLS), also known the photon correlation spectroscopy or 

photon correlation spectroscopy (PCS), is one of the most popular methods for characterising 

nanomaterials. Since it is one of quick, straightforward, and successful techniques, it is frequently 

employed in scale assessments. The towns or collection created by the nanomaterials can 

occasionally impact the outcomes (Ramasamy et al. 2017). 
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Diagram: General mechanism of DLS technique. 

11.3: Electron microscopy: 

Nevertheless, precise visualisations optical photographs (micrographs) can be acquired 

without the use of an electron microscopy instrument. The chemistry of the nanostructures may be 

assessed by employing specific methods such as spectroscopy. To characterise the tiny particles, 

two different microscopy with electrons procedures are applied (Tejeda-Serrano et al. 2017). 

11.4: Transmission electron microscopy (TEM): 

It has been demonstrated to be an excellent tool for characterisation since it offers 

biochemical microscopy along with high precision images of the nanoscale. It provides a thorough 

description regarding the nanoparticles' fundamental architecture. The location of both molecules 

and atoms in the particles may be explained using contemporary TEM. To prevent the formation 

of electron particles while operating at elevated electricity, a powerful vacuum is used. The 

primary foundation of TEM is just one lens for the objective microscopes, as seen in Figure 1.6 

(a). There is a missing lens. A mirrored laser spotlights the outer layer of this thin aluminium foil 

and Mitchell beams are produced by the scattering of radiation from the crystal lattice at multiple 

angles. Pure mechanical refraction idea is used for recording and measuring amplitude and phase 

fluctuations.(Mahdavi et al. 2019). 
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 (a) Transmission Electron Microscopy (TEM)   (b) Scanning Electron Microscopy (SEM) 

DIAGRAM: Electron Microscopy 

11.5: Scanning electron microscope (SEM): 

The scanning electron microscope (SEM) generates multidimensional pictures with high 

quality. Due to its deeper level of field, it can hold many specimens at once. Primary or 

backscattering electrons, which are light with different energy sources, and distinctive scans 

combine to form specific kinds of exchanges that result in information enabling image using a 

Microscope (Shaikh et al. 2019). 

11.6: Flow-Field Fractionation: 

Was developed in 1960 by J. Alvin Giddings and his coworkers, and the method has 

afterwards gained widespread acceptance as a characterisation method. It was a good method for 

chemical as well as physical characterisation since it used quick methods for separation with 

prepared components gathering (He et al. 2018). 

11.7: Chemical nature: 

Throughout research, the chemical composition of the particles in question has a significant 

impact on their attributes and activities. Consequently, many methods are put to use in this 

case.(Wu et al. 2023). 
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11.8: Fourier transform infrared spectroscopy (FTIR): 

Was an approach that is frequently employed to examine the functional categories present 

in supplied substances. This method of astronomy is a harmonic method because it causes 

harmonic motions in the particles, obligations, and substances found within the material being 

studied or specimens. In the infrared frequency range, which is typically between 4000 cm and 

400 cm, electromagnetic radiation may measured between 14000 cm1 to ten centimetres.(Zhao et 

al. 2018). 

 

DIAGRAM: Fourier Transforms infrared spectrometer  

In this process, the variance in electromagnetic radiation that the object being studied 

detects at various wavelengths is measured.Simple sensors can't successfully capture information 

throughout the entire process, but contemporary technology has the capacity to do so and then 

analyse it for signalling inputs.Fourier transforms are used for additional processing to turn the 

signals that result into an older type of band. This method is referred to as Fractal multiplies in the 

infrared (FTIR) spectra generally. An interferometer, an ultraviolet origin, an ultraviolet detection 

device, an object to be studied, and ultimately the device itself are the main parts of the 

interferometry or method known as FTIR spectroscopy, or far-infrared (Dhall et al. 2018). 

11.9: Elemental analysis:  

Dynamic Dispersive X-rays Fluorescence (EDX) and ultraviolet-visible spectroscopy were 

both of the frequently used methods for determining the chemical makeup of various nanomaterials. 
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11.10: UV- Vis Spectroscopy:  

This approach makes use of either metal' or their particles' distinctive spectral absorption 

across the optical range. .Both silver and gold are examples of precious metals, and their atoms 

absorbed light throughout the visible portion of the spectrum at wavelengths of 520 Angstroms 

and 400 nm, correspondingly. Gold shows red colorations, whereas silvery displays yellow colour 

in liquids or suspension. When the dimension of the nanocrystals is raised, both the valence band 

and band gap energies drop, shifting the SPR values towards red.   In larger and significantly 

dispersion particle suspensions, wider maxima in the SPR are seen.The phrase "FWHM" (full 

length, halfway maximal) could be used.Highest absorbency or broad SPR spikes accompanying 

red changes are observed to be related to the absence of caps agent. Further investigation is done 

with the suspension's nanoscale(Wu et al. 2018). 

11.11: Energy Dispersive X-Ray Spectroscopy:  

It is one of the most prevalent analytical techniques, which serves to characterise and 

analyse the material's molecular and mineral makeup.The em emission rainbow shows distinct 

specified patterns for particles dispersal caused by stimulation of electrons that are caused by a 

specific arrangement of the substances found within the specimen.Yet, protons disperse in flexible 

whenever the nuclei of the molecules' innermost shells are stimulated and ionised. Atoms disperse 

primarily in two basic structures, i.e., flexible without loosing power (Manmode et al. 2009). 

 

DIAGRAM: Principles of EDS 
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11.12: Surface Charge: 

Owing to the protons or de-protonation of the bonds inside the suspended state, the 

functional elements of the tiny particles existing on the outside may be discharged or ionised. 

These could be a variety of processes happening on the particles' surface, including the transition 

of lesser electron valences to more powerful ones, additional balance events, including structural 

defects. For estimating the electrical charge on small particles, existing approaches are employed 

to assess zeta potentials and Brownian movements.(Ahsan et al. 2019). 

12: Measurement of the Concentrations: 

Absorption Analyzer (AAS) and inductively coupled plasma-mass spectra can be used to 

quantify the amount of nanomaterials in a dispersion or liquid condition. 

12.1: Atomic absorption spectroscopy (AAS): 

It gets carried through with the aid of light generated by the atoms that are free inside the 

gaseous state of specimens. For accurate computation and information collection, light absorption 

is crucial. The primary guiding idea for how AAS operates is Beer Lambert Law. According to 

that, "Absorbance (also referred to as a, inverse logarithmic of the transmitting factor) corresponds 

to the amount c of the material that absorbs and the level d of the absorbent barrier" Implementing 

the main processes in order to perform atomic absorption spectrum is necessary for the elemental 

investigation of the materials.(Sahu et al. 2021). 

i. Atomizers are utilised for disintegrating the individual components of specimens; lately, flames 

or graphene tubes have been employed in this capacity. 

ii. These fragmented specimens are exposed to visual electromagnetic radiation. At this point, the 

radiations' origin is crucial. It ought to be an element-specific line radiation source or a continuous 

irradiation source. 

iii. Monochrome radioactive is used to isolate element-specific electromagnetic waves with any 

other irradiation that a source of radiation may have released.  

iv. The instrument measures the ionisation distinction, that is then utilised to calculate the end 

result value. 

A variety of absorption of atoms processes exist, including:  
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I: Optical Absorption Microscopy from Deductively Linked Pulsed (ICP-OES) 

II: the ICP-MS also known as inductively coupled plasma mass spectrometry or inductively 

coupled 

13: The Innovative Nanoparticles Explorers: 

In 1959, Nobel Prize-winning American scientist Richard Feynman introduced the idea of 

nanotechnology. There's Plenty of Rooms at the Bottom was the abstract of the speech Feynman 

gave at the California Institute of Science at the annual conference of the American Physical 

Society. (Caltech). Why can't we fit the complete 24 volumes of the Encyclopedia Britannica onto 

the head of a pin? Was Feynman's premise in this presentation and sketched a future in which 

machines would build smaller devices all the way to the lowest particles. Feynman is regarded as 

the founder of current nanotechnology because of his unique concept, which showed the validity 

of his theories were validated (Khan et al. 2021). 

After fifteen years, Norio Taniguchi, a Japanese scientist, coined the term 

"nanotechnology" and gave it its first official definition in 1974, stating that "nanotechnology 

mainly consists of the processing of consolidation, separation and deformation of substances using 

a single atom in one particle". Following Feynman's discovery of a fresh field of study that 

attracted the attention of numerous researchers, two methods were created that describe the various 

options regarding the creation of nanoparticles. These production methods can be divided into two 

distinct groups: bottom-up and top- down, each with various levels of effectiveness.  

The term "bottom-up technique" defines the process of creating nanomaterials particle after 

particle or molecule with polymer utilizing methods of physics and chemistry at nanoscale (1 

nanometer towards 100 nm) without carefully manipulating each molecule and atom during self-

association. Rough substances may be created by chemical reaction and utilized to create finished 

goods with their aggregate disorganized state or as a basis to higher-level organized substances. In 

a technique called self-assembling, particles called atoms or molecules arrange spontaneously 

form structured nanoparticles through physical-chemical relationships (Salehi et al. 2020). 
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DIAGRAM: Implementations of Gold NPs 

The sole approach that allows particular molecules, atoms and clusters to move around 

placed arbitrarily one after a time is placement assemble. The initial volume about the field of 

nanotechnology "Engines of The beginning: The Beginning of the Revolution of 

Nanotechnology," was released around 1986 by K. Eric Drexler, that contributed towards the 

growing acceptance of the "molecular engineer" hypothesis.  Drexler revealed the building of 

intricate machines from just one atom that are capable of manipulating both atoms and molecules 

on their own, producing assembling itself nanostructures. Subsequently at 1991, Peterson, 

Pergamum and Drexler issued a second schedule dubbed "Unbounding the Future: the 

Nanotechnology as a Revolution," whereby refer to "nabobs" as well as "assemblers" over Nano 

processes utilized in medical devices. Subsequently, the well-known period "nanomedicine" was 

initially utilized (Ikram et al. 2021). 

14: Nanotechnology in the Modern Era:  

From Feynman's initial theories, nanoscale had advanced till 1981, while the scientists 

Heinrich Rohrer and Gird Binnig created the Scanned the tunneling method Microscopic (STM) 

within the IBM Switzerland Experimental Lab. Its pointed tips of the STM travels so closely 

towards a conducting substrate than the electronic wavelength operations of its tip particles 

coincide the wave properties of the substrate's particles. Electrons are particles "tunnel" throughout 

the absence of oxygen space from the nucleus at its tip towards the outermost layer whenever a 

current applies (or vice versa). The initial STM imaging of the Si7 7 rebuilt face was reported by 

the team in 1983 (Ikram et al. 2021).  A couple of decades afterwards, in 1990, Don Eaglet of IBM 

in Altadena and the others created the initials of the IBM emblem by manipulating 35 unique argon 

particles over a single nickel substrate.  
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The STM was created to capture atomic-scale photographs of materials or is currently used 

as an instrument for shaping molecules and atoms into nanostructures. Bonds between molecules 

may be precisely induced or broken using the tunneling force. Rohrer and Binnig were awarded 

the prestigious Nobel Prize in Physics in 1986 "as a development of the STM". Both the atomic 

force microscope (AFM) and scanning proton microscopy (SPM), that are the tools preferred for 

investigators in nanoscale today were created as a result of that innovation. At the identical time, 

in 1985, Robert Curl, Richard Smallely  and Harold Kyoto, found that the element carbon may 

also exist as the natural compound fuller also known as bucks, which are highly stable spherical 

(Fahimirad et al. 2019). Whenever grapheme evaporates in a vacuum, charcoal spheres having its 

chemical composition C60 or C70 are created. Incorporating the atoms of metal into fresh 

molecules of organic material has become conceivable thanks to the development of a novel 

graphite biochemistry. A few decades afterwards, in 1991, Yakima was et al. used TEM 

(transmission electron microscopy) to find empty graphitic tube or carbon nanotubes, another 

member of the fullerene family (Sadhukhan et al. 2019). 

 

DIAGRAM: Implementations of NPS 

These tiny tubes have both the durability and adaptability to be used in an array of Nano 

technological uses. At the moment, nanotubes of carbon are utilized as are utilized as Nano 

composite fibers in plastics or concrete to enhance the entire item's physical, thermal, and 

electromagnetic qualities. Nanoparticles may also be used as area producers, storing energy 

substances, catalysts, and other things. Xu and colleagues accidentally found a novel category of 

carbon nanomaterials dubbed carbon dot (C-dots) having size under 10 nm in 2004 while purifying 

single-walled nanotubes made from carbon (Vangijzegem et al. 2019). 

GSJ: Volume 11, Issue 4, April 2023 
ISSN 2320-9186 1421

GSJ© 2023 
www.globalscientificjournal.com



 

According to their harmless, plentiful, and affordable character, C-dots exhibiting 

intriguing characteristics has steadily emerged as an entirely novel Nano carbon member. C-dots 

are advantageous substances with use in biological imaging, biosensor, and pharmaceutical 

administration due to their exceptional qualities, including minimal toxicology as well as excellent 

biological compatibility. Due to their better optically and electrical characteristics, C-dots can also 

provide enticing prospects enabling solar technology, the conversion of energy, catalytic processes, 

and tiny probes for precise particle monitoring. Materials composed of carbon formed the 

foundation discovered practically all areas of study and technology following the emergence 

discovered "grapheme" around 2004 (Gul et al. 2021). 

Nanotechnology made breakthroughs in various fields of knowledge like a computer 

system, biology, or architecture in the interim. The field of computing has advanced thanks to 

nanotechnology and technological advances, which has reduced the physical dimensions for 

ordinary computers through a room-sized machine to incredibly portable devices. Technological 

advances have advanced to create intricate electrical systems at the nanotechnology. Further, 

significant developments are noticed with smart mobile electronics as well as various current 

digital equipment with everyday purposes. The disciplines of nanotechnology and nanoscience 

both saw a rise of attention towards the start of the twenty-first century. On the New States, 

Feynman's idea of control of material from the atomic level had a major effect for determining 

governmental research agendas. At a presentation to Caltech the 21 January 2000, President Bill 

Clinton urged supported the sponsorship of study in this subject of nanoscale (Lee et al. 2019). 

The 21st Century Microfiber Development and Research Act was enacted through laws by 

President George W. Bush three decades later. The National Nanotechnologies Technology 

Institute (NNI) was established under the Act, which also declared the study of nanotechnology as 

a top priority. Latest study has demonstrated the enormous scope of the nanotechnology in 

biomedical towards the identification and management of a wide range of individual disorders. 

That's where biological nanotechnology comes into. As this respect, many experts believe that a 

single of the more fascinating areas of applicability for nanotechnology is bio-nanotechnology. 

The use of nanoscale in recent years has resulted in remarkable outcomes across a number of 

biology-related fields, including evaluation, administration of drugs, even imaging of molecules. 

Surprisingly, there's presently a large number more medically relevant items incorporating 

nanoparticles available for purchase in the United States of America (Paris et al. 2020). 
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DIAGRAM: One-pot 

The so-called "Nano pharmaceuticals" comprise multifunctional nanoscale utilized for 

identifying biomarkers, such as Nano biochips, Nano electrodes, Nano biosensor, and in addition 

to nanotechnology enabling the delivery of drugs or therapeutic regeneration. Nucleic acids, or 

DNA, serve as a key component in among the more significant uses of nanoscale to biological 

processes. Paul Rosemond created the "scaffold DNA origami" around 2006 using a "one-pot" 

process to increase the dimension and complexity of formed themselves DNA structures. Nadrian 

The work of Seaman first proposed the theoretical framework for DNA nanoscale in 1982, writing, 

"It could be done to produce stretches of oligomer amino acids, that will selectively connect to 

create migration ally stationary intersections, instead of regular duplex homes, because they do" 

(Ghaffari et al. 2020). 

 

DIAGRAM: Nano particles applications 
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Scientists from the fields of chemistry, material science, computer science, physics,   and 

medicine are currently joining forces to address problems in DNA nanotechnologies, making it a 

multifaceted field. Particularly, several decades of in-depth research makes it feasible to 

immediately incorporate DNA alongside other biological polymers into microarray techniques 

enabling monitoring and diagnostic applications. Additionally, through enhancing the 

effectiveness of common chemotherapy treatments treating a wide variety of resistant human 

tumors, significant strides are being achieved in the area of nano-oncology (Amina et al. 2020).  

These advancements were made possible through directing a variety of useful particles, 

such as tiny particles, immunoglobulins and toxic chemicals, at the site of cancer. Multiple 

investigations have demonstrated whether nanoparticles are capable of being utilized to carry 

medications as well as influence vital biological processes such autophagy, which digestion, and 

oxidative stress, some of which have been shown to have an anticancer effect. As a result, nano-

oncology represents an extremely alluring use of nanotechnology that enables a boost in cancer 

response times as well as a large decrease for the systemic harm linked to modern 

chemotherapeutic therapies (Kolosnjaj-Tabi et al. 2019). 

15: NANOTECHNOLOGY IN DRUG DELIVERY: 

Poor accessibility, in real life equilibrium, intestinal absorption, the ability to dissolve, 

sustained and precisely delivered to the site for actions, beneficial adverse reactions, as well as 

plasma therapy changes for medications which either drop beneath the optimum effective levels 

or surpass the legal therapeutic limits represent a few of the problems faced by a large number of 

drug delivery methods. Since it involves the creation and manufacture of tiny and microscopic tiny 

structures, which contain primarily polymers and come with numerous benefits, the use of 

nanotechnology in delivering medicines are an innovation proposed to address these drawbacks 

(Avval et al. 2020).  

Typically, nanoparticles may concentrate the administration of a broad spectrum of 

medications to different parts of the human organism enabling prolonged discharge; they can also 

shield medications contained inside those structures from hydrolysis and proteolysis destruction 

through the digestive system. It can thereby transport medications, amino acids, even DNA via the 

gastrointestinal method of delivery. Thus may circumvent the liver in order to avoid avoiding the 

initial wave digestion for the integrated medication, as well as administer medications which are 

nearly water impermeable. Because of their respective positions specialized acceptance processes, 
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including absorbent the process known as end which allow them to stay within the bloodstream 

over an extended amount of time as well as release the substance they contain through a suffered 

as well as continually the way with fewer electricity variations, that they enhance the Oral 

absorption of substances (Siddique et al. 2020).  

 

DIAGRAM: Various types of NPs 

This reduces the adverse reactions that substances may produce. Nanostructures' tiny 

dimensions makes it possible for them to enter organs or be ingested by mitochondria, which 

facilitates effective medication delivery to sites of action. 15–250 nanomaterials were discovered 

to have been absorbed. It turned out that nanoparticles were 15–250 fold more absorbent then tiny 

particles in the 1- 10-meter range. The absorption of drugs form nanoparticles may be regulated to 

generate a particular dosage over a specific amount of time by modifying the properties of 

polymeric. When utilized for focused distribution, nanoparticles may be attached to focusing on 

molecules like where the coupling among the material and the chemical that acts may be modified 

to regulate the drug's absorption place as well as timeframe. Proteins, fatty acids, peptides that or 

tiny chains can be used as interstitial proteins to create the linkage (Chung et al. 2020).  
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Pharmacological administration methods which focus on just the cancerous cancer yet 

protecting normal cells through even dispersion are essential in treatment. With the goal to 

penetrate the barrier that separates blood from brain especially treat infections, cerebral illnesses, 

and neurological conditions, it is possible to utilize nanomaterials like polyamide nanoparticles. 

Pharmacies must also look on alternative ways to satisfy customer requirements because the study 

and manufacturing of novel pharmaceuticals is costly as well as time-consuming (Abd Elkodous 

et al. 2019). 

Drug manufacturers can reformulated medications already on shelves thanks to fresh drug 

transport techniques. Nanoparticles plays a key role in creating medication delivery methods that 

can grow the pharmaceutical industry. Nanoparticles may be utilized to restructure current drugs, 

prolonging their useful life, improving the way they work, improving the acceptance of them 

through raising efficiency while and also boosting patient compliance and protection, therefore 

eventually lowering medical costs. Additionally, nanomaterials may improve the effectiveness of 

pharmaceuticals which come short of medical stage requirements. It offers delivery systems for 

drugs, and also therapy and management of persistent diseases like obesity, AIDS and HIV, and 

tumors (Naskar et al. 2019). 

16: Toxicology of silver nanomaterials:  

  AgNPs are particularly well like in a variety of products for consumers, economic therapy, 

and biological fields due to their distinctive chemical and physical properties, in addition to their 

wide range of sterilizing behavior. Yet, it is presently a lake of evidence related to the enhanced 

dangers related to our or other creatures contact with AgNPs or both temporary and long term 

harm. The potential harmful effects for AgNPs is explored under this area through viewpoints of 

poisonous methods the impact on ecological adjustment, as well as damaging in addition sub lethal 

results. AgNPs efficient production approaches for different needs should be driven by an 

extensive grasp their hazardous pathway beneath appropriate climate (Gupta et al. 2020). 

16.1: Toxicity mechanism:  

Multiple form of cells ,containing person tumors tissues cells, cells with the cancers  of the 

lungs, BRL3A rat cells of the liver ,the genome cell lines , in addition to multiple states species of 

animals, like rats pulmonary along with worms like are being utilized to evaluate the damaging 

effects with the AgNPs .Bioavailable Ag1 nanoparticles being majority to bla8.5.1 Toxicity 

mechanism of the poisoning . whenever Sulphur containing nutrients within the membranes of 
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plasma rat well as cells are attached to Ag1 particles ,the strengths that the cells barrier suffers , 

protein fragments get malfunctioning so that cell get excited (Chung et al. 2020). 

In addition, this was demonstrated that Ag1 particles communicate with chromosomes 

based partners that produce DNA damage as well as with a consequence, degrade chromatin. zebra 

fish   a marine with vivo framework stands out with the damaging impacts for Ag1 

particles .because of its distinctive features ,among them great reproduction ,fertilized egg 

accountability ,significant preserving mobile communication ,as well as energy expenditure ,zebra 

fish which have sparked a great deal of attention throughout ecological wellness and security 

evaluations. Whereas among the juvenile fish along zebra fish culture pupae, exchanges near the 

end of the gills are related with the damaging impact by Ag1 particles. Na1/K1-ATPase 

performance is blocked with Ag1 or Na1 as well as chlorine dioxide are compromised (Manzano 

et al. 2020).  

 

DIAGRAM: Toxicity induced by NPs 

Absorption that disrupts the equilibrium of osmotic forces while triggers heart attack and 

even kill them. AgNPs –induced neurotoxicity requires Nano architecture as conjunction with the 

impact of Ag1 particles .in stimulated tissues AgNPs may aggregate in the nucleus and particles 

and cause intrinsic stress due to oxidative stress. The rate of bioavailability of nanoparticles of Ag 

particularly is controlled by how they are absorbed across different paths of visibility heavily 

influences their possible effect. Primarily through ingesting absorbing from the epidermis and 

breathing are how nanomaterials penetrate a body (Anderson et al. 2019). 
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Tiny nanomaterials could get into the lower breathing system. Wistar mice who had been 

intratracheally injected with AgNPs displayed increased antioxidant damage to the lungs with 

abnormalities related to hormone network that works regulation suggestion that oxidative overload 

might be the main cause of causing the pulmonary immune system damage of the AgNP. 

Nanotechnology can enter within the GI track. Through intake of nourishment fluids or 

medications. Typically nanotechnology transit the gut or are quickly eliminated however changes 

in PH can encourage the collection of nanotechnology along the intestine. In addition caused by 

their physical characteristics including external ligands certain kinds of nanoparticles are capable 

of entering lymph node tissues across the gastrointestinal track (Sulaiman et al. 2020). 

 

DIAGRAM: Drug delivery of NPs 

Taking southern this fish (salmon scalar ) to simulate an ecological theory a new 

investigation discovered revealed hydrodynamic administration caused rich nickel measurement 

above the inside of the gills in addition feeding consumption caused significant level within the 

gastrointestinal track. These include among the biggest components in the body of an individual 

have identical the agriculture dispersion to those targeted regions. The outer layer of skin serves 

as a protective and homeostatic boundary by isolating the body from the outside world (Anderson 

et al. 2019). 
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According to a single investigation the gallbladder is the most vulnerable tissue for 

nanoparticle of aluminum access via food and aquatic contamination.it is important to remember 

that nanomaterials may reach into the body across the pores of the skin. In an artificially produced 

migration tissue structure, human pores showed a noticeable higher rate of permeability when 

injured skin was used in comparison to healthy skin. Thus summary AgNPs mediated negative 

effect entail neither electronic metal along with tinny metal nanoparticles, AgNPs may potentially 

function for a way the transporting particles inside tissue enhancing overall penetrability with 

accessibility of Ag1 ions inn tissue and individual. The physical and chemical characteristics 

associated with the object including its size from and exterior qualities plus the submerge Ag1 

particles, must be took carefully when evaluating the efficacy residing in NPs (Sharma et al. 2019) 

CONCLUSION:  

As a result, therapeutic potential of NPs with reference to drug delivery system and toxicity 

for fluorouracil and nitrosourea is recounted by different theory methods and density functional 

theory. Both fluorouracil and nitrosourea association with NPs electron rich cavity method. 

Various electronic and structural parameters demonstrated that different drugs have beneficial 

adsorption impact on surface.  

 

DIAGRAM: Progressing of Nano science in different fields of science 
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For future work following recommendations are very significant. The synthesis of NPs 

may be switched to green synthesis method instead of conventionally used chemical synthesis. 

There is need to identify more and more plant species which would be capable off synthesis of 

various types of NPs. In this context, investigations involving many more species may be initiated. 

The toxic profile may be tested for all green synthesized NPs. The green synthesized nano particles 

may be tested for their industrial as well as biomedical applications to evaluate their efficacy. It 

may be predicted that green efficient for a number of pathogenic bacteria as well as against rapidly 

profiling cancer cells. Future research may include the green synthesized NPs as most promising 

candidate in disease combating and diagnostic research.  Molecular activity and mechanism of the 

green synthesized should be evaluated with details, which can further open new horizon of their 

applications in broilers. There are several concerns including acute and chronic toxicity studies, 

immunogenicity, pharmacokinetics, pharmacodynamics, biodegradability, biodistribution, 

clearance, NPs diffusion, uptake, scalable industrial production and disease targeting ability that 

are yet to be addressed in detail before the clinical applications of NPs. 

ACKNOWLEDGEMENT: 

                      I would like to express my sincere gratitude to my dedicated managing 

director Mr. Qamar ul Ikram and Principal Mr. Irfan Shafqat Javed for his valuable 

suggestions, keen interest, guidance and inspiring attitude during my research project, and writing 

of this manuscript. I gratefully acknowledge invaluable help rendered by Mr. Qasir Abdullah, 

Mr. Zahid Ali, Mr. Abdul Waheed, and Asma Perveen for guiding me at every step of the 

research work. He gave me time and helped me at every step in an effective development and 

conductance of research. I am honored to express my deepest sense of gratitude and profound 

indebtedness to all Aspire faculty for helping me to fulfill my research work. They combine 

arrange of skills and experience, vision and commitment that are unequalled anywhere in the world.  

REFERENCES: 

Abd Elkodous M, El-Sayyad GS, Abdelrahman IY, El-Bastawisy HS, Mosallam FM, Nasser HA, 

Gobara M, Baraka A, Elsayed MA and El-Batal AI. 2019. Therapeutic and diagnostic 

potential of nanomaterials for enhanced biomedical applications. Colloids and Surfaces B: 

Biointerfaces. 180: 411-428. 

Ahsan A and Farooq MA. 2019. Therapeutic potential of green synthesized silver nanoparticles 

loaded PVA hydrogel patches for wound healing. Journal of Drug Delivery Science and 

Technology. 54: 101308. 

GSJ: Volume 11, Issue 4, April 2023 
ISSN 2320-9186 1430

GSJ© 2023 
www.globalscientificjournal.com



 

Amina SJ and Guo B. 2020. A review on the synthesis and functionalization of gold nanoparticles 

as a drug delivery vehicle. International journal of nanomedicine. 9823-9857. 

Anderson SD, Gwenin VV and Gwenin CD. 2019. Magnetic functionalized nanoparticles for 

biomedical, drug delivery and imaging applications. Nanoscale research letters. 14(1): 1-

16. 

Avval ZM, Malekpour L, Raeisi F, Babapoor A, Mousavi SM, Hashemi SA and Salari M. 2020. 

Introduction of magnetic and supermagnetic nanoparticles in new approach of targeting 

drug delivery and cancer therapy application. Drug metabolism reviews. 52(1): 157-184. 

Bai X, Wang Y, Song Z, Feng Y, Chen Y, Zhang D and Feng L. 2020. The basic properties of 

gold nanoparticles and their applications in tumor diagnosis and treatment. International 

journal of molecular sciences. 21(7): 2480. 

Bruna T, Maldonado-Bravo F, Jara P and Caro N. 2021. Silver nanoparticles and their antibacterial 

applications. International Journal of Molecular Sciences. 22(13): 7202. 

Chandra H, Kumari P, Bontempi E and Yadav S. 2020. Medicinal plants: Treasure trove for green 

synthesis of metallic nanoparticles and their biomedical applications. Biocatalysis and 

Agricultural Biotechnology. 24: 101518. 

Chavali MS and Nikolova MP. 2019. Metal oxide nanoparticles and their applications in 

nanotechnology. SN applied sciences. 1(6): 607. 

Chung CH, Jung W, Keum H, Kim TW and Jon S. 2020. Nanoparticles derived from the natural 

antioxidant rosmarinic acid ameliorate acute inflammatory bowel disease. ACS nano. 14(6): 

6887-6896. 

Dhall A and Self W. 2018. Cerium oxide nanoparticles: a brief review of their synthesis methods 

and biomedical applications. Antioxidants. 7(8): 97. 

Dong B-X, Yang H-Y, Qiu F, Li Q, Shu S-L, Zhang B-Q and Jiang Q-C. 2019. Design of TiCx 

nanoparticles and their morphology manipulating mechanisms by stoichiometric ratios: 

Experiment and first-principle calculation. Materials & Design. 181: 107951. 

Ealia SAM and Saravanakumar M (2017). A review on the classification, characterisation, 

synthesis of nanoparticles and their application. In IOP conference series: materials 

science and engineering, Vol. 263 pp. 032019. IOP Publishing. 

Fahimirad S, Ajalloueian F and Ghorbanpour M. 2019. Synthesis and therapeutic potential of 

silver nanomaterials derived from plant extracts. Ecotoxicology and environmental safety. 

168: 260-278. 

GSJ: Volume 11, Issue 4, April 2023 
ISSN 2320-9186 1431

GSJ© 2023 
www.globalscientificjournal.com



 

Gamboa SM, Rojas E, Martínez V and Vega-Baudrit J. 2019. Synthesis and characterization of 

silver nanoparticles and their application as an antibacterial agent. Int. J. Biosen. 

Bioelectron. 5: 166-173. 

Ghaffari S-B, Sarrafzadeh M-H, Salami M and Khorramizadeh MR. 2020. A pH-sensitive delivery 

system based on N-succinyl chitosan-ZnO nanoparticles for improving antibacterial and 

anticancer activities of curcumin. International journal of biological macromolecules. 151: 

428-440. 

Gul AR, Shaheen F, Rafique R, Bal J, Waseem S and Park TJ. 2021. Grass-mediated biogenic 

synthesis of silver nanoparticles and their drug delivery evaluation: A biocompatible anti-

cancer therapy. Chemical Engineering Journal. 407: 127202. 

Gupta T, Singh J, Kaur S, Sandhu S, Singh G and Kaur IP. 2020. Enhancing bioavailability and 

stability of curcumin using solid lipid nanoparticles (CLEN): A covenant for its 

effectiveness. Frontiers in bioengineering and biotechnology. 8: 879. 

Hazarika M, Borah D, Bora P, Silva AR and Das P. 2017. Biogenic synthesis of palladium 

nanoparticles and their applications as catalyst and antimicrobial agent. PLoS One. 12(9): 

e0184936. 

He Y, Li X, Zheng Y, Wang Z, Ma Z, Yang Q, Yao B, Zhao Y and Zhang H. 2018. A green 

approach for synthesizing silver nanoparticles, and their antibacterial and cytotoxic 

activities. New Journal of Chemistry. 42(4): 2882-2888. 

Hoseinnejad M, Jafari SM and Katouzian I. 2018. Inorganic and metal nanoparticles and their 

antimicrobial activity in food packaging applications. Critical reviews in microbiology. 

44(2): 161-181. 

Husain S, Afreen S, Yasin D, Afzal B and Fatma T. 2019. Cyanobacteria as a bioreactor for 

synthesis of silver nanoparticles-an effect of different reaction conditions on the size of 

nanoparticles and their dye decolorization ability. Journal of microbiological methods. 162: 

77-82. 

Ikram M, Javed B and Raja NI. 2021. Biomedical potential of plant-based selenium nanoparticles: 

a comprehensive review on therapeutic and mechanistic aspects. International Journal of 

Nanomedicine. 16: 249. 

Iravani S and Varma RS. 2020. Greener synthesis of lignin nanoparticles and their applications. 

Green Chemistry. 22(3): 612-636. 

GSJ: Volume 11, Issue 4, April 2023 
ISSN 2320-9186 1432

GSJ© 2023 
www.globalscientificjournal.com



 

Jain S and Mehata MS. 2017. Medicinal plant leaf extract and pure flavonoid mediated green 

synthesis of silver nanoparticles and their enhanced antibacterial property. Scientific 

reports. 7(1): 15867. 

Khan MA, Ali F, Faisal S, Rizwan M, Hussain Z, Zaman N, Afsheen Z, Uddin MN and Bibi N. 

2021. Exploring the therapeutic potential of Hibiscus rosa sinensis synthesized cobalt oxide 

(Co3O4-NPs) and magnesium oxide nanoparticles (MgO-NPs). Saudi Journal of 

Biological Sciences. 28(9): 5157-5167. 

Khandel P, Yadaw RK, Soni DK, Kanwar L and Shahi SK. 2018. Biogenesis of metal 

nanoparticles and their pharmacological applications: present status and application 

prospects. Journal of Nanostructure in Chemistry. 8: 217-254. 

Kolosnjaj-Tabi J, Gibot L, Fourquaux I, Golzio M and Rols M-P. 2019. Electric field-responsive 

nanoparticles and electric fields: physical, chemical, biological mechanisms and 

therapeutic prospects. Advanced drug delivery reviews. 138: 56-67. 

Lee SWL, Paoletti C, Campisi M, Osaki T, Adriani G, Kamm RD, Mattu C and Chiono V. 2019. 

MicroRNA delivery through nanoparticles. Journal of Controlled Release. 313: 80-95. 

Li Z, Li X, Zong Y, Tan G, Sun Y, Lan Y, He M, Ren Z and Zheng X. 2017. Solvothermal 

synthesis of nitrogen-doped graphene decorated by superparamagnetic Fe3O4 

nanoparticles and their applications as enhanced synergistic microwave absorbers. Carbon. 

115: 493-502. 

Maddinedi SB, Mandal BK and Anna KK. 2017. Tyrosine assisted size controlled synthesis of 

silver nanoparticles and their catalytic, in-vitro cytotoxicity evaluation. Environmental 

Toxicology and Pharmacology. 51: 23-29. 

Mahdavi B, Saneei S, Qorbani M, Zhaleh M, Zangeneh A, Zangeneh MM, Pirabbasi E, Abbasi N 

and Ghaneialvar H. 2019. Ziziphora clinopodioides Lam leaves aqueous extract mediated 

synthesis of zinc nanoparticles and their antibacterial, antifungal, cytotoxicity, antioxidant, 

and cutaneous wound healing properties under in vitro and in vivo conditions. Applied 

Organometallic Chemistry. 33(11): e5164. 

Majeed S, Danish M, Mohamad Ibrahim MN, Sekeri SH, Ansari MT, Nanda A and Ahmad G. 

2021. Bacteria mediated synthesis of iron oxide nanoparticles and their antibacterial, 

antioxidant, cytocompatibility properties. Journal of Cluster Science. 32: 1083-1094. 

Manmode AS, Sakarkar DM and Mahajan NM. 2009. Nanoparticles-tremendous therapeutic 

potential: a review. International Journal of PharmTech Research. 1(4): 1020-1027. 

GSJ: Volume 11, Issue 4, April 2023 
ISSN 2320-9186 1433

GSJ© 2023 
www.globalscientificjournal.com



 

Manzano M and Vallet‐Regí M. 2020. Mesoporous silica nanoparticles for drug delivery. 

Advanced functional materials. 30(2): 1902634. 

Muniandy SS, Kaus NHM, Jiang Z-T, Altarawneh M and Lee HL. 2017. Green synthesis of 

mesoporous anatase TiO 2 nanoparticles and their photocatalytic activities. RSC advances. 

7(76): 48083-48094. 

Narayana A, Bhat SA, Fathima A, Lokesh S, Surya SG and Yelamaggad C. 2020. Green and low-

cost synthesis of zinc oxide nanoparticles and their application in transistor-based carbon 

monoxide sensing. RSC advances. 10(23): 13532-13542. 

Naskar S, Kuotsu K and Sharma S. 2019. Chitosan-based nanoparticles as drug delivery systems: 

a review on two decades of research. Journal of drug targeting. 27(4): 379-393. 

Paris JL, Villaverde G, Gómez-Graña S and Vallet-Regí M. 2020. Nanoparticles for multimodal 

antivascular therapeutics: Dual drug release, photothermal and photodynamic therapy. 

Acta biomaterialia. 101: 459-468. 

Rafique M, Sadaf I, Rafique MS and Tahir MB. 2017. A review on green synthesis of silver 

nanoparticles and their applications. Artificial cells, nanomedicine, and biotechnology. 

45(7): 1272-1291. 

Ramasamy M, Lee J-H and Lee J. 2017. Direct one-pot synthesis of cinnamaldehyde immobilized 

on gold nanoparticles and their antibiofilm properties. Colloids and Surfaces B: 

Biointerfaces. 160: 639-648. 

Sadhukhan P, Kundu M, Chatterjee S, Ghosh N, Manna P, Das J and Sil PC. 2019. Targeted 

delivery of quercetin via pH-responsive zinc oxide nanoparticles for breast cancer therapy. 

Materials science and engineering: C. 100: 129-140. 

Saha J, Begum A, Mukherjee A and Kumar S. 2017. A novel green synthesis of silver nanoparticles 

and their catalytic action in reduction of Methylene Blue dye. Sustainable Environment 

Research. 27(5): 245-250. 

Sahu T, Ratre YK, Chauhan S, Bhaskar L, Nair MP and Verma HK. 2021. Nanotechnology based 

drug delivery system: Current strategies and emerging therapeutic potential for medical 

science. Journal of Drug Delivery Science and Technology. 63: 102487. 

Salehi B, Machin L, Monzote L, Sharifi-Rad J, Ezzat SM, Salem MA, Merghany RM, El Mahdy 

NM, Kılıç CS and Sytar O. 2020. Therapeutic potential of quercetin: New insights and 

perspectives for human health. Acs Omega. 5(20): 11849-11872. 

GSJ: Volume 11, Issue 4, April 2023 
ISSN 2320-9186 1434

GSJ© 2023 
www.globalscientificjournal.com



 

Salem SS and Fouda A. 2021. Green synthesis of metallic nanoparticles and their prospective 

biotechnological applications: an overview. Biological trace element research. 199: 344-

370. 

Shaikh S, Nazam N, Rizvi SMD, Ahmad K, Baig MH, Lee EJ and Choi I. 2019. Mechanistic 

insights into the antimicrobial actions of metallic nanoparticles and their implications for 

multidrug resistance. International journal of molecular sciences. 20(10): 2468. 

Sharma V, Kaushik S, Pandit P, Dhull D, Yadav JP and Kaushik S. 2019. Green synthesis of silver 

nanoparticles from medicinal plants and evaluation of their antiviral potential against 

chikungunya virus. Applied microbiology and biotechnology. 103: 881-891. 

Siddiqi KS and Husen A. 2020. Current status of plant metabolite-based fabrication of 

copper/copper oxide nanoparticles and their applications: a review. Biomaterials Research. 

24(1): 1-15. 

Siddiqi KS, Husen A and Rao RA. 2018. A review on biosynthesis of silver nanoparticles and their 

biocidal properties. Journal of nanobiotechnology. 16(1): 1-28. 

Siddique S and Chow JC. 2020. Gold nanoparticles for drug delivery and cancer therapy. Applied 

Sciences. 10(11): 3824. 

Suchomel P, Kvitek L, Prucek R, Panacek A, Halder A, Vajda S and Zboril R. 2018. Simple size-

controlled synthesis of Au nanoparticles and their size-dependent catalytic activity. 

Scientific reports. 8(1): 4589. 

Sulaiman GM, Waheeb HM, Jabir MS, Khazaal SH, Dewir YH and Naidoo Y. 2020. Hesperidin 

loaded on gold nanoparticles as a drug delivery system for a successful biocompatible, anti-

cancer, anti-inflammatory and phagocytosis inducer model. Scientific reports. 10(1): 9362. 

Tejeda-Serrano M, Cabrero-Antonino JR, Mainar-Ruiz V, López-Haro M, Hernández-Garrido JC, 
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