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Abstract

In future, the biogenic– biosynthesis MNPs have wide perspective synthesis in healthcare, sustainable and renewable energy and 
other commercial products. MNPs produced by nanotechnology have received global attention due to their extensive applications in 
the biomedical and physiochemical fields. Biomolecules present in live plants, plant extracts and microorganisms such as: bacteria, 
fungi, seaweeds, actinomycetes, algae and microalgae can be used to reduce metal ions to MNPs in a single-step and green synthesis 
process. Biological green synthesis of MNPs has been always beneficial, more economical, energy efficient and eco-friendly approach, 
which is free of toxic contaminates as required in therapeutic applications. The biosynthesis reduction of metal ion to base metal is 
quite rapid, readily conducted at room temperature, pressure and easily scaled up. 

The reducing agents involved include the various water-soluble plant metabolites (e.g. alkaloids, phenolic compounds, terpenoids, 
flavonoids, saponins, steroids, tannins and other nutritional compounds) and co-enzymes. The polysaccharides, proteins and lipids 
present in the algal membranes act as capping agents and thus limit the use of non-biodegradable commercial surfactants, which are 
difficult to remove after the synthesis of MNPs. Metallic nanoparticles viz. cobalt, copper, silver, gold, platinum, zirconium, palladium, 
iron, cadmium and metal oxides such as titanium oxide, zinc oxide, magnetite, etc. have been the particular focus of green biosynthe-
sis. Here we review the methods of making MNPs using plants extracts and microorganisms. Methods of particle characterization, 
biomedical and environmental applications of MNPs are reviewed. In the near future, the application of clean, non-toxic, and eco-
friendly nanostructured material will be possible in industry and biomedicine.
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Introduction
Nanobiotechnology, bionanotechnology, and nanobiology are terms that have emerged in reference to the combination of nanotech-

nology and biology. Through the convergence of these disciplines, the production of metallic nanoparticles (MNPs) using biological mate-
rial as reducing agents is rapidly progressing. Nanotechnology has become one of the most important technologies in all areas of science. 
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The field of nanotechnology has proved to be one of the most active areas of research [6-14], mainly encompasses with biology, 
physics, chemistry and material sciences and it develops novel therapeutic nanosized materials for biomedical and pharmaceutical ap-
plications.

A Japanese researcher, Norio Taniguchi, first introduced Nanotechnology [15]. Over time, the application of this science became 
common in various fields such as material sciences, electronics, and biotechnology [16-19]. Nanoparticles are of great scientific interest 
as they bridge the gap between bulk materials and atomic or molecular structures [20]. Among various nanoparticles, metal nanopar-
ticles are the most promising ones and this is due to their anti-bacterial properties which, occurs because of the high surface to volume 
ratio. Change in the size or surface of the composition can change the physical and chemical properties of the nanoparticles [21,22]. In 
recent decades, the application of metal nanoparticles is very common due to their wide applications in various industries [23]. 

By reaching nanoparticles size in a certain range (1–100 nm), their physical, chemical and electrical properties will change. These 
properties depend on silver nanoparticles size and characteristics such as melting temperature, magnetic behavior, redox potential and 
their color can be controlled by changing their size and shapes [24]. In recent years silver nanoparticles have attracted a lot of attentions 
due to their good conductivity, chemical stability, use as catalysts [25] and their applications in various industries including the medical 
sciences, in order to deal with HIV virus, food industries as anti-bacterial agents in food packing [26], anti-bacterial properties [27] and 
also their unique electrical and optical qualities [28,29].
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It relies on the synthesis and modulation of nanoparticles, which requires significant modifications of the properties of metals [1]. 
Nanomaterials have in fact been used unknowingly for thousands of years; for example, gold nanoparticles that were used to stain 
drinking glasses also cured certain diseases. Scientists have been progressively able to observe the shape- and size-dependent physio-
chemical properties of nanoparticles by using advanced techniques. Recently, the diverse applications of metal nanoparticles have been 
explored in biomedical, agricultural, environmental, and physiochemical areas (Figure1) [1–5]. 

Figure 1: Biological Synthesis and Applications of Metal 

Nanoparticles in Biomedical and Environmental Fields.



386

Biogenic– Biosynthesis Metallic Nanoparticles (MNPs) for Pharmacological, Biomedical and Environmental 
Nanobiotechnological Applications

Citation: Loutfy H Madkour. “Biogenic– Biosynthesis Metallic Nanoparticles (MNPs) for Pharmacological, Biomedical and Environ-
mental Nanobiotechnological Applications”. Chronicles of Pharmaceutical Science 2.1 (2018): 384-444.

Nanotechnology is a rapidly growing field of science, which is particularly interesting for researchers since the early 90s of the last 
century. This area has become an integral part of modern technology [30]. Nanotechnology is said to be a “key technology of the 21st 
century”, which is the result of its interdisciplinary nature [31]. Because nanotechnology is still evolving, there doesn’t seem to be any 
one definition that everybody agrees on. We know that nano deals with matter on a very small scale - larger than atoms and molecules, 
but smaller than a breadcrumb. We know that matter at the nano scale can behave differently than bulk matter. Beyond that, different 
individuals and groups focus on different aspects of nanotechnology as a discipline. Here are a few definitions of what nanotechnology 
is for your consideration.

Pinning down a definition of nanotechnology

•	 Nanotechnology is the study and use of structures between 1 nanometer (nm) and 100 nanometers in size.
•	 This is probably the most barebones and generally agreed upon definition of nanotechnology. To put these measurements in per-

spective, compare your one meter (about three feet three inches) high hall table to a nanometer. You would have to stack one billion 
nanometer-sized particles on top of each other to reach the height of your hall table. Another popular comparison is that you can 
fit about 80,000 nanometers in the width of a single human hair.

•	 The word nano is a scientific prefix that stands for 10-9 or one-billionth; the word itself comes from the Greek word nanos, mean-
ing dwarf.

•	 “Structures, devices, and systems having novel properties and functions due to the arrangement of their atoms on the 1 to 100 
nanometer scale. Many fields of endeavor contribute to nanotechnology, including molecular physics, materials science, chemistry, 
biology, computer science, electrical engineering, and mechanical engineering.”

•	 This definition from The Foresight Institute adds a mention of the various fields of science that come into play with nanotechnol-
ogy.

•	 “Nanotechnology is the study of phenomena and fine-tuning of materials at atomic, molecular and macromolecular scales, where 
properties differ significantly from those at a larger scale. Products based on nanotechnology are already in use and analysts ex-
pect markets to grow by hundreds of billions of euros during this decade.” The European Commission offers this definition of what 
nanotechnology is, which both repeats the fact mentioned in the previous definition that materials at the nanoscale have novel 
properties, and positions nano vis-a-vis its potential in the economic marketplace.

•	 “Nanotechnology is the understanding and control of matter at dimensions between approximately 1 and 100 nanometers, where 
unique phenomena enable novel applications. Encompassing nanoscale science, engineering, and technology, nanotechnology in-
volves imaging, measuring, modeling, and manipulating matter at this length scale.”

•	 This definition from the National Nanotechnology Initiative adds the fact that nanotechnology involves certain activities, such as 
measuring and manipulating nanoscale matter.

•	 “[Nanotechnology is] an upcoming economic, business, and social phenomenon. Nano-advocates argue it will revolutionize the 
way we live, work and communicate.” This last is taken from a definition of nanotechnology by Thomas Thesis, director of physical 
sciences at the IBM Watson Research Center. It offers a broader and interesting perspective of the role and value of nanotechnology 
in our world. (Excerpted from Nanotechnology for Dummies (2nd edition), from Wiley Publishing).

The Nanotechnology Debate

Nanotechnology deals with the production and usage of material with nanoscale dimension. There are many different points of view 
about the nanotechnology. These differences start with the definition of nanotechnology. Some define it as any activity that involves ma-
nipulating materials between one nanometer and 100 nanometers. However the original definition of nanotechnology involved build-
ing machines at the molecular scale and involves the manipulation of materials on an atomic (about two-tenths of a nanometer) scale.

The debate continues with varying opinions about exactly what nanotechnology can achieve. Some researchers believe nanotech-
nology can be used to significantly extend the human lifespan or produce replicator-like devices that can create almost anything from 
simple raw materials. Others see nanotechnology only as a tool to help us do what we do now, but faster or better.
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The third major area of debate concerns the timeframe of nanotechnology-related advances. Will nanotechnology have a signifi-
cant impact on our day-to-day lives in a decade or two, or will many of these promised advances take considerably longer to become 
realities? Finally, all the opinions about what nanotechnology can help us achieve echo with ethical challenges. If nanotechnology helps 
us to increase our lifespans or produce manufactured goods from inexpensive raw materials, what is the moral imperative about mak-
ing such technology available to all? Is there sufficient understanding or regulation of nanotech based materials to minimize possible 
harm to us or our environment? Only time will tell how nanotechnology will affect our lives.

The ability to see nano-sized materials has opened up a world of possibilities in a variety of industries and scientific endeavors. 
Because nanotechnology is essentially a set of techniques that allow manipulation of properties at a very small scale, it can have many 
applications, such as the ones listed below. 

Drug delivery (medicine.html). Today, most harmful side effects of treatments such as chemotherapy are a result of drug delivery 
methods that don’t pinpoint their intended target cells accurately. Researchers at Harvard and MIT [32] (http://www.rsc.org/chem-
istryworld/News/2006/April/11040601.asp) have been able to attach special RNA strands, measuring about 10 nm in diameter, to 
nanoparticles and fill the nanoparticles with a chemotherapy drug. These RNA strands are attracted to cancer cells. When the nanopar-
ticle encounters a cancer cell it adheres to it and releases the drug into the cancer cell. This directed method of drug delivery has great 
potential for treating cancer patients while producing less side harmful effects than those produced by conventional chemotherapy.

Fabrics (fabrics.html). The properties of familiar materials are being changed by manufacturers who are adding nanosized compo-
nents to conventional materials to improve performance. For example, some clothing manufacturers are making water and stain repel-
lent clothing using nano-sized whiskers (http://www.sciencentral.com/articles/view.php3?article_id=218392126&language=english) 
in the fabric that cause water to bead up on the surface.

Reactivity of Materials. The properties of many conventional materials change when formed as nano-sized particles (nanopar-
ticles). This is generally because nanoparticles have a greater surface area per weight than larger particles; they are therefore more re-
active to some other molecules. For example studies have shown that nanoparticles of iron can be effective in the cleanup of chemicals 
in groundwater (nanoparicles-iron-water-pollution-cleanup.html) because they react more efficiently to those chemicals than larger 
iron particles. Strength of Materials. Nano-sized particles of carbon, (for example nanotubes and bucky balls) are extremely strong. 

Nanotubes and Bucky balls are composed of only carbon and their strength comes from special characteristics of the bonds be-
tween carbon atoms. One proposed application that illustrates the strength of nanosized particles of carbon is the manufacture of 
t-shirt weight bullet proof vests made out of carbon nanotubes (http://www.nanowerk.com/spotlight/spotid=1054.php) [33]. Micro/
Nano Electromechanically Systems (mems.html). The ability to create gears, mirrors, sensor elements, as well as electronic circuitry 
in silicon surfaces allows the manufacture of miniature sensors such as those used to activate the airbags in your car. This technique 
is called MEMS (Micro-Electromechanically Systems). The MEMS technique results in close integration of the mechanical mechanism 
with the necessary electronic circuit on a single silicon chip, similar to the method used to produce computer chips. Using MEMS to 
produce a device reduces both the cost and size of the product, compared to similar devices made with conventional methods. MEMS is 
a stepping stone to NEMS or Nano-Electro Mechanical Systems. NEMS products are being made by a few companies, and will take over 
as the standard once manufacturers make the investment in the equipment needed to produce nano-sized features. 

Molecular Manufacturing (molecular-manufacturing.html). If you’re a Star Trek fan, you remember the replicator, a device that 
could produce anything from a space age guitar to a cup of Earl Grey tea. Your favorite character just programmed the replicator, and 
whatever he or she wanted appeared. Researchers are working on developing a method called molecular manufacturing that may 
someday make the Star Trek replicator a reality. The gadget these folks envision is called a molecular fabricator; this device would use 

Nanotechnology Applications

http://www.rsc.org/chemistryworld/News/2006/April/11040601.asp
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Nanotechnology is rapidly growing by producing nanoproducts and nanoparticles (NPs) that can have novel and size-related physi-
co-chemical properties differing significantly from larger matter [34]. The novel properties of NPs have been exploited in a wide range 
of potential applications in medicine, cosmetics, renewable energies, environmental remediation and biomedical devices [35–37]. 
Nanoscience is a new interdisciplinary subject that depends on the fundamental properties of nanosize objects [38,39].

Nanoparticles possess wondrous optical, electronic, magnetic, and catalytic properties than the bulk material owing to their high 
surface area to volume ratio [40,41]. Metal nanoparticles like silver and gold show different colors due to their Surface Plasmon Reso-
nance (SPR) phenomenon. It is a collective oscillation of free electrons of the metal nanoparticles in resonance with the frequency of 
the light wave interactions causing the SPR band to appear in the visible and infrared region [42]. 

Nanotechnology is an important field of modern research dealing with synthesis, strategy and manipulation of particle’s structure 
ranging from approximately 1 to 100 nm in size. Within this size range all the properties (chemical, physical and biological) changes 
in fundamental ways of both individual atoms/molecules and their corresponding bulk. Novel applications of nanoparticles and nano-
materials are growing rapidly on various fronts due to their completely new or enhanced properties based on size, their distribution 
and morphology. It is swiftly gaining renovation in a large number of fields such as health care, cosmetics, biomedical, food and feed, 
drug-gene delivery, environment, health, mechanics, optics, chemical industries, electronics, space industries, energy science, catalysis, 
light emitters, single electron transistors, nonlinear optical devices and photo-electrochemical applications. Tremendous growth in 
these expanding technologies had opened applied frontiers and novel fundamentals.

In the past decade there has been a marked increase in the field of fabrication of nanoparticles with controlled morphologies 
and remarkable features making it an extensive area of research. The synthesis of nanoparticles (NPs) with control over particle size, 
shape and crystalline nature has been one of the main objectives in chemistry that could be used for potential applications, such as 
bio-medical, biosensor, catalyst for bacterial biotoxin elimination and lower cost electrode [43-45]. 

The nanoparticles (NPs) having at least one dimension less than 100 nm such as nanosheets, nanotubes and nanowires have gained 
much attention because of their promising applications [46-48]. Other than their unique physical and chemical properties, NPs act as 
a bridge between bulk materials and atomic or molecular structures. Therefore, they are good candidate for applications including 
medical, catalysis, electrochemistry, biotechnology, and trace-substance detection [49-52].

In other words, we can say that nanoparticles are the collection of atoms bonded together with a structural radius of less than 100 
nm. A nanoparticle is the most essential component in the creation of a nanostructure, and is far smaller than the world of everyday 
objects that are described by Newton’s laws of motion, but bigger than an atom or a simple molecule that are governed by quantum 
mechanics.

Nanoparticles are very ordinary in nature - for instance, proteins exist in almost all biological Systems. These can include, e.g., 
fullerenes, metal clusters, large molecules, such as proteins, and even hydrogen-bonded assemblies of water molecules which exist in 
water at ambient temperatures. Nanomaterials are increasingly becoming a part of our daily lives. They are characterized by new prop-
erties that do not accompany to their counterparts existing at the macro scale. Therefore, nanomaterials are used in innovative prod-
ucts and processes [53]. According to the recommendations of the European Commission 2011/696/EU, nanoparticles (also called 
nanocrystals or nanopowders) are defined as “natural, randomly created or manufactured materials containing particles in a free state 
or as and aggregate or agglomerate, wherein at least 50% of the particles has one or more dimensions in the range 1−100 nm. In certain 
cases, justified on grounds of environmental protection, health, safety or competitiveness, one can take a value between 1−50 percent”. 

Nanoparticles NPs and their applications 

tiny manipulators to position atoms and molecules to build an object as complex as a desktop computer. Researchers believe that raw 
materials can be used to reproduce almost any inanimate object using this method.
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The recommendation 2011/696/EU also states that: “Where technically feasible and requested in specific legislation, compliance 
with definition may be determined on the basis of the specific surface area by volume. A material falls under the definition if its specific 
surface area by volume is greater than 60 m2 cm-3” [54].The vast majority of manufactured nanomaterials are available in different 
shapes and sizes. It is expected that their use will significantly increase in the next decade. Currently, nanomaterials are produced in the 
hundreds of thousands of tons. They are used in a variety of products, including consumer electronics, automobiles, aerospace, sporting 
goods, household, hygiene, construction and medical. According to a statement issued by the European Commission, the global amount 
of manufactured nanomaterials is close to 11.5 million of tones, which is equivalent to their market value reaching 20 billion per year 
(this estimate also applies to soot and amorphous silica). It is estimated that the current global market for nanomaterials is from 300 
000 tons up to 1.6 million tons. The Asian region accounts for largest market share (approx. 34%), followed by North America (approx. 
31%) and Europe (approx. 30%). Table 1 includes market for nanomaterials - global production in 2014 [53]. 

Production Nanoparticles Minimum global 
production volume [tons]

Maximum global 
production volume [tons]

High volume production Titanium dioxide 60,000 150,00
Zinc oxide 32,000 36,00
Silicon dioxide 185,000 1,400,000
Aluminium oxide 5,000 10,100
Carbon Nanotubes 1,550 1,950
Nanoclays 25,000 51,000
Cerium oxide 880 1,400

Low volume production Quantum dots 4.5 9
Antimony tin oxide 120 225
Copper oxide 290 570
Silver 135 420
Nanocellulose 400 1,350
Bismuth oxide 35 55
Cobalt oxide 5 <10
Dendrimers 0.3 1.25
Fullerenes & POSS 40 100
Graphene 60 80
Gold 1 3
Iron oxide 9 45
Magnesium oxide 15 30
Manganese oxide 2 3.5
Nickel 5 20
Zirconium oxide 80 300

Table 1: Market for nanomaterials - global production in 2014 [53].



390

Citation: Loutfy H Madkour. “Biogenic– Biosynthesis Metallic Nanoparticles (MNPs) for Pharmacological, Biomedical and Environ-
mental Nanobiotechnological Applications”. Chronicles of Pharmaceutical Science 2.1 (2018): 384-444.

Biogenic– Biosynthesis Metallic Nanoparticles (MNPs) for Pharmacological, Biomedical and Environmental 
Nanobiotechnological Applications

The biogenic syntheses of monodispersed nanoparticles with specific sizes and shapes have been a challenge in biomaterial sci-
ence. Also, it has created remarkable advantages in the pharmacological industry to cure various bacterial and viral diseases [56]. 
Biosynthesis methods have more compensation over other classical synthesis procedures due to the availability of more biological 
entities and eco-friendly procedures. The rich biodiversity and easy availability of plant entities have been highly explored for the 
nanomaterials synthesis [57]. Recently, the biosynthesis of nanosized particles, wires, flowers, tubes was reported successfully. These 
biological synthesized nanomaterials have potential applications in different areas such as treatment, diagnosis, development surgical 
nanodevices and commercial product manufacturing [58]. Nanomedicine makes a huge impact in healthcare sector in treating various 
chronic diseases. Hence, eco-friendly synthesis of nanoparticles is considered as building blocks of the forthcoming generations to 
control various diseases [59]. Plant crude extract contains novel secondary metabolites such as phenolic acid, flavonoids, alkaloids and 
terpenoids in which these compounds are mainly responsible for the reduction of ionic into bulk metallic nanoparticles formation [60]. 
These primary and secondary metabolites are constantly involved in the redox reaction to synthesize eco-friendly nanosized particles. 

According to the definition, NPs occur naturally or can be prepared intentionally. The latter group is divided into the following 
categories [53]:

Production of nanomaterials may be carried out by three types of methods: 

Nanoparticle has multifunctional properties and very interesting applications in various fields such as medicine, nutrition and 
energy [55]. Figure 2 shows the general applications of metal nanoparticles in biological field. 

1.	 Non-metallic inorganic nanoparticles (TiO2, SiO2, ZnO, Al (OH)3, Fe2O3, Fe3O4, CeO2, ZrO2, CaO, ITO, ATO)
2.	 Metals and metal alloys (Au, Ag, Pt, Pd, Cu, Fe, Ni, Co, Al, Mn, Mo)
3.	 Nanomaterials based on carbon (fullerenes, carbon nanotubes, carbon nanofibers, graphene)
4.	 Nanopolymers and dendrimers (polymeric nanoparticles, polymer nanotubes, nanowires and nanorods, nanocellulose,                             

nanostructured polymer films) 
5.	 Quantum dots (cadmium telluride, cadmium selenide, quantum dots free of cadmium).

1.	 Biological (production of nanoparticles by microorganisms),
2.	 Chemical (e.g. chemical vapour deposition CVD, chemical reduction), 
3.	 Physical (e.g. physical vapour deposition, PVD, production of thin films).

Figure 2: Types of metal nanoparticles and their applications in biotechnology.
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Many previous reports are demonstrating that biosynthesized nanoparticle effectively controlled oxidative stress, genotoxicity and 
apoptosis related changes [61]. Additionally, nanoparticles have broad application in agriculture industry and plant sciences. For in-
stance, the nanoparticle using bioprocessing technology converts the agricultural and food wastes into energy and useful by-products. 
Based on that, the review focused on biosynthesized metallic nanoparticles from plant derivatives and its application in medical and 
commercial sectors including waste water treatment, cosmetics and food industry.

Elements: You will find an extensive range of element nanopowders under one roof that is Mk nano. We have aluminum, boron, carbon, 
cobalt, iron, gold, tin, titanium, etc.you name it, and we have it.

Gold: Gold nanoparticles (AuNPs) are used in immunochemical studies for identification of protein interactions. They are used as lab 
tracer in DNA fingerprinting to detect presence of DNA in a sample. They are also used for detection of aminoglycoside antibiotics like 
streptomycin, gentamycin and neomycin. Gold nanorods are used to detect cancer stem cells, beneficial for cancer diagnosis and for 
identification of different classes of bacteria.

Silver: Silver nanoparticles are the most effective amongst all because of its good antimicrobial efficacy against bacteria, viruses and 
other eukaryotic microorganisms. They are unquestionably the most widely used nanomaterials. They are used as antimicrobial agents 
in textile industries for water treatments.

Alloys: We offer the finest quality of alloy nanopowders at a single click. Some of the alloy nanopowders offered here are copper- tin, 
iron-cobalt, silver-copper and copper zinc. 

Single element oxides: An oxide is a chemical compound that contains at least one oxygen atom and one other element in its chemi-
cal formula. Metal oxides contain an anion of oxygen in the oxidation state of -2. We offer aluminum hydroxide nanopowder, aluminum 
oxide hydroxide nanopowder, aluminum oxide nanopowder, antimony oxide nanopowder, bismuth oxide nanopowder, boron oxide 
nanopowder and many more. Alloy nanoparticles displays structural properties that are different from their bulk samples. Since Ag 
i.e. silver has the highest electrical conductivity among metal fillers and, unlike many other metals, their oxides have relatively better 
conductivity.

Multi element oxides: Multiple oxides have two nonequivalent metal sites and have amazing properties resulting in extensive applica-
tion in various fields. Some of the multi element oxide offered by Mk nano is aluminum cerium oxide nanopowder, ATO-antimony tin 
oxide nanopowder, barium strontium titanium oxide nanopowder, calcium titanium oxide nanopowder, titanium silicate nanopowder 
and so on. 

Carbides, nitrides and other compounds: Carbon compounded with a non-metal such as calcium, silicon, boron or metals like cobalt, 
titanium, tungsten, or vanadium. They are characterized by their extreme hardness and resistance to high temperatures. They are used 
as abrasives, in cutting, drilling, grinding, and polishing tools.

A nitride is a compound of nitrogen where nitrogen has a formal oxidation state of -3. Nitrides are a large class of compounds with 
various properties and a wide range of applications. We have a wide range of carbides, nitrides and other such compounds available at 
one place.

Mesoporous materials: A mesoporous material is a material containing pores with diameters ranging between 2 and 50 nm. Porous 
materials are classified based on their sizes. Check the amazing range of mesoporous materials under the nanoparticles tab. We at Mk 
Nano offer you the finest quality of nanoparticles at the best price. We have a range of elements, alloys, single element oxide, multi ele-
ment oxides, carbides, nitrides and other compounds, mesoporous materials. 

Types of Nanoparticles (NPs)
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Types of Magnetic Nanoparticles

Ferrites

Ferrites with a Shell

Metallic

Metallic with a Shell

These nanoparticles have multiple uses in technical areas due to their higher magnetic moment whereas oxides would be benefi-
cial for biomedical applications. There are also certain disadvantages associated with them, they are pyrophoric and reactive to oxidiz-
ing agents to various degrees that makes their management tough. It allows unwanted side reactions which decreases their suitability 
for biomedical applications.

The metallic core of a magnetic nanoparticle can be passivated by oxidation, surfactants, polymers and precious metals. Nanoparti-
cles with a magnetic core consisting either of elementary iron or cobalt with a nonreactive shell made of graphene have been produced. 
Its advantages compared to ferrite nanoparticles are listed below:

Magnetic: Magnetic nanoparticles are those, which can be manipulated using magnetic field gradients. Such particles commonly con-
sists of magnetic elements such as iron, nickel and cobalt and their chemical compounds. They are actively investigated for targeted 
cancer treatment (magnetic hyperthermia), stem cell sorting and manipulation, guided drug delivery, gene therapy, DNA analysis, and 
magnetic resonance imaging. The nanoparticles have diameters less than 1 micrometer, the larger microbeads diameter ranges from 
0.5-500 micrometer.

Several individual magnetic nanoparticles together form a magnetic nanoparticle cluster that are termed as magnetic nano beads 
their diameter ranges from 50-200 nanometers. Magnetic nanoparticles have been a very popular topic in the field of research due 
to its amazing properties. They can be used in catalysis, in biomedicine, magnetic resonance imaging, magnetically tunable colloidal 
photonic crystals, microfluidics, data storage, environmental remediation, nanofluids, optical filters and defect sensor.

Ferrite nanoparticles are the iron oxides in the crystal structure of maghemite or magnetite. They are the most explored magnetic 
nanoparticles till date. They become super magnetic when the ferrite particles become lesser than 128 nm which prevent self-agglom-
eration, because they display their magnetic behaviours only when an external magnetic field is applied.

The surface of a magnetite magnetic nanoparticle is inert and usually resists covalent bonds with functionalization molecules. 
Though, the reactivity can be enhanced by coating a layer of silica on the surface. The silica shell can be easily altered with numerous 
surface functional groups. Apart from this, some fluorescent dye molecules can also be covalently bonded to the functionalized silica 
shell. Some advantage of Ferrite nanoparticle clusters coated with a silica shell over metallic nanoparticles are:

•	 Advanced chemical stability
•	 Narrow size distribution
•	 Developed colloidal constancy
•	 Magnetic moment are tuned with the nanoparticle cluster size
•	 Retained super paramagnetic properties
•	 Silica surface allows direct covalent functionalization

•	 Developed magnetization
•	 Greater stability in acidic, basic solution as well as in organic solvents
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Properties of Magnetic Nanoparticles

Physical Properties

Magnetic Properties

Synthesis of Magnetic Nanoparticle

Applications of Magnetic Nanoparticles

Genetic Engineering

Medical Field

Treatment of Wastewater

Chemistry

Magnetic effects are produced by activities of particles that have both mass and electric charges. A rotating, electric-charged particle 
generates a magnetic dipole termed as magneton. In ferromagnetic materials, magnetons are connected in groups. A magnetic domain 
refers to a volume of ferromagnetic material in which all magnetons are aligned in the same direction by the exchange forces.

Materials are classified by their reaction to an externally applied magnetic field. Descriptions of orientations of the magnetic mo-
ments in a material aid in finding diverse forms of magnetism. The basic types if magnetism can be classified into diamagnetism, para-
magnetism, ferromagnetism, antiferromagnetism, and ferrimagnetism. When there is an external applied magnetic field, the atomic 
current loops formed by the orbital motion of electrons respond to oppose the applied field.

Some of the most established methods of synthesis of magnetic nanoparticle are:

They have usage in many different fields, few of them are listed below

They can be used for a whole lot of genetics applications. One such application is the isolation of mRNA.

Magnetic nanoparticles are used in an experimental cancer treatment called magnetic hyperthermia. Magnetic nanoparticles are 
used for the detection of cancer. They are conjugated with carbohydrates and used for detection of bacteria.

They have a good potential for treatments of contaminated water. The amazing property of easy separation by applying a magnetic 
field and the large surface area makes this possible.

They can be used as a catalyst or catalyst supports in chemical reactions. The support may be inert or they may participate in the 
catalytic reactions. Magnetic iron oxide nanocrystals, monodisperse magnetic cobalt nanoparticles and ferrite magnetic nanopowders 
have many industrial applications.

•	 Co-precipitation - It is a convenient way to synthesize iron oxides from aqueous Fe2+/Fe3+ salt solutions. It is done by adding a 
base under inert atmosphere at room temperature or at raised temperatures. The size, shape, and composition of the magnetic 
nanoparticles depends on the type of salts used. This method is widely used to produce ferrite nanoparticles of controlled sizes and 
magnetic properties.

•	 Thermal Decomposition - The smaller sized magnetic nanocrystals can be synthesized by thermal decomposition of organometallic 
compounds in high-boiling organic solvents containing stabilizing surfactants.

•	 Microemulsion - With this method, platinum alloys, and gold-coated platinum nanoparticles have been manufactured in reverse 
micelles of cetyltrimethlyammonium bromide.

•	 Flame spray synthesis - With the use of flame spray pyrolysis and changing the reaction conditions, oxides, metal or carbon coated 
nanoparticles are produced at a rate of > 30 g/h.
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Characterization and Properties of nanoparticles (MNPs)

After green synthesis of NP, characterization is an important step to identify NP by their shape, size, surface area and dispersity 
[62]. A homogeneity of these properties is important in many applications. For this purpose, various characterization techniques have 
been developed as analytical tools (Figure 3). The common techniques of characterizing nanoparticles are as follows: UV–visible spec-
trophotometry, dynamic light scattering (DLS), scanning electron microscopy (SEM), transmission electron microscopy (TEM), Fourier 
transform infrared spectroscopy (FTIR), powder X-ray diffraction (XRD) and energy dispersive spectroscopy (EDS) [63-65].

The UV–visible spectroscopy is a commonly used techniques [66]. Light wavelengths in the 300–800 nm are generally used for 
characterizing various metal nanoparticles in the size range of 2 to 100 nm [63]. Spectrophotometric absorption measurements in the 
wavelength ranges of 400–450 nm [67] and 500–550 nm [68] are used in characterizing the silver and gold nanoparticles, respectively. 
The dynamic light scattering (DLS) is used to characterize the surface charge and the size distribution of the particles suspended in a 
liquid [62]. 

Electron microscopy is another commonly used method of characterization [69]. Scanning electron microscopy and transmis-
sion electron microscopy are used for morphological characterization at the nanometer to micrometer scale [70]. The transmission 
electron microscopy has a 1000-fold higher resolution compared with the scanning electron microscopy [71]. FTIR spectroscopy is 
useful for characterizing the surface chemistry [72]. Organic functional groups (e.g. carbonyls, hydroxyls) attached to the surface of 
nanoparticles and the other surface chemical residues are detected using FTIR.

XRD is used for the phase identification and characterization of the crystal structure of the nanoparticles [73]. X-rays penetrate into 
the nanomaterial and the resulting diffraction pattern is compared with standards to obtain structural information. Elemental com-
position of metal nanoparticles is commonly established using energy dispersive spectroscopy (EDS) [74]. Auger electron microscopy 
(AEM), scanning probe electron microscopy (SPM), X-ray photo electron microscopy (XPS), time of flight-secondary ion mass spec-
troscopy (TOF-SIMS) for primary surface analysis; low energy ion scattering (LEIS) for identification of elements present in the outer 
most surface of the material under examination; scanning tunneling microscopy (STM), atomic force microscopy (AFM) for surface 
characterization at atomic scale; inductively coupled plasma-optical emission spectroscopy (ICP-OES) for optical properties; surface 
enhanced Raman scattering (SERS) for single molecular attachments to the surface of NP.

Figure 3: Summary of characterization techniques of MNPs.
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Physical properties

Optical properties

Magnetization and other properties

Metallic Nanoparticle Synthesis Using Plants  

Diffusion properties

•	 They have a large surface area
•	 Nanoparticles of yellow gold and gray silicon are red in colour
•	 Zinc oxide particles have been found to have superior UV blocking properties compared to its bulk substitute
•	 Gold nanoparticles melt at much lower temperatures (~300 Â°C for 2.5 nm size) than the gold slabs (1064 Â°C)
•	 Absorption of solar radiation in photovoltaic cells is much higher in nanoparticles than it is in thin films of continuous sheets of 

bulk material - since the particles are smaller, they absorb greater amount of solar radiation.

The properties and behaviour of materials at the nanoscale differ significantly when compared to microscale. The nanoparticles 
show enhanced electrical, optical and magnetic properties. There are two basic factors which cause that nanomaterials behave differ-
ently than macromaterials. These are surface effects (properties of surface atoms fraction) and quantum effects. These factors affect the 
chemical reactivity of materials, as well as they determine their mechanical, optical, electrical and magnetic properties [75].

Compared to microparticles, the fraction of surface atoms in nanoparticle is increased. In relation to microparticles, nanoparticles 
are characterized by increased mass of surface particles. The ratio of surface area to mass in nanometric particles is 1000-fold greater 
than in micrometric particles [53]. The nanometric particles are thus characterized by increased chemical reactivity, which is approxi-
mately 1000-fold higher compared to micromaterials. Quantum dots are the materials which in greatest extent use the quantum effects 
[76]. 

Their electron behaviour is similar to the behaviour of single atoms or small molecules. Quantum dots are described as artificial 
atoms. Another result of the quantization effect is the appearance of magnetic moments in nanoparticles, while they do not occur in bulk 
materials such as gold, platinum or palladium. Magnetic moments are due to the presence of several unpaired electron spins formed by 
a few hundred atoms. Quantum effects also affect the ability to accept or donate electrical charge, which determines the catalytic ability 
[53].

In addition to potential benefits (antibiotic, antifungal and antiviral properties) [77], silver nanoparticles (AgNPs) can trigger for 
instance undesirable and hazardous interactions with biological systems, thereby generating toxicity [78-80]. 

Their properties can be majorly divided into physical and optical properties:

Nano particles also often possess unexpected optical properties, as they are small enough to confine their electrons and produce 
quantum effects. One example of this is that gold nanoparticles appear deep red to black in solution.

Other properties unique among nanoparticles are quantum confinement in semiconductor particles, surface Plasmon resonance in 
some metal particles and superparamagnetism in magnetic materials.

Biosynthesis of metal nanoparticles using plant derivatives is extremely studied in the last two decades. Different synthetic meth-
ods have been employed for the preparation of MNPs with diverse morphology and size. Although these methods have resulted in 
superior MNPs but still a key understanding of improved manufacturing process is required which could be exploited at the industrial 
and commercial level to have better built, long lasting, cleaner, safer and smarter products such as home appliances, communication 
technology, medicines, transportation, agriculture and industries. 

At elevated temperatures especially, nanoparticles possess the property of diffusion.
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Dimensionality of nanoparticles

Therefore, the main focus is to design MNPs using environmentally benign approaches. These provide solutions to growing chal-
lenges related to environmental issues. The non-biological methods (chemical and physical) are used in the synthesis of nanoparticles, 
which has a serious hazardous and high toxicity for living organisms. Recently, many studies have proved that the plant extracts act 
as a potential precursor for the synthesis of nanomaterial NPs in non-hazardous ways. In addition, the biological synthesis of metallic 
nanoparticles is inexpensive, single step and eco-friendly methods. Different macro–microscopic organisms such as plant, bacteria, 
fungi, seaweeds and microalgae are carrying out the biological syntheses of nanoparticles. The biosynthesized nanomaterials have 
been effectively controlling the various endemic diseases with less adverse effect. Synthesis of nanoparticles is increasing exponen-
tially because of its wide range of applications in the field of optoelectronics, biosensors, bio-nanotechnology, biomedicine etc. [81-87]. 
Various physical and chemical methods have been formulated for the synthesis of nanopartilces of desired shape and size. However 
these methods are not economically feasible and environment friendly. Therefore, green synthesis has been considered as one of the 
promising method for synthesis of nanopartilces because of their biocompatibility, low toxicityand eco-friendly nature [88]. Vari-
ous microorganism and plants have proved to be a source of inspiration fornanomaterial synthesis. Some well-known examples of 
nanoparticles synthesized by microorganisms either intracellularly [89] or extracellularly [90] are: synthesis of magnetite by mag-
netotactic bacteria [91-93] and synthesis of siliceous material by radiolarians and diatoms [94-96].

A mixture of curiosity and unshakable belief that mother earth has developed the best method for the synthesis of nano range of 
materials have led to a new and exciting field of research which involves microorganism and plants for the synthesis of nanomaterials. 
The green synthesis methods include synthesis of nanoparticles using microorganisms like bacteria, fungus, yeasts [97], plants [98-
100] and DNA [101]. Multiple species of bacteria and fungi have been investigated for the growth of nanoparticles of different composi-
tion and size, for example, synthesis of gold by Verticilliumsp [97], synthesis of CdS quantum dots using fungi etc. [102]. 

Besides microbes, use of part of plants like stem, leaves, roots etc. [98] for the synthesis of nanoparticles is yet another exciting pos-
sibility that is relatively unexplored. Advantage of using plants over microorganism is the elimination of the elaborate process of cell 
culture. Moreover, nanoparticles synthesized using biological methods are more compatible for medical use as compared to chemical 
and physical methods where toxic material may adsorb on the surface of the nanoparticles that may have adverse effect when used for 
medicinal purpose. The biosynthesis method employing plant extracts of Pelargonium graveolens, Medicagosativa, Azadirachta indica, 
Lemongrass, Aploevera, Cinnamomum Camphor [68, 98-100] have drawn great attention as an alternative to conventional methods, 
because plants are found in abundance in nature.

They are generally classified based on their dimensionality, morphology, composition, uniformity, and agglomeration.

1. Dnanomaterials: These are one dimensional in the nanometer scale are typically thin films or surface coatings, and include the 
circuitry of computer chips and the antireflection and hard coatings on eyeglasses. These have been used in electronics, chemistry, and 
engineering.

2. Dnanomaterials: Two-dimensional nanomaterials have two dimensions in the nanometer scale. These include 2D nanostructured 
films, with nanostructures firmly attached to a substrate, or nanopore filters used for small particle separation and filtration. Asbestos 
fibers are an example of 2D nanoparticles.

3. Dnanomaterials: Materials that are nanoscaled in all three dimensions are considered 3D nanomaterials. These include thin films 
deposited under conditions that generate atomic-scale porosity, colloids, and free nanoparticles with various morphologies.
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Structural transformation in monolayer materials: a 2D to 1D transformation

Reducing the dimensions of materials to atomic scales results in a large portion of atoms being at or near the surface, with lower 
bond order and thus higher energy. At such scales, reduction of the surface energy and surface stresses can be the driving force for the 
formation of new low-dimensional nanostructures, and may be exhibited through surface relaxation and/or surface reconstruction, 
which can be utilized for tailoring the properties and phase transformation of nanomaterials without applying any external load. Kasra., 
et al. [103] used atomistic simulations and revealed an intrinsic structural transformation in monolayer materials that lowers their 
dimension from 2D nanosheets to 1D nanostructures to reduce their surface and elastic energies (Figure 4).

Experimental evidence of such transformation has also been revealed for one of the predicted nanostructures. Such transformation 
plays an important role in bi-/multi-layer 2D materials. Several methods are used for synthesis of nanoparticles (NPs) such as physi-
cal, chemical, enzymatic and biological. Physical methods are including plasma arcing, ball milling, thermal evaporate, spray pyrolysis, 
ultra-thin films, pulsed laser desorption, lithographic techniques, sputter deposition, layer by layer growth, molecular beam epistaxis 
and diffusion flame synthesis of nanoparticles [104]. 

Similarly, the chemical methods are used to synthesized NPs by electrodeposition, sol–gel process, chemical solution deposition, 
chemical vapour deposition [105,106], soft chemical method, Langmuir Blodgett method, catalytic route, hydrolysis (Pileni, 1997), 
co-precipitation method and wet chemical method [107]. Physical and chemical methods have been using high radiation and highly 
concentrated reductants and stabilizing agents that are harmful to environmental and to human health. 

Hence, biological synthesis of nanoparticles is a single step bioreduction method and less energy is used to synthesize eco-friendly 
NPs [108]. Apart from that, the biological methods are using eco-friendly resources such as plant extracts, bacteria, and fungi, micro 
algae such as cyanobacteria, diatom, seaweed (macroalgae) and enzymes [109]. Figure 5 shows different types of metallic nanoparticles 
synthesized from plant resources. Nature has provided ways and insight into the synthesis of advanced nanomaterials. 

It has now been reported in the literature that biological systems can act as the ‘bio-laboratory’ for the production of pure metal 
and metal oxide particles at the nanometer scale using biomimetic approach. Various microorganisms, such as bacteria [110,111], fungi 
[112,113], yeast [114], plant extracts [115] and waste materials [116], have acted as eco-friendly precursors for the synthesis of NPs 
with potential applications. The biological approach which includes different types of microorganisms has been used to synthesize 
different metallic MNPs, which has advantages over other chemical methods as this is greener, energy saving and cost effective. The 
coating of biological molecules on the surface of MNPs makes them biocompatible in comparison with the MNPs prepared by chemical 
methods [117-119]. 

Figure 4: Structural transformation in monolayer 

materials: a 2D to 1D transformation.
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Bio-reduction mechanism 

The biocompatibility of bio-inspired NPs offers very interesting applications in biomedicine and related fields [120]. The biogenic 
methods lead to the designing of NPs with interesting morphologies and varied sizes [121,122]; for example, Ag NPs in the size range 
of 25 ± 12 nm have been prepared by exposing fungal biomass (Verticillium) to the aqueous solution of Ag+ ions, where the NPs were 
not toxic since the biomass (fungal cells) continues to grow. The MNPs were found to grow on the surface of mycelia as a result of elec-
trostatic interaction between the Ag+ ions and negatively charged carboxylate groups of enzymes present in the cell wall of the fungus 
[118]. Pt NPs of definite shape and size have been prepared from the cell-soluble protein extract of sulfate reducing bacteria [121]. 

These MNPs fabricated via biogenic enzymatic process were superior to those synthesized via chemical methods as the use of ex-
pensive chemicals was limited and they possessed higher catalytic activity. An industrially important fungus, Penicillium rugulosum, 
was used to synthesize uniform sized Au NPs, which is easier to handle as compared to other bacteria and yeast [123]. Extracts from 
plant leaf, root, latex, seed and stem have also been used for the synthesis of MNPs as they act as stabilizing or reducing agents. The 
leaf extracts of Jasminum sambac were employed to prepare stable Au, Ag, Au–Ag alloy NPs [124]. Regarding the morphology control, 
triangular, hexagonal and spherical shaped Au NPs were prepared using hot water, olive leaf extract at a high reaction temperature as 
compared to MNPs synthesized via chemical methods [125]. Iron–polyphenol (Fe–P) NPs with a photocatalytic activity against Acid 
Black-194 dye were synthesized from Australian native leaves of Eucalyptus tereticornis, Melaleuca nesophila and Rosemarinus offici-
nalis [126]. It was noted that the polyphenols present in the three plants reacted with ferric chloride (FeCl3) solution to form chelated 
ferric–polyphenols NPs and also led to different shapes of Fe–P NPs. 

The methods for making nanoparticles can generally involve either a “top down” approach or a“bottom up” approach [128]. In 
top-down synthesis (Figure 7), nanoparticles are produced by size reduction from a suitable starting material [129]. Size reduction is 
achieved by various physical and chemical treatments (Figure 7). Top down production methods introduce imperfections in the surface 
structure of the product and this is a major limitation because the surface chemistry and the other physical properties of nanoparticles 
are highly dependent on the surface structure [130]. In bottom up synthesis, the nanoparticles are built from smaller entities, for 
example by joining atoms, molecules and smaller particles [118]. In bottom up synthesis, the nanostructured building blocks of the 
nanoparticles are formed first and then assembled to produce the final particle [130]. The bottom up synthesis mostly relies on chemi-
cal and biological methods of production. 

Among different biological systems used for NP synthesis, various forms of algae are now being currently used as model systems 
as these have tremendous ability of bioremediation of toxic metals thereby converting them into more pliable forms. Also, these are 
competent in the fabrication of diverse metal and metal oxide NPs [127]. The biosynthesis of MNPs using algae and waste materials is 
an emerging and upcoming research. Figure 6 represents green synthesis of MNPs using algae and waste materials.

Figure 5: Different types of nanoparticle synthesis from plant resources. 
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Figure 6: Green synthesis of MNPs using algae and waste materials. 

Figure 7: Various approaches for making nanoparticles 

and cofactor dependent bioreduction.

The probable mechanism of nanoparticle synthesis by bottom up approach is shown in Figure 8.

Figure 10 explains the proposed mechanism of biological synthesis of nanoparticles.

Of the biological methods of synthesis, the methods based on microorganisms have been widely reported [131-139]. Microbial 
synthesis is of course readily scalable, environmentally benign and compatible with the use of the product for medical applications, but 
production of microorganisms is often more expensive than the production of plant extracts. Plant mediated nanoparticle synthesis 
using whole plant extract or by living plant were also reported in literature [140,141]. 

Silver: the biochemical reaction of AgNO3 reacts with plant broth leads to the formation of AgNPs by following reaction [144]. Figure 
9. [142,145], shows the probable chemical constituents present in the plant extract responsible for the bioreduction of metal ions, their 
growth and stabilization.
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Figure 8: Mechanisms of nanoparticle synthesis (M+-metal ion).

Figure 9: Possible chemical constituents of plant extract 

responsible for the bioreduction of metal ions [142,143].

Figure 10: Proposed mechanism of nanoparticle synthesis using plant extracts.
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Different parts of plants used to produce metallic MNPs 

Gold: The plant extract contains different biomolecules such as proteins, sugars, amino acids, enzymes and other traces of metals. 
These metabolites are strongly involved in the bio-reduction process. The proposed reaction was Au+ ions reduction into metallic Auo 
nanoparticles in the presence of metabolites and redox enzymes [130]. The reaction is given below.

Platinum: Platinum is involved in the following reduction process such as H2 Pt+ Cl2. 6H2O + Plant extracts → Pt°NPs + byproducts

Copper: The copper nanoparticles are synthesized from plant extracts and the reduction mechanism was proposed by [145]: CuSO4. 
5H2O + Plant metabolites →  Cu°NPs + byproducts

Zinc oxide: A typical procedure was employed in ZnO nanoparticles production, the zinc nitrate was dissolved in the aloe plant extract 
to produce the nanosized particles. The method is as follows [146]: Zinc nitrate + Plant extract → ZnO + byproducts

Nano-sized TiO2 has been successfully produced by adding TiO (OH)2 solution to the suspension of Lactobacillus sp. [147]. The equa-
tion can be described as following: Ti. (OH)2 → TiO2 + H2O

It was concluded that the oxido-reductase generated on the cell surface results in the reaction occurrence. However, so far, there is 
still no clear and thorough understanding on the synthesis of nanoparticles by microbes. Self-defense is the essential action to prevent 
from hazard for each single life in the ecosystem, which has been survived after natural selection. Microbes will release specific en-
zymes, which is capable of removing toxic ions, to protect themselves while the danger is detected. 

The enzyme will disperse on the cell surface and in the solution. As the ions meet the enzyme, the reaction to form compound 
nanoparticles will occur and precipitate on the cell surfaces and in the solutions. The nanoparticles were found on the cells but not in 
the solution because enzymes barely spread to solution much due to the stickiness of cytolemma, and also the enzyme may have been 
involved into nanoparticle synthesis reactions before it could diffuse into the solutions, or detection of nanoparticles in the solution has 
not been paid enough attention. Briefly, it is mainly suspected that the electrostatic interaction and specific enzyme(s) of microbes are 
significant factors in the formation of nanoparticles, even though the real mechanism of biosynthesis of nanoparticles is still unclear.

In producing nanoparticles using plant extracts, the extract is simply mixed with a solution of the metal salt at room temperature. 
The reaction is complete within minutes. Nanoparticles of silver, gold and many other metals have been produced this way [135]. Fig-
ure 11 shows picture of various plants used for the biosynthesis of nanoparticles. The nature of the plant extract, its concentration, the 
concentration of 

The metal salt, the pH, temperature and contact time are known to affect the rate of production of the nanoparticles, their quantity 
and other characteristics [148]. Recently, the plant mediated nanomaterial has drawn more attention due to its vast application in 
various fields due to their physic-chemical properties. The different metallic nanoparticles such as gold, silver, platinum, zinc, copper, 
titanium oxide, magnetite and nickel were synthesized from natural resources and have been studied exclusively. The different parts 
of plant such as stem, root, fruit, seed, callus, peel, leaves and flower are used to syntheses of metallic nanoparticles in various shapes 
and sizes by biological approaches. Figure 12 shows different sizes and shapes of the nanoparticles derived from plants resources. 
Biosynthesis reaction can be altered by wide range of metal concentration and amount of plant extract in the reaction medium, it may 
transform the shapes and size of the nanoparticles [149-151].

Ag+ NO-
3 + Plant extract →   Ag° NPs + byproducts

H Au+ Cl4. 4H2O + Plant extracts →  Au°NPs + byproducts

Titanium oxide
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Figure 11: Various types of plants used for the synthesis of metal nanoparticles MNPs.

Figure 12: Different size and shapes of the nanoparticle 

synthesis from plant extracts (derived from [149-151]).

Stem as source

Fruits mediated synthesis 

The stem part of plant extract shows the different functional groups, particularly the carboxyl, amine, and phenolic compounds that 
are involved in the reduction of metal ions. Some previous studies [152] are proposed model mechanisms of nanoparticles interaction 
with pathogenic organisms. Therefore, the biosynthesized metal nanoparticles acted as good antibacterial agents.

The extract contains active phytochemical compounds that are liable for the single step reduction reaction. The use of optimum 
physic chemical parameters to synthesize nanomaterial is very effective in pharmacological solicitation to treat various endemic dis-
eases.
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The fenugreek seed extract contains high flavonoids and other natural bioactive products such as lignin, saponin and vitamins. The 
reduction of chloroauric acid by using the powerful reducing agents fenugreek seed extract acts as a better surfactant. The COO- group 
(carboxylic), C = N and C = C functional groups are present in the seed extract. The functional group of metabolites acts as a surfactant of 
gold nanoparticles and the flavonoids can stabilize the electrostatic stabilization of gold NPs [100]. The aqueous extract of Macrotyloma 
uniflorum enhanced the reduction rate of some metal ions. This may be owing to the presence of caffeic acid in the extract. Therefore, 
the presence of caffeic acid reduction reaction was occurred within a minute.

Plant leaves extract used as a mediator to synthesis of nanoparticles was reported. Leaves of Centella asiatica, Murraya koenigii, 
Alternanthera sessilis and many plants leaves extract have been studied [152]. Recently, P. nigrum leaves were stated to contain an 
important bioactive compound, which is involved in the nanoparticle synthesis by eco-friendly method. It shows a significant tool for 
antimicrobial agents in present and in a near future.

[153] studied an eco-friendly method synthesis of gold nanoparticles by using rose petals. The extract medium contains abundant 
sugars and proteins. These functional compounds are the main sources for reduction of tetrachloroaurate salt into bulk GNPs. Likewise, 
Catharanthus roseus and Clitoria ternatea diverse groups of flowers are used for the metallic nanoparticle synthesis with desired sizes 
and shapes. The plant-synthesized nanoparticles have been effectively controlling harmful pathogenic bacteria and similarly the medici-
nal usable Nyctanthes arbortristis flowers of gold nanoparticles extract are synthesized via green chemistry method [154]. The aqueous 
extract of Mirabilis Jalapa flowers acts as a reducing agent and produced gold nanoparticles with ecofriendly method [155]

During the course of biological synthesis of MNPs a number of controlling factors are involved in the nucleation and subsequent 
formation of stabilized NP. These factors include pH, reactants concentration, reaction time and temperature and details were given in 
Table 2 [156-160].

The different hydrogen ion concentration is responding to the different size and shapes of nanoparticles formation [162] reported 
that Aloe vera extract produced Au–Ag core nanoparticles in various sizes and shapes by fluctuating the pH of the solvent medium. 
Similarly, biosynthesis of nanoparticles by alfalfa plant extract of the pH is retort for the size variation in the nanoparticles production. 
On the other hand, temperature is also one of the stimulating factors for the nanoparticles biosynthesis with different size and shapes. 
However, the study on AuNPs formation using leaf extract of Cymbopogon flexuosus [163] revealed that at high temperatures, it will 
lead to the formation of higher spherical NPs and nanotriangles, whereas lower reaction temperature mostly increases the nanotriangle 
formation. The difference in morphology is mainly percentage/amount of the salt solution in the reaction mixture. The concentration 
of salt could be altered with the reduction ability and sizes. Some environmental factors such as physical and chemical parameters

Factors influencing the synthesis of metallic nanoparticles

Seeds as source

Leaves mediated synthesis 

Flowers as source

Controlling factors Influence on biological 
synthesis of MNPs

References 

pH Variability in size and shape [156]
Reactants concentration Variability in shape [157]
Reaction time Increase in reaction time 

increases the size of MNPs
[158]

Reaction temperature Size, shape, yield and stability [159-160]

Table 2: Factors influencing the biological synthesis of MNPs [161].
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The preparation of homogenous MNPs using biomolecules has recently gained interest due to their non-toxic nature and not in-
volving harsh synthetic procedures. Amino acids act as an efficient reducing as well as capping agents to synthesize MNPs with unique 
structure. Maruyama and coworkers synthesized Au NPs with the size range of 4–7 nm using amino acids as capping agents. Among 
20 different amino acids, they adopted L-histidine which was found to reduce tetraauric acid (AuCl4

–) to Au NPs. The concentration of 
L-histidine was found to affect the size of MNPs; higher the concentration smaller the size of MNP. Moreover, the amino and carboxy 
groups present in the amino acids caused the reduction of AuCl4

– and coating of MNP surface [168]. 

In another interesting study, Au nanochains were prepared via facile single step within 15 min in the presence of glutamic acid and 
histidine amino acids [169]. The oriented attachment mechanism has been proposed where there is spontaneous self-organization of 
the adjacent particles at a planar interface as they share a common crystallographic orientation (Figure 13). The binding affinity of 
amino acids is found to be different for different facets of Au crystal. The fusion of MNPs along (111) facet revealed that binding affinity 
of amino acids along this facet might be weaker as compared to the other facets. The removal of amino acid molecules from (111) facet 
allows the linear aggregation of particles due to dipole–dipole interactions which arise as a result of the zwitterionic nature of amino 
acids [170].

controlled metallic crystal structure using the plant biomass as substrates [164]. In addition, the reduction reaction time (minutes-
hours) is one of the factors to reduce the ions into bulk metal with variant shapes. The optimum time period produces high absorbance 
peak value to identify the higher concentration MNPs in the medium. It determined the employment of growth conditions and obvious 
formation of different size of MNPs such as spherical, triangular, hexagonal and rectangular [165].

Capping agents play a very pivotal and versatile role in the NP synthesis. NPs can be functionalized and stabilized using capping 
agents to impart useful properties by controlling morphology, size and protecting the surface thereby preventing aggregation. Many 
surfactants have been reported to be used as capping agents for altering the desired shape and size of the MNPs but these are difficult 
to remove and do not easily degrade. Thus, the commercial surfactants are hazardous to the environment [166,167]. In the view of the 
limitation possessed by these chemicals, there is an urgent need to use environment-friendly capping agents and design green bio-
chemical routes at laboratory and industrial level for the NP synthesis. There are different types of molecules that could act or be used 
as capping agents but some of the broadly classified green capping agents have been discussed below with their potential role.

Capping agents and their types

Biomolecules

Figure 13: Illustration of Au nanochain and nanowire formation through dipole–dipole interaction 

due to the zwitterionic nature ofamino acids. Reproduced with permission [169].
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Polysaccharides are a class of polymeric carbohydrate molecules with repeating units of mono or disaccharides linked together by 
glycosidic linkages. They act as capping agents in the MNP synthesis as they are low cost, hydrophilic, stable, safe, biodegradable and 
non-toxic. The synthesis is carried out in the presence of water as a solvent thus, eliminating the use of toxic solvents [171,172]. One of 
the distinguishing features of polysaccharides is that they sharply accelerate the kinetics of sol–gel processes due to their catalytic effect 
[173]. They not only have been found to modify the structure and morphology of TiO2 but have induced a different phase where rutile 
phase has been obtained in the presence of chitosan whereas anatase in the presence of starch [174].

 Dextran is a complex branched polysaccharide composed of many glucose molecules with chains of varying lengths. It is hydro-
philic, biocompatible, non-toxic and used for coating of many metal MNPs [175]. Spherical Au NPs of size _15 nm were synthesized in 
water using natural honey which acted as reducing as well as protecting agent. Fructose present in the honey was supposed to act as 
a reducing agent whereas proteins were responsible for the stabilization of the MNPs [176]. Cheng and coworkers synthesized Ag NPs 
within the size range of 2–14 nm using amino cellulose as reducing and capping agent. Aminocellulose is generally referred as amino-
doxy derivative bearing nitrogen functional group attached directly to the cellulose backbone. It was predicted that at high temperature, 
reduction of Ag+ ions to Ag (0) was brought by cellulose [177]. Thus, polysaccharides have come up as one of the renewable green alter-
natives for the fabrication of NPs replacing toxic chemicals thereby saving the environment from their hazardous effects.

Feng., et al. explored the adsorption mechanism of amino acids and surfactants on to the (111) surface of gold using molecular 
dynamic simulation with the application of intermolecular potential CHARMM-METAL [178]. The molecules adsorbed onto the surface 
with energy between -3 and -26 kcal mol-1 and it correlated with the preferential degree of coordination of polarizable atoms (O, N, and 
C) to multiple epitaxial sites. The amino acids containing planar side groups such as Arg, Trp, Gln, Met, Tyr, Asn, and PPh3 with sp2 hy-
bridization adsorbed strongly indicating a correlation with molecular size and geometry. The movement of the strongly bonded amino 
acids has been attributed to hopping mechanism where surface attached guanidinium group of Arginine moved from one favorable 
coordination site to another on the metal surface in the order of picoseconds (Figure 14). This adsorption mechanism could give the 
knowledge to control the assembly and growth of MNPs.

Polysaccharides

Figure 14: Representative snapshot of Arg on the Au 111 surface. The guanidinium group is found most 

of the time in a favorable coordination pattern with numerous epitaxial sites which leads to strong 

adsorption (pink highlights). Diffusion on the surface occurs by stepwise hopping of the guanidinium 

group to similar epitaxial environments. In the depicted conformation, Ca and Cg point upwards from 

the metal surface. Most water molecules are not shown for ease of visualization and the chloride coun-

terion is located outside the visible range near the metal surface. Metal atoms are shown in decreasing 

diameter from the top atomic layer toward adjacent atomic layers. Reproduced with permission [178].
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Metallic Nanoparticle Synthesis Using Microorganisms 

Microorganisms have been shown to be important nanofactories that hold immense potential as ecofriendly and cost-effective tools, 
avoiding toxic, harsh chemicals and the high-energy demand required for physiochemical synthesis. Microorganisms have the ability to 
accumulate and detoxify heavy metals due to various reductase enzymes, which are able to reduce metal salts to metal nanoparticles 
with a narrow size distribution and, therefore, less polydispersity. Over the past few years, microorganisms, including bacteria (such as 
actinomycetes), fungi, algae and yeasts, have been studied extra- and intracellularly for the synthesis of metal nanoparticles. An array 
of biological protocols for nanoparticle synthesis has been reported using bacterial biomass, supernatant, and derived components.

These investigations suggest that the main mechanism of the synthesis of nanoparticles using bacteria depends on enzymes [189]; 
for instance, the nitrate reductase enzyme was found to be responsible for silver nanoparticle synthesis in B. licheniformis. Rather than 
using bacteria, mycosynthesis is a straightforward approach for achieving stable and easy biological nanoparticle synthesis. Algae and 
most fungi containing important metabolites with higher bioaccumulation ability and simple downstream processing are easy to cul-
ture for the efficient, low-cost, production of nanoparticles [190]. Moreover, compared with bacteria, fungi have higher tolerances to, 
and uptake competences for, metals, particularly in terms of the high wall-binding capability of metal salts with fungal biomass for the 
high-yield production of nanoparticles [190,191].

 Three possible mechanisms have been proposed to explain the mycosynthesis of metal nanoparticles: nitrate reductase action; 
electron shuttle quinones; or both [190]. Fungal enzymes, such as the reductase enzymes from Penicillium species and Fusarium oxy-
sporum, nitrate reductase, and/-NADPH-dependent reductases, were found to have a significant role in nanoparticle synthesis [192], 
similarly to the mechanism found in bacteria. The synthesis of nanoparticles using actinomycetes has not been well explored, even 
though actinomycetes-mediated nanoparticles have good monodispersity and stability and significant biocidal activities against various 
pathogens [193].With the availability of sophisticated biochemical techniques and instruments, it is easy to identify the role and inter-
action of a particular biomolecule such as polysaccharides, proteins, enzymes present in the organism with NPs thereby comprehend-
ing the mechanism. The simple mechanism in Figure 15 explains that enzymes and functional groups present in the cell walls of algae 
form complexing agents with the precursors thereby, causing reduction and deposition of metal/metal oxide NPs at ambient conditions 
[194,195]. The different sources of waste materials for the green synthesis of MNPs was schematically represented in Figure 16. 

The synthesis of silver, copper, and zinc nanoparticles using Streptomyces sp. has demonstrated that the reductase enzyme from 
Streptomyces sp. has a vital role in the reduction of metal salts [196]. Similar to other microorganisms, yeasts have also been widely 

Among the various methodologies, extracellular synthesis has received much attention because it eliminates the downstream pro-
cessing steps required for the recovery of nanoparticles in intracellular methodologies, including sonication to break down the cell wall, 
several centrifugation and washing steps required for nanoparticle purification, and others. Moreover, metal-resistant genes, proteins, 
peptides, enzymes, reducing cofactors, and organic materials have significant roles by acting as reducing agents. Furthermore, these 
help in providing natural capping to synthesize nanoparticles, thereby preventing the aggregation of nanoparticles and helping them to 
remain stable for a long time, thus providing additional stability. 

In recent research, bacteria, including Pseudomonas deceptionensis [179], Weissella oryzae [180], Bacillus methylotrophicus [181], 
Brevibacterium frigoritolerans [182], and Bhargavaea indica [183,184], have been explored for silver and gold nanoparticle synthesis. 
Similar potential for producing nanoparticles has been showed by using several Bacillus and other species, including Bacillus licheni-
formis, Bacillus amyloliquefaciens, Rhodobacter sphaeroides [185-187], Listeria monocytogenes, Bacillus subtilis, and Streptomyces 
anulatus [187,188]. Various genera of micro-organisms have been reported for metal nanoparticle synthesis, including Bacillus, Pseu-
domo-nas, Klebsiella, Escherichia, Enterobacter, Aeromonas, Corynebacterium, Lactobacillus, Pseudomonas, Weissella, Rhodobacter, 
Rhodococcus, Brevibacterium, Streptomyces, Tricho-derma, Desulfovibrio, Sargassum, Shewanella, Plectonemaboryanum, Rhodopseu-
domonas, Pyrobaculum, and others [135]. 



407

Citation: Loutfy H Madkour. “Biogenic– Biosynthesis Metallic Nanoparticles (MNPs) for Pharmacological, Biomedical and Environmen-
tal Nanobiotechnological Applications”. Chronicles of Pharmaceutical Science 2.1 (2018): 384-444.

Biogenic– Biosynthesis Metallic Nanoparticles (MNPs) for Pharmacological, Biomedical and Environmental 
Nanobiotechnological Applications

The controlled growth of NPs in solution is believed to be kinetically controlled process where low energy faces of any crystal results 
into a particular shape. The energy and growth rate of a crystal can be controlled by the introduction of a suitable templating agent or 
a surfactant, which lowers the interfacial energy [201,202]. Till now, different commercial surfactants have been used as templates and 
capping agents for the synthesis of MNPs with varied morphologies. However, the problem is the removal and complete biodegradation 
of these chemicals. Nowadays, more and more research is converged on to the green synthesis employing environment-friendly and 

Figure15: Mechanism of biosynthesis of MNPs using algae.

Figure16: Employ type of waste materials employed/could in the synthesis of MNPs.

Preparation of Metallic MNPs

investigated for the extracellular synthesis of the nanoparticles on a large scale, with straightforward downstream processing [197-
200]. Further-more, virus-mediated synthesis of nanoparticles is also possible. However, most microorganism-based syntheses for 
nanoparticles are slow with low productivity, and the recovery of nanoparticles requires downstream processing. Furthermore, prob-
lems related to microorganism-based synthesis for nanoparticles also include the complex steps, such as microbial sampling, isolation, 
culturing, and maintenance. 
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Degradation of hazardous organic chemicals and dyes is a crucial problem. Many techniques such as activated carbon sorption, elec-
trocoagulation, UV degradation and redox treatments are used but these are not found to be very efficient and cost effective. Therefore, 
there is an urgent need of improved ways to degrade chemicals as well as treatment of wastewater.

The extracellular synthesis of monodispersed Au NPs has been achieved in a short duration from marine alga Sargassum wightii 
Greville. The alga caused the reduction of auric chloride solution and the AuNPs were stable in solution which isimportant from bio-
logical prospective [203]. Stoechospermum marginatum is brown algae with a high metal binding capacity and constitutes proteins, 
vitamins, amino acids, fatty acids, minerals and trace elements. Au NPs were prepared from this algal biomass with a reaction time of 
10 min [204]. AuNPs have been reported to be intracellularly synthesized in the suspensions encapsulated within silica gels in the pres-
ence of Klebsormidium flaccidium algal cells giving rise to ‘‘living” bio-hybrid material. TEM images show algal cells before and after the 
addition of gold (Figure 17). 

The cells are surrounded by the colloidal silica which is not in direct contact with the cells thereby maintaining the ability to syn-
thesize Au NPs intracellularly. The proximity of silica cells with cell membranewas found to be dependent on the physiological state of 
algae. This pathway proves to be one of the promising ’green’ routes for the synthesis of MNPs [205]. The diversity in the algae species 
has led to their exploitation and even the edible forms of algae are used in the synthesis of metallic NPs. 

Au NPs have paved a way in the field of science and technology due to their enormous vital applications as optical, electronic, cata-
lytic, biosensors and drug carriers. They exhibit excellent antimicrobial and antioxidant properties as their surface is functionalized 
[206-211]. The chemical methods employ solvents, which are toxic in nature and pose a limitation for the use of NPs in the medical 

bioinspired approaches. By knowing the capability of naturally occurring biomolecules to modify the shape or size of a crystal, MNPs 
of superior quality can be manufactured. The use of different species of algae in the synthesis of metallic MNPs has stimulated the re-
searchers to come up with ‘nature-friendly’ methodologies.

Figure 17: TEM images of Kf cells within silica before (a) and after (b) gold addition. Gold colloids could be 

found within the cells in the thylakoids (c), in the cell EPS (d) and in the surrounding silica gel (e) ED pattern 

of dark dots with examples of attribution to the cfc Au structure (f). Reproduced with permission [205].
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Figure 18: Microphotographs of Au3+ exposed algal filaments showing changes in morphological and reproduc-

tive behavior at different time points. (a) Akinete formation within 12 h; (b) series of akinetes at 24 h; (c) Au NP 

deposition started in vegetative cells and akinetes after 24 h; (d) cell wall thickening after 48 h; (e) giant cell 

with complete Au NP deposition after 48 h; (f) pyknotic cell after 48 h; (g) Au NP deposition at the periphery of 

cells; (h) degradation of chlorophyll and Au NP deposition within cell after 48 h; (i) purple colored filament after 

72 h. Scale bars, 20 lm (inset showing control filaments; scale bar, 40 lm). Reproduced with permission [214].

field. The biomatrix of freshwater, edible red alga Lemanea fluviatilis has been used to accomplish the synthesis of Au NPs. The proteins 
present in the alga acted as templating as well as stabilizing agent, thereby avoiding the use of surfactants which are difficult to remove 
[212]. Prasiola crispa is another freshwater green algae which is used for the one step biosynthesis of Au NPs in the size range of 5–25 
nm via reduction of chloroauric acid [213]. It has been reported that algal morphology along with high pH, metal ion concentration and 
biomass concentration are important factors for the monodispersity of the MNPs. However, with time, on exposure of MNP the toxicity 
levels against alga increase, but the synthesized NPs show no toxicity when tested with cell lines of normal human cell [214]. Thus, algal-
MNPs interactions are very important considering the effective use of MNPs in drug delivery (Figure 18). 

Recently, several studies have reported natural polymers such as chitosan, starch and tannic acid as reducing agents for the syn-
thesis of silver and gold nanoparticles [215, 216]. A vast array of biological resources including plants, algae, fungi, yeast, bacteria, and 
viruses has been studied so far for the intra and extracellular synthesis of silver, gold, platinum and titanium nanoparticles in different 
sizes and shapes were tabulated in Table 3. The major drawback of metal nanoparticles synthesis using plant extracts as reducing and 
stabilizing agent. This differs due to significant variation of biochemical compositions present in the plant extract of the same species 
differ from other part of the world. Therefore, identifying the biomolecules responsible for mediating the nanoparticles synthesis is a 
problem to overcome [217].

Metal oxides are widely explored and studied class of inorganic solids due to a wide variety of structures, properties and exceptional 
phenomenon exhibited by their NPs. Transition metal oxides have been used in numerous industrial applications. NPs, nano-powders 
and nanotubes play a significant role in industry, environmental remediation, and medicine and even in household applications. One 
dimensional (1D) metal oxide nanostructures are ideal systems for exploring size and morphology dependent applications and have 

Preparation of Metal oxide NPs
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become the focus of current research efforts in the field of nanoscience and nanotechnology. Metal oxides are commonly available and 
present in different forms possessing special shapes, composition, structures, chemical and physical properties [219].

Sources Type of nanoparticles Location Size (nm)

A. Bacteria
Pseudomonas aeruginosa Au Extracellular 15~30
Pseudomonas stutzeri Ag Intracellular 200
Bacillus subtilis Ag &Au Intra & Extracellular 5~10
Shewanella oneidensis U Extracellular 150
Lactobacillus sp. Ag & Au Intracellular 60
Escherichia coli CdS Intracellular 2~5
Clostridium thermoaceticum CdS Intra & Extracellular 2~5
Rhodopseudomonas capsulate Au Extracellular 10~20
Escherichia coli DH5α Au Intracellular 25~33
Thermomonospora spp. Au Extracellular 8
Streptomyces albidoflavus Ag Intracellular 10~14
Klebsiella pneumonia Ag Extracellular 5~32
B. Virus
Tobacco mosaic virus (TMV) SiO2, CdS, PbS, Fe2O3 Intra & Extracellular 45~80
M13 bacteriophage ZnS and CdS Intra & Extracellular 50~100
C. Fungi
Phoma sp. 3.2883 Ag Extracellular 71~74 
Fusarium oxysporum Ag Extracellular 5~15
Verticillium Ag Intracellular 25
Aspergillus fumigates Ag Extracellular 5~25
Trichoderma asperellum Ag Extracellular 13~18
Phaenerochaete chrysosporium Ag Extracellular 50~200
Fusarium oxysporum Magnetite Extracellular 20~50
D. Yeast
Pichia jadinii Au Intracellular 100
Torulopsis CdS Intracellular 2~5
Candida glabrata CdS Intracellular 200
Schizosaccharomyces pombe CdS Intracellular 1~1.5
E. Algae
Scencedesmus sp. Ag Extracellular 15~20
Chlorella vulgaris Au Extracellular 9~20
F. Plant
Alfalfa sprouts Ag Intracellular 2~20
Cinnamomum camphora Ag and Au Extracellular 55~80
Azadirachta indica (Neem) Ag/Au Extracellular 50~100
Geranium leaves plant extract Ag Extracellular 16~40
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Avena sativa (Oat) Au Extracellular 5~85
Aloe vera Au Extracellular 50~350
G. Human cell lines
SiHa Au Intracellular 20~100
HeLa Au Intracellular 20~100
SKNSH Au Intracellular 20~100
HEK-293 Au Intracellular 20~100

Table 3: Biological synthesis of metal nanoparticles using various organisms [218].

Different synthetic methods such as hydrothermal, solvothermal, microwave, vapor deposition, seed mediated, spray pyrolysis, wet-
chemical have been employed for the preparation of metal oxide NPs with diverse morphology and size [220-223]. The reports on the 
biosynthesis of metal oxide NPs are very few. The research is now being shifted from conventional synthetic methods to biosynthesis 
process where microorganism could be employed for synthesizing NPs. Very few articles have reported the biosynthesis approaches, 
especially using algae. Copper oxide NPs have been prepared from brown alga, Bifurcaria bifurcata extract with a dimension between 5 
and 45 nm (Figure 19). The NPs were stable in solution, which is promising for their use in biomedical applications. These NPs exhibited 
antibacterial activity against bacterial strains of Enterobacter aerogenes and Staphylococcus aureus [224].

Figure 19: TEM image of CuO NPs synthesized from 

the alga extract. Reproduced with permission [224].

The extracts of green seaweed Caulerpa peltata, red Hypnea Valencia and brown Sargassum myriocystum were also used for the 
biosynthesis of ZnO NPs. The NPs with different morphologies such as spherical, triangular, radial, hexagonal, rod and rectangular were 
formed with size range of 76–186 nm. The water soluble pigments present in the extract were found to be responsible for the reduction 
and stabilization of the NPs [225]. AFM study of ZnO NPs revealed that change in temperature parameter remarkably affected the size 
and morphology of the particles (Figure 20).
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The polysaccharides present in the aqueous extract of Sargassum muticum caused the reduction of ferric chloride solution, thereby 
leading to the formation of ferric oxide (Fe3O4) NPs with cubic morphology and average diameter of 18 ± 4 nm [226]. S. muticum is 
algal seaweed which is also used as functional food consisting of large quantities of lipids, minerals, vitamins and many other bioactive 
substances such as polysaccharides, proteins and polyphenols. These biomolecules are effective against cancer, diabetes, thrombosis, 
obesity, and other degenerative diseases [227-230] and act as reducing as well as capping agents. ZnO nanomaterials are considered 
biocompatible for the medical applications.

Figure 20: AFM results of ZnO NPs 2D and 3D images. (a) Unfiltered AFM image showing 

topographical 2D image of ZnO NPs (b) 3D image of synthesized (c) filtered 2D AFM image of 

ZnO nanoparticles (d) particle size distribution of ZnO NPs. Reproduced with permission [225].

Therefore, research is carried out to develop algae mediated one-step, green and eco-friendly approach. Recent report on the syn-
thesis via aqueous extract of brown alga S. muticum has indicated the formation of pure ZnO NPs in the size range of 30–57 nm with 
hexagonal crystal structure [231] (Azizi., et al. 2014). Francavilla et al., designed a feasible protocol for the synthesis of ZnO NPs using 
Gracilaria gracilis, an edible form of algae [232]. This protocol involved the solid state grinding of zinc precursors including a biomass 
extracted from microalga followed by thermal decomposition in the absence of any solvent. The synthesized NPs were found to degrade 
phenol efficiently (Figure 21A). ZnOAG were agar synthesized and ZnOAA alginic acid as compared to commercial P25 Evonik. The pho-
tocatalytic activity was enhanced in the case of agar synthesized (52% phenol degradation, Figure 21B) whereas the degradation of 
phenol was less than 35% in the case of ZnOAA. The contribution to enhanced photocatalytic activity in this case is still under study but 
the methodology could be applied widely for the synthesis of other metal oxide NPs.

The mechanism for the formation of MNPs in the presence of algae is yet to be fully understood. The algal membranes consist of 
biomolecules such as polysaccharides, proteins and enzymes, which catalyze the reduction of metal salt precursors into metal or metal 
oxide NPs. Since, these are large molecules and amphiphilic in nature, they act as surfactant molecules which causes not only concentra-
tion buildup of the surfactant at the surface and reduction of the surface tension, but also the orientation of the molecule at the surface 
[233,234]. They act as capping agents and thus, reduce the interfacial energy. The interaction of these biomolecules with the NPs is also 
an important aspect under consideration.
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Figure 21: (A) Phenol degradation efficiency (measured as the relative concentration 

of phenol (C/Co) over time) of ZnOAA 1: 16 alginic acid, ZnOAG 1: 2 ex. agar and P25 

Evonik, (B) Photocatalytic degradation curves of phenol for ZnOAA 1: 16 alginic acid, 

ZnOAG 1: 2 ex. agar and P25 Evonik. Reproduced with permission [232].

Commercial applications of biosynthesized nanoparticles

Classical approaches of metals 

Nanoparticles (NPs) are particles that range in size between 1 and 100 nanometres in diameter. This dimensional feature gives spe-
cific properties or behaviours to these materials. Because of the many innovative applications suggested by these physical, chemical or 
biological properties, nanomaterials represent a field of scientific and technical research in full expansion. Indeed, the functional prop-
erties of the MNPs mainly depend on their physicochemical characteristics: these particles may exist in aggregated or discrete form and 
can be hexagonal, spherical, tubelike, or irregularly shaped. Thus, their potential toxicity in the human body will particularly depend on 
their physicochemical properties (size, shape, crystal structure or not, surface charge, solubility, etc.) [78]. 

Anciently, the gold metal is known as a symbol of power and wealth. The gold metal is used in different forms to improve the human 
health ever since. Even today, the biological aspects of metallic gold nanoparticles (GNPs) are very useful to human health and cosmetics 
applications [235]. In the 18th century, Egyptians used gold metal solubilized water for mental and spiritual purification. The restorative 
property of gold is still honoured in rural villages, where peasants cook their rice with a gold pellet to replace the minerals in the body 
via food intake. Traditionally, silver metal is used to control bodily infection and prevent food spoilage. Silver is used as wound healer 
agents and ulcer treatment [236]. In fact, nowadays the colloidal silver nanoparticles have been used as antimicrobial agent, wound 
dressing material, bone and tooth cement and water purifier as well [237].

The applications of these materials are numerous and now remarkably significant in human life and in industries [238]. Thus, MNPs 
are now included in many industrial processes and are involved in the composition of a wide variety of products and systems used in 
everyday life (food and drinks, sunscreens, textiles, etc.). Nanomaterials appear in different areas such as health and fitness, electronics 
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Today, the wide distribution of MNPs through a multitude of consumer products raises questions about exposure of consumers and 
the general population to manufactured nanomaterials. Favourable modification of the properties of materials by changing their size is 
also possible, enhancing their profitability. Today, nanotechnology is used in a broad spectrum of scientific fields (biotechnology, medi-
cine, pharmacy, ecology, electronics and others). The possibility of applying nanomaterials for use in agriculture, veterinary medicine, 
the food industry and cosmetology is also being explored [239]. The group of materials of particular interest includes: nanoparticles of 
silver, gold, zinc, selenium, titanium dioxide and carbon nanotubes [240]. In addition, it is expected that in the near future, the scope of 
research will enable materials to be obtained with previously unknown properties. Medical bioengineering is an area where nanotech-
nology has found many applications [241]. In this area, nanotechnology is mainly used in the field of diagnostic tests – as a tool for the 
detection of diseases and their imaging and monitoring of pharmacological therapy (mainly the system of drug delivery and disposition 
in the human body) [242]. Nanomaterials are increasingly an integral part of orthopaedic implants and scaffolds for tissue bioengineer-
ing. The main advantage of such solutions is the ability to manipulate the properties of biomaterial surfaces on a nanometric scale. 
That results in the unmistakable increase in the level of biocompatibility of implants used [243]. The beauty industry is another sector 
in which nanotechnology is used [244,245]. In this field, it is very important to protect the products against microbial contamination 
which may occur during production of cosmetics or their storage. 

Before nanotechnology permanently penetrated the cosmetic industry, organic compounds such as parabens [246] and phenoxy-
ethanol [247] had been used to control unwanted microbial flora. Studies revealed the irritant effects of these types of preservatives, es-
pecially parabens, in relation to epidermis [248]. What is more, their increased susceptibility to UV light has been confirmed [249,250]. 
The harmful preservatives have been partially replaced by metal nanoparticles, in particular silver nanoparticles [251]. Nanotechnology 
is also used in information technology. In recent decades a term “computers of new generations” has become a common phenomenon. 
These are the computers which are produced with the use of nanomaterials as component elements that increase efficiency and energy 
savings of these devices. In 2007 IBM’s research team published the results of using self-assembling nanostructures in the production 
of chips. 

It was found that such a novel solution allows an increase the current flow of up to 35% in the chips. The company estimates that a 
similar application of nanomaterials will quadruple the number of chip transistors, so that future computers will work more efficiently 
[252]. The properties of nanomaterials also allow using them in the energy sector. The application of a new generation of catalysts, 
whose construction is based on nanostructures, results in a significant reduction in energy consumption. Studies carried out during the 
production of biomass fuels revealed that the use of nanoporous membranes facilitates an increased efficiency of the process. It was 
noted that no other ways of reducing processing costs and increasing the yield of energy processes are as efficient as using nanostruc-
tured materials [252].

Nanoparticles have also found an application in the industry of paints and coatings. For example, paints and coatings containing 
nanomaterials are used in the aerospace, automotive, construction and hygiene industries. By introducing nanoparticles in the structure 
of materials, it is possible to give products antibacterial and anticorrosion properties and protection against UV radiation. The resultant 
structures can also be easier to clean. Sigma Aldrich is currently the leading supplier of nanomaterials. BASF and Evonik Degussa are its 
close competitors, in particular in the offer of nanomaterials in cosmetics and personal hygiene (Figure 22 and Table1) [53].

and computers, packaging, motorcar, building, chemicals, energy and environment. This rapid expansion of such applications causes an 
increase in the population exposure to manufactured nanomaterials, i.e. produced intentionally. Their absorption, distribution, metabo-
lism and excretion appear to be different compared to a conventional chemical entity, due to their specific characteristics. 
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Catalytic applications and waste water treatment

Figure 22: The global market for nanomaterials [53].

Recently, nanoproducts have immense applications in day to day life. There are also various eco-friendly nanoproducts available in 
commercial market with high efficiency such as water purifier, bone and teeth cement, facial cream and homemade products [253]. For 
instance, silver, silica and platinum nanoparticles have various applications in personal care and cosmetics and they are used as ingre-
dients in various products such as sunscreens, anti-ageing creams, toothpastes, mouthwash, hair care products and perfumes [254]. 
The silica nanomaterials are used as ingredients in various commercial products. Also, the modified silica nanomaterials are used as 
excellent pesticide control and it is used in a variety of non-agricultural applications.

Biosynthesized MNPs exhibit interesting size dependent catalytic properties due to high surface-to-area volume ratio. Pd NPs syn-
thesized using soya leaf extract caused the degradation of azo dyes [255]. Fe3O4 NPs coated with soluble bio-based products (SBO) 
efficiently adsorbed crystal violet (CV) dye used as a model pollutant (Figure 23A). Thus, these MNPs could be used for the removal of 
pollutants in the water [256]. The effect of pH on the removal of CV dye with NPs was studied by carrying out sorption experiments. It 
was observed that as pH was increased the % removal of dye also increased (Figure 23B).

Figure 23: (A) Fe3O4 NPs coated with SBO (B) CV removal obtained with NP/0.5 at different 

PHS. [CV] 0 = 10 mg L-1; [NP/ 0.5]0 = 150 mg L-1. Reproduced with permission [256].
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Spherical Pd NPs synthesized within green microalgae (Chlorella vulgaris) acted as a catalyst for Mizoroki–Heck cross-coupling 
reaction (Figure 24). They were synthesized via photosynthetic reaction and thus provide a green route of synthesis for other MNPs 
[257]. Pd NPs have also been reported to synthesize directly on alginic acid (AA) and seaweed (Laminaria digitata, a brown alga with 
the common name Oarweed). The reaction of iodobenzene and methyl acrylate was used to determine the catalytic activity. It was noted 
that 75% yield was obtained after 20 min in the presence of Pd NPs with a reusability of 2–3 times [258].

The biosensing applications of algae and waste mediated synthesized MNPs are under study and would be preferred over com-
mercially synthesized MNPs. Here, in brief, biosensing ability of MNPs synthesized from other sources has been discussed which would 
make MNPs derived from algae and waste materials a better choice.  Biosynthesized Au NPs have proved to be very important tool for 
hormone (HCG) detection in pregnant women urine sample [259]. Adrenaline acts as a drug which is widely used in the treatment of al-
lergies, heart attack, asthma and cardiac surgery. Therefore, detection of adrenalin is becoming an active area of research from medical 
point of view. Gold nanoplasmonic [260] substrates with high sensitivity and spectral reproducibility are key components of molecular 
sensors based on surface-enhanced Raman scattering (SERS). 

In this work, a confocal Raman microscope and several types of gold nanostructures (arrays of nanodiscs, nanocones and nanodisc 
dimers) prepared by hole-mask colloidal lithography (HCl) to determine the sources of variability in SERS measurements. The signifi-
cant variations in the SERS signal can originate from the method of deposition of analyte molecules onto a SERS substrate. While the 
method based on incubation of SERS substrates in a solution containing the analyte yields a SERS signal with low variability, the droplet 
deposition method produces a SERS signal with rather high variability. 

Variability of the SERS signal of a single nanoparticle [260] was determined from the statistical analysis of the SERS signal in short-
range Raman maps recorded using different sized laser spots produced by means of different objectives. The number of nanoparticles 
located within the laser spot can be a source of substantial SERS signal variability, especially for high-magnification objectives. This

Biosensing applications 

Figure 24: Palladium NP synthesis by photosynthetic green microalgae, and their uptake on an electrospun chitosan 

mat for use as a catalyst in Mizoroki–Heck reactions. The left stage shows a combination of mechanisms taking place 

within the photosynthetic organisms, resulting in the production of reducing agents. (ADP: adenosine diphosphate, 

ATP: adenosine triphosphate, FD: ferredoxin, NADP+: oxidized form of nicotinamide adenine dinucleotide phosphate, 

NADPH: reduced form of nicotinamide adenine dinucleotide phosphate, PGA: phosphoglycolic acid, RuBisCO: rubilose 

biphosphate carboxylase). NADPH is likely one of the main reducing agents for the reduction of Na2 [PdCl4], which is 

partially oxidized as a result of aerobic culture conditions. Reproduced with permission [257].
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indicates that SERS substrates prepared by HCl exhibit high SERS enhancement and excellent homogeneity (about 20% relative stan-
dard deviation from short-range maps). The nanocone arrays are shown (Figure 25) to provide the highest SERS enhancement, the 
lowest relative level of fluorescence background, and slightly better homogeneity when compared with arrays of nanodisc dimers or 
single nanodiscs.

Figure 25: Gold nanostructures fabricated by hole-mask colloidal 

lithography as potential substrates for SERS sensors.

Figure 26: Copper oxide nanoparticles in an epoxy network: 

microstructure, chain confinement and mechanical behaviour.

Copper oxide nanoparticles (nCOPs) having octahedral morphology, synthesized through hydrazine reduction reaction were em-
ployed to formulate an epoxy based novel nanocomposite. The synthesis of copper oxide nanoparticles [261] was carried out in poly-
ethylene glycol medium to enhance their interfacial adhesion with the epoxy matrix. The extent of conservation of the crystalline nature 
and octahedral morphology of the nCOP in its epoxy nanocomposites was confirmed by X-ray diffraction and electron microscopy 
analysis.

The mechanical properties including tensile, impact, fracture toughness and surface hardness of epoxy–nCOP nanocomposites were 
evaluated as a function of nCOP content (Figure 26). The maximum enhancement in strength, modulus, impact strength, fracture tough-
ness and surface hardness of epoxy–nCOP nanocomposites was observed for 5 phr nCOP content. This may be due to the strong interac-
tion between the nCOP and epoxy chains at this composition arising from its fairly uniform dispersion. A quantitative measurement of 
constrained epoxy chains immobilized by the nCOP octahedra was carried out [261] using dynamic mechanical analysis. 
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The enhancement in the storage modulus is related to the amount of the added nCOP as well as the volume of the constrained epoxy 
chains in the proximity of nCOP. The behaviour of epoxy–nCOP nanocomposites in this study has been explained by proposing a mecha-
nism based on the distribution of nCOP domains in the epoxy matrix and the existing volume of constrained epoxy chains. Pt NPs have 
been acted as a novel biosensor with high sensitivity for the determination of adrenaline [262]. Nanoscale Au–Ag alloy prepared via 
chloroplasts exhibited high electrocatalytic activity for 2-butanone at room temperature thereby providing a platform for the develop-
ment of biosensor capable of detecting cancer at early stages [263]. Recently, attention has been focused on the synthesis and applica-
tion of nanocomposites for supercapacitors [264], which can have superior electrochemical performance than single structured materi-
als. Here, we report a carbon-coated TiO2/Co3O4 ternary hybrid nanocomposite (TiO2@C/Co) electrode for supercapacitors. A carbon 
layer was directly introduced onto the TiO2 surface via thermal vapor deposition (Figure 27). The carbon layer provides anchoring sites 
for the deposition of Co3O4, which was introduced onto the carbon-coated TiO2 surface by hydrazine and the thermal oxidation method. 

The TiO2@C/Co electrode exhibits much higher charge storage capacity relative to pristine TiO2, carbon-coated TiO2, and pristine 
Co3O4, showing a specific capacitance of 392.4 F g−1 at a scan rate of 5 mV s−1 with 76.2% rate performance from 5 to 500 mV s−1 in 1 M 
KOH aqueous solution electrolyte. This outstanding electrochemical performance can be attributed to the high conductivity and high 
pseudo-capacitive contributions of the nanoscale particles. To evaluate the capacitive performance of a supercapacitor device employ-
ing the TiO2@C/Co electrode, we have successfully assembled TiO2@C/Co//activated carbon (AC) asymmetric supercapacitors. The 
optimized TiO2@C/Co//AC supercapacitor could be cycled reversibly in the voltage range from 0 to 1.5 V, and it exhibits a specific 
capacitance of 59.35 F g−1 at a scan rate of 5 mV s−1 with a specific capacitance loss of 15.4% after 5000 

Charge–discharge cycles. These encouraging results show great potential in terms of developing high-capacitive energy storage 
devices for practical applications [264]. Three-dimensional (3D) interconnected carbon nanofibrous mats containing well-dispersed 
MoO2+δ nanocrystals are fabricated through a facile electrospinning route, (Figure 28) followed by thermal treatment in N2. The result-
ing nanostructured monolithic [265] hybrid mat made of C/MoO2+δ nanofibers exhibits superior Li-storage performances, when evalu-
ated as a freestanding anode material. At a current density of 200 mA g−1, a reversible capacity as high as 876.9 mA h g−1 is achieved 
after 250 cycles.

 A capacity of 447.9 mA h g−1 could still be maintained after 1000 cycles even at a high current density of 2000 mA g−1, indicating 
high rate capability and cyclability. The attractive electrochemical performances of the as-obtained 3D C/MoO2+δ networks may benefit 
from the synergistic effects of the unique nanoarchitectures and the integrity of the electrodes. Monodispersed MoO2+δ nanocrystals 
encapsulated in carbon nanofibers not only provide interfacial storage but also improve the transport kinetics of electrons and lithium 
ions [265].

Figure 27: Ternary Co3O4/carbon coated TiO2 hybrid 

nanocomposites for asymmetric supercapacitors.
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Figure 28: Direct planting of ultrafine MoO2+δ 

nanoparticles in carbon nanofibers by electrospinning.

Cosmetics

Nanoparticles in food industry

Pharmaceutical and biomedical applications of MNPs

The metal nanoparticles are used as a preservative agent in food and cosmetic industries. New dimension of metallic nanoparticles 
is used for different commercial applications mainly cosmetics, pharma coating materials and food preservatives [251,266]. The nano-
sized metal nanoparticles such as gold, silver and platinum are broadly being applied for various commercial products such as sham-
poo, soap, detergent, and shoes. The chemical ingredients are mostly synthetic, and it causes side effects to human being. As a result, 
the green metallic nanoparticles are alternative for preservative agents in healthcare and food industries.

Silver metal is a highly heat conducting material because of that, nano-Ag is used in various mechanical devices. It is mainly used 
in heat liable instrumentation such as PCR lid and UV-spectrophotometer. The parts of instrumentation are made by nanosilver which 
is used as coated materials. It is highly stable in high temperature and without interference to the samples [267]. In food industries, 
the food products gets high microbial contamination due to their various open scale processes such as in manufacturing, processing 
and shipping of raw materials. Therefore, there is a need to develop a cost effective biosensor to evaluate the quality of the products. 
The metallic nanoparticles have been developed as biosensors and it effectively detects pathogen and monitors the different stages of 
contaminant with low cost.

The use of nanotechnology in medicine offers some exciting possibilities. Some techniques are only imagined, while others are at 
various stages of testing, or actually being used today. Nanotechnology in medicine involves applications of nanoparticles currently 
under development, as well as longer range research that involves the use of manufactured nano-robots to make repairs at the cellular 
level (sometimes referred to as nanomedicine). Whatever you call it, the use of nanotechnology in the field of medicine could revolu-
tionize the way we detect and treat damage to the human body and disease in the future, and many techniques only imagined a few 
years ago are making remarkable progress towards becoming realities. Being super paramagnetic in nature, iron and iron oxide NPs 
find extensive usage in biomedical applications such as cell labeling, tissue repair, magnetic resonance imaging (MRI), and drug delivery 
[268,269]. Au NPs have proved to be important tool in many potential biomedical applications including an emerging alternative for 
life-threatening diseases and also have been used in DNA modeling [270,271]. Au NPs with different sizes display optical properties 
necessary for biosensor applications, especially in cancer nanotechnology. PEG coated Au NPs maximize the tumor damage as com-
pared to Tumor necrosis factor-alpha (TNF-a), a cytokine which has anticancer efficacy, but limited therapeutic applications [272-274].
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 Au NPs exhibit high antibacterial activity due to their small size and high surface area. These MNPs suppress the respiratory chain 
enzymes which are vital for the cell wall synthesis of bacteria thereby leading to death or static growth. Spherical Au NPs synthesized 
from protein extract of blue green alga, S. platensis have been reported to show inhibitory action against B. subtilis and S. aureu. Since, 
gram positive bacteria have thick peptidoglycan layer, NPs adhere to the membrane and break the bonds thereby entering inside the 
microorganism [275]. Figure 29 depicts the damage caused to bacterial membrane on treatment with Au NPs.

Thus, functionalized NPs could be modified for use in advanced medical applications with greener methods. Banana peels rich in 
lignin, cellulose, pectins and hemicellulose act an excellent template for the synthesis of MNPs. The mechanism for the interaction of 
MNPs with the specific membrane has been illustrated in Figure 30. As soon as NP comes in contact with the membrane of pathogenic 
microorganisms, there is dissolution and release of metal cations which inhibit respiratory enzymes and ATP production. There is reac-
tive oxygen species (ROS) production which disrupts membrane integrity and other transport processes [276].

Various applications of MNPs are given in Figure 31. Antimicrobial activities of MNPs were well studied. Silver nanoparticles (Ag-
NPs) and gold nanoparticles (AuNPs) have been reported to have a broad spectrum of antimicrobial activity against human and animal 
pathogens [277,278]. This is due to effective disruption of polymer subunits of cell membrane in a pathological organism, which in turn 
results in disturbance in bacterial system [279]. Membrane permeability of AgNPs can be increased by increasing the concentration 
and consequent rupture of cell wall can be achieved [280]. The interaction between silver and gold MNPs with cell membrane via bind-
ing to the active site is demonstrated [281]. Copper and copper oxide nanoparticles (CuNPs) were found to be effective antimicrobial 
agents [282]. CuNPs were found as strain specific antibacterial agents against Bacillus subtilis [283]. Anti-inflammatory activity of Ag-
NPs was explored previously and it was due to inhibition of interferon-γ, tumor necrosis factor alpha (TNF-α); reducing matrix metallo 
proteinase (MMP) and proinflammatory cytokines [284,285]. Biosynthesized MNPs was proved to be having wound healing and tissue 
regeneration activity in inflammatory mechanism [286]. AgNPs were demonstrated to have antifungal activity [287] and fungicidal 
properties were explored against Candida sp. and results were found to be significant to that of fluconazole and amphotericin. This ac-
tivity is may be due to damage to fungal intracellular components [288]. As commercially available antifungal products are had various 

Figure 29: TEM images of (A) B. subtilis (B) S. aureus cells treated with S. platensis 

protein protected Au NPs in agar medium for 1h. Reproduced with permission [275].
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 Green synthesized MNPs of silver, platinum, palladium are effective in controlling malarial population. There is an urgent need to 
search for an alternative against vectors that are responsible for spreading the most common plasmodial diseases [291,292]. Recently, 
many investigators reported that green synthesized MNPs have potential to control tumor cell growth. This activity is due to presence 
of secondary metabolites in plant extracts [293,294]. AgNPs and AuNPs were found to be effective against malignant cells [295]. Anti-
HIV activity of AgNPs was studied at an early stage of reverse transcription mechanism [296]. Biosynthesize MNPs significantly reduce 
the level of hepatic enzymes like alanine transaminase, alkaline phophatase, serum creatinine and uric acid in diabetes-induced mice 
[297]. AgNPs were potent inhibitors of α-amylase at 140 mg/dl [298,299]. Secondary metabolites present in plant derived MNPs are 
responsible for antioxidant activity [300].

In recent years, interest has been generated in the capability of MNPs to bind a wide range of organic molecules, their low toxicity 
and their strong and tunable absorption. Unique chemical, physical and photo-physical properties of MNPs paved innovative ways in 
drug delivery systems to achieve controlled transport, controlled release and specific targeting of drugs [301-304]. It has been shown 
that conjugates of MNPs with antibiotics provide promising results in antimicrobial therapy [303]. Combination of antibiotic with MNPs 
would be helpful to improve antibiotic efficacy. This conjugation can be via covalent, ionic or physical absorption [305,306]. 

Cisplatin conjugation to MNPs has shown a significant cytotoxic effect, which is seven times higher than that of cisplatin alone. Con-
jugation of methotrexate to AuNPs, which involves the interaction of carboxylic group of drug with the metal surface found to have high 
concentrations of drug in Lewis lung carcinoma cells [307]. Conjugation of tamoxifen and AuNPs has been reported [308]. MNPs sur-
faces have to be modified in order to avoid aggregation and to improve the efficiency of MNPs drug delivery systems [309]. Doxorubicin 
in combination with surface modified AuNPs reported to have significant cytotoxicity when compared to the free form of doxorubicin 

Figure 30: Representation of receptor-mediated uptake. This is the specific biological mechanism for particles in-

teracting with the surface membrane and undergoing cellular uptake. The intrinsic NP characteristics that promote 

surface binding (roughness, hydrophobicity, cation charge) generally lead to nonspecific binding forces (marked by 

asterisks) that promote cellular uptake. In contrast, specific receptor–ligand interactions generally lead to endocytic 

uptake. A combination of nonspecific binding forces on the surface of spiked particles can lead to direct penetration 

of the surface membrane without the need to involve endocytic compartments. Reproduced with permission [276].

side effects, developing and exploring multifunctional MNPs to combat fungal infections is recommended. AgNPs were active against 
malarial vectors and reported to have a larvicidal effect [289,290].

MNPs in drug delivery
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Figure 31: Various pharmaceutical applications of MNPs.

Author previously reported a simple, cost effective and eco-friendly method for the synthesis of water soluble AgNPs using root 
bark extract of Azadirachta indica (RBAI). Clinical ultrasound gel prepared from these NPs proved to be effective with significant an-
tibacterial activity [316]. One application of nanotechnology in medicine currently being developed involves employing nanoparticles 
to deliver drugs, heat, light or other substances to specific types of cells (such as cancer cells). Particles are engineered so that they are 
attracted to diseased cells, which allows direct treatment of those cells. This technique reduces damage to healthy cells in the body and 
allows for earlier detection of disease. For example, nanoparticles that [32].

 (http://www.rsc.org/chemistryworld/News/2006/April/11040601.asp) deliver chemotherapy drugs directly to cancer cells 
(nanoparticle-chemotherapy.html) are under development. Tests are in progress for targeted delivery of chemotherapy drugs and their 
final approval for their use with cancer patients is pending. One company, CytImmune has published the results of a Phase 1 Clinical 
Trial (http://www.cytimmune.com/download/posters/ASCO_Poster.pdf#zone-clinical-wrapper) of their first targeted chemotherapy 
drug and another company, BIND Biosciences, has published preliminary results of a Phase 1 Clinical Trial (phase-%201-clinical-data-
BIND-014.htm) for their first targeted chemotherapy drug and is proceeding with a Phase 2 Clinical Trial (clinical-trial-accurin-cancer.
html).

Researchers at the Wyss Institue are testing nanoparticles that release drugs when subjected to sheer force, such as occurs when 
passing through a section of artery that is mostly blocked by a clot. Lab tests on animals have shown that this method is effective in 
delivering drugs used to dissolve clots. The Read more about their study here (clot_dissoloving_nanotherapeutic.html).

[310]. Polyethylene glycol (PEG) can be used to modify the surface of MNPs so that the cellular uptake of nanoparticles can be improved 
[311]. AntiHER antibody-targeted gold/silicon nanoparticles in the form of nanoshells to treat metastatic breast cancer[ 312], aminosi-
lane coated iron oxide nanoparticles to treat brain tumors [313] and starch coated iron oxide nanoparticles in the form of magnetically 
guided mitoxantrone to treat tumor angiogenesis [314] have been reported. Calcium phosphate nanoparticles as vaccine adjuvant 
(Biovant) is developed by Biosante for subcutaneous administration has entered into phase I trials [315]. 

http://www.rsc.org/chemistryworld/News/2006/April/11040601.asp
http://www.cytimmune.com/download/posters/ASCO_Poster.pdf#zone-clinical-wrapper
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Researchers at the University of Illinois have demonstrated that gelatin nanoparticles (gelatin-nanoparticles-braindrug-delivery.
html) can be used to deliver drugs to damaged brain tissue more efficiently than standard methods. This has been demonstrated in the 
lab, the researchers hope that this method will result in more effective drug delivery for brain injuries.

Researchers at MIT are investigating the use of nanoparticles to deliver vaccine (nanoparticle-vaccine.html).The nanoparticles pro-
tect the vaccine, allowing the vaccine time to trigger a stronger immune response as shown in lab tests with mice. Additional work needs 
to be done to adapt the technique to human patients.

Researchers are developing a method to release insulin that uses a sponge-like matrix that contains insulin as well as nanocapsules 
(insulin-release-nanocapsule.html) containing an enzyme. When the glucose level rises the nanocapsules release hydrogen ions, which 
bind to the fibers making up the matrix. The hydrogen ions make the fibers positively charged, repelling each other and creating open-
ings in the matrix through which insulin is released. So far this has been shown to be effective in tests with lab mice.

Researchers are developing a nanoparticle that can be taken orally (nanoparticles-oral-drug-delivery.html) and pass through the 
lining of the intestines into the bloodsteam. This should allow drugs that must now be delivered with a shot to be taken in pill form. The 
researchers have demonstrated the technique with lab mice so far. Researchers are also developing a nanoparticle to defeat viruses. The 
nanoparticle does not actually destroy viruses’ molecules, but delivers an enzyme that prevents the reproduction of virus’s molecules 
(nanozyme-viral-infections.html) in the patients’ bloodstream. The effectiveness of the technique has been demonstrated in lab tests. 
(Nanotechnology-drug-delivery.html).

Researchers have developed “nanosponges” that absorb toxins and remove them from the bloodstream. The nanosponges (nano-
sponges-toxins.html) are polymer nanoparticles coated with a red blood cell membrane. The red blood cell membrane allows the nano-
sponges to travel freely in the bloodstream and attract the toxins. Researchers have demonstrated a method to generate sound waves 
that are powerful, but also tightly focused, that may eventually be used for noninvasive surgery. They use a lens coated with carbon 
nanotubes (nanotube-lens noninvasive- surgery.html) to convert light from a laser to focused sound waves. The intent is to develop a 
method that could blast tumors or other diseased areas without damaging healthy tissue.

Researchers are investigating the use of bismuth nanoparticles (bismuth-nanoparticles-radiation-therapy.html) to concentrate ra-
diation used in radiation therapy to treat cancer tumors. Initial results indicate that the bismuth nanoparticles would increase the radia-
tion dose to the tumor by 90 percent. Nanoparticles composed of polyethylene glycol-hydrophilic carbon clusters (PEG-HCC) have been 
shown to absorb free radicals (nanoparticles-free-radicals-brain-injury.htm) at a much higher rate than the proteins out body uses for 
this function. This ability to absorb free radicals may reduce the harm that is caused by the release of free radicals after a brain injury.

Targeted heat therapy is being developed to destroy breast cancer tumors. In this method antibodies that are strongly attracted to 
proteins produced in one type of breast cancer cell are attached to nanotubes, causing the nanotubes to accumulate at the tumor. In-
frared light from a laser is absorbed by the nanotubes and produces heat that incinerates the tumor (nanomedicine-nanotubes-breast-
cancer.html). (Nanotechnology-therapy-techniques.html). Altogether, published literatures suggest that the AgNPs is a suitable promis-
ing agent to inhibit the growth of cancer cells via various mechanistic approaches. The hypothetical mechanism is shown in Figure 32. 

Therapy Techniques

Researchers at the Houston Methodist Research Institute have demonstrated a targeted drug delivery method in mice using silicon 
nanoparticles (drug-delivery-nanoporous-silicon-polymer.html) that degrade inside a tumor, releasing polymer strands that form a 
nanoparticle containing the drug to be delivered. This polymer nanoparticle dissolves inside the cancer cell, delivering the drug to the 
cancer cell.
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Researchers at Worcester Polytechnic Institute are using antibodies attached to carbon nanotubes (nanotube-cancersensor.html) in 
chips to detect cancer cells in the blood stream. The researchers believe this method could be used in simple lab tests that could provide 
early detection of cancer cells in the bloodstream. Researchers at MIT have developed a sensor using carbon nanotubes embedded in a 
gel; that can be injected under the skin to monitor the level of nitric oxide (carbon-nanotubes-implant-sensor.html) in the bloodstream. 
The level of nitric oxide is important because it indicates inflammation, allowing easy monitoring of inflammatory diseases. In tests with 
laboratory mice the sensor remained functional for over a year.

A test for early detection of kidney damage is being developed. The method uses gold nanorods (gold-nanorod-kidney function- 
test.html) functionalized to attach to the type of protein generated by damaged kidneys. When protein accumulates on the nanorod the 
color of the nanorod shifts. The test is designed to be done quickly and inexpensively for early detection of a problem. (Nanotechnology-
medical-diagnosis.html).

In recent years, increasing antibiotic resistance by microbes is imposing serious threat to the health sector. Nanoparticles have 
proved to be a likely candidate for antimicrobial agent since their large surface to volume ratio ensures a broad range of attack on bacte-
rial surface. Researchers at the University of Houston are developing a technique to kill bacteria using gold nanoparticles and infrared 
light (gold-nanoparticles-bacteria.html). This method may lead to improved cleaning of instruments in hospital settings.

Researchers at the University of Michigan are developing a sensor that can detect a very low level of cancer cells, as low as 3 to 5 can-
cer cells in a one milliliter in a blood sample. They grow sheets of graphene oxide (graphene-oxide cancer- cell-sensor.html), on which 
they attach molecules containing an antibody that attaches to the cancer cells. They then tag the cancer cells with fluorescent molecules 
to make the cancer cells stand out in a microscope. Researchers have demonstrated a way to use nanoparticles for early diagnosis of in-
fectious disease (nanoparticleinfection-early-detection.html). The nanoparticles attach to molecules in the blood stream indicating the 
start of an infection. When the sample is scanned for Raman scattering the nanoparticles enhance the Raman signal, allowing detection 
of the molecules indicating an infectious disease at a very early stage.

Diagnostic Techniques

Figure 32: The possible mechanisms of AgNP-induced cytotoxicity in 

cancer cell lines. Endoplasmic reticulum stress(ER), lactate dehydrogenase 

(LDH), reactive oxygen species (ROS).

Anti-Microbial Techniques



Researchers at the University of Colorado Boulder are investigating the use of quantum dots (quantum-dots-antibiotic resis-
tant- infections.html) to treat antibiotic resistant infections. Researchers at the University of New South Wales are investigating the 
use of polymer coated iron oxide nanoparticles (iron-oxide-nanoparticles-bacteria.html) to treat chronic bacterial infections. One 
of the earliest nanomedicine applications was the use of nanocrystalline silver (http://www.cesil.com/leaderforchemist/articoli/
inglese/7demlinging/7demlinging.htm) which is as an antimicrobial agent for the treatment of wounds, as discussed on the Nucryst 
Pharmaceuticals Corporation (http://www.nucryst.com/acticoat_dressings.htm) website.

A nanoparticle cream has been shown to fight staph infections. The nanoparticles contain nitric oxide gas (nanomedicine-nanopar-
ticles-cream-no-staph.html), which is known to kill bacteria. Studies on mice have shown that using the nanoparticle cream to release 
nitric oxide gas at the site of staph abscesses significantly reduced the infection. Burn dressing that is coated with nanocapsules contain-
ing antibotics (nanocapsules-release-antibotics.html). If an infection starts the harmful bacteria in the wound causes the nanocapsules 
to break open, releasing the antibiotics. This allows much quicker treatment of an infection and reduces the number of times a dressing 
has to be changed.

A welcome idea in the early study stages is the elimination of bacterial infections (http://www.foresight.org/Nanomedicine/
SayAh/index.html) [317] in a patient within minutes, instead of delivering treatment with antibiotics over a period of weeks. You can 
read about design analysis for the antimicrobial nanorobot used in such treatments in the following article: Microbivores: Artifical Me-
chanical Phagocytes using Digest and Discharge Protocol (http://www.rfreitas.com/Nano/Microbivores.htm) [318].

The reciprocal action of nanoparticles subsequently breaks the cell membrane and disturbs the protein synthesis mechanism in the 
bacterial system [319]. The interactions of bacteria and the metallic silver and gold nanoparticles have been binding with active site of 
cell membrane to inhibit the cell cycle functions [61]. 

The fungicidal mechanism of biosynthesized metallic nanoparticles has more potential than commercial antibiotics such as fluco-
nazole and amphotericin. Most of the commercial antifungal agents have limited applications clinically and in addition, there are more 
adverse effect and less recovery from the microbial disease. Subsequently, the commercial drugs induce side effect such as renal failure, 
increased body temperature, nausea, liver damage, and diarrhoea after using the drugs. Nanoparticles were developed for novel and 
effective drug against microbes. The fungal cell wall is made up of high polymer of fatty acid and protein. The fungal cell membrane 
structure significant changes were observed by treating it with metallic nanoparticles [320].

Currently, the most common diseases are spreading everywhere by vectors. Vector control is a serious requirement in epidemic 
disease situation. The advanced antiplasmodial species specific control method is less effective. This method has been more economical 
but less effective to control the target organisms in the health care sector [321]. Hence, effective and affordable antimalarial drugs are 
urgently required to control the plasmoidal activity. In last few decades, plants have been used as traditional sources of natural products 
and having enough sources for drug development for antimalarial disease. 

The plant derived chemical constituents such as quinine, artemisinin and aromatic compound have been successfully used against 
resistant strains of malaria parasites [322]. Due to that high resistance of parasites, the alternative drug is needed for controlling the 
resistance strains. The plants developed metallic nanoparticles such as silver, platinum and palladium nanoparticles are effectively 
control the malarial population in the environment. Also, the biogenic synthesis of metallic silver nanoparticles from plant extract have 
been used to suppress the number of malarial productions.

Anti-bactericidal activities of metallic nanoparticles

Anti-fungicidal activities of metallic nanoparticles

Antiplasmodial activity of metallic nanoparticles
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Anti-inflammatory is an important wound healing mechanism. Anti-inflammation is a cascade process that produces immune re-
sponsive compound such as interleukins and cytokinins which can be produced by keratinocytes including T lymphocytes, B lympho-
cytes and macrophages [323]. Various inflammatory mediators such as enzymes, antibodies are secreted from the endocrine system. 
Other potential anti-inflammatory agents such as cytokines, IL-1, IL-2 are secreted from the primary immune organs. These anti-inflam-
matory mediators induce the healing process [324]. Also, the inflammatory mediators are involved in biochemical pathways and control 
the expansion of diseases. Biosynthesized gold nanoparticles achieved positive wound repair mechanisms and tissue regeneration in 
inflammatory function [325]. The studies proved that biosynthesized gold and platinum nanoparticles are alternative sources for treat-
ing inflammation in a natural way.

Cancer is an uncontrolled cell proliferation with hysterical changes of biochemical and enzymatic parameters, which is universal 
property of tumour cells. The overexpression of cellular growth will be arrested and regulated with systematic cell cycle mechanisms 
in cancerous cell by using bio-based nanoparticles as novel controlling agents [115]. Also the plant mediated nanoparticles have great 
effect against various cancer cell lines such as Hep 2, HCT 116 and Hela cell lines. Recently, many studies reported that plant derived 
nanoparticles have potential to control tumour cell growth. The improved cytotoxic effect is due to the secondary metabolites and 
other non-metal composition in the synthesizing medium [326,327]. The plant derived silver nanoparticles regulate the cell cycle and 
enzymes in bloodstream [328]. Moreover, the plant synthesized nanoparticles relatively control the free radicals formation from the 
cell. Free radicals commonly induce cell proliferation and damage the normal cell function.

Plants mediated nanoparticles are the alternative drugs for treating and controlling the growth of viral pathogens. The entry of vi-
ruses into a host is very reckless and it involved in faster translational process to multiply their colony numbers. The metallic MNPs are 
strong antiviral agents and inhibit the viral entry into the host system. The biosynthesized metallic nanoparticles have multiple binding 
sites to bind with gp120 of viral membrane to control the function of virus. The bio-based nanoparticles are acting as effective virucidal 
agent against cell-free virus and cell-associated virus [331]. In addition, the silver and gold nanoparticles are constantly inhibiting 
post-entry stages of the HIV-1 life cycle. Therefore, the metallic nanoparticles will act as promising antiviral drug against retro viruses.

Diabetes Mellitus (DM) is a group of metabolic dysfunction in which person has uncontrolled sugar level in blood. Certain foods and 
balance diet or synthetic insulin drugs can be prevent the diabetes at certain levels, but the complete treatment of DM is a big challenge. 
However, the biosynthesized nanomaterials could be alternative drug to cure the diabetes mellitus. Daisy and Saipriya’s (2012) [332] 
results showed that gold nanoparticles have good therapeutic effects against diabetic models. Gold nanoparticles significantly reduce 
the level of liver enzymes such as alanine transaminase, alkaline phosphatase, serum creatinine, and uric acid in treated diabetes mice. 

The gold nanoparticles treated diabetic model showed a decrease of HbA (glycosylated haemoglobin) level which is maintaining the 
normal range [333] explored the Sphaeranthus amaranthoides biosynthesized silver nanoparticles inhibited a-amylase and acarbose 

The moderate concentration of gold nanoparticles induces the apoptosis mechanism in malignant cells [329]. Similarly, Ag nanopar-
ticles treated MCF-7 cancer cell line has retained the biomolecules concentration in the cells, and subsequently the cell metabolism was 
regulated [154]. The metallic nanoparticles have proved their novel applications in medical field to diagnose and treat various types of 
cancer and other retroviral diseases. The biobased nanoparticles are new and revolutionized to treat malignant deposit and without 
interfering the normal cells. Suman., et al. (2013) [330] reported that the green synthesis of silver nanoparticles exhibited a significant 
cytotoxic effect in HeLa cell lines compared to other chemical based synthetic drugs.

Anti-inflammatory action of nanoparticles

Anticancer studies on plant mediated nanoparticles

Antiviral effects of metallic nanoparticles

Antidiabetic management of metallic nanoparticles
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sugar in diabetes induced animal model. It is mainly a-amylase inhibitory components are present in ethanolic extract of S. amaran-
thoides [334]. Likewise, [335] studied that the nanoparticles are potent therapeutic agent to control diabetes with few side effects. The 
clinical studies in mice successfully control the sugar level of 140 mg/dl in silver nanoparticles treated group.

Antioxidant agents including enzymatic and non-enzymatic substances regulate the free radical formation. Free radicals are caus-
ing cellular damage including brain damage, atherosclerosis and cancer. The free radicals are generated by reactive oxygen species 
(ROS) such as superoxide dismutase, hydrogen peroxides and hydrogen radicals. Biomolecules such as proteins, glycoprotein, lipids, 
fatty acids, phenolics, flavonoids and sugars strongly controlled the free radical formation [336]. The scavenging power of enzymatic 
and non-enzymatic antioxidants is useful for the management of various chronic diseases such as diabetes, cancer, AIDS, nephritis, 
metabolic disorders and neurodegenerative. The antioxidant effect of silver nanoparticles was stronger than other synthetic commer-
cial standards e.g. ascorbic acid and so on. The nanoparticles showed higher antioxidant activity whereas the tea leaf extract possesses 
higher phenolic and flavonoids content in the extract [337].

Nanorobots could actually be programmed to repair specific diseased cells, functioning in a similar way to antibodies in our natural 
healing processes. Read about design analysis for one such cell repair nanorobot in this article: The Ideal Gene Delivery Vector: Chro-
mallocytes, Cell Repair Nanorobots for Chromosome Repair Therapy (http://jetpress.org/v16/freitas.pdf).

National Cancer Institute Alliance for Nanotechnology in Cancer; this alliance includes a Nanotechnology Characterization Lab 
(http://ncl.cancer.gov/) as well as eight Centers of Cancer Nanotechnology Excellence (http://nano.cancer.gov/action/programs/ccne.
asp). Alliance for NanoHealth (http://www.nanohealthalliance.org/); this alliance includes eight research institutions performing col-
laborative research. European Nanomedicine platform (http://www.etp-nanomedicine.eu/public).The National Institute of Health 
(NIH) is funding research at eight Nanomedicine Development Centers (http://nihroadmap.nih.gov/nanomedicine/fundedresearch.
asp). Nanomedicine based upon nano-robots (nanomedicine.html).

The growth of population and urbanization along with poor water supply and environmental hygiene are the main reasons for 
the increase in outbreak of infectious pathogens. Transmission of infectious pathogens to the community has caused outbreaks of dis-
eases such as influenza (A/H5N1), diarrhea (Escherichia coli), cholera (Vibrio cholera), etc. throughout the world. The comprehensive 
treatments of environments containing infectious pathogens using advanced disinfectant nanomaterials and nanoparticles have been 
proposed for prevention of the outbreaks. In recent years, the outbreak of re-emerging and emerging infectious diseases has been a 
significant burden on global economies and public health.

Global demand for nanomaterials increases year by year. It is related with inevitable penetration of nanoparticles into the environ-
ment. It may have a substantial impact on the functioning of living organisms. The Commission to the European Parliament, the Council 
and the European Economic and Social Committee claims that monitoring the presence of nanoparticles in the environment is a major 
technical challenge. The small size of nanomaterials, and their low, and sometimes trace level, abundance in environmental samples is 
the main problem. Despite the fact that science has some methods of controlling environmental pollution by nanomaterials, the current 
state of development assumes that they are not fully verified. That makes it difficult to compare the available data and does not allow 
for a thorough analysis of the problem [240]. 

There is no doubt that the presence of nanoparticles in many consumer products generally improves the quality of life, providing 
numerous benefits and economic utility. The nanoparticles have been introduced in the formulation of different types of products. 

Antioxidant mechanisms of plant derived nanoparticles

Cell Repair

Resources

Environmental aspects of the use of nanoparticles 

http://jetpress.org/v16/freitas.pdf)
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http://nihroadmap.nih.gov/nanomedicine/fundedresearch.asp
http://nihroadmap.nih.gov/nanomedicine/fundedresearch.asp
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Because of the nanometric particles size, one may not observe their chemical and physical effects on living matter [338]. Penetration 
of nanomaterials into environment and its specific reactivity can cause degradation effects. Therefore, there is a need to develop tech-
niques to monitor potential risks [339]. 

The impact of nanoparticles on the environment can take many forms. It is worth noting that weather factors such as temperature 
or humidity can also affect the physical properties of nanoparticles (size and stability). These processes are lengthy, but one should be 
aware that nanoparticles once introduced into the environment affect pollution of soil, surface water and groundwater as well as flora 
and fauna. Living organisms may be not exposed to nanomaterials during their life, but toxicological concerns can be a problem in the 
future when the processes of penetration of nanomaterials reach the stage of direct contact with successive generations of living matter 
[30]. 

Mostly, the toxicity of the product is determined as a function of its mass. In the case of nanomaterials this assumption is incorrect 
and one must use a different technique for risk assessment. Nanoparticles can penetrate into living organisms by means of swallowing, 
inhalation, absorption and penetration through the skin. Understanding the life cycle of nanoparticles in the environment and their 
chemical stability is an important step in the process of determining their influence on living organisms. Despite the lack of thorough 
research, a framework to conduct analysis has been developed. It involves:

In the literature one can find two main hypotheses explaining the toxic effects of nanoparticles on living organisms [340]. The first 
hypothesis that the harmful activities of nanoparticles is due to the release of metal ions [340,341]. The second states that the toxicity 
is induced by formation of ROS (reactive oxygen species). The resulting free radicals are able to damage any components of the cell, 
and initiate the production of ever-increasing numbers of reactive oxygen species [342]. For example, generated free radicals are able 
to oxidize the double bonds of fatty acids in cell membranes, resulting in increased permeability of membranes, and increased perme-
ability contributes to the osmotic stress [343]. ROS may also inhibit the activity of enzymes by binding to them and changing the helix 
of DNA, which can lead to cell death. The formation of larger amounts of reactive oxygen species is induced by the higher surface area of 
nanoparticles as compared to their larger analogues [343]. 

Nanomaterials may also damage the cell membrane, oxidize proteins, and be genotoxic as well as interfere with the conduction of 
energy [342]. Balancing the risks and benefits of nanomaterials is essential in carrying out safe and responsible studies of their devel-
opment. There is a general belief that research on the toxicity of nanomaterials are lagging behind the desire for their commercial use 
[344]. There is an urgent need to standardize safety evaluation of nanomaterials, which would facilitate the assessment of exposure to 
nanomaterials and risks arising from their use. The aim of such an action is a safe assimilation of nanotechnology in society. Environ-
mental organizations and public opinion treat silver nanoparticles as a key factor in campaign against the use of nanomaterials [53].

Few of the disadvantages of MNPs are the exact mechanism for synthesis of NPs needs to be elucidated, limitations to scale up 
production processes and reproducibility of the processes [345]. Chronic exposure to silver NPs causes adverse effects like argyria and 
argyrosis, soluble silver may cause organ damage [346]. Microbes are regarded as potential biofactories for MNPs synthesis and serve 
a new generation antimicrobial agents with their unique physicochemical properties. The MNPs have found diverse applications in the 

Mechanisms of toxic effect of nanoparticles on organisms

•	 Physicochemical characteristics of particles which may have a negative effect on living matter, 
•	 Familiarity with the life cycle of nanomaterials and the mode of their penetration into living organisms, 
•	 Selection of appropriate techniques to measure the degree of an organism’s exposure to the nanomaterials, 
•	 defining the rules governing deployment of nanoparticles in different parts of living organisms,
•	 developing mechanisms for inducing conditions [30].

Drawbacks of MNPs
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field of pharmacy as direct therapeutic agents to treat ailments and also as carriers for drug delivery systems. In both the cases, stability 
and surface activity of MNPs are the vital areas where researchers have to concentrate. In particular, the development of rational pro-
tocol for green synthesis of MNPs in keeping view of the advantages of this approach; application of these particles to resolve problem 
of antibiotic resistance and in the target specific drug delivery systems to treat microbial infections including HIV and cancer should be 
highly focused in the future. 

The potential of using metal nanoparticles MNPs in various fields increases the need to produce them on an industrial scale and 
in stable formulations with environmentally friendly processes. Therefore, much effort is being made towards exploiting natural re-
sources and implementing biological synthesis methods with proven advantages, such as being environmentally friendly, easy to scale 
up, and cost-effective; thus, the green production of nanoparticles using biological resources has great potential. The biological route 
of synthesizing nanoparticles has many advantages, such as the stable production of nanoparticles with controlled sizes and shapes, 
the lack of subsequent complex chemical synthesis, the lack of toxic contaminants, and the ability for rapid synthesis using numerous 
medicinal plants and microorganisms. Green biological synthesis of MNPs using plant derivatives and different macro–microscopic 
organisms such as plant, bacteria, algae, fungi, seaweeds and microalgae is extremely studied. It is important to understand how active 
groups from biological sources attach to the nanoparticle surface, and which active groups are involved, to produce nanoparticles with 
higher efficacy. Thus, the plethora of microorganisms and plants that have been successfully used for the biological synthesis of metal 
nanoparticles prompts the deeper exploration of biological nanofactories to meet the need for nanoproducts in various fields. However, 
issues relating to the biomedical applications of biological nanoparticles, including the distribution profile, excretion, and clearance of 
nanoparticles in in vivo trials, need to be addressed. The plant derived metallic nanoparticles have projected impact on diagnosis and 
treatment of various diseases with controlled side effects. The up-and coming researches have proven their antimicrobial significance. 
Additionally, investigations into the biocompatibility and bioavailability of nanoparticles are still at early stages, and considerable re-
search is needed in this direction. MNPs were developed for novel and effective drug against microbes, have a promising activity against 
spore producing fungus and effectively destroy the fungal growth. Recent advances in nanoscience and NPs nanotechnology radically 
changed the way we diagnose, treat, and prevent various diseases in all aspects of human life.

Conclusions
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