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1 Introduction

The foundation of the medical world contains the
science and routine practice of diagnostic, therapeutic and
life-
threatening diseases. Several healthcare practices are

prophylactic strategies developed to combat
included in the medicines which are evolved significantly
to restore and maintains health by prevention and
treatment of all the emerging and re-emerging diseases.
The twentieth century is innovatively revolutionized by
the foremost advancement in the field of nanotechnology
and its applications, especially in the medical world.
Nanotechnology has emerged as one of the key areas in
modern research dealing with structures of nano-
[1]. Their

manipulations lead to the diverse changes in their

dimensions synthesis and structural
physical, chemical and biological properties. The change in
properties occurs both on the atomic level as well as their

bulk counterparts [2, 3].

These changes, in turn, result in the emergence of
novel applications possessed by these nanomaterials. The
novel applications based on morphology, size and
distribution of nanomaterials has diversified a variety of
fields including healthcare, biomedical research, drug and
gene delivery systems [4], cosmetics, optics, food and feed,
environment, chemical industries, mechanics, electronics,
catalysis, space industries, light emitters, single electronic
transistors, energy sciences, non-linear optical devices
[2, 5]
Nanotechnology is the science of dealing matter at the

and several other scientific disciplines
nanoscale (1-100nm). It has wide-ranging applications
and can be utilized for the development of several forms of
nano-sized materials and devices. The brief introduction
gives a full platform to researchers how nanotechnology

plays its role in the medical world.
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Various methods wused for nanoparticles
synthesis

A variety of methods are utilized for the synthesis
of nanoparticles including physical, biological and

chemical each having their own pros and cons. Some of the

methods are composed of various physiochemical
processes and poses a great threat to the living
environment. The synthesis through biological processes
is considered as environmentally friendly, simple, safe and
non-toxic. The green synthesis can be completed in few
hours at room temperature and all which is required is the
plant extract and the metal salt. The extract helps in the
reduction of the metallic salt into its respective
nanoparticles. Researchers have focused significantly
toward the synthesis of nanoparticles through greener
route in the last few decades. Various physical methods
utilized for the synthesis include sonication, radiation and
method

and

chemical includes
method, The

biological methods which are used for nanoparticles

laser ablation while

condensation, sol-gel reduction.
synthesis are shown in (Fig 1) [6-8]. Each method

possesses its own pros and cons.

Application of Nanotechnology in various fields

Nanotechnology plays a vital role in different
fields including physics, chemistry, and biology. Nowadays
the focus is shifting toward the use of nanoparticles in the
drug delivery system. The nascent system possesses
novelty over the current delivery strategies because of two
significant properties. First because of the nano dimension
these particles can penetrate easily through small
capillaries and are readily taken up by the living cells
which enhance the drug accumulation process at the
target sites. Secondly, for the preparation of nanoparticles,
biodegradable materials are utilized which prolong the
drug release process at the target site for days or even
weeks. These properties are not only exploited to be
utilized for medical purposes but also for other different
fields

electronics, drink, and food industries [9-11]. The lists of

including chemical industries, engineering,
the areas where nanotechnology introduce its applications

are summarized as below.
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Sol-gel techniques

Synthesis of Nanoparticles

Sonication

Laser ablation

Physical
Methods

Biological
Methods

Fig. 1 various methods for making nanoparticles

Nanotechnology in medicine

The applications of nanotechnology in the field of
medicine are known as “nanomedicine” and it deals with
the diagnosis, treatment, monitoring, and prevention of
the diseases. Nanomedicine is considered to be a relatively
field but the
approaches have emerged a few decades ago. In 1965 first

novel basic nanotechnology-based
lipid-based vesicles mainly known as liposomes were
introduced [12]. The first polymer system used for the
controlled release of macromolecules was introduced in
1976 [13], the first polymer based long circulating stealth
nanoparticles were introduced in 1994 [14], the first
bioconjugate of quantum dots was described in 1998 [15,
16] while the first nanosensors were introduced in 2001

[17].

The focus has been shifted toward the application
of the
characterization of diseases at the cellular and molecular

nanoparticle contrast agents in early

levels such as atherosclerosis and cardiovascular

abnormalities. The advancement in the nano-based

strategies might assist in combining the imaging
techniques with conventional drug delivery systems to
expedite the personalized medicine [18]. Moreover, the
development of nano-based highly efficient markers and
detection devices for the early diagnosis and Monitoring
therapy response will have a significant role in patient
management, lowering mortality rates and improving life
quality of the patients in case of deadly diseases like

cancer and Alzheimer disease.

Table 1. Overview of the applications of nanomaterial-based products in different areas

Energy Food and Drinks Cosmetics

v' Fuel cells v Package materials v Sun protection
v Solar cells v’ Storage life sensors v’ Lipsticks
v’ Batteries v Additives v Skin creams
v' Capacitors v Clarification of fruit juices v' Tooth paste

Medicine Chemical Industry Engineering
v Drug delivery system v’ Fillers for paint system v' Wear protection for tools and
v Active Agents v' Coating systems based on machines (Ant blocking coatings,
v Contrast medium nanocomposites Scratch resistance coatings on
v' Medical rapid tests v Impregnations of papers plastic parts, etc)

Nanoscale Reports, 1-8 | 3
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v/ Antimicrobial agents v Magnetic fluids
and coatings

v' Agents in cancer
therapy

v Lubricant-free bearings

Electronic Industry

v' Data memory (MRAM, v Lightweight construction
GMR-HD) v/ Catalysts

v Displays (OLED, FED) v’ Painting (Fillers, Base coat,

v' Laser diodes Clear coat)

v Glass fibers v Sensors

v' Optical switches v

Automotive Industry

Textile/Fabrics/non-wovens
v’ Surface processed textile
v' Smart clothes

Presentations in cancer therapy

In recent past, a tremendous advancement has
been achieved in the development of cancer therapeutics
and novel drug delivery strategies. Based on the individual
genomic variations and alteration in the behavior of
cancers, the routine conventional treatment may not yield
the same results in the treated patients [19]. Early
diagnosis and effective treatment will be possible with a
personalized approach to understanding the cancers at the
molecular level. Nanobiotechnology has brought a
tremendous advancement in the molecular diagnostic era
For the early detection of cancer through the development
of
techniques. These strategies are referred to as nano
Further with the

advancement in proteomics has also revolutionized the

nano-biosensors and nanoimaging diagnostic

diagnostic  techniques. rapid
diagnosis of cancers by using the nanoscale protein
analysis technique as a substitute for the conventional
biopsy methods. The applications of protein technologies
in oncology are referred to as onco-proteomics which can
be utilized to design novel drugs according to the specific
molecular profile of the cancer cells. By merging these
advanced diagnostic, therapeutic and drug delivery
mechanisms, the management of the cancer patients can

be predicted via personalized medicines [19].

Nanotechnology in targeted drug delivery
Nanotechnology may modify pharmaco-kinetics

and delivery refining effectiveness and lessen side effects

[20, 21]. The size and surface properties enrich drug

portability, mobility, flexibility and thus enhance selective

confinement in tumor tissue making them potentially
operative tumor delivery vectors [22]. Nanoparticles
including metallic and semiconductor nanoparticles
enlarge useful abilities for contemporaneous targeted drug

delivery and imaging [23, 24].

Nanotechnology in liver diseases

Liver diseases like, hepatocellular carcinoma,
hepatitis and liver cirrhosis has become a leading health
challenge worldwide. Many innovative nanoparticle-based
therapies have been studied by using nanocarriers, such as
the which bio-

nanocapsules and human serum albumin (HAS) metal-

inorganic nanoparticles include
based inorganic nanoparticles, polymers and lipids [25].
Many treatments like targeting hepatitis B virus (HBV) in
the liver by adefovirdipivoxil with monostearin-containing
solid lipid nanoparticles [26], in vivo delivery of siRNA
against liver fibrosis [27], lipid-based carrier treatments,
OX-loaded nanoparticles in overwhelming HCC drug

resistance have been used for various treatments [28].

Nanotechnology allows primary detection of
Alzheimer’s disease

The brain is one of the most complex systems and
the abnormalities associated with it offer quite great
challenges in the field of biomedicine. Improved early
diagnosis and more effective therapeutic strategies are
offered by the field of nanotechnology for the treatment of
neurodegenerative diseases like Alzheimer. It will be
possible after the understanding of the brain functioning
significantly. With the current diagnostic strategies, the

disease cannot be early diagnosed and is the most
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dominant problem for the effective treatment. It is crucial
for the diagnostic techniques to have more than 80%
specificity and sensitivity range for the early diagnosis of
the disease and then it will be considered as the ideal
diagnostic tool. Early diagnosis is necessary for the AD
because the neurodegeneration process starts before the
appearance of the disease symptoms. The potential of
nanotechnology for early detection of AD emerged after
two studies conducted in February 2005. The proposed
strategies for disease detection in those studies were
Localized Surface Plasmon Resonance (LSPR) and Bio-
Barcode assay (BCA) [29].

Applications of nanotechnology in cardiology
Nanotechnology has applications in cardiology

and various vascular processes which can be diagnostic

both. Radiolabeled

conjugates with biospecific antibodies can be utilized for

and therapeutic nanopolymers
the diagnosis of cardiovascular diseases. They are used to
target atherosclerotic lesions which are further detected
by imaging techniques. Genes associated with coronary
artery diseases (CAD) can be detected by employing
biosensors composed of carbon nanotubes which can
the DNA. From the nanotube-DNA

interactions, multiple genes can be identified significantly.

interact with

To overcome the acute recoiling and high restenosis rate
of the balloon angioplasty, stent implantation method was
developed. Drug-eluting stents (DES) have emerged as one
of the foremost advanced technology, which is having
applications in the field of interventional cardiology.
However, in recent past studies have shown that the DES
is associated with the increased risk of late-stent
thrombosis. Currently among the most popular DES
commercially available includes paclitaxel, sirolimus, and
zotarolimus. The use of nanoparticles as drug delivery
helps in the availability of the anti-restenotic drugs for all
the lesions. It might assist in the removal of anti-
proliferative agents from the tissue layer surface into the
vascular wall which could facilitate the rehealing process

of the endothelium [30].

Role of nanotechnology in molecular imaging
In cancer therapy, conventional imaging methods
are used to study the pathological changes in various

affected organs, shrinkage of the tumors in the response to

Wali Muhammad et al/2018

the treatment and various biochemical changes at the
molecular level. Molecular imaging techniques provide the
possibility for detecting the disease at the molecular level
before the appearance of clinical symptoms. Specific
imaging molecules conjugated to the nanoparticles can be
employed to target the specific ligands or receptors
associated with a particular disease. Recently quantum
dots (QD's) are used as more effective imaging tools which
nontoxic and are stable to

are nanosized, quite

photobleaching as compared to the fluorescent dyes [31].

Antimicrobial activities of NPs

Nanoparticles have a greater surface-area-to-
volume ratio as compared to their bulk materials, which
results in the precise physiochemical characteristics and
increased reactivity. As silver has antimicrobial properties,
it has been in use since early times in the form of metallic
silver, silver nitrate, silver sulfadiazine to control burns,
wounds and several bacterial infections [32]. Studies have
shown that silver, zinc, gold and magnesium NPs possess
strong antibacterial activities. Silver nanoparticles have

proved to be the most effective antimicrobial
Agentsagainst bacteria, viruses and other eukaryotic
micro-organisms [33]. Inorganic nanoparticles also

demonstrate greater durability, less toxicity, heat resistant
and better selectivity [34].

Conclusion

Nanoparticles have greater surface area and
significant outcomes as compared to the particles in their
bulk form. Consequently, they are utilized as a promising
tool for the development of drug and gene delivery
systems, diagnostic sensors and biomedical imaging
devices. Nanomaterials have different organic properties
and variable chemistry as compared to the macro-sized
materials. The active penetration and prolong residing
capability of the nanoparticles inside the living cells will
have a significant impact on the interaction between them
and the biomolecules. Their discriminative characteristics
such as small size, availability in various forms, variable
chemistry, shape, higher solubility, and agglomeration
have made it more promising in the medical world. With
their vast applications in various fields, nanoparticles can
be used in diagnostic imaging for early detection of tumors

and in highly efficient drug delivery systems such as
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carbon nanotubes for the transportation of various
biomolecules into cells. The future of the nanotechnology
seem to be extremely bright and crucially holds a
promising role after its merging with other conventional
technologies to forecast the development of complex and
modern hybrid technologies. Regenerative medicines,
stem cells approaches, and neutraceuticals are some
sectors currently predicted to be highly improved by
innovations in nanotechnology. More ever further

advancement in the field will revolutionize the human

civilization from every aspect.

References

(1]

(2]

(3]

[4]

[5]

(6]

[7]

(8]

[9]

C.B. Farias, A. Ferreira Silva, R. Diniz Rufino, J. Moura Luna, ].E. Gomes Souza, and L.A. Sarubbo, Synthesis of Silver
Nanoparticles Using a Biosurfactant Produced in Low-Cost Medium as Stabilizing Agent, Electronic Journal of
Biotechnology, 17 (2014) 122-125.

S. Kaviya, J. Santhanalakshmi, and B. Viswanathan, Green Synthesis of Silver Nanoparticles Using Polyalthia
Longifolia Leaf Extract Along with D-Sorbitol: Study of Antibacterial Activity, Journal of Nanotechnology, (2011)
1-5.

C. Petit, P. Lixon, and M.P. Pileni, In Situ Synthesis of Silver Nanocluster in Aot Reverse Micelles, The Journal of
Physical Chemistry, 97 (1993) 12974-12983.

M. Wali, A. Sajjad, and S. Sumaira, Green Synthesis of Gold Nanoparticles and Their Characterizations Using Plant
Extract of Papaver Somniferum, Nano Science & Nano Technology An Indian Journal, 11 (2017) 118.

H. Korbekandi, and S. Iravani, Silver Nanoparticles', the Delivery of Nanoparticles, (InTech, 2012)

R.A.B. Alvarez, Cortez-Valadez, M. L.0.N. Bueno, R.B. Hurtado, 0. Rocha-Rocha, Y. Delgado-Belefio, C. Martinez-
Nufiez, L.I. Serrano-Corrales, H. Arizpe-Chavez and M. Flores-Acosta, Vibrational Properties of Gold Nanoparticles
Obtained by Green Synthesis, Physica E: Low-Dimensional Systems and Nanostructures, 84 (2016) 191-195.

M. Sathishkumar, K. Sneha, S. Won, C.-W. Cho, S. Kim and Y.-S. Yun, Cinnamon Zeylanicum Bark Extract and
Powder Mediated Green Synthesis of Nano-Crystalline Silver Particles and Its Bactericidal Activity, Colloids and
Surfaces B: Biointerfaces, 73 (2009) 332-338.

R.B. Hurtado, M. Cortez-Valadez, L. Ramirez-Rodriguez, E. Larios-Rodriguez, R.A. Alvarez, 0. Rocha-Rocha, Y.
Delgado-Beleno, C. Martinez-Nunez, H. Arizpe-Chavez, and A. Hernandez-Martinez, Instant Synthesis of Gold
Nanoparticles at Room Temperature and Sers Applications, Physics Letters A, 380 (2016) 2658-2663.

N.C. Shinde, N.J. Keskar, and P.D. Argade, Nanoparticles: Advances in Drug Delivery Systems, International Journal
of Advances in Pharmacy, Biology and Chemistry, 3 (2012) 922-929.

[10] K. Parveen, V. Banse, and L. Ledwani, Green Synthesis of Nanoparticles: Their Advantages and Disadvantages, AIP
Conference Proceedings, (AIP Publishing, 2016).

[11] N. Yadav, S. Khatak, and U.V.S. Sara, Solid Lipid Nanoparticles-a Review, International Journal of Applied
Pharmaceuties, 5 (2013) 8-18.

[12] A. Bangham, M.M. Standish, and ]J.C. Watkins, Diffusion of Univalent lons across the Lamellae of Swollen
Phospholipids, Journal of Molecular Biology, 13 (1965) 238-IN227.

[13] R.Langer, and J. Folkman, Polymers for the Sustained Release of Proteins and Other Macromolecules, Nature, 263
(1976) 797-800.

[14] R. Gref, Y. Minamitake, M.T. Peracchia, V. Trubetskoy, V. Torchilin, and R. Langer, Biodegradable Long-

Circulating Polymeric Nanospheres, Science, 263 (1994) 1600-1603.

Nanosclae Reports, 1-8 | 6



Vol. 1 Iss. 2 Year 2018 Wali Muhammad et al/2018

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

M. Bruchez, M. Moronne, P. Gin, S. Weiss, and A.P. Alivisatos, Semiconductor Nanocrystals as Fluorescent
Biological Labels, Science, 281 (1998) 2013-2016.

W.C. Chan, and S. Nie, Quantum Dot Bioconjugates for Ultrasensitive Nonisotopic Detection, Science, 281, (1998)
2016-2018.

Y. Cui, Q. Wei, H. Park, and C.M. Lieber, Nanowire Nanosensors for Highly Sensitive and Selective Detection of
Biological and Chemical Species, Science, 293 (2001) 1289-1292.

S.A. Wickline, and G.M. Lanza, Molecular Imaging, Targeted Therapeutics, and Nanoscience, Journal of Cellular
Biochemistry, 87 (2002) 90-97.

K. Jain, Role of Nanobiotechnology in Developing Personalized Medicine for Cancer, Technology in Cancer
Research & Treatment, 4 (2005) 645-650.

S.R. Grobmyer, D.L. Morse, B. Fletcher, L.G. Gutwein, P. Sharma, V. Krishna, S.C. Frost, B.M. Moudgil, and S.C.
Brown, The Promise of Nanotechnology for Solving Clinical Problems in Breast Cancer, Journal of Surgical
Oncology, 103 (2011) 317-325.

W.C. Zamboni, V. Torchilin, A.K. Patri, J. Hrkach, S. Stern, R. Lee, A. Nel, N.J. Panaro, and P.Grodzinski, Best
Practices in Cancer Nanotechnology: Perspective from Nci Nanotechnology Alliance, Clinical Cancer Research, 18
(2012) 3229-3241.

M.R. Loebinger, A. Eddaoudi, D. Davies, and S.M. Janes, Mesenchymal Stem Cell Delivery of Trail Can Eliminate
Metastatic Cancer, Cancer Research, 69 (2009) 4134-4142.

P.L. Chariou, L K. L.ee, A.M. Wen, N.M. Gulati, P.L. Stewart, and N.F. Steinmetz, Detection and Imaging of
Aggressive Cancer Cells Using an Epidermal Growth Factor Receptor (Egfr)-Targeted Filamentous Plant Virus-
Based Nanoparticle, Bioconjugate Chemistry, 26 (2015) 262-269.

S. Nie, Y. Xing, G.J. Kim, and S ].W. imons, Nanotechnology Applications in Cancer, Annual Review of Biomedical
Engineering, 9 (2007) 257-288.

L. Li, H. Wang, Z.Y. Ong, K Xu, P.LR. Ee, S.Zheng, ].L. Hedrick, and Y.-Y. Yang, Polymer-and Lipid-Based
Nanoparticle Therapeutics for the Treatment of Liver Diseases, Nano Today, 5 (2010) 296-312.

Z. Xing-guo, M. Jing, L. Min-wei, ]. Sai-ping, H. Fu-qiang, and D. Yong-zhong, Solid Lipid Nanoparticles Loading
Adefovir Dipivoxil for Antiviral Therapy, Journal of Zhejiang University Science B, 9 (2008) 506-510.

Y. Sato, K. Murase, ]. Kato, M. Kobune, T. Sato, Y. Kawano, R. Takimoto, K. Takada, K. Miyanishi, ,and T.
Matsunaga, Solid Lipid Nanoparticles Loading Adefovir Dipivoxil for Antiviral Therapy, Nature biotechnology, 26,
(2008) 431.

L. Barraud, P. Merle, E. Soma, L. Lefrangois, S. Guerret, M. Chevallier, C. Dubernet, P. Couvreur, C. Trépo, and L.
Vitvitski, Increase of Doxorubicin Sensitivity by Doxorubicin-Loading into Nanoparticles for Hepatocellular
Carcinoma Cells in Vitro and in Vivo, Journal of Hepatology, 42 (2005) 736-743.

D. Brambilla, B. Le Droumaguet, J. Nicolas, S.H. Hashemi, L.-P. Wu, S.M. Moghimi, P. Couvreur, and K. Andrieux,
Nanotechnologies for Alzheimer's disease: Diagnosis, Therapy, and Safety Issues, Nanomedicine:
Nanotechnology, Biology and Medicine, 7 (2011) 521-540.

S.A. Wickline, A.M. Neubauer, P. Winter, S. Caruthers, and G. Lanza, Applications of Nanotechnology to
Atherosclerosis, Thrombosis, and Vascular Biology, Arteriosclerosis, thrombosis, and Vascular Biology, 26 (2006)
435-441.

S.A. Wickline, and G.M. Lanza, Nanotechnology for Molecular Imaging and Targeted Therapy, Circulation, 107
(2003)1092-5.

V.K. Sharma, R.A. Yngard, and Y. Lin, Silver Nanoparticles: Green Synthesis and Their Antimicrobial Activities,
Advances in colloid and interface science, 145 (2009) 83-96.

M. Rai, A. Yadav, and A. Gade, Silver Nanoparticles as a New Generation of Antimicrobials, Biotechnology
Advances, 27 (2009) 76-83.

Nanosclae Reports, 1-8 | 7



Vol. 1 Iss. 2 Year 2018 Wali Muhammad et al/2018

[34] M.J. Hajipour, KM. Fromm, A.A. Ashkarran, D.J. de Aberasturi, L.R. de Larramendi, T. Rojo, V. Serpooshan, W.].
Parak, and M. Mahmoudi, Antibacterial Properties of Nanoparticles, Trends in biotechnology, 30 (2012) 499-511.

Acknowledgment
We are thankful to our parents for their motivation and financial support.

Conflict of interest
There is no potential conflict of interest in authors regarding publication of this paper.

About The License
The text of this article is licensed under a Creative Commons

@@ Attribution 4.0 International License.

Attribution 4.0 International (CC BY 4.0)

Nanosclae Reports, 1-8 | 8



