WORLD JOURNAL OF PHARMACEUTICAL RESEARCH

SJIF Impact Factor 8.453
Volume 13, Issue 23, 1365-1379. Review Article ISSN 2277-7105

NANOPARTICLES: A COMPREHENSIVE OVERVIEW OF TYPES,
SYNTHESIS, AND APPLICATIONS

*Anshit Dhiman, Ajay Kumar, Dr. Neeraj Bhandari, Ashish Kumar, Aman Sharma and

Jyoti Devi

Arni School of Pharmacy, Arni University, Kathgarh, Indora, Distt, Kangra, Himachal
Pradesh (176401).

Article Received on ABSTRACT

20 October 2024, The special little materials that exist on a nanometer scale, which

Revised on 09 Nov. 2024,
Accepted on 30 Nov. 2024

DOI: 10.20959/wjpr202423-34856 numerous kinds of these NPs. They fall into many classes, including

ranges from 1 to 100 nm, are called nanoparticles (NPs). There are

organic, inorganic, and carbon-based nanoparticles, depending on their

size, shape, origin, and characteristics. Because of their small size, the

(=]
B

ﬁ NPs have great surface area, reactivity, stability, sensitivity, and other

physical and chemical qualities. There are numerous ways to synthesis

[=]2

*Corresponding Author

Anshit Dhiman
Arni School of Pharmacy;, thought to be of utmost relevance. Furthermore, the types, preparation,

these NPs. Numerous industrial and environmental fields of

application have seen NPs used extensively in recent years, which is

Arni University, Kathgarh, synthesis, advantages and disadvantages of nanoparticles will be
Indora, Distt, Kangra,
Himachal Pradesh (176401).

covered in this work.

KEYWORDS: Nanoparticles (NPs), magnetic resonance imaging
(MRI), antibodies, in vitro and in vivo.

INTRODUCTION

Solid particles or particulate dispersions with sizes between 10 and 1000 nm are called
nanoparticles. The medication is bonded, encapsulated, entrapped, or dissolved in a
nanoparticle matrix.!! Because of their nanoscale size, nanoparticles provide enhanced
functionality and capacities in the production of semiconductors. They are used as dopants
for controlled electrical properties and in processes like chemical mechanical planarization
for precise polishing.) The nanoparticles with the seeming discretion of the energy level,

often referred to as "quantum dots" or "artificial atoms," often share structural similarities
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with typical semiconductor materials. Alternatively, some NPs are executed as pseudomonas,
which are characterized by a core and shell, complex internal systems, and often external
working groups.”®! The small droplets are very useful in the production of cosmetics and
personal care products since their particle size falls within the range of nanoparticles (100—
600 nm). This makes it possible for the cream to be evenly and smoothly applied to the skin's
surface. This enhances the cream's capacity to efficiently release the active pharmaceutical
components onto the skin's surface in a semisolid form, thereby treating a range of ailments.
In addition, the semisolid foundation could be hydrophilic or something else.

The environment's soil, water, and air quality might all be considerably enhanced by
nanotechnology. It can enhance pollutant sensing and detection and aid in the development of
innovative cleanup methods. The development of effective strategies for lowering pollution
emissions and stopping their formation in the first place is made possible by an understanding
of the dynamic processes of nanoparticle synthesis and growth (for example, in the
combustion system).l® Since they are inorganic, they have a number of advantages, including
improved biocompatibility, widespread availability, tailored distribution, and utility, to name
a few, as well as exceptional stability. Two well-known examples of inorganic nanoparticles
are titanium dioxide and zinc oxide, which are found in sunscreen and offer protection from
UVA and UVB rays. Nanotechnology can improve pollutant sensing and detection and help
develop new cleanup techniques. An understanding of the dynamic processes of nanoparticle
formation and growth (for instance, in the combustion system) enables the development of
efficient methods for reducing emissions of pollutants and preventing their creation in the
first place.’® With more than 30 authorized nanoformulations and more than 100 in clinical
trialsl, nanoparticle-based medicines have made their way into a variety of therapeutic
applications. Additionally, two COVID-19 mRNA vaccines based on lipid nanoparticles
(BNT162b2 and mRNA-1273) were developed quickly.[”? Wet chemistry or "bottom-up"
routes like hydrothermal, solvothermal, sol-gel, co-precipitation, flow injection syntheses,
electrochemical, and laser pyrolysis techniques are among the various ways to create
magnetic nanostructures in the form of nanorods, nanowires, and nanocubes, including iron

oxide magnetic nanoparticles.®

The growth method of nanoparticles dictates their distribution function based on their size,
the medium's physical-chemical characteristics, and other factors. Understanding the growth

mechanism allows for the management of nanoparticle preparation and the production of
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nanoparticles with specific dimensions (such as mean diameter, standard deviation,
coefficient polydispersity, and others) and properties (such as magnetic moment). The growth
mechanism of nanoparticles is a sufficiently intricate process that depends on numerous
factors, including temperature, viscosity, medium concentration, and others.**®! Both
preclinically and therapeutically, intravenously delivered nanoparticles are the best studied of
these delivery systems. Given that systemically delivered nanoparticles have direct access to
almost every area of the body and so have the greatest potential to impact clinical treatment,
the increased interest in intravenous distribution is not surprising. Because of this,
systemically administered nanoparticles also encounter particularly challenging issues in the

delivery domain (e.g., biological problems).*-?!

The size, shape, and structure of the nanoparticles vary. They range in size from 1 nm to 100
nm and can be spherical, cylindrical, tubular, conical, hollow core, spiral, flat, etc., or
irregular. Depending on surface differences, the surface may be uniform or uneven. Certain
nanoparticles have single or many crystal solids that are either loose or clumped together, and
they can be either crystalline or amorphous.!*¥) Microorganisms biosynthesize nanoparticles
by capturing target ions from their surroundings and using enzymes produced by cell activity
to convert the metal ions into the element metal. Depending on the site of nanoparticle

formation, it can be divided into intracellular and extracellular synthesis.***!

Preparation of nanopatrticles
Nanoparticles can be prepared from a variety of materials such as proteins, polysaccharides
and synthetic polymers. The selection of matrix materials is dependent on many factors

including.
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(a) Size of nanoparticles required.

(b) Inherent properties of the drug, e.g., aqueous solubility and stability.
(c) Surface characteristics such as charge and permeability.

(d) Degree of biodegradability, biocompatibility and toxicity.

(e) Drug release profile desired.

(f) Antigenicity of the final product.[*

Types

Silver nanoparticles
Gold nanoparticles
Magnetic nanoparticles
Iron nanoparticles
Copper nanoparticles

Silica nanoparticles

Silver nanoparticles

Many silver atoms or ions are grouped together to produce a silver nanoparticle, which
ranges in size from 1 to 100 nm. These nanoparticles can infiltrate and kill bacteria and other
microbes because of their small size.™ The broad-spectrum activity of silver against viruses,
fungi, bacteria, and protozoa, both Gram-positive and Gram-negative, has been well-
documented.!” A number of methods have been explored to manufacture silver
nanoparticles. The chemical technique is the simplest of them all. Silver nitrate solution can
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be reduced by ethanol at 70-90 degrees Celsius in an atmosphere to create fine,

homogeneous silver nanoparticle.

Throughout history, silver in all of its forms has been employed either alone or in conjunction
with other technologies as an antibacterial agent.!*®! By being used as silver nitrate or silver
sulfadiazine in burn and ulcer treatment creams and dressings, food packaging to avoid
contamination, household appliances like refrigerators and washing machines, and various
industrial applications, this metal has been researched to capitalize on its capacity to inhibit

bacterial growth.12021:2223]

Synthesis of silver nanoparticle by chemical methods.

The most researched approach to creating Ag NPs is by chemical means.

a) Chemical reduction

b) Electrochemical approaches

c) Pyrolysis and,

d) Irradiation-assisted procedures are the four groups into which chemical processes can be

separated.’*"

The most popular and extensively documented synthesis approach for Ag NPs is the chemical
reduction of Ag+ species to Ag0 in solution using reducing agents; this method typically has
no aggregation, a high yield, and a low preparation cost.!>

Researchers have looked into the nucleation and growth processes involved in the synthesis

of nanoparticles from solutions.?
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Gold Nanoparticle

In medical applications like medication administration and cancer treatment, gold
nanoparticles (Au NPs) work well as radiosensitizers. Au NPs can be used as a contrast agent
and dose enhancer in image-guided nanoparticle-enhanced radiotherapy employing
kilovoltage cone-beam computed tomography in biomedical and cancer therapeutic

applications.!?*2°!

In immunochemical investigations, gold nanoparticles (AuNPs) are
employed to detect protein interactions. To find out if there is DNA in a sample, they are
employed as lab tracers in DNA fingerprinting. Additionally, they are employed to detect
aminoglycoside drugs such as gentamycin, neomycin, and streptomycin. Gold nanorods are
being utilized to identify various bacterial groups and detect cancer stem cells, which is

helpful for diagnosing cancer.??®

Fig. 4.

The resulting AuNPs have special characteristics, including a high surface area to volume
ratio, optical and electronic features that depend on size and shape, and surfaces that are
easily modified with ligands that contain functional groups like thiols, phosphines, and
amines that have an affinity for gold surfaces.”® Additional moieties, such proteins,
oligonucleotides, and antibodies, can be added to the ligands to provide even more
functionality by anchoring them with these functional groups. The creation of these gold
nanoconjugates has made it possible to conduct a variety of studies, such as material
crystallization and programmed assembly. 2%

Magnetic Nanoparticle

It is well known that magnetic nanoparticles such as Fe304 (magnetite) and Fe203

(maghemite) are biocompatible. They have been actively studied for guided drug delivery,
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gene therapy, magnetic resonance imaging (MRI), DNA analysis, targeted cancer treatment

(magnetic hyperthermia), and stem cell sorting and manipulation.!

Fig. 5.

Over the past 20 years, magnetic nanoparticles (MNPs), which range in size from 1 nm to
100 nm, have become a significant nanomaterial for research and technology. Their special
qualities, which differ significantly from those of their bulk counterparts, include a high
surface-to-volume ratio and size-dependent magnetic properties. MNPs have drawn a lot of
interest in a variety of fields, including gyroscopic sensors, data storage, spintronics,

catalysts, and neurological stimulation.?233343%

Iron nanoparticles

Superparamagnetic metal molecules having a large surface area, magnetic charges, and
electrical conductivity are known as iron nanoparticles (10-100 nm). They are easily
transformed into their oxidized form and are primarily produced by a reduction reaction
between sodium borohydride and ferric chloride solution in an acidic/basic media. In diseases
like glioblastoma multiforme, spinal tumors, amyotrophic lateral sclerosis, spinal stenosis,
etc., iron nanoparticles track anatomical changes and functionalize cellular trafficking. Iron
particles create magnetism as a physical stimulation in subarachnoid delivery, functionalizing
the drug surface and delivering the active ingredients straight to the site of action. This
reduces the negative effects on the body's off-targeted areas.™®’
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Fig. 6.

IONPs are superparamagnetic and only become magnetized in the presence of a magnetic
field because of the core's magnetic characteristics and their small particle size. The use of
such particles as contrast agents in magnetic resonance imaging (MRI), where IONPs
produce hypointense (dark) signals in T2-weighted MR images, has been demonstrated to
benefit from these unique features. As a result, they are the opposite of the traditional
Gadolinium (Gd)-based contrast agents, which raise T1 relaxation rates and produce brighter,
more positive picture contrast. Ultra-small IONPs have also been shown to exist in recent

research.7 %

Copper Nanoparticles

Potential uses for copper nanoparticles include the production of conductive films,
antibacterial agents, lubricants, and nanofluids as well as in optics, electronics, and medicine.
Copper nanoparticles are preferred over silver because they are less expensive, more stable
chemically and physically, and simpler to mix with polymers.

Although the activity of smaller nanoparticles is higher, they may form clusters and lose

important characteristics. % 4°!

Fig. 7
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One of the most used materials in the world is copper. Because of its low cost, it is very
important in all industries, but especially in the electrical sector. Several techniques have
been used to produce and analyze copper nanoparticles. The two key elements that prevent
the metal cluster from being used and developed in a new generation of nano-electronic
devices are stability and reactivity."

Silica nanoparticles

The most common nanomaterials utilized to construct pH nanosensors are silica
nanoparticles. Silica nanoparticles have low toxicity, optically transparent, pH inert, and
(some are) biodegradable. More appealingly, the well-established silane technology makes it
simple to functionalize their surface. The majority of the time, the pH-sensitive dyes are
chemically bound to the silica nanoparticle surface, which helps to protonate and lower the
diffusion barrier. Reference dyes that are inert to pH changes are always added to the surface
or interior of silica nanoparticles to prevent signal interference and enable ratiometric

readout. A ratiometric pH nanosensor was created by the burns group.*?

Fig. 8.

Sand and rock contain silicon dioxide (Si02), a common and abundant material that is used
to make silica nanoparticles. They are created using a variety of techniques, such as sol-gel
synthesis, hydrolysis, and chemical vapor deposition. Like other nanoparticles, silica
nanoparticles can be employed in a variety of adsorption and catalytic processes due to their
large surface area and chemical durability. They are also helpful for a variety of industrial
and structural applications due to their high melting point and resilience to heat and chemical

assault. Apart from their physical and chemical characteristics, silica nanoparticles possessing
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biocompatibility and low toxicity make them appropriate materials for use in biological and
[43]

medical applications, including tissue engineering, imaging, and drug delivery.
Advantages of nanoparticles

The advantages of using nanoparticles as a drug delivery system include the following:

a) Particle size and surface characteristics of nanoparticles can be easily manipulated to
achieve both passive and active drug targeting after parenteral administration.

b) They control and sustain release of the drug during the transportation and at the site of
localization altering organ distribution of the drug and subsequent clearance of the drug so as
to achieve increase in drug therapeutic efficacy and reduction in side effects.

c) Site-specific targeting can be achieved by attaching targeting ligands to surface of particles
or use of magnetic guidance.

d) The selection of matrix ingredients allows for easy modulation of controlled release and
particle degrading characteristics. One crucial element in maintaining drug activity is the
comparatively high drug loading and the ability to absorb pharmaceuticals into systems
without causing any chemical reaction.

e) The system can be administered via oral, nasal, parenteral, intraocular, and other
methods.[*!

Disadvantages of nanoparticles

a) Ostwald ripening: because of the high free energy of the nanoparticles, agglomerates and
aggregates form.

b) A more intricate operational process

c) A greater likelihood of contamination.

d) Nanoparticles' smaller size and larger surface area make them extremely difficult to handle
in both liquid and dry forms; also, their smaller size and larger surface area make them highly

reactive to external phase.!*”

CONCLUSION

Nanoparticles' amazing qualities have made them important in a variety of industries in
recent years, including agriculture, health care, energy, and the environment. The ability of
nanoparticle technologies to transform biologically active chemicals that are labile, poorly
soluble, and poorly absorbed into promising deliverable substances gives them enormous
potential. An extremely appealing platform for a wide range of biological applications is
provided by nanoparticles. These systems' surface and core characteristics can be designed
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for both single and multimodal uses, such as biosensing, bioimaging, medicinal delivery, and

biomolecular recognition. Applications for nanoparticles have previously been many and

include both in vitro and in vivo settings. The acute and long-term health impacts of

nanomaterials, scalable, reproducible manufacturing processes, and trustworthy metrics for

characterizing these materials are just a few of the unresolved difficulties that must be

resolved before their full potential can be realized.

REFERENCE

1.

10.

Langer R. Biomaterials in drug delivery and tissue engineering: one laboratory's
experience. Acc Chem Res, 2000; 33: 94-101.

Klaus, T., Joerger, R., Olsson, E., & Grangvist, C. G. (1999). Silver-based crystalline
nanoparticles, microbially fabricated. Proceedings of the National Academy of
Sciences, 96(24): 13611-13614.

Hostetler, M. J., Wingate, J. E., Zhong, C. J., Harris, J. E., Vachet, R. W., Clark, M. R., ...
& Murray, R. W. (1998). Alkanethiolate gold cluster molecules with core diameters from
1.5 to 5.2 nm: core and monolayer properties as a function of core size. Langmuir, 14(1):
17-30.

Aulton, M. E. 3rd ed. London: Churchill Livingstone. Aulton“s Pharmaceutics: The
Design and Manufacture of Medicines, 2007.

Masciangioli, T.; Zhang, W. X. Environmental Technologies at the Nanoscale; Environ.
Sci. Technol, 2003; 37: 102a-108a.

Smijs TG, Pavel S. Titanium dioxide and zinc oxide nanoparticles in sunscreens: focus on
their safety and efectiveness. Nanotechnol Sci Appl, 2011.
https://doi.org/10.2147/NSA.S19419.

Anselmo, A. C. & Mitragotri, S. Nanoparticles in the clinic: an update post COVID-19
vaccines. Bioeng. Transl Med, 2021; 6: €10246.

Malhotra, N., Lee, J. S., Liman, R. A. D., Ruallo, J. M. S., Villaflores, O. B., Ger, T. R,
& Hsiao, C. D. (2020). Potential toxicity of iron oxide magnetic nanoparticles: a
review. Molecules, 25(14): 3159.

Hasany, S.F., Ahmad, I., Ranjan, J. & Rehman, A., (2012) "Systematic review of the
preparation techniques of Iron oxide Magnetic Nanoparticles”, Nanoscience &
Nanotechnology, Vol. 2(6): pp148-158.

Lue, J. T. (2007). Physical properties of nanomaterials. Encyclopedia of nanoscience and
nanotechnology, 10(1): 1-46.

www.wipr.net | Vol 13, Issue 23,2024. | 1SO 9001: 2015 Certified Journal | 1375



Dhiman et al. World Journal of Pharmaceutical Research

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Dobrovolskaia MA, Aggarwal P, Hall JB, McNeil SE. Preclinical studies to understand
nanoparticle interaction with the immune system and its potential effects on nanoparticle
biodistribution. Mol Pharm, 2008; 5(4): 487—495.

Machado S, Pacheco J G, Nouws H P A, Albergaria J T and Delerue-Matos C 2015
Characterization of green zero-valent iron nanoparticles produced with tree leaf extracts
Sci. Total Environ, 533: 76-81.

K. Simkiss and K. M. Wilbur, Biomineralization, Academic, New York, NY, USA, 1989.
S. Mann, Biomineralization: Principles and Concepts in Bioinorganic Materials
Chemistry, Oxford University Press, Oxford, UK, 2001.

Reverchon E, Adami R. Nanomaterials and supercritical fluids. The Journal of
Supercritical Fluids, 2006; 37: 1-22.

Gurunathan, S., Park, J. H., Han, J. W., & Kim, J. H. (2015). Comparative assessment of
the apoptotic potential of silver nanoparticles synthesized by Bacillus tequilensis and
Calocybe indica in MDA-MB-231 human breast cancer cells: targeting p53 for anticancer
therapy. International journal of nanomedicine, 4203-4223.

Silver has well-documented broad-spectrum activity against Gram-positive and Gram-
negative.

X. Wang, J. Zhuang, Q. Peng, and Y. Li, A general strategy for nanocrystal synthesis,
Nature, 2005; 437: pp. 121-124.

Silva, L.P.; Silveira, A.P.; Bonatto, C.C.; Reis, I.G.; Milreu, P.V. Silver Nanoparticles as
Antimicrobial Agents: Past, Present, and Future. In Nanostructures for Antimicrobial
Therapy: Nanostructures in Therapeutic Medicine Series; Elsevier: Amsterdam, The
Netherlands, 2017; pp. 577-596, ISBN 9780323461511.

Tong, J.W. Case reports on the use of antimicrobial (silver impregnated) soft silicone
foam dressing on infected diabetic foot ulcers. Int. Wound J., 2009; 6: 275-284.

Miller, C.N.; Newall, N.; Kapp, S.E.; Lewin, G.; Karimi, L.; Carville, K.; Gliddon, T.;
Santamaria, N.M. A randomized-controlled trial comparing cadexomer iodine and
nanocrystalline silver on the healing of leg ulcers. Wound Repair Regen, 2010; 18:
359-367.

Castellano, J.J.; Shafii, S.M.; Ko, F.; Donate, G.; Wright, T.E.; Mannari, R.J.; Payne,
W.G.; Smith, D.J.; Robson, M.C. Comparative evaluation of silver-containing
antimicrobial dressings and drugs. Int. Wound J., 2007; 4: 114-122.

Kim, Y.T.; Kim, K.; Han, J.H.; Kimmel, R.M. Antimicrobial Active Packaging for Food.
Smart Packag. Technol. Fast Mov. Consum. Goods, 2008; 76: 99-110.

www.wipr.net | Vol 13, Issue 23,2024. | 1SO 9001: 2015 Certified Journal | 1376



Dhiman et al. World Journal of Pharmaceutical Research

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

De Souza, T.A.J.; Souza, L.R.R.; Franchi, L.P. Silver Nanoparticles: An Integrated View
of Green Synthesis Methods, Transformation in the Environment, and Toxicity.
Ecotoxicol. Environ. Saf, 2019; 171: 691-700.

Weli, L.; Lu, J.; Xu, H.; Patel, A.; Chen, Z.-S.; Chen, G. Silver Nanoparticles: Synthesis,
Properties, and Therapeutic Applications. Drug Discov. Today, 2014; 20: 595-601.
Washio, I.; Xiong, Y.; Yin, Y.; Xia, Y. Reduction by the End Groups of Poly (Vinyl
Pyrrolidone): A New and Versatile Route to the Kinetically Controlled Synthesis of Ag
Triangular Nanoplates. Adv. Mater, 2006; 18: 1745-1749.

Martelli, S.; Chow, J.C.L. Dose Enhancement for the Flattening-Filter-Free and
Flattening-Filter Photon Beams in Nanoparticle-Enhanced Radiotherapy: A Monte Carlo
Phantom Study. Nanomaterials, 2020; 10: 637.

Mututantri-Bastiyange, D.; Chow, J.C.L. Imaging dose of cone-beam computed
tomography in nanoparticle-enhanced image-guided radiotherapy: A Monte Carlo
phantom study. AIMS Bioeng, 2020; 7: 1-11.

Baban D. and Seymour L.W., Control of tumour vascular permeability, Adv. Drug Deliv.
Rev., 1998; 34: 109-119.

Avnika Tomar and Garima Garg, Short Review on Application of Gold Nanoparticles.
Global Journal of Pharmacology, 2013; 7(1): 34-38.

Edwards PP, Thomas JM. Angew Chem, 2007; 119: 5576.

Daniel MC, Astruc D. Chem Rev, 2004; 104: 293.

Mirkin, C. A., Letsinger, R. L., Mucic, R. C., & Storhoff, J. J. (2020). A DNA-based
method for rationally assembling nanoparticles into macroscopic materials. In Spherical
Nucleic Acids (pp. 3-11). Jenny Stanford Publishing.

Fan T.X., Chow S.K. and Zhang D., Biomorphic mineralization: from biology to
materials, Progress in Materials Science, 2009; 54(5): 542—659.

Reiss G and Hutten A 2005 Magnetic nanoparticles: applications beyond data storage
Nature materials, 4: 725-6.

Sun, X., Huang, Y., & Nikles, D. E. (2004). FePt and CoPt magnetic nanoparticles film
for future high density data storage media. International journal of nanotechnology, 1(3):
328-346.

Liao J-W, Zhang H-W and Lai C-H 2017 Magnetic Nanomaterials for Data Storage
Magnetic Nanomaterials: From Fundmental to Applications.

www.wipr.net | Vol 13, Issue 23,2024. | 1SO 9001: 2015 Certified Journal | 1377



Dhiman et al. World Journal of Pharmaceutical Research

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

Yu, L., Liu, J., Wu, K, Klein, T., Jiang, Y., & Wang, J. P. (2014). Evaluation of
hyperthermia of magnetic nanoparticles by dehydrating DNA. Scientific reports, 4(1):
7216.

Helmschrodt, C., Hobel, S., Schoniger, S., Bauer, A., Bonicelli, J., Gringmuth, M., ... &
Richter, F. (2017). Polyethylenimine nanoparticle-mediated siRNA delivery to reduce a-
Synuclein expression in a model of Parkinson’s disease. Molecular Therapy-Nucleic
Acids, 9: 57-68.

Nakamura H, Ito N, Kotake F, Mizokami Y. And Matsuoka, T. (2000). Tumor-detecting
Capacity and Clinical Usefulness of SPIO-MRI in Patients with Hepatocellular
Carcinoma. J Gastroenterol, 2000; 35: 849-55.

Zhou Z, Lu ZR. Gadolinium-Based Contrast Agents for Magnetic Resonance Cancer
Imaging. Wiley Interdiscip Rev: Nanomed Nanobiotechnol, 2013; 5: 1- 18.

Soni A, Kumar A, Kumar A, Choudhary A. New Era of Formulation as Silver
Nanoparticles in Pharma. Journal of Drug Delivery and Therapeutics, 2021 Apr 15; 11(2-
S): 126-31.

Glavee, G. N., Klabunde, K. J., Sorensen, C. M., & Hadjipanayis, G. C. (1993).
Borohydride reduction of cobalt ions in water. Chemistry leading to nanoscale metal,
boride, or borate particles. Langmuir, 9(1): 162-169.

Gopinath, M., Subbaiya, R., Selvam, M. M., & Suresh, D. (2014). Synthesis of copper
nanoparticles from Nerium oleander leaf aqueous extract and its antibacterial activity.
Tan, K. S., & Cheong, K. Y. (2013). Advances of Ag, Cu, and Ag—Cu alloy nanoparticles
synthesized via chemical reduction route. Journal of nanoparticle research, 15: 1-29.

El Salamony, D. H., El Gayar, D. A., El Mahdy, A. R., & Zaghloul, T. I. (2023).
Preparation and characterization of silica nanoparticles as an efficient carrier for two
bio- detergents based enzymes. Journal of Surfactants and Detergents, 26(4): 577-592.
Syedmoradi, L., Daneshpour, M., Alvandipour, M., Gomez, F. A., Hajghassem, H., &
Omidfar, K. (2017). Point of care testing: The impact of nanotechnology. Biosensors and
Bioelectronics, 87: 373-387.

Langer R. Biomaterials in drug delivery and tissue engineering; one labortory’s
experience. Acc ChemRes, 2000; 33: 94-101.

Kumar A, Kumar A, Soni A, Devi J. Development and in-vitro evaluation of itraconazole
loaded nanoemulsion. Journal of Drug Delivery and Therapeutics, 2022 May 15; 12(3):
31-42.

www.wipr.net | Vol 13, Issue 23,2024. | 1SO 9001: 2015 Certified Journal | 1378



Dhiman et al. World Journal of Pharmaceutical Research

50. Arif, T., Nisa, N., Amin, S. S., Shoib, S., Mushtag, R., & Shawl, M. R. (2015).
Therapeutic and diagnostic applications of nanotechnology in dermatology and
cosmetics. Journal of Nanomedicine & Biotherapeutic Discovery, 5(3): 1.

51. Kumar A, Soni A, Kumar A, Devi J. Preparation of Luliconazole loaded silver
nanoparticles Topical gel. Journal of Drug Delivery and Therapeutics, 2022 Jul 15; 12(4):
31-5.

www.wipr.net | Vol 13, Issue 23,2024. | 1SO 9001: 2015 Certified Journal | 1379



