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Abstract
Nanotechnology is one of the fascinating fields of interest for the researchers due to its swift action and the minimal size product
requirement. Recent advancements in the technologies especially into nano-sized particles or materials manufacturing have led to the
fabrication of nanomaterial of different sizes and shapes. The advantageous usage of metallic nanoparticles in agricultural ecosystems
is not abundantly explored with limited scientific information available. Most of the studies are limited to laboratory conditions and only
a few involved with the natural ecosystems. The Nano technological aspects into agricultural and biomedical sciences are found to be
thriving in the nearing future. Researchers show much interest in the green synthesis of nanoparticles and beneficial effects in various
fields. This mini review concisely describes the nanotechnology advancements in agriculture and biomedical applications which directly
or indirectly linked to the human wellness. The scope of the applications of nanotechnology in the fields of agriculture and medicine is
vast and yet to know clear understanding of the mechanisms.
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INTRODUCTION

Nanotechnology deals with the materials with a particle
size in the range of 1-100 nm. A nanometer (nm) is equals to
one-billionth of a meter. Nanotechnology is one of the
advanced areas which do miracles in combination with
biotechnology, medicine, agriculture, food industry etc1. The
expansion of nanotechnology into different areas of biological
sciences, agricultural sciences, life sciences and medicine has
noticeably showed the potential efficacy towards the
agricultural benefits and human wellness. At present the
nanotechnology and its applications are emerged with various
types of fields including food, agriculture, information
technology, robotics, Aerospace, energy, environment,
biotechnology, medicine, healthcare, textiles etc. (Fig. 1).
Nanotechnology is one of the thriving areas which show the
advancements as well as impact on various factors including
the global economy, new innovations and human lives as
well2. The synthesis, physicochemical properties, size, shape,
biological applications of the nanoparticles synthesized from
different sources vary and constantly depends on the surface
properties3. At present, the exact mechanism of action and the
role of green synthesized nanoparticles and their associated
biological potential is one of the keen issues to understand
scientifically. Thus, a comprehensive and thorough
characterization which includes the size, shape, surface
characterization is suggested for synthesized nanoparticles or
nanomaterials. The characterization of the nanoparticles can
be measured and controlled by several approaches such as
UV-Vis spectrophotometer, X-ray diffractometer (XRD), Fourier
transform infrared spectroscopy (FTIR), scanning electron
microscopy (SEM), transmission electron microscopy (TEM),
atomic    force   microscopy   (AFM),   Dynamic    light
scattering (DLS), Zeta potential analyzer etc. 

Metallic nanoparticles have significant benefits in various
fields with the nanotechnology based products. Several types
of metallic nanoparticles including silver, gold, zinc, titanium,
silica and others are reported to have potential benefits in
agriculture, medicine and ultimately to the human wellness4.
The combination of the metallic nanoparticles which involves
with the bimetallic nanoparticles also projected to have
biological efficacies. Among the metallic and bimetallic
nanoparticles, silver nanoparticles (AgNPs) have been
reported to have significant potential benefits. At present the
researchers focus more towards the synthesis of nanoparticles
using plant material. Numerous studies reported the synthesis
of silver nanoparticles through various methods including
physical, chemical, microbial as well as biological methods.
One of  the  major  disadvantages  with  the chemical synthesis

Fig. 1: Applications  of  nanotechnology:  A  smart  art
representation 

of silver nanoparticles may be toxic due to the presence of the
toxic chemicals which can pollute the environment, harmful
to living creatures when applied in the real life scenario5.
Therefore,    there   is   a   serious  requirement  to  improve
eco-friendly synthesis of AgNPs through biological
approaches. Medicinal plants and biological sources play an
important role in the synthesis of nanoparticles using metallic
ions6. Phytosynthesis of AgNPs using different types of plant
materials has several advantages when compare to the
nanoparticle synthesis through microbial approach. Hence,
the researchers’ consideration towards the synthesis of
metallic nanoparticles using plants and their parts is escalating
day to day. Several studies reported the synthesis and
biological potential of AgNPs using various plant extracts.
Formation of nanoparticles depends on various factors; some
of the reports claimed that the proteins from the plant extracts
react with the silver ions to form the silver nanoparticles
through the reduction process7. Hence, in the present work,
various approaches for the synthesis of nanoparticles and their
benefits in the fields of agriculture, biomedicine and finally to
the human wellness are discussed. 

SYNTHESIS METHODS

Different approaches are in use to synthesis the metallic
nanoparticles including physical, chemical and biological
approaches. Physical approaches are advantageous methods
to synthesize the nanoparticles but the major disadvantage is
their energy consumption levels. In chemical approach, the
synthesis of metallic nanoparticles may have toxic effects and
other undesired reactions. In biological approaches, the
microbial  synthesis  of  nanoparticles  using  different types of
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microorganisms such as bacteria, fungi, yeasts and plant
mediated synthesis of nanoparticles play an important role in
possessing the potential activities against various types of
microorganisms and diseases such as cancers, dermal
diseases, diabetes, etc8. Overall, the synthesis of metallic
nanoparticles using different plant extracts is the extensively
used approach due to its eco-friendly, cost effective when
compare to the other methods9. 

Advantages of green synthesis of nanoparticles: At present
“green” method has gained much attention from the scientists
and researchers especially in the synthesis of nanoparticles
due to disadvantages of using conventional physical and
chemical methods. Moreover the synthesis of nanoparticles
using chemical methods is expensive and even toxic. Green
chemistry is one of the focused fields which lessen the risk
from the pollution at source level as the reagents used in the
reaction are ecofriendly10. The quick synthesis of nanoparticles
can be achieved through physical and chemical methods, but
due to the undesired disadvantages, the biogenic green
synthesized nanoparticles are safer and environmental
friendly11. 

NANOTECHNOLOGY: ITS APPLICATIONS IN AGRICULTURE

Plant germination: In recent years, several scientists and
researchers focus on the biological applications of green
synthesized nanoparticles. Agriculture is one of the major
fields where nanotechnology plays an important role in
possessing the potential activities12. Plant germination is one
of the key aspects in agriculture. The germination of the seeds
is faster and success rate is higher using nanotechnology or
nanomaterials or nanoparticles when compare to the normal
conditions. Carbon nanotubes were reported to have potential
penetration capacity into the tomato seeds and escalate their
germination13. The germination was found to be significantly
greater in the seeds treated with carbon nanotubes when
compared to the normal media. The study revealed that the
carbon nanotubes were capable to penetrate into the thick
seed coat and support the water intake inside the seeds,
which can positively affect the seed germination and growth
of tomato seedlings as well. A study by Zheng et al.14 reported
the potential efficacy of titanium oxide (TiO2) nanoparticles
and non-titanium nanoparticles on spinach seeds germination
for 30 days. The study compared the results between TiO2
nanoparticles and TiO2 mixture. The study revealed that the
seeds treated with TiO2 nanoparticles shown betterment in
the production including the dry weight, rate in the
photosynthesis and also elevated levels in the formation of

chlorophyll. The main reason for the augmented germination
and growth rate might have been the photo-sterilization and
photo-generation of active oxygen like superoxide and
hydroxide anions by nano-TiO2 that can intensify the seed
stress resistance and stimulate capsule penetration for intake
of water and oxygen required for rapid germination14. 

Plant production: Nano pesticides involve with nano sized
particles of pesticide active constituents with significant
pesticide properties. Nanomaterials and nanoparticles are
usually with large surface area and thereby offer the potential
benefits15. In the same manner, the nano pesticides also
provide huge surface area and therefore improved activity.
Nano emulsions, nano cages, nano containers and nano
encapsulates are some of the important nano pesticide
delivery techniques in the field of agriculture which can
provide significant beneficial effects than the normal
pesticides16. The nanoparticles or nano formulations impact on
plants growth and production is at significant levels17. The
nano formulations degrade quicker in soil and gradually at low
levels in plants below the regulatory standards in crops. 

Agricultural water quality management (WQM): The quality
of water in the agriculture systems has become one of the
major challenges due to the increase of industrial wastes and
unwanted releases by humans. At present, the fresh water for
the regular use and industrial applications such as agriculture
is one of the most important challenges across the globe18. In
the coming future, it has been estimated that the average
water supply per person will be decreased in such a way that
it will result in the preventable premature death of millions of
people. Generally, agriculture needs huge amounts of water
to survive and gain the prospective outcomes. The water is
polluted continuously through various factors such as
industrial wastes, pesticides, chemicals etc. This finally results
in the production of massive waste water amounts. The waste
water needs to be treated in order to use them in different
fields such as agriculture, animal protection as well as human
consumption and the untreated waste water leads to bacterial
resistance and finally problematic to the human beings19.
Various types of physical, chemical and biological methods are
available to treat the waste water. Numerous factors need to
be considered in treating the waste water such as quality of
the water, amount of water, reusability, specifically water
safety etc. One of the emerging fields in the modern research,
nanotechnology plays an important role in showering several
beneficial ways to treat the waste water20. Latest progresses in
nanotechnology provide catapulting prospects to develop
next-generation water  supply  systems.  Nanotechnology  and
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its advancements are projected to deliver great performance,
cost effective treatments for normal water as well as
wastewater21,22. 

Impact on the environment: The impact of nanoparticles on
environment is also one of the key areas to be considered.
Nanoparticles play dual role as direct and indirect role in the
environmental aspects. The research on silver nanoparticles
and their benefits towards various fields is thriving and some
of the researchers raise the issue on toxicity. The toxicity of
silver nanoparticles on environment is always depends on the
composition, concentration and also the form of silver and
when considering the soil toxicity, it depends on the different
types of properties of the soils too23. The nanoparticles once
released into the environment, they spread into various
directions, which cannot show much impact on the
environment due to the alteration in their structure, property
and also mobility24. 

NANOTECHNOLOGY: ITS APPLICATIONS IN BIOMEDICINE 

The metallic nanoparticles specifically silver nanoparticles
play an important role in antibacterial, antifungal and other
biomedical properties25. The biological synthesized silver
nanoparticles using plant material has been an established
practice due to their significant potentials. The biomedical
benefits of nanoparticles are also applied into various diseases
such as diabetes, cancers etc.

AgNPs as antimicrobial agents: The prospective usage of
engineered silver nanoparticles (AgNPs) has got tremendous
attention in various fields of medical applications.
Antimicrobial activity is one of the well-known biological
efficacies of metallic nanoparticles. Especially the biogenic
green synthesized metallic nanoparticles have become one of
the most desirable research interests due to their swift and
great potential26. Numerous medicinal plants have been used
to synthesize the nanoparticles and reported their
antimicrobial activity. The silver ions are toxic to the different
types of microorganisms when compare to the other metals.
They directly or indirectly act on the microbial membranes and
other types of cells. The mechanism of action is reported to
have through different means including the membrane
disruption,  production  of  reactive  oxygen  species  which
can disturb the  growth  of the microorganism and finally
leads to the death. The metallic  nanoparticles specifically
silver nanoparticles have been found to  have potential
efficacy   against  different  types  of  viruses  including
Tacaribe virus (TCRV), influenza A/H1N1 virus, human

immunodeficiency virus (HIV-1), recombinant respiratory
syncytial  virus  (RSV),  hepatitis  B virus (HBV), murine
norovirus (MNV)-1 and monkey pox virus27. Recent studies on
the potential effects of silver nanoparticles on pathogenic
viruses such as FX174 and MNV reported that the usage of
nanoparticles could inactivate the pathogenic viruses at the
significant levels and also reduced the release percentage into
the environment. Various types of metallic and bimetallic
nanoparticles against different types of microorganisms have
been shown in the Table 1.

Potential therapeutic applications of AgNPs in cancer:
Metallic nanoparticles are found to be as promising antitumor
agents. Generally, the main use of the nanoparticles in the
therapeutic purposes is to reduce the size or concentration or
dose of the drug64. Even at minimal concentrations, the silver
nanoparticles are capable of causing damage in the DNA and
also aberrations in the chromosomes without cytotoxic
effects65. Several studies have been reported that the positive
responses and beneficial efficacies of silver nanoparticles
when treated with the cancerous cells. The incorporated silver
nanoparticles not only submissively intermingle with the cells,
but also keenly facilitate the molecular progressions to control
the cell functions66. Leukemia is one of the cancers which is a
combination of different cancers which generally initiates in
bone marrow and leads to the extraordinary volumes of
unusual white blood cells. Several investigators have reported
that AgNPs show cytotoxic effect against leukemic cells
including Jurkat, THP-1 and K562 cells. Another recent study
reported67, that the silver nanoparticles induce cell death by
producing reactive oxygen species, activation of caspase 3 and
also DNA destruction67. Studies have been reported the
potential effects of silver nanoparticles on different types of
cancerous cell lines such as hepatic carcinoma cells HepG2,
human alveolar cell line A549 cells68, H157 squamous cell lung
carcinoma cells69, melanoma70 cell lines HT144 etc. The
mechanism of action usually demonstrates that the metallic
nanoparticles disrupts the mitochondrial membranes by
producing the ROS and directs to the cell death71. It is also one
of the well-known facts that angiogenesis play a vital role in
various diseases including cancer. 

Nanoparticles in diabetes: Nanotechnologies at various levels
play a vital role in the therapeutic efficacy in monitoring
diabetes. Different types of nanotechnology-based methods
have been developed, including layer-by-layer (LBL)
technique, smart tattoos, carbon nanotubes and quantum
dots (QDs) etc.72,73. Several attempts have been made in the
field  of  nano  medicine  to  develop  new   techniques    which
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Table 1: List of  metallic and bimetallic nanoparticles synthesized form medicinal plants and their antimicrobial efficacy
Name of the plant Type of the metallic nanoparticle Action References
Acalypha  indica Silver nanoparticles Antimicrobial activity against water borne pathogens such as Krishnaraj et al.28

Escherichia  coli  and  Vibrio  anopar
Gold nanoparticles Cytotoxic studies against human breast cancer Escherichia  coli  Krishnaraj et al.29

Copper oxide nanoparticles Pseudomonas  fluorescens  and Candida  albicans Sivaraj et al.30

Azadirachta  indica Silver nanoparticles Antimicrobial activity against Escherichia coli Tripathi et al.31

Silver nanoparticles Mosquito vectors (Aedes  aegypti  and  Culex  quinquefasciatus) Poopathi et al.32

control
Boswellia  ovalifoliolata  Bal. Silver nanoparticles Antimicrobial activity Savithramma et al.33

Catharanthus  roseus Silver nanoparticles Antiplasmodial activity against Plasmodium falciparum Ponarulselvam et al.34

Silver nanoparticles Antimicrobial activity Kotakadi et al.35

Carica  papaya Silver nanoparticles Antimicrobial activity Jain et al.36

Cinnamon  zeylanicum Silver nanoparticles Antimicrobial activity Sathishkumar et al.37

Curcuma  longa Silver nanoparticles Antimicrobial activity Sathishkumar et al.38

Antifungal activity Singh et al.39

Curcumin Silver nanoparticles Antimicrobial activity Bhawana et al.40

Datura  metal Silver nanoparticles Antimicrobial activity Nethradevi et al.41

Euphorbia  hirta Silver nanoparticles Antibacterial activity Elumalai et al.42,43

Antifungal activity Abubakar44

Bacterial associated enteric activity Priyadarshini et al.45

Biolarvicidal and pupicidal activity Annamalai et al.46

Gold nanoparticles Antimicrobial activity
Ficus  benghalensis Silver nanoparticles Antibacterial activity Saxena et al.47

Garcinia  mangostana Silver nanoparticles Antimicrobial activity Veerasamy et al.48

Hemidesmus  indicus Silver nanoparticles Antibacterial activity Khanra et al.49

Impatiens  glandulifera Silver nanoparticles Antibacterial activity Devi et al.50

Mangifera  indica Silver nanoparticles Antimicrobial activity Sarsar et al.51

Nelumbo  nucifera Silver nanoparticles Larvicidal activity against malaria and filariasis vectors Santhoshkumar et al.52

Ocimum  sanctum Silver nanoparticles Antimicrobial activity Ramteke et al.53

Olea  europaea Silver nanoparticles Antimicrobial activity Awwad et al.54

Polyalthia  longifolia Silver nanoparticles Antibacterial activity Kaviya et al.55

Piper  betle Silver nanoparticles Ecotoxicological studies on  Daphnia  magna Rani and Rajasekharreddy56

Rhinacanthus  nasutus Silver nanoparticles Antimicrobial activity Pasupuleti et al.57

Sida  acuta Silver nanoparticles Against  Culex  quinquefasciatus,  Anopheles  stephensi  Veerakumar et al.58

and Aedes  aegypti
Tinospora  cordifolia Silver nanoparticles Pediculocidal  and  Larvicidal Jayaseelan et al.59

Tinospora  cordifolia Silver nanoparticles Antibacterial activity Anuj and Ishnava60

Tribulus  terrestris Silver nanoparticles Antimicrobial activity Gopinath et al.61

Withania  somnifera Silver nanoparticles Antimicrobial activity Nagati et al.62

Zingiber  officinale Silver nanoparticles Antimicrobial activity Singh et al.63

Source: Rao et al., 2015

conquer important position for the construction of
nanomaterials that can be applied in different stages of the
disease. However, very few techniques have been translated
into clinical use. Overall, blood glucose monitoring and insulin
delivery systems are two major improvements related to
diabetes treatment that have been facilitated by
nanotechnology74. 

CONCLUSION AND FUTURE RECOMMENDATIONS

Numerous applications of nanomaterials or nanoparticles
or nanotechnology are in regular practice. The present work
focused on few specific applications of nanomaterials in
agriculture and biomedical applications which are useful for

the human wellness. The applications of nanotechnology
towards the agricultural sciences are abundant, but only few
are discussed. Through the modern nano techniques, the swift
plant germination and production can be achieved. The
nanoparticles provide much protection against several types
of insects and pests as well. This review also explains few
benefits of the nanotechnology in the fields of the
biomedicine including cancers, diabetes, microbial activities
etc.

The current review describes about the prospective
benefits of nanoparticles or nanotechnology for different
agricultural and biomedical applications, more explorations
and research is required to inflate the possibilities and
methodologies in agriculture, biomedical sciences as well. 
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SIGNIFICANCE STATEMENT 

The study sheds the light briefly on the advancements of
nanotechnology and its applications in the field of medicine
and agriculture, which can be beneficial for the future research
especially to uncover the exact mechanism(s) of nanoparticles
or nanotechnology or nanomaterials in various specialized
areas of medicine, agriculture and engineering as well. 

REFERENCES

1. Sozer, N. and J.L. Kokini, 2019. Nanotechnology and its
applications in the food sector. Trends Biotechnol., 27: 82-89.

2. Umbrello, S. and S.D. Baum, 2018. Evaluating future
nanotechnology: The net societal impacts of atomically
precise manufacturing. Futures, 100: 63-73.

3. Akter, M., M.T. Sikder, M.M. Rahman, A.K.M. Atique Ullah and
K.F.B. Hossain et al., 2018. A systematic review on silver
nanoparticles-induced cytotoxicity: Physicochemical
properties and perspectives. J. Adv. Res., 9: 1-16.

4. Saratale,     R.G.,    G.D.    Saratale,    H.S.    Shin,    J.M.    Jacob,
A. Pugazhendhi, M. Bhaisare and G. Kumar, 2018. New
insights on the green synthesis of metallic nanoparticles
using plant and waste biomaterials: Current knowledge, their
agricultural and environmental applications. Environ. Sci.
Pollut. Res., 25: 10164-10183.

5. Deepak,  P.,   V.   Amutha,   C.   Kamaraj,   G.    Balasubramani,
D. Aiswarya and P. Perumal, 2019. Chemical and Green
Synthesis of Nanoparticles and their Efficacy on Cancer Cells.
In: Green Synthesis, Characterization and Applications of
Nanoparticles, Shukla, A.K. and S. Iravani (Eds.)., Elsevier,
Netherland, ISBN: 978-0-08-102579-6, pp: 369-387.

6. Majeed, M.I., H.N. Bhatti, H. Nawaz and M. Kashif, 2019.
Nanobiotechnology: Applications of Nanomaterials in
Biological Research. In: Integrating Green Chemistry and
Sustainable Engineering, Shahid Ul-Islam (Ed.)., Wiley, New
York, ISBN: 978-1-119-50983-7, pp: 581-615.

7. Mishra,  V.K.,  A. Husen, Q.I. Rahman, M. Iqbal, S.S. Sohrab,
M.O. Yassin and R.K. Bachheti, 2019. Plant-Based Fabrication
of Silver Nanoparticles and their Application. In:
Nanomaterials and Plant Potential, Husen, A. and M. Iqbal
(Eds.)., Springer International Publishing AG, Gewerbestrasse,
Cham, ISBN: 978-3-030-05569-1, pp: 135-175.

8. Nasrollahzadeh, M., S.M. Sajadi, Z. Issaabadi and M. Sajjadi,
2019. Biological sources used in green nanotechnology.
Interface Sci. Technol., 28: 81-111.

9. Recio-Sanchez, G., R. Tighe-Neira, C. Alvarado, C. Inostroza-
Blancheteau and N. Benito et al., 2019. Assessing the
effectiveness of green synthetized silver nanoparticles with
Cryptocarya alba extracts for remotion of the organic
pollutant  methylene  blue  dye.  Environ.  Sci.  Pollut.   Res.,
26: 15115-15123.

10. Colacino, E., A. Porcheddu, C. Charnay and F. Delogu, 2019.
From enabling technologies to medicinal mechanochemistry:
An eco-friendly access to hydantoin-based active
pharmaceutical ingredients. React. Chem. Eng., 4: 1179-1188.

11. Kehri, H.K., I. Zoomi, U. Singh, D. Pandey and D. Pandey, 2019.
Review on biogenic synthesis of nanoparticles and their
therapeutic applications: List of novel eco-friendly
approaches. J. Nanosci. Technol., 5: 810-816.

12. Bashir, I., R. Assad, I. Rafiq, I.A. Sofi, Z.A. Reshi and I. Rashid,
2019. Use of nanotechnology in agriculture: A friend or a foe.
Proceedings of the 5th International Conference on
Nanotechnology for Better Living, April 7-11, 2019, Jammu
and Kashmir, India, pp: 291.

13. Khodakovskaya,  M.,  E.  Dervishi,  M.  Mahmood,  Y. Xu, Z. Li,
F. Watanabe and A.S. Biris, 2009. Carbon nanotubes are able
to penetrate plant seed coat and dramatically affect seed
germination and plant growth. ACS Nano, 3: 3221-3227.

14. Zheng, L., F. Hong, S. Lu and C. Liu, 2005. Effect of nano-TiO2
on strength of naturally aged seeds and growth of spinach.
Biol. Trace Elem. Res., 104: 83-91.

15. Wang, N., Q. Sun and J. Yu, 2019. Ultrasmall metal
nanoparticles confined within crystalline nanoporous
materials: A fascinating class of nanocatalysts. Adv. Mater.,
Vol. 31. 10.1002/adma.201803966. 

16. Mandal, B.K., 2019. Silver Nanoparticles: Potential as
Insecticidal and Microbial Biopesticides. In: Nano-
Biopesticides Today and Future Perspectives, Koul, O. (Ed.).,
Academic Press, USA., ISBN: 978-0-12-815829-6, pp: 281-302.

17. Prasad,  T.N.V.K.V.,  S.  Adam,  P.V.   Rao,   B.R.   Reddy    and
T.G. Krishna, 2016. Size dependent effects of antifungal
phytogenic silver nanoparticles on germination, growth and
biochemical parameters of rice (Oryza sativa L.), maize (Zea
mays L.) and peanut (Arachis hypogaea L.). IET
Nanobiotechnol., 11: 277-285.

18. Horrigan, L., S.L. Robert and P. Walker, 2002. How sustainable
agriculture can address the environmental and human health
harms  of  industrial agriculture. Environ. Health Perspect.,
110: 445-456.

19. Bougnom,  B.P.,  C.  Zongo,  A.  McNally,  V.  Ricci,  F.X.    Etoa,
S. Thiele-Bruhn and L.J.V. Piddock, 2019. Wastewater used for
urban agriculture in West Africa as a reservoir for antibacterial
resistance dissemination. Environ. Res., 168: 14-24.

20. Rafique, M., M.B. Tahir and I. Sadaf, 2019. Nanotechnology: An
Innovative Way for Wastewater Treatment and Purification.
In: Advanced Research in Nanosciences for Water
Technology, Prasad, R. and T. Karchiyappan (Eds.)., Springer,
Cham, ISBN: 978-3-030-02381-2, pp: 95-131.

21. Qu, X., P.J.J. Alvarez and Q. Li, 2013. Applications of
nanotechnology in water and wastewater treatment. Water
Res., 47: 3931-3946.

22. Tiwari, D.K., J. Behari and P. Sen, 2008. Application of
nanoparticles in waste water treatment. World Applied Sci. J.,
3: 417-433.

6



Biotechnology, 2019

23. McKee, M.S., J. Koser, O. Focke and J. Filser, 2019. A new test
system for unraveling the effects of soil components on the
uptake and toxicity of silver nanoparticles (NM-300K) in
simulated pore water. Sci. Total Environ., 673: 613-621.

24. Maurer-Jones,     M.A.,    I.L.    Gunsolus,   C.J.   Murphy   and
C.L. Haynes, 2013. Toxicity of engineered nanoparticles in the
environment. Anal. Chem., 85: 3036-3049.

25. Meva,  F.E.,  J.O.A.  Mbeng,  C.O. Ebongue, C. Schlusener and
U. Kokcam-Demir et al., 2019. Stachytarpheta cayennensis
aqueous extract, a new bioreactor towards silver
nanoparticles for biomedical applications. J. Biomater.
Nanobiotechnol., Vol. 10. 10.4236/jbnb.2019.102006. 

26. Parmar, A., G. Kaur, S. Kapil, V. Sharma and S. Sharma, 2019.
Novel    biogenic  silver  nanoparticles  as  invigorated
catalytic  and antibacterial  tool:  A  cleaner  approach
towards environmental  remediation  and combating
bacterial invasion. Mater. Chem. Phys., Vol. 238.
10.1016/j.matchemphys.2019.121861. 

27. Khandelwal, N., G. Kaur, N. Kumar and A. Tiwari, 2014.
Application of silver nanoparticles in viral inhibition: A new
hope  for  antivirals.  Digest   J.   Nanomater.    Biostructures,
9: 175-186.

28. Krishnaraj,  C.,  E.G.  Jagan,   S.   Rajasekar,   P.    Selvakumar,
P.T. Kalaichelvan and N. Mohan, 2010. Synthesis of silver
nanoparticles using Acalypha indica leaf extracts and its
antibacterial activity against water borne pathogens. Colloids
Surf. B: Biointerfaces, 76: 50-56.

29. Krishnaraj,    C.,   P.   Muthukumaran,   R.    Ramachandran,
M.D. Balakumaran and P.T. Kalaichelvan, 2014. Acalypha
indica Linn: Biogenic synthesis of silver and gold
nanoparticles and their cytotoxic effects against MDA-MB-
231, human breast cancer cells. Biotechnol. Rep., 4: 42-49.

30. Sivaraj,  R.,  P.K.S.M.  Rahman,  P.  Rajiv,  S.    Narendhran and
R. Venckatesh, 2014. Biosynthesis and characterization of
Acalypha indica mediated copper oxide nanoparticles and
evaluation of its antimicrobial and anticancer activity.
Spectrochimica  Acta   Part   A:   Mol.   Biomol.    Spectrosc.,
129: 255-258.

31. Tripathi,     A.,    N.    Chandrasekaran,   A.M.     Raichur      and
A. Mukherjee, 2009. Antibacterial applications of silver
nanoparticles synthesized by aqueous extract of Azadirachta
indica (Neem) leaves. J. Biomed. Nanotechnol., 5: 93-98.

32. Poopathi, S., L.J. De Britto, V.L. Praba, C. Mani and M. Praveen,
2015. Synthesis of silver nanoparticles from Azadirachta
indica-A most effective method for mosquito control.
Environ. Sci. Pollut. Res., 22: 2956-2963.

33. Savithramma, N., M.L. Rao and P.S. Devi, 2011. Evaluation of
antibacterial efficacy of biologically synthesized silver
nanoparticles  using  stem barks of Boswellia ovalifoliolata
Bal. and henry and Shorea tumbuggaia roxb. J. Biol. Sci., 11:
39-45.

34. Ponarulselvam,  S., C. Panneerselvam, K. Murugan, N. Aarthi,
K. Kalimuthu and S. Thangamani, 2012. Synthesis of silver
nanoparticles using leaves of Catharanthus roseus Linn. G.
Don and their antiplasmodial activities. Asian Pac. J. Trop.
Biomed., 2: 574-580.

35. Kotakadi,  V.S.,  Y.S.  Rao,  S.A.  Gaddam,  T.N.V.K.V.   Prasad,
A.V. Reddy and D.V.R.S. Gopal, 2013. Simple and rapid
biosynthesis of stable silver nanoparticles using dried leaves
of Catharanthus roseus. Linn. G. Donn and its anti microbial
activity. Colloids Surf., B: Biointerfaces, 105: 194-198.

36. Jain, D., H.K. Daima, S. Kachhwaha and S.L. Kothari, 2009.
Synthesis of plant-mediated silver nanoparticles using
papaya fruit extract and evaluation of their anti microbial
activities. Digest J. Nanomater. Biostruct., 4: 557-563.

37. Sathishkumar, M., K. Sneha, S.W. Won, C.W. Cho, S. Kim and
Y.S. Yun, 2009. Cinnamon zeylanicum bark extract and
powder mediated green synthesis of nano-crystalline silver
particles and its bactericidal activity. Colloids Surf. B:
Biointerfaces, 73: 332-338.

38. Sathishkumar, M., K. Sneha and Y.S. Yun, 2010. Immobilization
of silver nanoparticles synthesized using Curcuma longa
tuber powder and extract on cotton cloth for bactericidal
activity. Bioresour. Technol., 101: 7958-7965.

39. Singh,  D.,  V.  Rathod,  S.  Ninganagouda,  J.  Herimath   and
P. Kulkarni, 2013. Biosynthesis of silver nanoparticle by
endophytic fungi Pencillium sp. isolated from Curcuma longa
(turmeric) and its antibacterial activity against pathogenic
gram negative bacteria. J. Pharm. Res. 7: 448-453.

40. Bhawana, R.K. Basniwal, H.S. Buttar, V.K. Jain and N. Jain, 2011.
Curcumin nanoparticles: Preparation, characterization and
antimicrobial study. J. Agric. Food. Chem., 59: 2056-2061.

41. Nethradevi, C., P. Sivakumar and S. Renganathan, 2012. Green
synthesis of silver nanoparticles using Datura metel flower
extract and evaluation of their antimicrobial activity. Int. J.
Nanomater. Biostructures, 2: 16-21.

42. Elumalai,     E.K.,     T.N.V.K.V.    Prasad,    J.    Hemachandran,
S.V. Therasa, T. Thirumalai and E. David, 2010. Extracellular
synthesis  of  silver  nanoparticles  using   leaves   of
Euphorbia hirta and their antibacterial activities. J. Pharm. Sci.
Res., 2: 549-554.

43. Elumalai, E.K., T.N.V.K.V. Prasad, V. Kambala, P.C. Nagajyothi
and E. David, 2010. Green synthesis of silver nanoparticle
using Euphorbia hirta L. and their antifungal activities. Arch.
Applied Sci. Res., 2: 76-81.

44. Abubakar, E.M.M., 2009. Antibacterial activity of crude
extracts of Euphorbia hirta against some bacteria associated
with enteric infections. J. Med. Plants Res., 3: 498-505.

45. Priyadarshini,     K.A.,     K.     Murugan,    C.     Panneerselvam,
S. Ponarulselvam, J.S. Hwang and M. Nicoletti, 2012.
Biolarvicidal and pupicidal potential of silver nanoparticles
synthesized using Euphorbia hirta against Anopheles
stephensi     Liston   (Diptera:   Culicidae).   Parasitol.    Res.,
111: 997-1006.

7



Biotechnology, 2019

46. Annamalai,  A., V.L.P. Christina, D. Sudha, M. Kalpana and
P.T.V.    Lakshmi,  2013.  Green  synthesis,  characterization
and antimicrobial activity of Au NPs using Euphorbia hirta L.
leaf      extract.     Colloids     Surfaces     B:        Biointerfaces,
108: 60-65.

47. Saxena, A., R.M. Tripathi, F. Zafar and P. Singh, 2012. Green
synthesis of silver nanoparticles using aqueous solution of
Ficus benghalensis leaf extract and characterization of their
antibacterial activity. Mater. Lett., 67: 91-94.

48. Veerasamy,  R.,  T.Z.  Xin,  S.  Gunasagaran,  T.F.W.    Xiang,
E.F.C. Yang, N. Jeyakumar and S.A. Dhanaraj, 2011.
Biosynthesis of silver nanoparticles using mangosteen leaf
extract and evaluation of their antimicrobial activities. J. Saudi
Chem. Soci., 15: 113-120.

49. Khanra, K., A. Roy and N. Bhattacharyya, 2013. Evaluation of
antibacterial activity and cytotoxicity of green synthesized
silver nanoparticles using hemidesmus indicus R. Br. Am. J.
Nanosci. Nanotechnol. Res., Vol. 1. 

50. Devi, R., A. Phukan, E. Saikia and B. Chetia, 2014. Biosynthesis
of Ag nanoparticles using aqueous impatiens glandulifera
leaf extract and study of its catalytic and antibacterial activity.
J. Bionanosci., 8: 28-33.

51. Sarsar, V., K.K. Selwal and M.K. Selwal, 2013. Green synthesis
of silver nanoparticles using leaf extract of Mangifera indica
and evaluation of their antimicrobial activity. J. Microbiol.
Biotech. Res., 3: 27-32.

52. Santhoshkumar,     T.,    A.A.     Rahuman,     G.       Rajakumar,
S. Marimuthu and A. Bagavan et al., 2011. Synthesis of silver
nanoparticles using Nelumbo nucifera leaf extract and its
larvicidal activity against malaria and filariasis vectors.
Parasitol. Res., 108: 693-702.

53. Ramteke, C., T. Chakrabarti, B.K. Sarangi and R.A. Pandey,
2013.  Synthesis  of  silver   nanoparticles    from    the
aqueous extract of leaves  of  Ocimum  sanctum  for
enhanced antibacterial activity. J. Chem., Vol. 2013.
10.1155/2013/278925. 

54. Awwad, A.M., N.M. Salem and A.O. Abdeen, 2012.
Biosynthesis of silver nanoparticles using Olea europaea
leaves extract and its antibacterial activity. Nanosci.
Nanotechnol., 2: 164-170.

55. Kaviya, S., J. Santhanalakshmi and B. Viswanathan, 2011.
Green synthesis of silver nanoparticles using Polyalthia
longifolia leaf extract along with D-sorbitol: Study of
antibacterial activity. J. Nanotechnol., Vol. 2011.
10.1155/2011/152970 

56. Rani, P.U. and P. Rajasekharreddy, 2011. Green synthesis of
silver-protein (core-shell) nanoparticles using Piper betle L.
leaf     extract   and   its    ecotoxicological   studies   on
Daphnia  magna. Colloids Surf. A: Physicochem. Eng. Aspects,
389: 188-194.

57. Pasupuleti,  V.R.,  T.  Prasad,  R.A.   Shiekh,   S.K.   Balam    and
G. Narasimhulu et al., 2013. Biogenic silver nanoparticles
using Rhinacanthus nasutus leaf extract: Synthesis, spectral
analysis  and  antimicrobial  studies.  Int.   J.    Nanobiomed.,
8: 3355-3364.

58. Veerakumar, K., M. Govindarajan and M. Rajeswary, 2013.
Green synthesis of silver nanoparticles using Sida acuta
(Malvaceae) leaf extract against Culex quinquefasciatus,
Anopheles stephensi and Aedes aegypti (Diptera: Culicidae).
Parasitol. Res., 112: 4073-4085.

59. Jayaseelan,  C.,  A.A.  Rahuman, G. Rajakumar, A.V. Kirthi and
T. Santhoshkumar et al., 2011. Synthesis of pediculocidal and
larvicidal silver nanoparticles by leaf extract from heartleaf
moonseed plant, Tinospora cordifolia Miers. Parasitol. Res.,
109: 185-194.

60. Anuj, S.A. and K.B. Ishnava, 2013. Plant mediated synthesis of
silver  nanoparticles  by using dried stem powder of
Tinospora  cordifolia, its antibacterial activity and comparison
with antibiotics. Int. J. Pharma Bio Sci., 4: 849-863.

61. Gopinath,        V.,      D.      MubarakAli,     S.     Priyadarshini,
N.M. Priyadharsshini, N. Thajuddin and P. Velusamy, 2012.
Biosynthesis of silver nanoparticles from Tribulus terrestris
and its antimicrobial activity: A novel biological approach.
Colloids Surf. B: Biointerfaces, 96: 69-74.

62. Nagati, V.B., J. Alwala, R. Koyyati, M.R., Donda, R. Banala and
P.R.M. Padigya, 2013. Green synthesis of plant-mediated silver
nanoparticles using Withania somnifera leaf extract and
evaluation  of  their  antimicrobial  activity.  Int.  J.  Adv. Res.,
1: 307-313.

63. Singh, R.P., S. Magesh and C. Rakkiyappan, 2011. Ginger
(Zingiber officinale) root extract: A source of silver
nanoparticles and their application. Int. J. Bio-Eng. Sci.
Technol., 2: 75-80.

64. Rao, P.V., D. Nallappan, K. Madhavi, S. Rahman, L.J. Wei and
S.H. Gan, 2016. Phytochemicals and biogenic metallic
nanoparticles as anticancer agents. Oxid. Med. Cell.
Longevity, Vol. 2016. 10.1155/2016/3685671. 

65. Habas, K. and L. Shang, 2019. Silver nanoparticle-mediated
cellular responses in human keratinocyte cell line HaCaT in
vitro. Nanoscale Rep., 2: 1-9.

66. Wong, H.L., R. Bendayan, A.M. Rauth, Y. Li and X.Y. Wu, 2007.
Chemotherapy with anticancer drugs encapsulated in solid
lipid nanoparticles. Adv. Drug Deliv. Rev., 59: 491-504.

67. Gurunathan,  S.,  J.W.  Han,  V.  Eppakayala,  M.  Jeyaraj and
J.H. Kim, 2013. Cytotoxicity of biologically synthesized silver
nanoparticles in MDA-MB-231 human breast cancer cells.
BioMed Res. Int. 10.1155/2013/535796. 

68. Foldbjerg, R., D.A. Dang and H. Autrup, 2011. Cytotoxicity and
genotoxicity of silver nanoparticles in the human lung cancer
cell line, A549. Arch. Toxicol., 85: 743-750.

8



Biotechnology, 2019

69. Rosen, J.E., L. Chan, D.B. Shieh and F.X. Gu, 2012. Iron oxide
nanoparticles for targeted cancer imaging and diagnostics.
Nanomed.: Nanotechnol. Biol. Med., 8: 275-290.

70. Davis,  M.E.,  J.E.  Zuckerman,  C.H.J.  Choi,  D.   Seligson  and
A. Tolcher et al., 2010. Evidence of RNAi in humans from
systemically administered siRNA via targeted nanoparticles.
Nature, 464: 1067-1070.

71. Nallappan, D., P.N.V.K.V. Tollamadugu, A.N. Fauzi, N.S. Yaacob
and V.R. Pasupuleti, 2017. Biomimetic synthesis and
anticancer activity of Eurycoma longifolia branch extract-
mediated     silver    nanoparticles.    IET      Nanobiotechnol.,
11: 889-897.

72. Rao, P.V. and S.H. Gan, 2015. Recent advances in
nanotechnology-based diagnosis and treatments of diabetes.
Curr. Drug Metab., 16: 371-375.

73. Cash, K.J. and H.A. Clark, 2010. Nanosensors and
nanomaterials for monitoring glucose in diabetes. Trends
Mol. Med., 16: 584-593.

74. DiSanto, R.M., V. Subramanian and Z. Gu, 2015. Recent
advances in nanotechnology for diabetes treatment. Wiley
Interdiscip. Rev. Nanomed. Nanobiotechnol., 7: 548-564.

9


