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Introduction
Medicine and Agriculture appear to be the earliest knowledge 

based theory and practice which man developed with a view to 
sustain his life on earth. All medicines are of plant origin and early 
man probably selected some of the plants as medicine because of their 
efficacy in health care system. World Health Organization1 introduced 
the concept of essential medicines as those that satisfy the priority 
health care needs of the people. Experience has shown that careful 
selection of a limited range of essential medicines results in a higher 
quality of care, better management of medicines (including improved 
quality of prescribed medicines), and a more cost-effective use of 
available health resources. The World Medicines Situation Report 
2004 of the World Health Organization (WHO) according to2 pointed 
out that approximately 67% of the population lives without an access 
to essential medicines. Agriculture stated according to history when 
seeds thrown away by man regenerated into a new plant and the man 
took good care and at the same time domesticated some of the animals 
he prayed on. By way of definition according to,3 agriculture involves 
design and management procedures that work with natural processes 
to conserve all resources, promote agro ecosystem resilience and 
self regulation, minimize waste and environmental damage, while 
maintaining or improving farm productivity and profitability. The 
development and growth of agriculture is highly dependent on its 
sustainability in line with4 assertion that sustainable agriculture 

systems are those that are economically viable and meet society’s 
need for safe and nutritious food while maintaining or enhancing 
natural resources and the quality of the environment for future 
generations. The hallmark of these definitions is the harmony between 
agriculture and medicine in maintaining buoyancy and dynamism for 
meeting basic human needs and protection and conservation of natural 
resources.

Medicine and Agriculture are specialty areas that are most essential 
in human existence. The changes in ecosystem including increasing 
human population and decreasing natural resources give birth to 
search for alternative ways of improving the two subjects in order to 
meet the food need and health care systems of the teaming population. 
Again, the current development of diseases and pathogen resistance 
to pesticides and fungicides by pest and pathogens has called for 
search of improvement in drug delivery to the target organisms.5 

Nanomaterials of inorganic and organic origins have been used for 
nanoparticles (NPs) synthesis by a variety of physical and chemical 
methods.

Synthesis of NPs as described by6 involves size reduction by top-
down methods such as milling, high pressure homogenization and 
sonication, while bottom-up processes involve reactive precipitation 
and solvent displacement. Among inorganic materials, metal oxide 
NPs such as, TiO2, ZnO, AgO and MgO are of particular interest 
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Abstract

The problems of diseases resistance to drugs in Medicine and low productivity in 
Agriculture have led to alternatives for improvements in health care systems and food 
safety issues. Nanotechnology is currently the chosen option for preparation and delivery of 
human drugs, pesticides and herbicides among other applications. Agriculture and medicine 
are competitive in sustenance of life without one substituting the other. This review 
paper therefore, examined some of the positive and negative effects of nanotechnology 
application in life and the awareness implication. Nanoparticles (NPs) system could be 
used for several routes of administration including oral, nasal, parenteral, intra-ocular 
benefits over free antimicrobial agents. The use of nanomaterials in the production 
of goods and drug formulations have shown superior properties compared with their 
conventional counterparts, due to their distinctive nanoscale features. Nanoparticles (NPs) 
have also consistently been reported to decrease infection, reduce scar tissue growth, 
and promote bone growth among other benefits. Nanotechnology may have concrete 
solutions against many agriculture-related problems like insect pest management, adverse 
effects of chemical pesticides, development of improved crop varieties. As with any other 
technology, controversy surrounding nanotechnology is no exception in a heterogeneous 
society. The toxic effects of antimicrobial NPs on central nervous system (CNS) are still 
unknown, interactions of NPs with the cells and tissues in CNS were poorly understood. 
Again, NPs represent size-specific properties that limit the use of currently available in 
vitro experiments in a general way, and there was no standardized definition for NP dose 
in mass, number, surface area, and biological samples (e.g., blood, urine, and inside organs 
that guarantee safety limit). Educating and training of consumers through seminars and 
workshops is recommended. National governments especially in developing countries are 
advised to mount regulating agencies that will be responsible for awareness creation and 
achieving optimum utilization of new products.
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as they are physically and optically stable with turnable optical 
properties.7 The application of NPs have been used in a number 
of ways to reduce disease levels and prevent the development and 
spread of pathogens, thus preserving yield and quality crop products. 
Abdelbasset et al.8 reported that both chitin and chitosan nanoparticles 
have demonstrated antiviral, antibacterial, and antifungal properties, 
and have been explored for many agricultural uses.

Studies by Bin9 reported that the application of Nanotechnology in 
pesticide and drug delivery has the potential for efficient delivery of 
chemical and biological pesticides using nano-sized preparations or 
nano materials formulations. According to their report, the benefits of 
nano materials based formulations include but are not limited to the 
improvement of efficacy due to higher surface area, higher solubility, 
induction of systemic activity due to smaller particle size and higher 
mobility and lower toxicity due to elimination of organic solvents in 
comparison to conventionally used pesticides and their formulations. 
In another study by,10 both silver and organic nanoparticles (NPs) 
enhanced the efficacy and stability of whole cells, enzymes and 
other natural products used. Similarly, a controlled release of nano-
clays engineered by surface coating with different polymers that 
manipulated electrostatic interactions between the chemical load and 
clay particles that resulted in efficient delivery has been reported.11 
Sometimes when new technologies are developed, adoption becomes 
a problem and on the other hand, people may adopt a new technology 
without knowing the implication. The synthetic nano-based foods and 
medicines have in recent time taken prominent places in their utility 
in our society today. In some quarters, food is regarded as medicine 
in the sense that a hungry person is almost sick and cannot produce 
in his/her capacity while in some other area, food crops are medicinal 
plants and are used to treat sick people. Agriculture and medicine 
appear to be competitive in sustenance of life without substituting 
each other. This paper therefore, examines the role and significance 
of Nanoscience in the development and growth of these subjects and 
effects on health systems and food safety.

Positive effects of nanoparticles in drug delivery

Antibacterial properties of the metallic nanoparticles have been 
investigated and found useful in the control of Staphylococus aureus, 
had no toxic chemicals and no adverse effects on food.12 It has been 
applied for use in wound dressing, water purification, catheters and 
various house hold products due to their antimicrobial activities.13 
The pathophysiological and anatomical changes of the affected tissues 
in a disease state offer many possibilities for the delivery of various 
nanotechnology-based products.14 Research studies by15 showed that 
bacteria gained antibiotic resistance due to three reasons namely:

1.	 Modification of active site of the target resulting in reduction in 
the efficiency of binding of the drug

2.	 Direct destruction or modification of the antibiotic by enzymes 
produced by the organism

3.	 Efflux of antibiotic from the cell.

Application of Nanoparticles (NPs) that targeted antimicrobial 
agents to the site of infection, so that higher doses of drug could be 
given at the infected site significantly reduced existing resistance 
mechanisms with fewer harmful effects upon the patient.16 It has 
been shown that nanoparticles when targeted actively contained 
ligands (e.g. antibodies) that bind receptors (e.g. antigens) at sites of 
infection.17

In a study of treating infectious disease with nanomaterials,18 

noted that the use of NPs as delivery vehicles for antimicrobial agents 

suggested a new and promising model in the design of effective 
therapeutics against many pathogenic bacteria. According their 
finding, antimicrobial NPs proposed several clinical advantages:

1.	 The surface properties of nanoparticles could be changed for 
targeted drug delivery for e.g. small molecules, proteins, peptides, 
and nucleic acids loaded nanoparticles were efficiently targeted to 
special tissue types.

2.	 Nanocarriers could overcome solubility or stability issues of the 
drug and minimize drug-induced side effects.

3.	 Using nanotechnology could possibly achieve co-delivery of two 
or more drugs or therapeutic modality for combination therapy.

It has been reported that NP-based antimicrobial drug delivery 
was promising in overcoming resistance to common antibiotics 
developed by many pathogenic bacteria while administration of 
antimicrobial agents using NPs led to tremendous progress in 
therapeutic index thereby extending drug circulation (i.e., extended 
half-life), and achieved controlled drug release.19 The research report 
by20 indicated that NPs system could be used for several routes of 
administration including oral, nasal, parenteral, intra-ocular showing 
that antimicrobial NPs are of great interest as they provide a number 
of benefits over free antimicrobial agents. The use of nanomaterials in 
the production of goods and drug formulations according to21 had been 
shown to have superior properties compared with their conventional 
(or micron structured) counterparts, due to their distinctive nanoscale 
features and the new physical properties that affect their original 
characteristics. Again, nanomaterials have consistently been reported 
to decrease infection, reduce scar tissue growth, and promote bone 
growth.22 Fortunately, it has been observed through the use of both 
nanoparticles assembled as implants and as current implants that were 
modified to have nanostructured features.23,24 The new products have 
received increased attention, as there is no concern over nanoparticles 
becoming loose through mechanical wear and potential associated 
toxicity, which has yet to be largely determined -smooth implant.

Negative effects of nanoparticles on drug delivery

Although, numerous positive effects of nanoparticles in diverse 
formulations have been elucidated, negative effects should be the 
concern of our society due to probably some unforeseeable challenges 
in translating this exciting technology for clinical application. 
Profound knowledge according to25 about the potential toxicity of 
nanoantibiotics is needed to guarantee successful clinical translation. 
Earlier researchers,26 had noted that the toxic effects of antimicrobial 
NPs on central nervous system (CNS) are still unknown, and that the 
interactions of NPs with the cells and tissues in CNS were poorly 
understood. Again,27 stated that NPs represent size-specific properties 
that limit the use of currently available in vitro experiments in a 
general way, and that there was no standardized definition for NP 
dose in mass, number, surface area, and biological samples (e.g., 
blood, urine, and inside organs that guarantee safety limit. This means 
that the development of new characterization techniques that are not 
affected by NP properties as well as biological media is still in high 
demand. A research result carried out on drug delivery by28 showed 
that NPs usually have short circulation half-life due to natural defense 
mechanism of human body for eliminating them after opsonization by 
the mononuclear phagocytic system. Therefore, they suggested that 
the particles surfaces need to be changed to be hidden to opsonization.

Nanoscience in agriculture

The application of Nanoscience in agriculture, particularly crop 
agriculture is a welcome development due to high degrees of variable 
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properties of most plants that aid the binding of nanomaterials in 
preparation of herbicides, pesticides, insecticides and fungicides 
used in the maintenance of plants health. It has been reported that 
most plants provide a non-toxic source of molecules with proven 
biological efficacy that are usually non-persistent in fresh water 
and soil.29 Incorporation of essential oils into a controlled-release 
nano formulation was capable of preventing rapid evaporation and 
degradation, enhanced stability and also maintained the minimum 
effective dosage/application.30 The researchers noted that essential oil 
from garlic loaded on polymer NPs (240 nm) coated with polyethylene 
glycol (PEG) showed effective insecticidal activity against 
adult Tribolium castaneum.31 The Sichuan Academy of Agricultural 
Science succeeded in developing nanopesticides (<100 nm) from 
a plant source, that had advantages of environmental protection, 
high efficiency and low toxicity, which had a direct effect on pest 
control practices.32 A research conducted in India, showed that silver 
nano particles (Ag NPs) synthesized using aqueous leaves extracts 
of Euphorbia prostrata were successfully used to control Sitophilus 
oryzae  in rice and showed potential of being used as an ideal eco-
friendly approach.33 The advantage of using plants for the synthesis 
of nano pesticides is that they are easily available, safe to handle and 
possess a broad variability of metabolites that may aid in reduction 
to nanoparticle size. As earlier stated that all medicines are of plant 
origin, a number of plants/crops are being currently investigated for 
their role in the nanoparticle usage and preparation was from Gold 
Nanoparticles with a size range of 2- 20 synthesized using live alfalfa 
plants was achieved.34

Detection of plant pathogens using nanosensors

Nanoscience has successfully made treatment of certain plant 
diseases caused by pathogenic organisms simple cost effective. 
Technique of detecting single bacterial cell was possible as reported 
by35 in their study titled “Rapid bioassay for single bacterial cell 
quantitation using bio-conjugated nanoparticles” showed that 
pesticides such as atrazine, molinate, and chlorpyrifos are susceptible 
to degradation with nano sized zero valent iron (ZVI, 1-100 nm). 
Other approaches such as photocatalytic decomposition of pesticide 
residues using titanium doped with Fe2O3 or other metals sprayed 
directly on crops or even incorporated into the pesticide formulation 
are promising.36 Layer-by-layer surface (LbL) nano-engineering 
is a novel strategy for direct surface modification of colloidal 
entities, which utilizes sequential adsorption of oppositely charged 
polyelectrolytes to form a complex assembly via electrostatic 
interactions.

Detection of pesticides using nanobiosensors

The development of diagnostic devices using nanoparticles for 
on-site monitoring allowed farmers to closely monitor environmental 
conditions for plant growth and protection. These detection systems can 
contribute to increased productivity and decrease the use of synthetic 
conventional agrochemicals (example, antibiotics, pesticides, 
nutrients) by early intervention. Application of nanomaterials was 
reported to have advantages such as measurement of more variables 
for greater sensitivity with less sample material required and faster 
detection rates, read-outs in real time and application of novel 
detection methodologies, for example electronic, colorimetric, 
fluorometric, and mass changes.37

Currently uni-molecular and array type of nano material based 
biosensors are being developed for detection of pesticides residues 
on consumables thereby indirectly improving the health system of 
man.38 Interaction of the target with the biosensor can be measured 

either directly or indirectly by recording the changes in color, 
fluorescence or electrical potential. In array technologies, multiple 
biomolecules are fixed to a substrate allowing multiple analytes to 
be measured simultaneously. The gold NPs based dipstick technique 
was developed and found suitable for the detection of several toxins 
in food and environments and can also be applied for rapid on-site 
testing of pesticides.38

Field application of nano formulations

In the field, the integration of biomolecules such as enzymes, 
metabolites or whole cells with nanostructures assisted plant breeders 
to develop hybrid systems that have numerous applications in many 
fields including agriculture.39 According to Matthews40 the mode of 
pesticide and fertilizer application influenced their efficiency and 
their impact on the environment. Constraints due to droplets were 
circumvented by using NPs encapsulated or nano-sized pesticides 
that contributed to efficient spraying and reduction of spray drift and 
splash losses.

According to Vijayakumar,41 the DNA coated NPs gained easy 
access to the plant cell due to its size that increased the transformation 
efficiency in both monocotyledonous  Oryza sativa  (rice), and 
dicotyledenous  Nicotiana tabacum  (tobacco) and  Leucaena 
leucocephala (white lead tree). Moreover, plant-cell damage with the 
NPs was minimal with increased plant regeneration. Furthermore, it 
has earlier been demonstrated that a honeycomb surface functionalized 
mesoporous silica NP system with 3 nm pores capped with disulphide 
bond held gold NPs (10-15 nm) transported DNA and chemicals into 
isolated plant cells and intact leaves with the help of gene gun.42

Conclusion
Medicine and agriculture are such professional areas where man 

is constantly looking for ways of developing in tandem with human 
population growth, climate change and pest and pathogen resistance 
to existing drugs. Application of nanoscience appears to be the best 
option due to its numerous advantages such as:

1.	 Easy manipulation for different functions due its large surface 
area.

2.	 Nanoparticles have no drug side effects and are non toxic.

3.	 Using nanotechnology could possibly achieve co-delivery of two 
or more drugs or therapeutic modality for combination therapy.

4.	 Nanoparticles prepared with plant materials are always available 
and cost effective among other benefits.

However, Nanotechnology has the potential to revolutionize the 
existing technologies used in various sectors including medicine and 
agriculture in the near future. Its products can be used in a number of 
ways to reduce disease levels and prevent the development and spread 
of pathogen, thus promoting plants and animal health systems. As with 
any other technology, controversy surrounding nanotechnology is no 
exception in a heterogeneous society. Several concerns need to be 
addressed on different issues like food safety and beneficiaries of the 
technology. Therefore, it is high time we strengthened research in this 
direction to gather long term benefits from nanotechnology. However, 
governments and agencies should make a complex decision about the 
suitability of existing regulatory systems and determine whether new 
measures are needed for nanoparticles to be adopted into the market. 
Increasing agricultural productivity is necessary, while safety of the 
food in our health system is a major concern. Educating and training 
of consumers through seminars and workshops is recommended. 
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National governments especially in developing countries are advised 
to mount regulating agencies that will be responsible for awareness 
creation and achieving optimum utilization of new products.
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