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Abstract

Phytochemicals having multiple properties which are used to cure various diseases such as cancer, diabetes, neurodegeneration, angiogenesis, aging,
inflammatory, cardiovascular and arthritic disease, etc., Extensive use of phytochemicals and their derivatives leads to unavailability or scarcity of
products in nature. Despite this episode, the nanotechnology resolves the setback of handling phytochemicals by increasing their bioavailability, long-
lost acting, target-specific and less or no toxicity. Here, we focused on the 24 known phytochemicals and preparation of NPs without discriminating the
polymers and metals in NPs. All the phytochemicals did not fully satisfy the toxicological hazards, physical-pharmaceutical challenges, bioethical and
health issues research. Hence these NPs and their NP incorporated phytochemicals need to be characterized in a way to give direct usage to the
common man. Commercialization of NP formulations in pharmaceuticals needs statutory regulation norms for complete satisfaction and safety for end-
users.As of now, many NP mediated pharmaceutical products are available in the market with full-fledged but still many unrevealed about their fate in the
environment. In this review, the characterization of nanoparticles, the transparent benefit of nanoparticles (NPs), and their current application in various
fields has been discussed.

Key words : Phytochemicals, Nano formulations, Nanomaterials, Toxicology regulation, Nanotechnology

Nanoformulation
Processing Nanoparticle Carrier
. Mechanical Systems
Hvdroohili ! R * Nanoemulsions
ool “; zglycr)?e;; Temperature ~ % SLNs/NLCs
Hydrophobic p yn Shearing force * Micelles
v Emulsifier Homogenizer * PLGA
v’ Surfactant Ultrasonication
;v__l Freeze drier L v )
Phytochemicals Rotary evaporator
+ Powder Fate & Effects? Micro fluidization Fate & Effects?
+ Crude Extract Filtration
« Isolated A.l. Freeze thawing

ISO, Reach etc.

How to cite : Rajith-Varman, S.V., K. Baskar, S.Y. Kim, M. Jayakumar, M.V. Arasu and N.A. Al-Dhabi: Phytochemicals with nanoparticles and
their potential applications in medicine —Areview. J. Environ. Biol., 42,918-929 (2021).

© Triveni Enterprises, Lucknow (India)

Journal of Environmental Biology 20211 Vol. 42 | 918-929



S.V. Rajith-Varman et al.: Phytochemicals with nanoparticles and their potential applications in medicine — A review 919

Introduction

Phytochemicals are widely explored for their potential
and promoting health benefits to humans for preventing many
health issues. The abundant beneficial role of photo-chemicals
toward mankind has been discovered in the field of nutraceutical,
cosmeceutical, agrochemical, pharmaceutical and therapeutic
(Venkatesan et al., 2015). Unlike synthetic drugs, there is
limitation exists for the complete access of phytochemicals due to
high cost, unstable, limited resource availability. In addition to
that, low solubility, bioavailability problem, lack of targeted
delivery system, and elevated toxicity are some other notable
constraints (Azwanida et al., 2015). Even though phytochemicals
are concealed with some unrevealed mysteries, these active
molecules perceive major attention in vitro, in vivo, clinical
research for the betterment of human beings (Venkatesan et al.,
2015). Extensive phytochemical usage has become a major
concern in the clinical implications. Many modern approaches
emerge to solve the usage of phytochemicals, one of the
promising areas of research is nanotechnology.

Nanotechnology is a controlled size carrier system at
nanometer level with different sizes, shapes, composition, origin,
dimension and widely used for industrial and biomedical activities.
Nanomaterials (NMs) namely nanoparticles (NPs) and non-
structured materials (NSMs) size range between 1 nmto 1000 nm
with different shape and source of origin (Wang and Wang, 2014).
NMs are classified into 4 types based on the compositions
(Bhatia, 2016), viz., Carbon-based NMs, Inorganic-based NMs,
and Organic-based Nms and Composite-based NMs. NMs are
also classified based on the source of origin as natural and
Synthetic. Based on structure and shape, NMs can be classified
into porous particles, sheets, fibers, wire and rods. Many
nanoparticles have been selected based on the inert nature,
biocompatibility, biodegradable, stability, low solubility and target-
specific properties. Further, NPs and NSMs possess different
physicochemical properties such as stability, solubilization,
catalytic activity, light absorption with scattering effect, electric
and thermal conductivity (Ramalingam et al., 2018).

Natural NMs are produced by the action of biological
species or indirect effect to humans on environmental pollution
and pollutants (Narayan et al., 2018). Several methods are
subjected for the preparation of nanoparticles such as
mechanical, physical, and chemical processing or a combination
of allabove (Narayan et al., 2018). The suitability of NMs is solely
based on biocompatibility and biodegradability in relevance to
biology, biomedical application with less or no toxic nature. It
includes polymeric biomolecules, lipid/phospholipid derivatives
and metals (Blanco et al., 2015). Polymeric biomolecules, lipid,
and phospholipids have gained beneficial application in many
branches of therapeutics (Ahlawat et al., 2018). These lipid
particles are considered as a better carrier system to enhance the
efficacy of drugs/phytochemicals whereas the metals own their

pros and cons. Also, the fucoidan polysaccharide coated
manganese dioxide nanoparticles (MnO2) have been efficiently
used in the field of therapeutics for the suppression of tumor
angiogenesis and is considered to be alternate for the hypoxic,
radio resistant pancreatic cancer treatment (Shin et al., 2018).
Minocycline is a potential candidate for neurological treatment
that possess high therapeutic side effects because of its wide
distribution and it has tailored with dendrimer NP conjugated
significantly which improves the targeted drug delivery system
(Sharma et al., 2017). Pharma products and synthetic chemicals
have been extensively studied at different stages of research for
regulatory norms (Wolff-Holz et al., 2019). In this review, the use
of lipid particles at the therapeutics level by using formulations
without discriminating other polymeric and metal NP's;
liposomes, solid lipid nanoparticles (SLNs), nanostructured lipid
carrier (NLCs) nanoemulsions, micelles, Poly (lactide-glycolide)
(PLGA) nanoparticles is discussed.

Nanoparticles formulation : The synthesis of NPs depends on
the purpose of its use, i.e., nutraceutical, cosmeceutical,
agrochemical, pharmaceutical, and therapeutic fields (Pimple et
al., 2012; Ahlawat et al., 2018; Elgohary et al., 2018). In special
cases such as cancer therapy metals are required as core
material for preparing nanoparticles. Circumstances alter the use
of source or combination, generation of NPs utilizing natural or
synthetic or combination of breakdown process or alteration of
structural/ skeleton. Biocompatibility and bioavailability of
phytochemicals play a major role in the health-based application;
hence, NPs interplay with phytochemicals for the treatment of
major deadly diseases (Blanco et al., 2015).

Liposomes are lipid bi-layer with outer hydrophobic and
center hydrophilic compartments (Adamala et al., 2015). These
nano-sized active molecules entangled between the hydrophobic
membrane and hydrophilic position (Fig. 1a), induce the targeted
delivery in contact with specific moiety formulations, enhance the
half-life (t2) period and are released in a sustained manner
(Alvarez-Arellano et al., 2020).

Hydrophobic lipid molecules dispersed in hydrophilic
liquid moiety form nanoemulsions (Jain et al., 2013). The
hydrophobicity nature of lipid forms a separate layer, due to
surface tension of aqueous and lipid molecules (Fig. 1b) (Han et
al., 2012; Argenta et al., 2014). This phenomenon has been
overcome by the surfactant or emulsifier, amphiphilic nature,
reduced surface tension between two moieties and distributes the
lipid droplets in an even manner (Klumphu et al., 2014). This
effective emulsion can be used for a wide range of application in
the field of drug delivery system, such as hydrophobic vitamins
(A, D, E, and K), omega-3 fatty acid, carotenoids, and many other
hydrophobic drugs (Jain et al., 2013; Chen et al., 2018). Some
common physical and chemical methods such as sonication,
homogenization, and microfluidization are required to synthesize
nanoemulsion.
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A novel carrier system, with a hydrophilic center core
surrounded by solid lipid core with or without surfactant, has
several bengfits such as greater stability, reduction in the loss of
active molecules, and targeted/sustained release than traditional
nanoemulsion (Oehlke et al., 2017). Poorly, soluble hydrophobic
compounds, such as lipid-soluble vitamins, resveratrol,
curcumin, etc., require site targeted delivery system like solid lipid
nanoparticles (SLNs)/Nanostructured lipid carriers (NLCs).
These carrier systems are encapsulated along with surfactant for
a uniform nanoemulsion. The prepared nanoemulsion
(SLNs/NLCs) is polymerized with the gelatin/ trehalose/ chitosan/
silica/starch for surface-modified drug delivery system to targeted
site release (Fig. 1c) (Jain et al., 2013; Pandey et al., 2015;
Ngwabebhoh et al., 2018). SLNs/NLCs are generated by physical
and chemical methods with high-speed shearing force,
homogenization, ultrasonication, and hot plate with stabilizer.

Micelles (Nps) are commonly used in the parenteral
route, oral, ocular, and topical administration of pharmaceutical
products. The micelles (Nps) preparation needs the following
techniques such as rotary vacuum evaporator, freeze-drying,

(d)

ultrasonication, and controlled temperature shearing force. The
micelles capture a prominent place in the lipid-based carrier
system. It is an amphiphilic-colloid formed by lipid (stearic acid).
The phospholipids NPs accommodate hydrophobic compounds
within the fatty acid core part. Micelles were produced at the
optimum temperature where amphiphilic phospholipids
underwent polymerization with drug/phytochemical and entraps
in the shell core (Yan et al., 2017). During polymerization, the
micelles macromolecules have irregular shape and size. NPS are
further trimmed to less than 50-100 nm by physical methods (Fig.
1d) (Panpipat et al., 2013). In situ study, toll-like receptor (TLR)
agonist (R848) nano micelles formulation efficiently, activates
antigen-presenting cells (APC) (Kim et al., 2018).

Glycolic acid and lactic acid are polymerized to form Poly
(lactic-co-glycolic acid) (PLGA) NPs (Andima et al., 2018). During
polymerization, the drug/phytochemical is encapsulated to form a
hydrophobic emulsion in the hydrophilic phase (Pimple et al.,
2012), further evaporated to leave hydrophobic phase with
entrapped phytochemical /drug (polymerized PLGA drug) of
varied size (Fig. 1e). PLGAs are freeze-dried, followed by
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Fig. 1 : (a) Liposome consist of outer hydrophobic and inner hydrophilic core with water soluble drugs; (b)Nanoemulsion, the hydrophobic moiety
surrounded by hydrophilic liquid phase; (c) Solid-lipid Nanoparticle/ Surface Modified Solid-lipid Nanoparticle contains hydrophilic center core
surrounded by lipid core with or without surfactant; (d) Micelles, an amphipathic nature contains both hydrophilic head region and hydrophobic tail
portion; (e) Poly (lactic-co-glycolic acid) is a hydrophilic nature, copolymer of glycolic acid and lactic acid used for polymerization with hydrophobic to give

emulsion.
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ultrasonication to get NPs of PLGA (Pimple et al., 2012; Das et al.,
2013). The FDA-approved PLGA-drugs are used for human
cancer therapy (docetaxel, everolimus) and nutraceuticals
(Vitamins, Folic acids, phytochemicals — Ferulic acid, Ginsenoside
Rg3) (Lima et al., 2018). Itis also used as biomolecules (proteins,
siRNA, DNA) (Zhang et al., 2017; Singh et al., 2017), biocides
(antibiotics) (Liu et al., 2018) for various infections. PLGA drug-
loaded NPs are widely used in the oral, parental and topical route
of administration (Chan etal., 2017).

Characterization of NPs: Some of the important parameters
used for the pharmacological and commercialization of Nps are
particle size, surface charge, chemical, homogeneity, stability,
agglomeration, and morphology. Establishing the NPs
characterization based on the major features of properties are as
follows.

To determine the fitness of nano molecules, the particle
size of NPs is considered mandatory. The colloidal, particulate,
and molecular characterization of NPs is determined by Dynamic
Light Scattering (DLS), SEM analysis, and Zeta Potential
Analyzer (Abd-Rabou et al., 2017). The characterization is done
by the magnitude of electrical charge, distribution, and molecular
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weight (Bhatia, 2016; Narayan et al., 2018). Usually, high zeta
potential provides high stability to NPs. DLS is able to determine
particle size range from 250 nm to 6 um whereas zeta potential
analyzer determines particle size starting from 1 nm to 100 um.
The molecular weight of NPs prominently fall in the range
between 1to 25 MDa.

The surface charge presenton the NPs by placing themin
a liquid indicates the magnitude of electrostatic repulsive action
between NPs (Bhatt et al., 2015; Bhatia et al., 2016). The higher
value of surface charge is considered to be stable NPs. If the zeta
potential is lower irrespective of (+) or (-), the NPs tend to
aggregate to form clumps, such NPs arbitrator deprived quality
with uneven particle size.

The characterization of NPs at specific wavelength
shows scattering property, usually at visible (700 to 400 nm) and
ultraviolet (UV) region (400 to 250 nm). Generally, NPs being
smaller in particle size are scattered in the red region (i.e. UV
region) (Sun et al., 2014; Sapino et al., 2015). The molecules of
NPs absorbs spectral energy and gets excited to give A max at
different wavelength. In similar fashion, the drug/phytochemical-
loaded NPs tend to change the absorbance after excitation..
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Fig. 2 : Phytochemicals classification based on their group.
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NPs in the aqueous medium tend to aggregate or
disperse evenly depending on the surface charge and
electrostatic effect (Je et al., 2017). This property of NPs has
advantage of delivering the drug/phytochemicals at a specific pH
medium (Sapino et al., 2015). The surface-modified SLNs release
the drug at optimum acidic pH in the stomach and sustainably
release the drug in the small intestine with the help of bile acid
action. Oehlke et al. (2017) reported that ferulic acid and
tocopherol enhanced stability and encapsulation efficacy
revealed better bioavailiblity in the system.

The properties (targeting and loading) of nanoformulation
vary, based on their bonding factor (weak or strong) of the drug in
nanomaterials (Ngwabebhoh et al., 2018) NPs in surface charged
and homogeneous particle size contribute to high stability of NPs
in the medium (David et al., 2015). NP with the surface positive
charge coated formulation injected intravenously results in
resistant absorption to plasma proteins which limits opsonization
(Chen et al., 2018). On opsonization, the availability of NPs in the
blood stream consequently falls or are removed by the
macrophagic action (Sun et al., 2014). Hence, the surface
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Phytochemicals
— Photosynthetic derived
Phenolic compounds - polyphenolic derivatives, Flavonoids, Flavonoles  Phytoestrogens,

Primary metabolites

Secondary metabolites

prenylnaringenin, Isoquinoline/ Indole/ Vinca/ Cinchona alkaloids, Stilbenes, Physostigmine ,
Glucosinolates , Psilocybin, Coumarins

— Activated Sugar derived

Glycosides (monoldisaccharides)

— Glycolytic derived

Shikimate, Cyanoglycosides, Alanine , Valine, Leucine

— Acetyl CoA derived

Anthraquinones, Cannabinoids, Phloroglucin derivatives, Polyacetylenes,
Acetate-Mevalonate derived, Terpencids (Mono, Di, Tri, Tetra, Sesqui), Iridoids, Valepotriates, Carotenoids,
Saponins, Phytosterols

— Citric acid cycle

Isothiocyanates, Pyridine/ Quinolizidine/ Areca/ Lobelia/ Tropa/ Nicotiana alkaloids, Asparagine acid derived,
Glucosinolates, Indoles, Piperidine alkaloids, Ketoglutaric acid
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Fig 3: Schematic representation of classifications. a) Based on chemical structures; b) Based on physiological functions; c) Based on Taxonomy;

d) Based on Biosynthesis and Biological Functions.

modification of NPs increases the half-life time in the body which
can be used as animportant parameter to enhance orimprove the
efficiency of NPs.

Encapsulation shows the increasing potential of NPs and
the efficiency of entrapment of drugs/compound/ nutrients are
termed as a percentage of drug entrapped/absorbed into NPs
(Jain et al., 2013). For instance, the microemulsion NPs
generated by the addition of oil in water with surfactant, eventually
dispersed in to layer in water (Singh et al., 2014). The micelle NP
in the aqueous phase can allow the fusion of nonpolar molecules.
The percent entrapped drug/ molecules in micelles can also
describe as total drug added to NPs and the availability of free
non-entrapped drug divided by total drug added is named as
encapsulation efficiency (EE%) (Sharma et al., 2015; Rezaei-
Sadabady et al., 2016).

NPs have the capacity of retaining the drug/ molecules
within the final finished formulation. In the case of lipid
nanoparticles, especially SLNs show high drug loading capacity.
The efficiency of loading capacity is calculated by assessing the
drug release from the final product of drug incorporated-NPs
when exposed to the liquid phase and agitated for a specific time

ofincubation (Lietal., 2018).

Phytochemicals : Phytochemicals, non-nutritive plant-sourced
bioactive molecules, comprise of a diverse chemical group. It has
multiple roles in the plant to protect from environmentally
hazardous jeopardy, such as pollution, UV light, pathogenic
attack, drought, stress, antioxidant, detoxifying agent, immune-
booster, hormonal modulator, and anticancer (Venkatesan et al.,
2015). Plants have secondary metabolites possess the
repellent/toxic potential to insects, similarly plant chemicals also
traps prey by attractant chemicals (Guo et al., 2018). The
protective role of phytochemicals/ vegetables, fruits, and their
derivatives against cancer, oral, pharynx, oxidative stress,
endometrium, heart disease, stomach, esophagus, pancreas,
and colon perceive attention has been clearly emphasized by Li et
al.(2015).

Based on the protective property and beneficial effect,
phytochemicals escort substantial invade to promote a healthier
lifespan to human. A wide variety of phytochemical existence
leads indistinguishable by many research groups for better
classification (Fig. 2). Phytochemicals are mainly categorized
based on the chemical structure, physiological function,
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taxonomy, biosynthesis and biological functions. But each
classification of phytochemicals carries their benefit to pin-up all
the phytochemicals that fall in their category (Mukkavilli et al.,
2017).

Based on the chemical structures, phytochemicals are
classified into (i) carotenoids followed by apocarotenoids,
carotenoids, and glycosides, (ii) iridoids further with iridoid
glycosides and (iii) phytosterols by stanols, sterols ester, and
sterols alcohol. Schematic representation of chemical structure-
based classification is given in Fig. 3a. Based on the role of
phytochemical exhibited in the host/ beneficiary system, the
phytochemicals are classified as (i) Cardiac glycosides, (ii) Plant
hormones, and (jii) Phytoalexins, which are further classified as
phytoestrogens, plant lectins, and plant toxins. Classification
based on physiological functions is shown in Fig. 3b.
Phytochemicals are categorized based on the source of
evolution/ taxonomy; They have been classified into (i) Alkaloids,
(ii) Glycosides, (iii) Polyphenols, and (iv) Terpenes.
Taxonomically categorizing the phytochemicals is considered to
be simple, broad and covers all phytochemicals (Fig. 3c).

Phytochemicals are classified into two categories as
primary and secondary metabolites from the source where the
phytochemical originated in the plant as a precursor of the
bioactive molecule (Azwanida et al., 2015). Primary metabolites
are carbohydrates, amino acids and lipids, which are broken
down or gets converted into secondary metabolites due to the
action of stress, stimulator, pollution, etc. (Fig. 3d). This
classification based on biosynthesis and biological functions has
gained wide acceptance but still prevails conundrum.

Therapeutically oriented phytochemicals and nanoparticle
application : Many traditional sourced plants and crude extracts
hold enormous phytochemicals of primary and secondary
metabolites. Phytochemicals, a plant bioactive molecule acts as
substrates, cofactors, inhibitors, absorbent/sequestrant, ligand,
scavenger, enhancer, stabilizer and growth promoter with
potential health and environmental benefits to human, animals
and plants (Venkatesan et al., 2015). Polyphenols are usually
stable in acidic pH but get degraded in neutral and weak alkaline
environments of the small intestine and bloodstream (Kim et al.,
2018; Borges et al., 2020). Ginger extract and its constituents (6-
gingerol, 6-shogaol, 6-paradol, zingerone and
dehydrozingerone) have shown beneficial effects in
neuropathological conditions (Choi et al., 2018). Collagen
preparations possess beneficial effects on skin elasticity,
moisturizing and controlling aging factors such as wrinkle
formation by increasing the expression of hyaluronic acid
synthases (HAS-1and 2) (Kang et al., 2018).

Many research groups have intensively paid attention to
renowned phytochemicals for NP formulation and created
sufficient toxicological profile data from in-vitro and in-vivo levels.

Phytochemicals such as quercetin, resveratrol, curcumin,
apigenin, kaempferol, epigallocatechin gallate, berberine,
genistein, gikgolide are being used for nano formulation (Hussein
etal., 2018; Mirhadi et al., 2018; Penalva et al., 2018; Pool et al.,
2018). Similarly, the hydrophobic zein-phosphatidylcholine
liposome NP is considered to be an effective and promising
carrier system for many drugs like paclitaxel, docetaxel, celecoxib
and curcumin (Lou et al., 2019). Considering this hypothesis,
many NPs have been synthesized to achieve better
bioavailability, sustained release and target-based release of
phytochemicals.

Recognized phytochemicals subjected for nano-
formulations reported significant/ insignificant number of studies
to prove for various therapeutical beneficial effect. Few
phytochemicals fails to reach attention for NP formation eg.
lactucopicrin, gnetol, honokiol, magnolol and spicatoside A.

PEG conjugated NP targeted release of quercetin to
cancer cells has been confirmed by in-vivo and in- vitro studies
(EI-Gogary et al., 2014). Similarly, targeted brain delivery of
quercetin-SLN's formulation (Naqvi et al., 2020) and PLGA-NPs
co-encapsulated quercetin, tamoxifen increased bioavailability
for better efficacy against DMBA-induced breast cancer in
Sprague Dawley rats (Jain et al., 2013). NP formulation using
silica, chitosan, poly-lactic acid and liposomes of quercetin is
considered to be an effective treatment against anti-cancer, anti-
Alzheimer's disease by exhibiting quercetin properties of
regeneration, prophylaxis and neuroprotection (David et al.,
2015; Sharma et al., 2015; Li et al., 2015; Pandey et al.,2015;
Rezaei-Sadabady et al., 2016).

Resveratrol, a proven stilbenoid effectively controls free
radicals, microbes, cardiovascular disease (CVD), neuro/
inflammatory mediators, hepatotoxic, skin dryness diabetics,
dyslipidemia, cancer (Montenegro et al., 2017; Serini et al., 2018;
Shen et al., 2018). Numerous studies have been done with the
formulation of NPs in vitro, in vivo and clinical level using
Trimethyl chitosan (TMC), Chitosan PLGA, PEG, Dextran, CMC,
protein-based NP (casein, OVA, hyaluronic acid, BSA, Sericin,
lactalbumin), lipid-based NP formulations (linolenic acid, stearic
acid, Phosphatidylcholine, oleic acid, PUFA), silica-based NPs,
etc. (Fachinetti et al., 2018; Guo et al., 2018; Penalva et al., 2018;
Sukthametal., 2018).

Curcumin nano-formulation using Hyaluronic acid,
Chitosan, Protein-based NP (BSA, Zein), lipid-based NP (Bean
oil), PEG, PLGA, Cellulose-based formulation has proved to be a
promising treatment for free radical, inflammatory, cancer,
microbial, CVD, hepatotoxicity, diabetics, dyslipidemic, arthritic,
obese and neurological disorders (Ghaffari et al., 2018; Camargo
et al., 2018; Malvajerd et al., 2019; Mukherjee et al., 2019;
Mohammed et al, 2019). Similarly, other hydrophobic
phytochemicals such as apigenin (Ding et al.,2014; Karim et al.,
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2017; Pal et al., 2017; Papay et al., 2017), kaempferol (Tzeng et
al.,2011; Luoetal., 2012; He et al., 2014; lik et al., 2017; Hussein
et al., 2018), epigallocatechin gallate (Chamcheu et al., 2018;
Tang et al., 2018; Kuhne et al., 2019), berberine (Park et al., 2015;
Allijin et al., 2017; Mirhadi et al., 2018; Wang et al., 2018;
Buchanan et al., 2018), gingerol (Behroozeh et al., 2018;
Khoshnevisana et al., 2018; Hwang et al., 2018), naringenin (Ji et
al., 2016; Wang et al., 2017; Parashar et al., 2018; Singh et al.,
2018), catechin (Naponelli et al., 2017; Sistanipour et al., 2018;
Ahmad et al., 2019), ellagic acid (Mady et al., 2017; Fahmy et al.,
2018) owns their health benefits to humans relatively equal to
curcumin, resveratrol and quercetin which studied well by using
many NP formulations. Nano-formulations are protein/
glycoprotein-based, lipid-based, silica-based, phospholipid-
based, carbon-based, chitosan-based, polysaccharides-based
nano-formulation prepared and studied at various levels to prove
health benefits to mankind. Many phytochemicals exhibit
enormous health benefits as individual entities or formulated with
NPs without/ minimal toxic property.

In this review, the nanoparticle formulation,
characterization, evidence of phytochemicals with
nanotechnology and their application in health benefits are
discussed. These phytochemicals are gingerol, naringenin,
catechin, ellagic acid, huperzine A, silymarin, B-sitosterol, and
ferulic acid (Lee et al., 2017; Hong et al., 2018; Abdel-Wahhab et
al., 2018; Ponnulakshmi et al., 2019). According to Kim et al.
(2006) investigation on naringin has a beneficial role in lowering
the hepatic cholesterol level in SD rats. NP formulated on naringin
is yet to be investigated for their beneficial role in the treatment of
hyperlipidemic patients.

Very few nano-formulations have been prepared and
studied for phytochemicals such as genistein (Nguyen et
al.,2015; Jackson et al., 2017; Kim et al., 2017; Pool et al., 2018),
rosmarinic acid (Madureira et al., 2016; Ezzat et al., 2016),
huperzine A(Meng et al., 2018), ginkgolide (Feng et al., 2018; Lou
etal., 2019), ginsenoside (Kim et al., 2016; Aalinkeel et al., 2018;
Dai et al., 2018) and B-Sitosterol (EI-Nahas et al., 2017; Gogoi et
al., 2018; Ponnulakshmi et al, 2019). As stated, few
phytochemicals are not synthesized as a nanoformulation
(Venkatesan et al., 2016, Venkatesan et al., 2017, Encinas-
Basurto et al., 2018, Hosokawa et al., 2018; Sarrica et al., 2018).
Additionally, reviewed the regulatory perspective of registry for
the NPs focused in streamlining the synthesis and the NPs
disposal norms (Weiss-Angeli et al., 2012; Hansen et al., 2017;
Zainon andAzmi, 2021).

Phytochemicals and their health benefits has infiltrated
modern science and nanotechnology to fulfill the needs of new
drug development in medicine. Many phytochemical applications
bottlenecked for complete contribution to health and utility
because of characteristic properties. Due to the advancement of
nanotechnology, the hinderace can be overcome by formulating

the phytochemicals with the nanoparticles. This enhances the
merging of ethnobiology and nanotechnology to provide health
benefits to mankind through nanomedicine field. This
nanomedicine has many advantages at therapeutic level such as
better solubility, low toxicity, biocompatibility, enhanced half-life,
modifiable surface interaction and target-based release.

Even though lots of advancement in the drug delivery
system are available, there are still significant gaps prevailing for
complete access to nanomedicine without proper regulation.
Nanomedicine needs multiple criteria to get passed such as in-
silicon, in-vitro, in-vivo preclinical and clinical trials. As of now,
NPs registration prepared is based on the biodistribution alone
but not based on toxicity profiling. Vast advancement in NPs
registration needs further classification or broad information of
risk assessment, handling and control over NPs application to the
environmentand human health.
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