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ABSTRACT

The nanoformulation of phytochemical has been developed to withdraw the drawbacks of conventional phytochemical. Nanoformulations are the
nanosized particles, modified in order to improve the delivery of active phytochemicals in the target, to improve bioavailability, and solubility. Early
researches shows that various phytochemicals like curcumin, Hesperidin, resveratrol, ellagic acid, essential oil, Naringenin, and quercitin are highly
modified to form the nanoformulated compounds to improve its bio-activities. The nanoformulated phytochemicals are syntheized by various
methods such as high energy and low energy emulsification, electrostatic stabilization, emulsification/reverse salting-out, nanoprecipitation,
emulsification/solvent diffusion, solvent evaporation, and multi-arm Nanoconjugates, enzyme responsive nanoconjugates, core-crosslinked
nanoconjugate hydrophobic-hydrophilic nanoconjugates, and nanoconjugate-based solid dispersion. Interestingly, the encapsulation of
phytochemicals with surfactants, oils, emulsifying agents, salting-out agents will promote the antioxidant, antitumor, cytotoxic agents and
antimicrobial effects than a raw phytochemicals. Various studies showed that phytochemicals are nanoformulated by the nanoemulsion method are
better in terms of active target drug delivery, increasing bioavailability and it also act as an effective biological and diagnosting agents. This review
focus on Innovative approaches to nanoformulated phytochemicals and their biomedical applications.
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INTRODUCTION

Phytochemicals are secondary metabolites produced in plants, and
they have several therapeutic applications. However, they face some
challenges within the biological system, such as solubility, stability,
and biocompatibility. To overcome these challenges, researchers
extend their thinking toward the nanoformulation of
phytochemicals. The formulation of nano phytochemicals used the
following methods: Nanoemulsion, nanosuspension, polymeric
nanoparticle, nanovesicle, and nano conjugation. The nano-
formulated phytochemicals show an increase in solubility,
bioavailability, and target drug release, and enhance the antioxidant
property and pharmacokinetic clearance. Therefore,nano-
formulated phytochemicals are a better drug for treating various
diseases than a raw phytochemical. The gradual release of curcumin
from nanoparticles demonstrated by the nanoemulsion technology
increased the curcumin's bioavailability [1]. The effectiveness of the
curcumin nanoparticle against human laryngeal cancer has been
demonstrated by extensive research [2], and nano curcumin is also
beneficial against other forms of carcinoma. Using encapsulation
technology Hesperidin isolated from orange peels, was tested on
three cancer cell lines (HepG-2, MCF-7, and HCT-116) where in its
biological effects, antioxidant capacity, and cytotoxic effectsare
multifold than the conventional phytochemical [3]. The absorption
in blood-brain barrier was improved and there was an increase in
antioxidant activity in the drug metabolism by polymeric nano-
formulated ellagic acid against Alzheimer's disease [4]. The
phytochemical apigenin brings inhibition of cell proliferation by
inducing apoptosis. The apigenin incorporated in whey protein
capsules brings better inhibition of cell proliferation in colon cancer
cell lines HT-29 and HCT-116 [5]. Another study demonstrated that
polymer-encapsulated luteolin nanoparticles were tested against
Tu212 and H292 cell lines and demonstrated a more potent anticancer
effect than luteolin alone due to the target tumour receptor binding
with the target ligand on the nanoparticle surface and demonstrating
over-expressing tumour activity [6]. It also studied that Febuxostat
nanosuspension prepared by lyophilization techniques exhibited an
enhanced solubility and oral bioavailability [4, 7]. Nanoresveratols
formulated by Cyclodextrin-based nanosponges enhance water
solubility and stability, and liposome nano resveratrol showed
excellent cell proliferation. Resveratrol nanosuspension increase

solubility rate and antioxidant potential [7, 8]. We examined three
English databases, including Web of Science, Google Scholar, and
PubMed, for papers published over the last five years that discussed
the various approaches used to encapsulate phytochemicals with a
nanoparticle. The following keywords and terminology were used:
"Nanoemulsion”, "Nanosuspension”, "Nano Conjugation”,
"Nanoprecipitation”, "Nanovesicle", and "Polymeric Nanoparticle". The
focus of this review is on the various methods for nanoencapsulation
of phytochemicals and their biomedical applications.

Preparation of nanosphere’s and nanocapsules

Over recent years, the polymeric nanoparticles are used to
encapsulate the phytochemicals. Researchers due to its advanced
properties attract the polymeric nano-phytochemical technique such
as improve bioavailability, controlled and target release of drug,
increased therapeutic application, protection of drug and other
molecules against environmental factors. The two polymeric
nanoparticles are nanosphere’s and nanocapsule’s. The nanospheres
consist polymeric network with the drug adsorbed on their surface.
The nanocapsule composed of drugs dissolved in oily core, which is
sheltered by a polymeric material. These nanospheres and
nanocapsules are  produced by solvent evaporation,
emulsification/solvent diffusion, nanoprecipitation,
emulsification/reverse salting-out methods [10].

Solvent evaporation method

In solvent evaporation method, initially the nanospheres are produced
by oil in water nanoemulsion technique by high-speed
homogenization or ultra-sonication. In this, the organic phase consist
of polymer and phytochemical whereas the aqueous phase consist of
water and surfactant. The solvents are evaporated by stirring and pure
nanospheres are collected by centrifugation process [11].

Emulsification/solvent diffusion method

In this, method the nanospheres or nanocapsules are produced by
emulsification process, in which the organic phase consists of
polymer, drug, and oil were as the aqueous phase consist of water
and surfactant. The solution is subjected to solvent diffusion, in
which the water is used as diluents, the solvents are evaporated by
stirring, and the nanoparticles are collected after purification [12].
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Fig. 1: The focus of this review is on the various methods for nanoencapsulation of phytochemicals and their biomedical applications

Nanoprecipitation method

In the nanoprecipitation method, to aqueous solution, the organic
phase consist of polymer and drug is added slowly under continuous
stirring as a result the polymer gets precipitated in the form of
nanocapsules and then the solvents are evaporated and the
polymeric nanoparticles are collected by filtration [13].

Emulsification/reverse salting-out method

The modifying method of emulsification/solvent diffusion is the
emulsification/reverse salting-out method. The difference is the
aqueous phase consists of a surfactant and salting-out agent. The
commonly used salting-out agents are Magnesium chloride (MgClz),
Calcium chloride (CaClz) and Magnesium acetate (Mg (CH3COO) 2)
[14].

Polymeric nano-phytochemicals
Polymeric-nano coumarin

Coumarin is a natural phytochemical present in seeds, leaf, root,
fruit, and flowers of higher plants. The coumarin is encapsulated
with a polymeric nanoparticle to increase its bioactive properties.
The polymeric nanoparticle is produced by a solvent evaporation
method, in which the poly (e-caprolactone), poly (lactic acid), and
poly (lactide-co-glycolide) are used as a polymer and the coumarin is
encapsulated to form a polymeric-nano coumarin. The prepared
polymeric nano-coumarin has the new perspective in the application
of bio-imaging.

Polymeric-nano curcumin

The study showed that the polymeric nanocurcumin is synthesized by
solvent diffusion method in which the poly (lactide-co-glycolide) is
used as a polymer. The polymeric nanocurcumin has been studied for
the curcumin release effect and its antibacterial activity. The dialysis
bag method were used to study the drug release kinetics, the results
exhibited that there is a sustained release of curcumin from polymeric
nano-curcumin and in turn it inhibited the bacterial strains under
study, Gram-negative (Escherichia coli, Salmonella typhimurium, and
Pseudomonas aeruginosa) and Gram-positive (Staphylococcus aureus,
Bacillus sonorensis and Bacillus licheniformis) bacteria [15]. The
polymeric nano-curcumin has an increased bio-availability and
solubility and thus exhibits excellent anticancer effect [16].

Polymeric-coated essential oils

The geraniol is a monoterpenoid a class of phytochemical, which is
extracted from Palmarosa (Cymbopogon martinii). To increase the
bioactive properties of geraniol it is nanoencapsulated with a
polymer. The nano polymeric geraniol is formed by encapsulating
the geraniol with Poly-e-caprolactone (PCL) polymer by the
nanoprecipitation method. The nano polymeric geraniol is active
against Staphylococcus aureus and Escherichia coli [17]. The essential
oils like Rosemary oil and Lavender oil extracted from Rosmarinus
officinalis L and Lavandula dentata L respectively are coated with a
polymer Eudragit® EPO also shows excellent antioxidant activity
[18]. In the year, 2022 Bala nagamani et al, studied that Ezetimibe
polymeric nanoparticle has a sustained drug release and act as a
suitable carrier of the drug in the drug delivery system.

Table 1: Polymer-coated phytochemicals

Phytochemical Synthesis mechanism Biomedical application References
Polymeric-nano coumarin Solvent evaporation method. bio-imaging [15]
polymeric nanocurcumin solvent diffusion method Inhibit bacterial strains. [16]
Anticancer effect.
Increase bioavailability and solubility.
Polymeric-coated essential oils (geraniol, Nano precipitation method Anti-microbial and Anti-oxidant activity [17,18]

Rosemary oil and lavender oil).

Preparation of nanoemulsion

In nanoemulsion technique, the nano-sized droplets get diffused in
immiscible liquid results in the formation of nanoparticle. This
nanoparticle will show properties appropriate for encapsulation,
release and formulation. Nanoemulsion is of three types i) oil in
aqueous phase, ii) aqueous in oil phase, and iii) bi-continous phase.

Compared to other method nanoemulsion technique is put forward
by researchers due to the subsequent advantages: the nanoemulsion
technique acquired low amount of energy, it solubilize lipophilic
drug, it gives some flavor to the drug, non-toxic, small sized droplets
provide large surface area which is useful for absorbtion, improve
bioavailability, and it can also used as a stand-in for liposome and
vesiclenanoparticles [19]. The formation of nanoemulsion require
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three components water, oil, and emulsifying agents. The
nanoparticles are formulated by nanoemulsion technique by the
process of high energy and low energy emulsification.

Quercetin nanoemulsion

Quercetin is a polyphenol, a flavonoid group of phytochemicals. The
source of quercetin isacai berries, onions, broccoli, apples, olive oil
and red wine, and presently as glycosides in plants [20]. The
research work showed that Quercetin nanoparticle formed by
nanoemulsion method is effective against rheumatoid arthritis. As a
first step, the solubility of quercetin with suitable oil and surfactants
were determined by vortexing the 1 gm of quercetin with 2 ml of oil
and surfactant and then centrifuging it and the resulting supernatant
was taken for measurement in UV-Spectrophotometer. Secondly, the
quercetin nanoemulsion is synthesized by adding a weighed
quantity of quercetin in the oil phase with the consequent addition
of surfactants and subjected to vortexing. The resultant is slowly
added to strirring aqueous phase, which results in the formation of
nanoemulsion of quercetin. The effect of quercetin nanoemulsion
(QCT-NE) were studied for its effectiveness in the suppression of
tumor necrosis factor (TNF-a) in RAW 264.7 cell line, because tumor
necrosis factor (TNF-a) involved in multiplication of fibroblast in
turn activate pro-inflammatory mediators which results in arthritis
and breakdown of bones. The quercetin nanoemulsion (QCT-NE)
showed an effective inhibition of TNF-awhich reduce arthritis [21].
Another study showed that quercetin nanoemulsion (QCT-NE)
produced by ultrasound-based emulsification method was
interconnected with human serum albumin (HSA) and holo-
transferrin (HTF) which results in a formation of complex and
delivered quercetin from nanoemulsion to a target protein. Thus the
study showed that quercetin nanoemulsion (QCT-NE) acts as an
excellent transporting agent and by regulating the caspase-3 gene
expression the quercetin nanoemulsion (QCT-NE) induces apoptosis
in liver cancer cell line (HePG2) [22].

Luteolin nanoemulsion

A flavonoid luteolin are obtained from celery, parsley, broccoli,
onion leaves, carrots, peppers, cabbages, apple skins, etc., luteolin
nanoparticle produced by an emulsion technique in which the
bergamot oil is used as oil phase and cremophor EL as surfactant to
load luteolin with cationic nanoemulsion(CNE1-CNE9). The ability
of in vitro drug release and ex-vivo permeation parameters had been
studied [23]. The result showed that luteolin from cationic
nanoemulsion 4 (CNE4) exhibited a maximum drug release in
physiological buffer which is due to good solubilization of luteolin.
The formulated luteolin cationic nanoemulsion also showed good
permeation ability. The cationic inducer present in nanoemulsion
react with the negative charge of epidermal cells and increase the
surface area. In this way, the luteolin present in LUT-cationic
nanoemulsion penetrate across the stratum corneum and cationic
inducer react with the negative charge of cells results in increased
surface area, caused structural change and increase the solubility of
luteolin. The cationic nanoemulsion 4 (CNE4) showed a maximum
drug deposition in skin than other cationic nanoemulsion. The
advantage of this cationic nanoemulsion is the target drug delivery
to the tumor lesion avoiding the oral route of administration.

Nanoemulsion of anethole, naringenin, and taxifolin

The phytochemicals anethole, naringenin,and taxifolin present in anise
seeds are extract by the maceration process. By using tween 80 as a
surfactant, the bulk extract was emulsified by ultrasound
homogenizer. The nanoemulsified phytochemicals are studied for its
anti-microbial activity and compared with anise extract alone. The
results showed that the nanoemulsified anise extract has an excellent
anti-microbial effect on Y. enterocolitica, S. aureus, B. cereus and E. coli
than anise extract; this is due to the size of nanoemulsified droplets
and its penetration through microbial cells. These emulsified natural
compounds had a wide application in food industry [24].

Nanoemulsified essential oils

Long ago, the use of essential oil is limited because of its low
bioavailability and high degradation. Now a day the essential oil has
been nanoemulsified to overcome these hurdles.
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Nanoemulsified essential oil containing terpenoids

Generally, the Satureja essential oil has anti-oxidant and anti-
microbial activity [25]. The essential oil is extracted from the plant
Satureja montana L were subjected to nanoemulsion. The oil in
water nanoemulsion technique with two different surfactant (Tween
20 and Tween80) were used for the synthesis of nanoemulsified
essential oil. The volatile nature of nanoemulsified essential oil are
analysed by using gas chromatography combines with mass
spectroscopy. The analysis showed the presence of terpenes and
terpenoid phytochemicals. The nanoemulsified essential oil is
subjected to study the antibacterial effect. The study showed that
lipophilic compounds like terpenes has the capacity to alter the
structural and functional integrity of cell membrane, thus the
nanoemulsified essential oil has a good effect against fungi, gram-
negative, and gram-positive bacteria [26]. This technique has a wide
application in food and pharma industry.

Nanoemulsified essential oil containing limonene and a-pinene

Essential oil extracted from Rosmarinus officinaliscontains
phytochemicals and it has anti-inflammatory, anti-atherogenic, and
dyslipidemia's activity [27]. The essential oil extracted from R.
officinalis is contained major phytochemical limonene, and a-pinene.
These essential oils are nanoemulsified and introduced into triton-
coconut saturated fat-induced dyslipidemia model. The study
exhibited that nanoemulsified essential oil has effective anti-
dyslipidemia and anti-atherogenic activity,thus the decrease lipid
level reduce the risk of cardiovascular disease.

Nanoemulsified essential o0il containing linalyl acetate,
limonene, and a-terpineol

The major phytochemical present in the essential oil from Citrus
aurantium L. bloom found to contain linalyl acetate, limonene, and a-
terpineol, and it is nanoemulsified by ultrasonication method. The
resultant nanoemulsified phytochemical is studied for its cytotoxic
effects on A549 lung cancer cell line and its toxic effects are
compared with normal human foreskin fibroblasts (HFF cells). The
consequence of nanoemulsified essential oil showed excellent cell-
dependent cytotoxic effects. The study also showed that the
nanoemulsified essential oil activates the antioxidant enzymes
superoxide dismutase (SOD), chloramphenicol acetyltransferase
(CAT), and glutathione peroxidase (GPx) which lead to suppression
of apoptosis genes [28]. Thus, the nanoemulsified essential oil is
broadly used in pharmaceutical industry and it reduces side effects.

Essential oil-pectin nanoemulsion

The essential oil extracted from zataria species is nanoemulsified
with pectin and studied for its anti-cancer effect on MDA-MB-231
breast cancer cells [29]. The essential oil-pectin nanoemulsion
showed its antitumor activity by elevating the Reactive Oxygen
Species (ROS), mitochondrial membrane potential (MMP) loss,
DNA damage, and G2 and S-phase arrest in cancer cell line, which
result in apoptosis. Thus, acting as a good therapeutic agent
against cancer.

Nanoemulsified essential oil of plectranthus vettiveroides root

The Plectranthus vettiveroides are rich in diterpenoids, triterpenoids,
flavones, and fatty acids. The extracted essential oil is
nanoemulsified using tween80 as surfactant and lecithin emulsifier.
The nanoemulsified essential oil of P. vettiveroids has the
vasorelaxation activity via ATP sensitive* Kchannel. The
vasorelaxation effect was due to the involvement of endothelium-
derived relaxing factors (nitric oxide, G-protein coupled muscarinic
(M3) receptor) [30].

Nanoemulsified essential oil of Heracleum persicum

The essential oil from Heracleum persicum were extracted and
nanoemulsified by ultra-sonication process. The nanoemulsified
essential oil contains the phytochemicals anethole, terpinolene, y-
terpinene, and myrcene. The anticancer effects of nanoemulsified
essential oil were studied on breast cancer cell line (MDA-MB-231).
The nanoemulsified essential oil triggers the caspase-3 gene which
inturn causes the apoptotis on cancer cells [31].
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Nanoemulsified essential oil of Ayapana triplinervis

The essential oil of Ayapana triplinervis is extracted by hydro-
distillation and it is nanoemulsified by low energy technique.
Caryophyllene, Thymohydroquinone Dimethyl Ether in morphotype
A, and morphotype B are the phytochemicals present in the
nanoemulsified essential oil. The growth of Aedes aegypti larvae,
which cause dengue, chikungunya, etc. was controlled by using
nanoemulsified essential oil of Ayapana triplinervis [32]. The
nanoemulsion generally has good penetration activity, thus the
nanoemulsified essential oil penetrate through epithelial tissues of
larvae and cause distortion of anal papillae, the detaching of epithelial
tissues from larval abdomen. The loss of epithelial tissue leads to
decrease in mobility and respiration of larvae that showed the toxic
effect of nanoemulsified essential oil of A. triplinervis on Aedes aegypti
larvae.

Resveratrol nanoemulsion

Resveratrol is a polyphenol found naturally in purple grapes,
cranberries, blueberries, peanuts, rhubarb, mulberries, pines,
groundnuts, and skin and seeds of grapes contains a high
concentration of resveratrol. The resveratrol nanoemulsion is
produced by ultrasonication process by using coconut oil as oil
phase and Cremophor EL as a surfactant. The nanoemulsified
resveratrol is studied for its efficient drug release, drug permeability
and its effect against Alzheimer’s disease [33]. Dialysis methods
were used to study the release of resveratrol from nanoemulsion,
and the researchers concluded that the globule size nanoemulsion
showed a fine release of resveratrol and increase its solubility. The
permeation of nanoemulsion resveratrol had been studied on goat
nasal mucosa in phosphate buffer medium, in which the increased
surface area by nanoemulsion showed an excellent paermeation of
resveratrol in to nasal mucosa surface. The distribution of
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resveratrol in the nasal mucosa passes the blood-brain barrier and
deposit at the brain and causes its efficacy against Alzheimer’s
disease. Another study showed that nanoemulsified resveratrol
increased the water solubility and stability of resveratrol by using
caprine casein (milk protein) as an emulsifying agent.

Carotenoid nanoemulsion

Carotenoids are the fat-soluble phytochemicals, they are present in
all plants. Carotenoids are responsible for the pigmentation of fruits
and vegetables. Carotenoids are extracted from Pomelo Leaves and
its nanoemulsified form found to inhibit Melanoma Cells A375. The
inhibition of cell growth is by upregulation Bax and cytochrome-C
via stimulation of caspase-9,8 and 3 and downregulation cylin-
dependent kinase 1 (CDK1) and cylin-dependent kinase 2 (CDK2)
[34]. The decline of cylin-dependent kinase 1(CDK1) and cylin-
dependent kinase 2 (CDK2) expressions subsequently culminates
cell cycle arrest in G2/M phase. Thus, the study presented that the
nanoemulsified carotenoids has better anti-tumor activity, than raw
carotenoid.

Nanoemulsion of bioactive compounds of xoconostle" cactus

The =xoconostle" cactusis a fruit, which belongs to the
genus Opuntia family of cacti. Xoconostle cactus contains a
phytochemicals ascorbic acid, betalains, phenols, tannins, Vitamin C,
and flavonoids. The active phytochemical are extracted from
xoconostle are nanoemulsified with orange oil. The nanoemulsified
bioactive compounds of xoconostle cactus fruit increases the
nutrient content of foods improve its shelf life. The phenolic
compounds present in xonocastle fruit have the ability to decrease
microorganisms [35]. Thus it is found that nano emulsification of the
extract will protect the bioactive phytochemicals and make the food
nutrient rich to improve consumer’s health.

Table 2: Nanoemulsion phytochemical

Phytochemical Synthesis mechanism Biomedical application Reference
Quercitin Spontaneous emulsification. » Suppression of TNFa in RAW264.7 cell line. [21, 22]
» Arthritis.
» Induce apoptosis in HepG2 Cell line.
Luteolin Cationic nanoemulsion » Drug release [23]
» Ex-vivo permeation
Anise seeds Ultrasound assisted method » Antimicrobial [24]
Satureja essential oil Hydro distillation method » Anti-oxidant [25]
» Anti-bacterial
Zataria EO Water in oil nano emulsification » ROS [26]
» G2andS Phase arrest
Rosmarinus officinalis EO Saturated coconut oil in water » Anti-inflammatory [27]

nanoemulsion.

Ultrasonication method
Ultrasonication method
Ultrasonication method

Citrus aurantium EO
Plectranthus vettiveroides EO
Heracleum persicum EO

Ayapanatriplinervis EO Low energy nanoemulsification
Resveratrol Ultra sonication method
Carotenoid Ultrasonication method

Xoconostle cactus Multiple emulsion

» Anti-atherogenic
» Dyslipidemia

» Cytotoxic effect on A549 cells [28]
» Vaso relaxation activity [30]
» Against breast cancer (MDA-MB-231) [31]
» Control Aedes aegypti larvae [32]
» Against Alzheimers disease [33]
» Inhibitory effect on melanoma cells. [34]

» Cyclin A and B.
» CDK1 andCDK2.
» Improve shelf life of food [35]

Nanosuspension technique

Nanosuspension is a technique in which the drug (or)
phytochemicals are suspended with a stabilizer. This technique is
easier than other nanoencapsulation techniques. The
phytochemicals that are nanosuspended will show following
properties: reduced in particle size, uncomplicated formulation, and
diverse administration routes. The most commonly used stabilizers
are electrostatic or steric stabilization.

Myricetin nanosuspension

Myricetin is a natural flavonoid group of phytochemicals. They are
present in fruits, vegetables, nuts and beverages. The

nanosuspension of myricetin had been produced by dissolving
myricetin with an organic phase and then it is introduced in to a
stabilizing agent and subjected to stirring, then the organic solvents
are removed by rotary evaporator results in a formation of coarse
suspension. Then the high-pressurehomogenizer is used to produce
a nanosuspension [36]. Thus, the oral administration of myricetin
nanosuspension in rats showed a gradual increase in plasma level,
good absorption and increased bioavailability.

Quercitin nanosuspension

The quercitin-encapsulated nanosuspension is produced by the
high pressure homogenizing technique. The stabilizers such as
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soya lecithin, polysorbate 80, Pluronic F68, SDS, PEG 6000, PVP K-
30 are synthesized by nanoprecipitation method. The study
showed that the oral route of quercitin nanosuspension in rats
increased the oral bioavailability of quercitin [37]. The
nanosuspended phytochemicals are active against viruses.
Nanosuspended quercitin act against poliovirus, adenovirus,
Epstein-Barr virus, hepatitis C virus (HCV), and respiratory
syncytial virus by inhibiting heat shock proteins (Shimon Ben-
Shabat et al., 2020) [38].

Oleanolic acid nanosuspensions

Oleanolic acid is apentacyclic triterpenoid a group of phytochemicals
that are present naturally. The nanosuspension of oleanolic acid is
prepared by wet ball milling technique with sucrose ester as a
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stabilizer. The nanosuspension oleanolic acid showed an increased
inefficacy in A549 lung cancer cell line, and elevate the
bioavailability of oleanolic acid [39].

Naringenin nanosuspension

Generally, p-GP cause the outflow of drug and results in decline,
the concentration of drug in cells. Vitamin E-TPGS is a good
stabilizer for preparation of nanosuspension of naringenin than
any other stabilizing agent. The small size of naringenin in
nanosuspension increases its solubility and stability. The
nanoormulated naringenin brings inhibition of p-glycoprotein
(breast cancer cell line). Thus, the TPGS-naringenin inhibits p-GP
and enhances the anticancer activity of naringenin
nanosuspension [40].

Table 3: Nanosuspension phytochemicals

Phytochemical Synthesis mechanism Biomedical application Reference

Myricetin High pressure homogenizing » #Plasma level. [36]
technique. > ABioavailability.

Quercitin High pressure homogenizing > *Oral bioavailability. [37,38]
technique. » Against polio virus, adenovirus, and HCV.

Oleanolic acid Wet ball milling technique. > *Bioefficacy in A549 cell line. [39]

Naringenin Micellization technique. » Inhibit p-glycoprotein in breast cancer [40]

Nanovesicle technique

Nanovesicle is a technique in which the phytochemicals (or) drug
are entrapped by a vesicle. The vesicle may be Liposomes, Niosomes,
Transfersomes, Ethosomes, Transethosomes, Phytosomes,
Discomes, Pharmacosomes, Virosomes, Sphingosomes,
Enzymosomes, Ufasomes, Bilosomes, Aquasomes, Emulsomes,
Cubosomes, Cryptosomes, Colloidosomes, Genosomes, Photosome,
Erythrosomes, and Vesosomes. Among these types, the lipid-based
vesicle such as liposomes, niosomes, transfersomes, ethosomes are
most commonly used nanovesicles by the researchers. Liposomes
are lipid bilayer consist of phospholipid and cholesterol. Niosomes
contains non-ionic surfactants and cholesterol layer, transfersomes
consist of phospholipid and surfactant bilayer, and ethosomes
consist of phospholipid and ethanol bilayer. Both hydrophilic and
lipophilic drugs can be induced into a vesicle to form a nanovesicle
drug. The formulation of phytochemicals in the form of nanovesicle
becomes prominent in recent years due to its following unique
properties, increased absorption and bioavailability, delivery of the
drug at the target site, better pharmacokinetics activity. The
characteristics of both hydrophilic and hydrophobic components of
drug reduce the dosage frequency.

Saponins and flavonoids induced exosome nanovesicle

Exosomes are the extracellular nanosized lipid vesicle and has an
intercellular communication. The exosomes as a phytochemical
carrier act excellently against cancer cell proliferation. The
phytochemicals extracted from the black bean seed by
homogenization and freeze-drying technique. The exosome derived

from HepG2 cell line were mixed with black bean extract and the
loading capability of extract into exosome are identified by
incubation and electroporation method, and it is ultra-centrifuged to
collect the supernatant. The exosomal formulation of the black bean
extract was studied for its anti-proliferative activity. The exosome
mediated phytochemical (drug) delivery enhances the inhibition of
cell growth in tumor cell lines thus the study reported that exosome
nanovesicle alter the drug delivery in target and showed a promising
anti-proliferative and anti-cancer activity [41].

Essential oil nanovesicle

The essential oils extracted from the aerial parts of Origanum onites
L. and Satureja thymbra L plants are loaded into a lipid nanovesicle
by lipid film hydration method. In this method, the phosphotidyl
choline and cholesterol for nanovesicle formulation were selected
and dissolved in dichloromethane and kept in ultrasonication.
During the evaporation stage of dichloromethane the extracted
essential oil is added with continous stirring, thus results in essential
oil being loaded in lipid nanovesicle. The essential oil loaded
nanovesicle showed an excellent antifungal and antibacterial
activities by testing its inhibitory effect against bacteria
Staphylococcus aureus, Bacillus cereus, Pseudomonas aeruginosa, and
Salmonella enteric and against fungi Aspergillus fumigatus,
Aspergillus niger, Trichoderma viride, Penicillium verrucosum,
Candida albicans, and Candida krusei [42]. The cytotoxicity effects
were also studied against HaCaT cells. Finally, the study reported
that the essential oil loaded lipid nanovesicle showed a sustained
release of essential oil from nanovesicle, which inhibits the food
pathogens.

Table 4: Nanovesicle phytochemicals

Phytochemical Synthesis mechanism Biomedical application Reference
Black bean seed (Saponins and Flavonoids).  Exosome nanovesicle Anti-proliferative and anti-cancer activity [41]
Origanum onites L. and Satureja thymbra L lipid film hydration method Antifungal and antibacterial activities [42]

Nanoconjugation technique

Generally,the nanoconjugation technique are used to improve the
bioavailability and solubility of poorly soluble phytochemicals
(drug) and synthesized by different methods such as Multi-Arm
Nanoconjugates, = Enzyme  Responsive  Nanoconjugates,core-
crosslinked nanoconjugate hydrophobic-hydrophilic

nanoconjugates, and Nanoconjugate-Based Solid Dispersion to
improve the therapeutic effects and bioavailability [43].

Curcumin nanoconjugate

Superparamagnetic Iron Oxide Nanoparticles (SPIONs) coated with
raw carica papaya latex were used for the conjugation of curcumin,
which showed a slow drug release, antibacterial and anti-cancer
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activity. The nanoconjugation of curcumin were synthesized by
sonicating the latex coated SPIONs with aqua, to that the curcumin
mixed with methanol was added by continuous sonication and then
it is centrifuged to collect the nanoconjugates. The study showed
that Bacillus subtilis and Pseudomonas aeruginosa with SPION-
conjugated curcumin had an antibacterial activity than
Superparamagnetic Iron Oxide Nanoparticles (SPIONs) alone [44].
The study also showed that Superparamagnetic Iron Oxide
Nanoparticles (SPIONs) curcumin brings inhibition of L929 breast
cancer cells in a dose dependent manner.

Int ] App Pharm, Vol 15, Issue 6, 2023, 69-75

Elaeocarpus ganitrus nanoconjugate

The phytochemicals are extracted from the dried leaves of
Elaeocarpus sphaericus, and the presence of active biocomponents
in the extracts is analyzed by Gas Chromatography-Mass
Spectrometry method. The extract contains the bioactive
compounds like alcohols, acids, steroids, esters, hydrocarbons,
amino acids and alkaloids. The resultant extracts are conjugated
with the silver nanoparticle to enhance the anticancer activity on
MCF-7 breast cancer cell line [45].

Table 5: Nanoconjugation-phytochemicals

Phytochemical Synthesis mechanism

Biomedical application

Reference

Curcumin nanoconjugate
Elaeocarpus sphaericus

Core-crosslinked nanoconjugate Antibacterial activity and inhibition of L929 breast cancer cell line  [44]
Core-crosslinked nanoconjugate Anticancer activity on MCF-7 [45]

CONCLUSION

The nanoformulation of phytochemicals become prominent in
pharmaceutical and therapeutic fields and offers several advantages
such as target drug delivery, good drug carrier, improving solubility
and bioavailability, sustained drug release and it also showed an
excellent anticancer and antimicrobial activity compared to raw
drug. Among various nanoformulation method the nanoemulsion is
the most widely used method and well thought-out to be more
effective. It is anticipated that further research and development will
be carried out in the future regarding nanoformulation of
phytochemicals.
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