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Abstract: Recently, medicinal plants have been chosen as a therapeutic aid for multifactorial diseases.
The standardization challenges, solubility, bioavailability, absorption, and permeation hinder its clinical
application. The phospholipid-compatible molecular complexes of the phytosome/herbosome are
developed using plant extract/phytoconstituent along with a phospholipid. Phytosomes may improve
the hydrophilicity/lipophilicity of the encapsulated compound. Phytosome formulation may be
administered with low doses and an enhanced duration of action compared to plant extracts or
conventional dosage forms. The interactions of the loaded plant extract/phytoconstituent and
phospholipids with a hydrogen bond enable the development of phospholipid complexes in the
phytosomes.In this vesicular type of system, the encapsulated plant extract/compound will be present
at the core of the formulation, whereas the targeting moieties will be present at the surface of the
vesicular system. This novel drug delivery system is occupied with bioactive phytoconstituents,
surrounded by a hydrophilic nature and with other lipophilic layers to enhance absorption and
bioavailability. This review contains an overview of Phytochemicals, phytosomes, and their preparation
and characterization techniques, along with recent phytosome development for nasal, topical,
parenteral, and oral delivery with a particular concern on the phytosomes commercially available in the
market and phytosomes under clinical trials.
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1. Introduction

Phytochemicals are naturally occurring, bioactive polyphenolic substances that are
frequently found in plants. These phytochemicals and phytoconstituents may have therapeutic
and dietary advantages. Phytoconstituents can be bioactive, have low cytotoxicity, and help
create a variety of phyto-based formulations [1- 4]. The antioxidant capacity of the
phytoconstituent, which scavenges free radicals, is one of its potential qualities. Due to their
adaptable qualities, some phytoconstituent categories may function as nutraceuticals.

The cutting-edge lipid-based delivery method, i.e., the innovative vesicular nano-based
drug delivery technology known as phytosomes, may increase the bioavailability and
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absorption of medications. In phytosomal formulation, phospholipids and plant extracts or
phytoconstituents produce lipid-compatible molecular complexes. Poorly water-soluble
phytoconstituent's solubility may be improved here in the phytosomes. Phospholipids are
typically used in the formulation of phytosomes. The absorption, bioavailability,
pharmacokinetic, and pharmacodynamic properties are improved by phytosome formulation.
Phytosomes improve the stability of the formulation, increase encapsulation effectiveness, and
control the formulation's release kinetics. In the case of phytosomal formulation, an envelope-
like coating was seen to enclose the active loaded phytoconstituent. Phytosomes also provide
protection against the deterioration caused by digestive enzymes; even for polar
phytoconstituents, phytosomes' increased rate of absorption results in a lower quantity of active
ingredients needed to exert a biological impact. The charged phospholipid head is created when
the polar groups in the phytoconstituent engage with the phospholipid's hydrogen bonds. The
bioavailability of phytosomes is higher than that of liposomes and niosomes. Flavonoids,
alkaloids, polyphenols, terpenoids, and other phytoconstituents are better encapsulated by
phytosomes. Phytosomes improve the absorption of polar, lipid-insoluble phytoconstituents.
The dose of the phytosome formulation may be lowered due to the enhanced absorption. The
phytoconstituents and carriers have a chemical connection that makes the phytosome more
stable in nature. The plasma concentration of the loaded phytoconstituents increases with the
absorption of phytosomes in the gastrointestinal tract. Because phospholipids are present, a
hydrogen connection can form between the polar head and the active phytoconstituent. Figure
1 is a schematic illustration of phytosomes.

Plant extract

Phospholipid

Phytosome

Figure 1. Schematic representation of phytosome.

The term "phytochemicals" refers to various naturally occurring bioactive substances
plants produce. Different interaction rates may occur between the living organisms and these
phytochemicals, including phenolics, alkaloids, carbohydrates, lipids, terpenoids, and other
nitrogen-containing molecules. Phytochemicals, often known as plant chemicals, are a diverse
group of naturally occurring bioactive substances plants create. The term "bioactive"” describes
how these substances can interact with various parts of living things to exhibit their
advantageous effects. The key categories of phytochemicals with the most structural variation
are phenols, alkaloids, carbohydrates, lipids, terpenoids, and other nitrogen-containing
molecules. Additionally, there are a number of phytochemical subgroups depending on
variations in the biogenesis or biosynthesis route. Figure 2 displays the various
phytoconstituents derived from plants.
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Figure 2. Schematic representation of plant-based phytoconstituents.

The phytoconstituents with active hydrogen atoms, such as -COOH, -OH, -NH_, etc.,
may be integrated with the phytosome structure. The formulation of phytosomes results from
the interaction of phospholipids like phosphatidylcholine with the appropriate
phytoconstituent/herbal extract. The phospholipid head group keeps the phytosome stable.

Phytosomes share a functional moiety with liposomes and transferosomes. Under an
aqueous environment, they remain stable between 4°C and 25°C for up to three months. When
applied topically, phytosomes, based on their excipients, cause skin penetration. During the
formation of the phytosome, the H-bond connection between the phospholipid and the
encapsulated phytoconstituents was maintained. Long fatty acid chains are unnecessary for the
complex formation when phytosomes develop; instead, they exchange the polar heads. In the
case of phytosomes, the lipophilic lipid moiety is used for formulation development, and the
hydrophilic moiety (head) binds to the loaded phytoconstituents (polar). The delivery of
different phytoconstituents is efficient and affordable to phytosomal technology. Phytosomes
differ from other phyto-based carrier systems due to their enhanced capability to protect the
intrinsic stability of the loaded phytoconstituents.

Reduced particle size, better solubility, and improved absorption are the defining
characteristics of phytosomes [5-8]. The process by which phytosomes are made favors a
chemical interaction between phospholipids in the form of hydrogen bonds between the polar
side front of the phospholipids and the polar functional group of the secondary metabolites,
which results in the formation of a particular pattern in addition to the phytoconstituent.

Phytosomes serve a significant role in the formulation development of numerous
medicines, nutraceuticals, and cosmeceuticals. The few companies focused on developing
phytosomes are Indena, Jamieson Natural Resources, Thorne Research, Natural Factors, and
Nature Herb. Phytosomes are passive, non-intrusive, and marketed and commercialized in a
ready-to-use state. Due to the capacity of the loaded phytoconstituent, which may increase the
loaded phytoconstituent's absorption rate, phytosome-based formulations only require a small
dose. Figure 3 depicts the evolution of phytosome formulations.
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Figure 3. The development process of phytosomes.
2. Characterization of Phytosomes

Using FT-IR Spectrophotometric analysis, the phytosomes can be identified by their
compatibility nature. In this case, the signature of the loaded extract/phytoconstituent, the
excipients, and the formulated phytosomes were compared for their significant compatibility
behavior characteristics. Zeta sizers can measure both the charge, or zeta potential value, and
the particle size of the produced phytosome, which is significant. The polydispersity index
(PDI) values of the generated phytosomes can be used to determine the uniformity and
aggregation potential of the phytosomes. The PDI index can measure the aggregation,
uniformity, and effectiveness of the generated phytosomes. Transmission and scanning
electron microscopies can be used to examine the phytosomes' surface morphology. Utilizing
a thermogravimetric analyzer, one may examine the thermal stability of phytosomes and record
their thermal behavior in response to temperature changes for later research [8]. High-
performance thin Layer Chromatography (HPTLC) and an appropriate, optimized mobile
phase may determine the amount of phytoconstituents loaded or encapsulated within the
phytosomes. The HPTLC works on the principle of separation and quantification of
phytoconstituents, and the amount of phytoconstituent present in the sample will be checked
based on the Rf value. The Rf value will then be calculated and compared to the standard
phytoconstituent's. High-Performance Liquid Chromatography (HPLC) will sometimes be
used when measuring the loaded phytoconstituent in the phytosomes. The dialysis bag method
or centrifugal method may be used to examine the In vitro release properties of phytosomes; in
this case, the samples will be examined using HPTLC/HPLC. According to the
recommendations [9, 10], the HPLC/HPTLC method for the quantification/release studies
should be confirmed. According to ICH standards, the accelerated stability of phytosomes
should also be taken into consideration when analyzing their long- and short-term stability [11,
12]. When applied topically, the generated phytosomes' ability to penetrate the skin can be
tested using models of excised skin. Animal (rat/rabbit) skin may be utilized to achieve this
objective and further analyzed using HPTLC/HPLC. The In vitro characterization studies of
phytosomes are shown in Figure 4.
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Figure 4. In vitro characterization studies of phytosomes.
3. Phytosomes Formulation Approaches

Phytoconstituents are typically integrated with the phospholipid complex during the
solvent evaporation method to prepare phytosomes, which requires the reaction temperature to
be optimized to achieve the maximum phytoconstituent entrapment. The lipids in an organic
solvent are brought into contact with the medication treated with the aqueous phase in
mechanical dispersion type. Under low pressure, the collected organic solvents will evaporate.
The phytoconstituent was extracted and then treated with an appropriate organic solvent to
create a complex of phospholipids and phytoconstituents when using the salting-out method.
Plant extract or phytoconstituent that has been dissolved in phospholipid and maintained
magnetic stirring is used in the lyophilization process to create phytosomes. When using the
anti-solvent approach, the phytoconstituent or plant extract that has been dissolved in a specific
solvent is treated with the anti-solvent, and the resulting precipitate is obtained. In the Rotary
vacuum evaporation approach, phospholipid and plant extract are treated with a solvent in the
rotary vacuum evaporator, and the solvent is then evaporated to produce the phytosomes [13].
Figure 5 displays the benefits of phytosomes for drug administration. The chemical bonding of
phytosomes ensures the stability of phytosomes; this may also be supported by the
stoichiometric molar ratio of phospholipids utilized in the formulation of phytosomes.

[ Phytosomes Advantages ]
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Figure 5. Drug delivery advantages of phytosomes.

4. Phospholipids

Phospholipids (complex lipids) in most cell membranes are amphiphilic molecules that
hold hydrophobic fatty acid chains in addition to hydrophilic moieties. PH has a significant
impact on the ability of polar moieties to associate. When phospholipids are exposed to water,
they become hydrated and form lamellar or hexagonal phases. The phospholipids are also used
as an emulsifier. Because phospholipids include unsaturated fatty acids, they are more quickly
https://nanobioletters.com/ 5of 18
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oxidized. The phosphate group, hydrophilic residue, and amino-alcohol sphingosine/glycerol
backbone make up the phospholipids. Phospholipids include phosphatidyl choline and
phosphatidyl serine. Phospholipids form the lipid bilayer. When phospholipids are exposed to
a lipid-based environment, micelles are formed; during this process, the phospholipid head and
tail self-assemble [14-16]. The distinctive property of phytosomes was their ability to
aggregate.

5. Phytosomes for Ocular Drug Delivery

The ocular drug delivery techniques use phytosomes. The use of prodrugs is increased
because the presence of esterase causes N-acetyl carnosine to be hydrolyzed. Here, L-carnosine
and lipoid 75 were treated with methanol and Milli Q water and refluxed for one hour at 40°C
to produce a phospholipid complex [17]. They found that L-carnosine phytosomes had 2.4 to
5.6 times quicker penetration than L-carnosine solution. The phytosome technology helps
phospholipids to enter the posterior portion of the eye with more selectivity and specificity.
Furthermore, phytosomes enhance the effectiveness of the specific phytoconstituent loaded
when used for ocular drug delivery. The phospholipid LECIVA-S70 to make
Hesperetinnaturosomes using solvent evaporation has been reported. They evaluated the
developed lipid-based system's compatibility, thermal behavior, shape, and diffraction pattern.
They discovered that compared to pure hesperetin, natural hesperetin is 10 times more soluble
in water [17].

In comparison to pure hesperetin (23%) and the Hesperetinphysical combination
(28%), the corneal penetration of Hesperetinnaturosomes dramatically increases (>53%). This
suggests that phytosomes are more effective in accelerating corneal permeation [18-20]. Figure
6 illustrates the advantages of phytosomes for ocular drug delivery. The challenges associated
with the delivery of phytosomes through the ocular route involve poor corneal permeability,
which may limit the entry of drugs loaded in the phytosomes. The presence of anatomical and
physiological barriers also limits the entry of drugs into the eye, which may lead to poor
absorption and very low ocular bioavailability. The lacrimal secretions may also lead to poor
retention time and decreased permeability across the corneal epithelium. Conjunctival blood
circulation also affects topical drug absorption. Overall, these may significantly lose the
administered drugs through topical administration.
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Figure 6. Ocular drug delivery of phytosomes.
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6. Phytosomes for Nasal Drug Delivery

The nasal route, which involves olfactory or trigeminal nerves exiting the brain at the
respiratory epithelium or olfactory neuroepithelium and entering the nasal cavity, is a
dependable way to cross the blood-brain barrier. This creates quick, non-invasive access into
the cerebrospinal fluid as well as interaction with the mucosal tissue. For the transfer of anti-
Alzheimer's drugs into the brain, lipidic nanoparticles, emulsions, vesicles, gels, liposomes,
etc., have demonstrated promising results. This increases the permeability and related
bioavailability. The formulation method, size, zeta potential, and therapeutic action of the
encapsulated drug influence the effective targeted administration via the nasal route. The
standard intranasal transport system combines passive partitioning, carrier-mediated transport,
and the paracellular pathway in order to target the brain [21-23].

Our team reported the phytosomes containing "Geophilarepensmethanolic leaf extract”
using soy phosphatidylcholine. In order to provide a better penetration effect at the nasal cavity
for the enhanced treatment of Alzheimer's disease, we further transformed the phytosomes into
intranasal gel using hydroxypropyl methylcellulose as a gelling agent and incorporating
transcutol P. We found that the mature phytosomes have a spherical form, measure 444.93
+25.24 nm in size, and contain 51.88+ 1.025% of the methanolic leaf extract of Geophila
repens. At 60 minutes, it was discovered that the In vitro release was 45.84+ 5.6%. The
Geophila repens methanolic leaf extract-based phytosome intra-nasal gel demonstrated
improved nasal permeability in comparison to the Geophila repens methanolic leaf extract, as
well as better acetylcholinesterase inhibition (97.87+ 6.84%) as compared to MEGR (69.86+
5.68%), which was shown to be higher and with substantial [24]. The nasal drug delivery
benefits of phytosomes are shown in Figure 7.
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Figure 7. Nasal drug delivery of phytosomes.
7. Phytosomes for Topical Delivery

The topical drug delivery techniques use phytosomes. Ocimum Basilicum topical
phytosomal gel was created using lecithin, cholesterol, and Carbopol 934. The Ocimum
Basilicum extract was used to create the phytosomes, and they were evaluated for their
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morphology, yield, stability, and ability to prevent microbial growth [25]. The produced
phytosomes demonstrated improved cutaneous permeability. Stearic acid, cetyl alcohol, liquid
paraffin, triethanolamine, glycerin, and other ingredients have all been mentioned in topical
soy phytosome cream reports [26]. This cream has been found to be naturally non-irritating.
Hesperetin-loaded phospholipid-based nano vesicular systems were developed using a solvent
evaporation process that included a phospholipid complex. They noted that the new
formulation improved the therapeutic efficacy, solubility, and penetration (>53%) of the
encapsulated Hesperetin [27]. The phospholipid present in the phytosomes interfaces with the
loaded phytoconstituent through the generation of an H-bond between the polar head of the
phospholipid and the polar capabilities of the phytoconstituent. They significantly improve the
skin penetration of the loaded phytoconstituents. Phytosomes enhance the permeation of loaded
phytoconstituents due to their peculiar nanosize characteristics, quickly being delivered or
transported across the cell membrane and into the bloodstream.

8. Phytosomes for Parenteral Delivery

The mitomycin C-loaded soybean phosphatidylcholine complex-based phytosomes
employing solvent evaporation in conjunction with nanoprecipitation has been reported. They
noticed that the mature phytosomes have a small size of 210.87 nm, a PDI of 0.251, and a
charge of 33.38 mV. The spherical phytosomes had a biphasic release pattern, first releasing in
a burst and then continuing to release over time. The produced phytosomes showed a notable
lethal effect in H22 cells, a superior, dose-dependent curative inhibitory effect on tumor growth
[28].

9. Phytosomes for Oral Drug Delivery

Jain S etal. developed cefixime-loaded phytosomes for oral drug administration in 2019
by utilizing phospholipid S100 in various millimolar ratios under vacuum drying and reflection
[29]. The formulation was found to be in the nano-sized range with a prolonged release pattern.
Quercetin phytosomes using food-grade lecithin have been reported to increase the solubility
of quercetin. They saw improvements in both In vitro solubility and oral absorption while
avoiding adverse effects [30]. The solubility of quercetin phytosomes is unaffected by the
highly acidic conditions that prevail in the gastrointestinal situation. Here, an enterocyte
membrane was seen to release the hydrophilic quercetin into the lipid environment, supporting
quercetin's penetration into the bloodstream.

10. Phytosomes Available in the Market

Under the brand name Casperome, Boswellia extract-loaded phytosomes were sold by
Indena for the treat acute diarrhea. These phytosomes have the potential to normalize intestinal
motility, promote the production of loose and watery stools, and shorten the duration of motility
imbalance. Ginkgo biloba leaves were used to create another nutraceutical called
GinkgoselectPhytosome, which has antioxidant action, cognitive support, brain function, and
vascular health. The hepatoprotective effect of GinkgoselectPhytosome may be connected to
its antioxidant and free radical scavenging activity of the loaded extract, according to Naik et
al.'s 2008 study on Rifampicin-induced hepatotoxic rats [31]. Swanson is the brand name used
to advertise Hawthorn Phytosome, an herbal supplement for cardiovascular health. Available
in liquids and capsules, this phytosome contains 3% vitexin. The commercially available sun
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care products, after-sun products, soothing and lenitive products, available in the form of
emulsions, masks, gels, and creams made from Terminalia sericea extract and incorporating
phospholipids are all made with sericoside phytosome. Sericoside phytosome has an anti-
wrinkle effect. The sericoside from Terminalia sericea was isolated and extracted for use in the
creation of the Sericoside phytosome. Sericoside phytosome has been used to treat skin
conditions in Africa and Asia. The Meriva phospholipid-based curcumin phytosome has a
sustained release pattern, antioxidant potential, and higher absorption than curcumin extracts
with optimized cytokine production. In a 2010 study, GianniBelcaro et al. reported Meriva's
long-term efficacy and safety, a curcumin-phosphatidylcholine phytosome that reduces joint
pain and enhances joint function. They noticed that "Mervia" could be employed for
osteoarthritis control over the long term [32].

Catechin, epicatechin, epigallocatechin, and epigallocatechin-3-gallate are the main
components of green tea. The primary total green tea polyphenols, which may be helpful in
treating breast cancer, are epigallocatechin-3-gallate. By creating a phytosome utilizing lecithin
and a caffeine-free green tea catechin extract, epigallocatechin-3-gallate tissue distribution has
been reported. They were created as granules (sachets) and might be ready to dissolve in water.
The phytosome was given daily for 4 weeks at a dose of 300 mg, which is equivalent to 44.9
mg of epigallocatechin-3-gallate, to 12 patients with early-stage breast cancer for the trial.
Measurement of epigallocatechin-3-gallate levels in plasma, urine, breast cancer tissue, and
adjacent healthy breast tissue after (total) enzymatic hydrolysis and before (free) enzymatic
hydrolysis. All tumor tissue samples contained epigallocatechin-3-gallate at levels that could
be detected. This may have been accomplished as a result of the phytosomes' improved
absorption when taken orally [33].

The milk thistle (Silybum marianum) is a plant with the main component flavonolignan
silybin, which plays a significant role in hepatoprotective action and is used in hepatoprotective
therapy in clinical settings. The silybin has been created as a phytosome in granule form using
soy lecithin, which can float in water. This formulation was given to patients with early breast
cancer, and the distribution of silybin in the breast tissue was studied. In biological samples
(plasma, urine, breast cancer, and surrounding normal tissue), silybin levels measured by LC-
MS/MS before and after enzymatic hydrolysis show higher levels of silybin in blood along
with accumulation in breast tumor tissue without significantly altering blood levels of IGF-I,
nitric oxide, or Ki-67 after oral administration [34].

By controlling three types of genes, including transporters, phase Il detoxifying
enzymes, and endogenous antioxidants, The transcription factor nuclear factor erythroid 2-
related factor 2, which regulates the cellular defense mechanism, has been controlled. The best
phytosome was selected by the development of luteolin-loaded phytosomes employing a
variety of phospholipids, including phosphatidylcholine, phosphatidylethanolamine, and
phosphatidylserin. The cotreatment of luteolin phytosome with doxorubicin with decreased
Nrf2 gene expression and improved mRNA level in the cells resulted in the highest percentage
of cell death in the instance of MDA-MB 231 cells. The expression of the Nrf2 gene likewise
decreases dramatically downstream of the Hol and MDR1 genes. Utilizing phytosomal
technology increases luteolin's solubility and its therapeutic effectiveness. With increased
pharmacokinetic and pharmacological performance, this is a suitable option for cardiovascular,
anti-inflammatory, immunomodulator, and anticancer therapy [35].

By evaluating 2D and 3-dimensional cell-culture models, the antitumor efficacy of
curcumin phytosomes for breast cancer treatment has been reported. The tumor growth was
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also suppressed with histological evidence of vascular rupture, RBC extravasation, necrosis,
tumor stroma, and inflammation. The expression of cyclin D also decreased. When curcumin
and 5-fluorouracil were treated together, lipid peroxidation was reduced, and MDA/SOD levels
were elevated [36,37]. Curcumin phytosomes in a xenograft mouse model (female BALB/c)
were used to demonstrate the biological activity of fluorouracil in suppressing tumor growth.
The modulation of MDA levels, catalase, total thiol concentration, and SOD in breast cancer
tissue has produced this result.

Monascus yellow pigments Monascin and ankaflavin, as well as a phytosomal
formulation based on resveratrol folate-conjugated casein micelles for active targeting, were
developed from fungal sources. Compared to the free drugs, the phytosomal formulation
demonstrated monomodal-based nanosize distribution, sustained release properties, strong
hemocompatibility, and improved cytotoxicity in MCF-7 breast cancer cells. For the effective
treatment of breast cancer, this would be preferable [38].

Silibinin, a naturally present polyphenolic flavonoid, was isolated from milk thistle
(Silybum marianium). Silymarin was made from milk thistle crude extract. The commercially
available Silibinin phytosome has been administered orally to 13 prostate cancer patients
throughout 91 dose courses spaced out over four weeks; they noticed hyperbilirubinemia, grade
1-2 bilirubin elevations in 9 of the 13 patients, grade 3 toxicity, and one patient who had
elevated alanine aminotransferase levels, but no grade 4 toxicity. Silibinin phytosomes were
well tolerated in patients receiving the indicated phase Il dose in cases of advanced prostate
cancer with asymptomatic hepatotoxicity [39].

In a trial, it has been examined the blood levels of silybin after administering 13 g of
silybin phytosome daily over 14 to 31 days in the case of prostate cancer patients. One patient
experienced a grade 4 post-operative thromboembolic event, four cases of diarrhea, and
asymptomatic grade 2 hyperbilirubinemia. The initial silybin concentration was found to be
19.7 M, with an average of 1.2 M observed in blood plasma. At the harvested prostate tissue,
496.6 pmol/g of silybin was observed without any significant changes in the levels of IGF-I
and IGFBP-3 with grade 4 post-operative thromboembolic event was observed in one patient,
4diarrhoeacases and asymptomatic grade 2 hyperbilirubinemia observed in one patient [40].
Low quantities of silibinin are seen in prostate tissue despite transiently greater blood silybin
phytosome concentrations. The short half-life of silibinin, the brief course of therapy in this
trial, or an active process eliminating silibinin from the prostate may all contribute to its lack
of tissue penetration. Even though many phytosome-based formulations are available in the
market, the market analysis of the phytosomes depends on the type of phospholipid and the
price utilized for the development of phytosomes.

11. Phytosomes and Permeation Enhancing Property

To provide a more potent therapeutic effect, the drug molecules must travel through the
intracellular, intercellular, and trans follicular routes in order to enter the systemic circulation.
Diffusion is the main procedure if the drug enters the cell through the intracellular pathway.
The issue is that the hydrophilic domains of the intracellular pathway are difficult for highly
lipophilic drugs to pass through. Hydrophilic drug molecules must travel through the layers.
By salting out domperidone using phosphatidylcholine and piperine (a P-glycoprotein
inhibitor). The phytosomes with a significantly higher oral bioavailability of domperidone
(79.5%) than the pure drug have been reported [42]. Due to their diverse properties,
phytosomes are effective in enhancing the penetration of drugs. Due to the permeation of
https://nanobioletters.com/ 10 of 18
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sinigrin and the presence of glucosinolate, the Sinigrin phytosome has the ability to heal
wounds. Free sinigrin has a permeation property of 0.0730 g/ml, according to their ex vivo skin
permeation upon the skin, but sinigrin converted into a phytosome complex demonstrated a
permeability of 0.5155 g/ml [43]. The permeation parameters of the alkaloid-loaded phytosome
from Tinospora cordifolia were 1.85 times greater than those of the pure fraction when it was
produced using 30% soy lecithin and cholesterol. Alkaloid-loaded phytosomes derived from
Tinospora cordifolia demonstrate a higher potential for alkaloid incorporation permeability
improvement [44]. The highly lipophilic chemical curcumin-loaded phytosomes have been
reported. They also tested the curcumin phytosomes' ex-vivo penetration into the rat colon and
found that it was enhanced 4 times compared to curcumin suspension [45]. The lipid
phosphatidylcholine was used to create rutin phytosomes, and they found a superior ex vivo
permeation effect in excised Rat abdomen skin. Rutin's lipophilic nature makes it difficult for
it to penetrate. They observed that phosphatidylcholine significantly contributed to the rutin's
passage through the hydrophilic viable dermis and the lipophilic stratum corneum to the
epidermal-dermal site [46]. Without causing skin irritation, the Geophila repens (L.)
phytosomes infused into nasal gel demonstrated substantial In vitro nasal mucosa permeability.
The various permeation enhancers reported for the development of phytosomes include
transistor P, oleic acid, poloxamer 188, poloxamer 407, etc. The permeation process and its
route are shown in Figures 8 and 9, respectively.
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Figure 8. Permeation process of phytosomes.
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Figure 9. Permeation route of phytosomes.
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12. Stimuli-Responsive and Targeted Phytosomes

The most efficient way to enhance a formulation's therapeutic response is to build the
system as stimuli-responsive. Internal (pH, redox potential, or enzymes) and external (heat,
magnetic field, or light) stimuli trigger an encapsulated drug's release. These stimuli lead to
membrane testability, which allows the medication to be freed from its encapsulation. The
recent emphasis on creating stimuli-responsive phytosomal compositions has become more
apparent in the current environment. The effect of site-specific targeting can be obtained by
attaching a targeting ligand, such as the RGD peptide or transferrin, to targeted phytosomes.
Using a poly-L-lysine coat and hyaluronic acid, which showed a negative charge, it was
revealed that ursolic acid-loaded nanophytoliposomes had dual stimuli-sensitive properties.
The stimuli-responsive behaviors contributed to the more substantial tumor-inhibitory effect
that was seen. The selenium-deposited tri phytosomes using the melting-hydration/in situ
reduction approach has been reported, and they found that the selenium-deposited tri
phytosomes released selenium more slowly than free phytosomes in both 0.1 M HCI and pH
6.8 phosphate buffer saline [47]. The phytosomes that are more than 40 kDa due to enhanced
permeation and retention effect and a nano-metric size range of 100-1200 nm target the tumor
cells by passive targeting approach, which may enhance the therapeutic effect of the
encapsulated drug at the site. This method is the most effective for tumor therapy. Different
phyto-based formulations such as niosomes, exosomes, liposomes, including phytosomes, etc.,
for the encapsulation of rutin, genistein, quercetin, etc., have been reported recently for various
ailments such as cancer, rheumatoid arthritis, diabetes mellitus including COVID-19 [48-62].
The superiority of stimuli-based phytosomal/targeted phytosomes compared to conventional
phytosomal formulations is that these formulations may offer a site-specific action.

13. Phytosomes Effect at the Cell Culture Level

When compared to free Mitomycin C, the cytotoxic effect of mitomycin C-loaded
phytosomes in H22 cells demonstrated superior cytotoxic activity in a dose-dependent manner.
Mitomycin C-soybean phosphatidylcholine complex loaded in phytosomes showed increased
cellular uptake in HeLa cells as well as higher accumulation in H22 tumor-bearing mice [63].
Codium tomentosum Phytosomes employing phosphatidylcholine have been reported, and they
noted that the generated phytosomes displayed low particle size and polydispersity.
Additionally, the complex had a greater octanol-water partition coefficient than the isolated
fraction [64].

14. Clinical Trials

Various forms of phytosomes are under clinical studies at different stages under this
regimen, with the search for phytosomes in NIH US National Library of Medicine, Clinical
Trials. Gov 8 studies were found, among which Quercetin as Phytosome formulation (500 mg)
is under clinical trial for treating chronic fatigue, sleep assessment, and muscle performance
assessment. In community-based studies, Quercetin Phytosome is under phase Il trial as an
adjuvant for SARS-CoV-2 infection. For Patients with EGFR mutant lung adenocarcinoma,
the combined treatment with Erlotinib (Tarceva) and Silybin phytosome (Siliphos) is under
phase Il trial. The combined effect of Bergamot phytosome and artichoke leaf dry extract
combination product to reduce high cholesterol levels is under clinical trial. The grape seed
extract-based phytosomes are potentially used for early-stage lung cancer treatment and are
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under phase Il of a clinical trial. In order to enhance the absorption of green tea,
phytoformulation incorporating phospholipids along with piperine under the name
GreenselectPhytosomeas, a booster of absorption for various phenolics, is under phase 1V
clinical trial. The anticancer efficacy of silibinin obtained from milk thistle has been
documented. For prostate cancer, Silybin Phytosome, as an oral form, has shown beneficial
effects in men with prostate cancer. The efficacy of early stages of lung cancer has been
checked using Grape seed extract-based phytosome formulation, which is under clinical trial
(ClinicalTrials.gov Identifier: NCT04515004, accessed date: 28 August 2021). This study
concluded that the phytosomal formulation had delayed the planned surgery by>14 days. The
different phytosomal formulations under clinical trials are shown in Table- 1.

Table 1. Phytosomes under clinical trials.

S No Title Outcome Sponsor Phase Reference

1 Trial to Study the Adjuvant Benefits of Boosts natural Liaquat University of 1l NCT04578158
Quercetin Phytosome in Patients With immunity Medical & Health Sciences
COVID-19

2 A Phase Il Study to Assess Efficacy of Blocks EGFR signal | MedicalLogic I NCT02146118
Combined Treatment with Erlotinib
(Tarceva) and Silybin-phytosome
(Siliphos) in Patients with EGFR Mutant
Lung Adenocarcinoma

3 Acrtichoke and Bergamot Phytosome Effective Azienda di Servizialla NA NCT04697121

hypocholesterolemic |Persona di Pavia
agent

4 LeucoselectPhytosome for Neoadjuvant Anticancer effect VA Office of Researchand |1l NCT04515004
Treatment of Early Stage Lung Cancer Development

5 Effects of GreenselectPhytosome® on - IstitutoAuxologicoltaliano v NCT02542449
Weight Maintenance After Weight Loss in
Obese Women

6 The Effect of High-dose Silybin- Anticancer effect University of Colorado, 1 NCTO00487721
phytosome in Men with Prostate Cancer Denver

7 Grape seed extract Early stages lung Anticancer effect - 1 NCTO04515004,
cancer

15. Patents on Phytosomes Based Drug Delivery

The technology of monomer, dimer, or oligomeric forms of flavonoid-based complex
compounds along with phospholipids to process their preparation and pharmaceutical and
cosmetic compositions has been patented. They found that when flavonoids and phospholipids
are combined, their lipophile character gets effectively absorbed upon oral/parenteral/topical
administration and increases the therapeutic effectiveness of the flavonoids. The phospholipid
complex of olive fruits/leaf extract has been patented (EP 1844785). The method of phytosomal
quercetin preparation with a particle size of 2-12 nm has been developed using soybean seeds
utilizing a chloroform-ethanol mixture (1:1)under an ultrasound frequency of 22 kHz
(RU2680809C2). Phytosomes of ginkgo biloba, milk thistle, grape seed, hawthorn, green tea,
and ginseng have been reported. Recently, at the research level, a few phytosomes have been
reported, such as Carvacrol Phytosomes for enhanced wound healing, Ginger Rhizomes and
Rosehips loaded Phytosomes, hydroalcoholic extract of Adiantum capillus-veneris loaded
phytosomes for microbial infections.
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16. Conclusion

This advanced form of phytoconstituent/plant extract-loaded drug delivery system is

better absorbed with improved permeation at the oral, topical, nasal, and parenteral routes.
Since the development approaches of phytosomes are elementary and reproducible, attempts
to standardize the phytosomal formulation with proper validation are crucial at this stage.
Improving solubility, permeability, stability, long-term dosing, chemical and physical
degradation resistance, and pharmacological efficiency are among the merits of phytosome
formulations over typical herbal formulations. These phytosomal formulations may still be
conceptualized with the involvement of stimuli-responsive characteristics or by targeted-based
approaches.
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