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Abstract: Medicinal plants and their phytochemicals are now a fantastic remedy for a variety of illnesses.
However, their clinical applicability may be limited due to their poor selectivity and bioavailability. In
order to increase the bio-efficacy of dietary phytochemical transport, bioavailability is regarded as a
significant problem. Various techniques for producing efficient carrier systeins to increase the
bioavailability of phytochemicals have been put forth. One of the more promising options for delivering
insoluble phytochemicals is the use of nano-vesicles. The scientific literature has endorsed the widespread
use of bilayer vesicles due to their versatility and ease of fabrication. Phytosome technology and its
applications are introduced in the first section of the review, with a focus on formulation and
characterization concepts.
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L. INTRODUCTION
Bioavailability can be increased via innovative medication delivery methods.[1 During the course of therapy, a
revolutionary drug delivery system aims to release the medication at a rate that is based on the body's demands while
delivering the active component to the site of action.[2]
Liposomes, niosomes, transferosomes, and pharmacosomes are some of the new vesicular drug delivery systems that
have been developed for targeted and regulated drug delivery. Advances in vesicular drug delivery have made it
possible to develop systems that allow for the targeting of drugs and the controlled or extended release of conventional
pharmaceuticals. A phytosome is formed when the plant extract or its constituents attach to phospholipids.[3]
For millennia, people have employed a range of therapeutic approaches to preserve their health, including traditional
medical procedures and phytomedicines. A contemporary attempt to properly control human ailments is the
development of herbal medication delivery. Herbal remedies are being used for self-administration in every nation as a
way to get healthcare that is outside the traditional purview of modern medicine. Water-soluble molecules make up the
bulk of phytomedicine's bioactive ingredients, whilst the remaining ones are water-insoluble. Nevertheless, the
effectiveness of phytoconstituents is limited due to their poor absorption when taken internally or topically[4]
Numerous techniques, including as structural modification and the inclusion of solubility and bioavailability enhancers,
have been found to increase the oral bioavailability of medications.[5]

Phytosomes:

Medicinal plants and their active ingredients have been used to cure a variety of illnesses for many years. The following
are the main causes of the rise in the usage of herbal medications:[1-5]

1) Not all human diseases can be effectively cured by modern medicine.

2) Concerns over the safety and assurance of synthetic pharmaceuticals are growing and

3) A number of natural items have been demonstrated to outperform synthetic drugs without causing negative side
effects.[11]
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However, the therapeutic use of many plants active substances is debatable because of their limited oral bioavailability.
[12-13]These components' low lipid solubility, large molecular weight, and presence of multi-ring polyphenols in their
structures might all contribute to their poor absorption rate.[17-18]

Numerous strategies, including the development of emulsions17, liposomes18, and nano-formulations[19]; altering
molecular structure;[20] and the administration of prodrugs,[21] have been put forth to address these issues. Out of all
the methods, phyto-phospholipid complexes, or phytosomes, appear to be the most successful in boosting their
bioavailability.[14]

Whereas "some" means cell-like, "phyto" refers to the plant. Herbosomes or phytosomes are soluble medications that
improve absorption through the vesicular drug delivery mechanism. low-bioavailability Plant extracts and
phosphatidylcholine (or any hydrophilic polar head group) react to form phytosomes, which are complexes of
phospholipids and naturally occurring active phytochemicals bonded in their structures.[17]

When compared to common preparations, these formulations show better pharmacological and pharmacokinetic
characteristics. The hydrophilic phytoconstituent-choline complexes are entirely covered by the lipid-soluble
phosphatidyl part. High drug encapsulation, a higher stability profile (chemical bonds are established between the
phytoconstituent and the polar head of the amphiphile molecule), and improved bioavailability are just a few of the
amazing advantages of phytosomes. Furthermore, for polar phytoconstituents as well, a faster rate of absorption results
in a lower dosage of active ingredients needed to have a biological impact.[17]

II. PRINCIPLE

A phytosome is created by combining a standardized extract or polyphenolic component with a stoichiometric quantity
of the phospholipid in a non-polar solvent. The extracts' phytochemical constituents, flavonoids and terpenoids, enable
their direct complexation with phosphatidylcholine. The bifunctional phosphatidylcholine molecule is composed of the
hydrophilic choline moiety and the lipophilic phosphatidyl. The body and tail of the lipid-soluble phosphatidyl part
encapsulate the choline-bound material, whereas the choline head of the phosphatidylcholine molecule attaches to
phytocomponents. As a result, the phytoconstituents and phospholipid combine to create a lipid-compatible molecular
complex called the phyto-phospholipid complex.[3]

The decreased absorption and bioavailability of polyphenolic components can be attributed to two main factors. These
primary constituents are not too small to be absorbed by the diffusion process and are made up of several ringed
molecules. The second reason is because flavonoid molecules, which make up the majority of polyphenols, are less
soluble in lipids. Their absorption across cellular membranes is restricted by these constraints.[20]

Structure of Phytosomes:

For the first time, it was reported by Bombardelli et al. that phospholipids and molecules of flavonoid vegetal
derivatives form a chemical link.[28] The molecular docking model for the interaction of 20(S)-protopanax-adiol (PPD)
phospholipid complexes was studied by Pu et al. in 2016. The findings showed that two hydrophobic arms of the
phospholipid molecule surrounded the hydrophobic portion of the PPD framework, while one of the hydrophilic OH
groups formed a hydrogen bond with the phospholipid backbone of the P=O section. According to numerous
publications, the primary contacts in phytosomevesicles are hydrogen interactions.The affinity of phospholipids for
polyphenols results in the formation of upramolecular adducts with a certain stoichiometry, which may be determined
using thermal analysis.[29]

Semalty et al. experimented with this parameter and discovered that the interaction between the two molecules was the
cause of hydrophobic interactions or hydrogen bond formation. The formation of a hydrogen bond between the polar
head and the polar functions of the active ingredient is the responsibility of the phospholipid-active ingredient. In
conclusion, polyphenols' hydroxyl groups can successfully interact with phospholipids' nitrate and phosphate
groups.[30]

I11. PROPERTIES
Biological properties:
a) Phytosomes increase the active compounds' total bioavailability and active absorption f
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b) Compared to traditional herbal remedies, phytosomes have a better pharmacokinetic profile.

¢) These herbal medicines work better and are more inventive than traditional herbal extracts.[20]

Physiochemical properties:

a) Standardized plant extracts are used as the substrate and a stoichiometric amount of phospholipid is reacted to
produce phytosomes. The polar head of the phospholipid and the polar functions of the substrate establish a hydrogen
bond, which facilitates interaction between the two.

b) Phytosomes take on a liposome-like micellar shape when they come into contact with water, and photon correlation
spectroscopy (PCS) shows that they have acquired these liposomal structures.

c) The size of phytosomes varies from 50 nm to several hundred meters.

d) The fatty chain in both free and complex phospholipids emits the identical signals, according to data from the H1
NMR and C13 NMR. This demonstrates that the lipophilic active component is enclosed in long aliphatic chains.[3]

IV. PREPARATION METHOD
1.Using the solvent evaporation approach, precisely weigh the cholesterol and phospholipid, dissolve them in 10
milliliters of chloroform, and then sonicate the mixture for ten minutes with a bath sonicator. Solvent removal can be
achieved by subjecting it to reduced pressure in a rotary evaporator set at 40°C. Once the solvent has been totally
eliminated and the drug's polyphenolic extract has been hydrated, a thin layer is formed in a rotary evaporator. The
phospholipid mixture wassonicated in an ice bath to dissipate heat. The prepared phytosome was stored in an amber-
coloured bottle. [20]
2.To make phytosome vesicles, a thin layer rotary evaporator vacuum technique was employed. The herbal extract,
phospholipid, and anhydrous ethanol were mixed in a 250 ml round-bottom flask that was attached to a rotatory
evaporator. When the solvent evaporates at a temperature of about 60°C, a thin film will form around the flask. In the
phosphate buffer, the lipid layer will separate, forming a suspension of vesicles. The phytosomal suspension was
subjected to 60% amplitude probe sonication.
The phytosomal suspension will be refrigerated for 24 hours before to characterization.[20]
3.Phytosomes can be produced by the reflux approach.
Phospholipid and polyphenolic extract were added to a 100 mL round-bottom flask with an internal temperature limit
of 40°C, and the mixture was refluxed with dichloromethane (DCM) for an hour. After the solution evaporated, 15
millilitres of n-hexane were added until a precipitate formed. The precipitate was moved into a desiccator.[20]
4.Accurately weigh the phospholipid and polyphenolic extract. It should be put in a 100 ml round-bottom flask,
refluxed with 30 mL of dichloromethane (DCM) for three hours at 60 °C, then diluted to 5-10 mL and mixed
continuously with 30 mL of n-hexane to produce a precipitate. Collect the precipitate and store it in a vacuum
desiccator for the night. After that, the precipitate is kept in an amber-coloured container that is tightly sealed.[20]
5.Five millilitres of dichloromethane (DCM) were added after phospholipid or soy lecithin and polyphenolic extract
were mixed in equal amounts. Until the DCM evaporated, the mixture was agitated. While the thin film was still being
agitated, 5 mL of n-hexane was added, and it was then entirely extracted within a fume hood.
After being hydrated, the thin film was sonicated to create the proper phytosomal complex. [20.]

V. DOSAGE FORM
Depending on its capacity to boost the bioactive component's efficacy and efficiency, an appropriate formulation or
dosage form for the distribution of one can select phytosomes. The final formulation must consider the degree of
biodegradability and tonicity, the size and release profile of the product needed, the surface characteristics of systems
like permeability and charges, and the inherent qualities of herbal drugs like hydrophilicity or hydrophobicity. There are
phytosome preparations that are topical and oral. Examples of therapeutic dosage formulations for phytosome delivery
are shown here.[3]

A] Tablet:
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should be diluted with 60-70% excipients. Wet granulation should be avoided since heat and water negatively impact
the stability of the Phyto-phospholipid complex.[3]

B] Capsule:

The phytosome can be dissolved in oily medium (vegetable or semi-synthetic oil) to make a suspension that is then
packed into the shell to produce soft gelatin capsules.2 Hard gelatin capsules can be filled with phytosomes.
Because precompression can change the disintegration time during a straight volumetric filling procedure, it is not
required. The maximum amount of powder that may be placed in a capsule (often no more than 300 mg per size
capsule) seems to be limited because of the low density of phytosomes. By employing a piston pump during the capsule
filling procedure, we can enhance the quantity of powder that is placed into the capsules.[3]

C] Gel:
Add the phytosomal complex to the prepared emulsion or dispersion.[3]

VI. EVALUATION
1.Calculation of percentage yield:
The following formula was used to determine the phytosome complex's percentage yield:[21]

The percentage yield is calculated as follows:
(practical yield)/(theoretical yield) x 100

2.Determination of entrap efficiency : [20]

The drug phytosomal complex is centrifuged for 90 minutes at 4°C at 10,000 rpm to separate the phytosome from the
free drug, which is how the entrapment efficiency is determined. Calculate the amount of free drug present using UV
spectroscopy.S5.

The proportion of drug entrapment can be calculated using the formula.

entrapment efficiency (%) = (Total amount of drug) - (amount of free drug) /(Total dosage of medication) x 100

3. Particle size determination: [20]
At a given scattering angle of 90°, the average diameter of the phospholipid complex was measured using a Nanophox.

(6]

4. Zeta potential:
The zeta sizes of the phytosomal complex are measured using Malvern Zeta sizer. [20]

5. Scanning electron microscopy (SEM):SEM was used to evaluate the particle's size and appearance.[20]
On the gold-coated brass stub of the electron microscope (JEOL JSM-6360 Scanning Microscope), a dry sample was
mounted. Digital pictures of the phytosome complex were obtained by randomly scanning the stub at magnifications of
1000x, 5000x, 100,000x, and 30,000x.

6.Different Scanning Calorimetry (DSC) :

Phosphatidylcholine, a physical mixture of drug extract and phosphatidylcholine, drug-phospholipid complex, and drug
polyphenolic extract were all added to an aluminum cell and heated to 400°C at a rate of 50-250°C per minute in a
nitrogen atmosphere using differential scanning calorimetry (DSC). An analyzer was used to record the peak transition
onset temperatures.[20]

7. Drug content determination:
10 ml of solvent.
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The drug content was determined using a UV spectrophotometer and the dilution absorbance.[21]

8. FTIR:

The phospholipid structure and chemical stability of the medication will be investigated using FTIR analysis. To
produce pellets, potassium bromide will be used to crush the phytosomal drug at a pressure of 600 kg/cm”2. There will
be a scanning range of 4000 400cm1.5.[20]

9. Transition electron microscopy (TEM):

Using TEM at 1000x magnification, the size of phytosomal vesicles was assessed. [20]

10.solubility test:

To test for solubility, put 10 milliliters of solvent in glass containers. The liquid was centrifuged for 15 minutes after
being agitated for 24 hours on a rotator shaker to remove excess extract. The supernatant was filtered using a membrane
filter. Following that, dilutions were created using 1 ml of filtrate and 9 ml of an appropriate solvent. UV
spectrophotometer analysis was performed, and the absorbance of concentration was calculated using a calibration
curve.[22]

11. X-ray:

X-ray diffraction is currently used to analyze the microstructure of different amorphous and crystal materials.
Phosphatidylcholine and phosphatidylcholine-phytophospho lipid complexes are commonly used for X-ray diffraction.
Strong crystalline peaks that indicate a high crystal form are visible in the X-ray diffraction of an active component and
physical combination. However, the lack of a crystalline peak in phyto-phospholipid complexes with active components
indicates that the constituents in these complexes have an amorphous or molecular structure. [23]
12. Research on stability

The optimized formulation's physical stability was examined for six months under three distinct circumstances.9.
Stability tests were carried out at low temperatures (4 °C), room temperature (28 °C), and high temperatures (40
°C).[25]

VII. ADVANTAGES
e A stronger chemical connection with lipid gives phytosomes more stability.[20]
e Phytosomes improve absorption through the skin because lipid layer.[20]
e A platform for the administration of a wide range of medications (protein molecules, peptides).[3]
e Secondly, the vesicular system is non-invasive and passive.[3]
e In phytosome technology, phosphatidylcholine, a crucial component of the cell membrane, serves as a carrier
and improves the absorption of active ingredients, lowering the dosage. [3,20]

VIII. CONCLUSION

The technology known as phytosomes is patented. Phytosomes have the ability to go from hydrophilic environments to
enterocyte cells' lipid-friendly environments membrane, then into the cell, and finally into the blood.26
Phytoconstituents have a restricted solubility and are susceptible to degradation. The remarkable trapping ability,
biocompatibility, and safety of vesicular drug delivery systems help to improve these attributes.27 Vesicles have shown
great promise as cellular delivery vehicles for a range of advantageous phytochemicals. Phytosomes are vesicular drug
carriers that, through a complex between phytochemicals and phospholipids, enhance the absorption and bioavailability
of bioactive molecules as well as the stability of compounds in general. Phytomedicine has been used extensively since
ancient times and continues to this day. Phytosomes are a promising technique for delivering herbal medications in a
more modern and efficient manner.

As the number of newly identified phytochemicals increases, studies on their potential medical uses in biological
settings will be updated. However, the use of these molecules in food and pharmaceutical products is limited by their
low solubility and sensitivity to degradation. At this point, improving these features might be possible with knowledge
of vesicular drug delivery systems.

Because of their exceptional trapping capability, biocompatibility, and safety, vesicles have been demonstrated to be
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vesicular drug carriers that combine phytochemicals with phospholipids to form a complex. This complex improves the
absorption and bioavailability of bioactive compounds as well as the stability of the compound as a whole.

The most popular nanocarriers for phytochemicals are liposomes, transfersomes, niosomes, and ethosomes. These
nanocarriers differ in their size, release efficiency, and preferred target (e.g., transfersomes and ethosomes for topical
treatment). The transport of plant-based nutraceuticals has been further enhanced by the invention of nano-phy-
tosomes, one of the newest lipid-based vesicles with reduced dimensions. Physical measurements that provide
information on release kinetics and formulation stability must be analyzed in order to adequately define each
formulation, guarantee a good safety profile, and satisfy repeatability requirements.
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