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Abstract

As dietary supplements for the homeostatic management of inflammation, toxins, malignancies,
weight reduction, and other chronic or acute degenerative illnesses, plant-derived products or plant
extracts are gaining more and more attention. However, issues with stability and bioavailability
are common with these medications. After being isolated, plant compounds become unstable and
may therefore be unable to penetrate the bio membrane. The phytosome method significantly
decreases these tasks. The phytosome or herbosome approach improves the lipophilicity of
hydrophilic phytoconstituents sufficiently to pass biological membranes and increases the
hydrophilicity of highly lipophilic drugs, making them appropriate for drug delivery. It is asserted
that phytosome promotes the oral and topically applied absorption of "conventional herbal
extracts" or isolated active ingredients. Due to the high demand for and use of plants or
medications based on herbs, phytosomes are becoming more and more popular as prospective drug
delivery systems. This study emphasises phospholipid chemistry, production, characterization,
structural verification, benefits, contemporary research, & their use to increase the bioavailability
of active herbal phytoconstituents. It also discusses the special feature of phospholipids in
medication delivery. Prospectuses for novel drug regimens can suggest fresh avenues and
boundless frontiers using phytosome technology.
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Introduction:

The limitations of the conventional drug delivery
methods are addressed by the innovative drug
delivery system, which is a novel method of drug
administration. Our nation possesses a wealth of
Ayurvedic knowledge, but only recently has its full
potential been recognised. Any herbal medication's
efficacy depends on the therapeutically active
component being delivered at an effective dosage.
When given topically or orally, their bioavailability
is severely constrained. The clinically and
pharmacologically tested bioactive group of
substances, such as alkaloids, flavonoids, and
polyphenolic components, are utilised at random for
the efficient management of various illnesses, either
in their natural state or as part of formulations. It is
true that developing a phytoformulation requires a
lot of work because there are problems with the
solubility and compatibility of the active ingredients
with other formulation factors.[1] Flavonoids,
tannins, and other water-soluble phytoconstituents,
however, are poorly absorbed either because of their
large molecular size, which prevents passive
diffusion, or because of their poor lipid solubility,
which severely restricts their ability to pass across
the lipid-rich biological membranes, leading to poor
bioavailability. [2]

The bioavailability can be increased by using
several cutting-edge delivery systems, including as
liposomes, niosomes, and phytosomes, which can
accelerate the rate of release and increase their
ability to pass lipid biomembranes. The potency and
acceptance of phytosome among vesicular systems
are substantially higher. Phytosomes are brand-new
medication  delivery devices that combine
phospholipids ~ with  water-soluble herbal
components and resemble liposomes in structure.
They are micelles that have bioactive substances

obtained from plants that conjugate the proteins on
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their surface. Due to their improved penetration and
retention abilities, phytosomes—which fall within
the nanometric size range of 100-1,200 nm—are
capable of efficiently targeting tumour cells.
Standardized plant extract or its bioactive
components are coupled to phospholipids,
specifically  phosphatidylcholine, to  create
phytosomes, which are then enclosed in a lipid-
compatible complex. [3-6]

Both "Phyto" and "some" are Greek words for
plants. The term "herbosomes" is sometimes used.
This is a brand- new, patented process that produces
lipid compatible molecular complexes by
complexing standardised plant extracts or water-
soluble phytoconstituents with phospholipids. This
significantly increases absorption and
bioavailability. The phospholipids used are
phosphatidylcholine, phosphatidylserine,
phosphatidylethanolamine, and
phosphatidylinositol, but phosphatidylcholine is the
most commonly used one due to its proven
therapeutic value for treating liver diseases like
alcoholic steatosis, drug-induced liver damage, and
hepatitis. Additionally, phospholipids are used as
natural digestion aids and as transporters for
nutrients that are water- and fat-soluble. Phytosomes
can easily pass through the stratum corneum layer of
the epidermis and the lipophilic pathway of
enterohepatic cell membranes. [7]

Principle  behind  construction  of
phytosomes

A bifunctional substance, phosphatidylcholine (or
phosphatidylserine) has two functions. Choline
(serine) is a hydrophilic compound, whereas the
phosphatidyl ~ moiety is  lipophilic.  The
phospholipid's twofold solubility makes it a
powerful — emulsifier. As a result, the

phosphatidylcholine molecule's choline head bonds
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Difference between liposome & phytosomes

Liposome

Phytosomes

A liposome is a collection of many phospholipid
molecules that has the ability to surround other
phytoactive molecules without directly connecting to
them.

A group of molecules that are linked together form a

phytosome.

In liposomes, the cavity's middle is where the active
ingredients are dissolved. without a chance for
molecular interaction between the surrounding lipid

and hydrophilic substance

The phytosome complex can be likened to a crucial
component of the lipid membrane. where the polar
head of a phospholipid interacts via hydrogen
bonding with the polar functions of a lipophilic guest
(i.e. phosphate and ammonium groups). forming a
distinctive pattern that can be identified using

spectroscopy

No chemical bonds are created in liposomes. The
water-soluble chemical is surrounded by
phosphtidylcholine molecules. The water-soluble
substance may be surrounded by hundreds or even

thousands of phosphtidylcholine molecules.

Depending on the chemicals complexed, the
phosphatidylcholine and plant components really
create a 1:1 or a 2:1 molecular complex during
phytosome processing. comprised of chemical bonds.
They therefore showed greater bioavailability and

better absorption.

Water or a buffer solution is necessary for the

formation of the liposomal drug complex.

Acetone, Dioxane, Metyhlenechloride, Hexane, and
other solvents with a low dielectric constant, among

others, are used by phytosomes in their reaction.

[12-14]
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Liposome

Phytosome
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Properties of phytosome

1.

Physiochemical properties

It has been demonstrated using spectroscopic data that the primary interaction between phospholipids and
their substrate is caused by the creation of hydrogen bonds between the polar head of phospholipids
(phosphate and ammonium groups) and the polar functionality of the substrate. [15]

When exposed to water, phytosomes take on a micellar shape and produce structures resembling liposomes.

[16]

The active ingredient in phytosomes is fixed to the polar head of phospholipids and turns into a fundamental
component of the membrane. For instance, the phosphate ion on the phosphatidylcholine moiety forms an

H-bond with the phenolic hydroxyl ends of the flavone's moiety in the case of the
catechindistearoylphosphatidylcholine complex.[17]

Long aliphatic chains are wrapped around the active principle to produce a lipophilic envelope, as seen by

the H1 NMR and C13 NMR data, which show that the fatty chain yields unchanged signals both in free
phospholipid and in the complex [18].
The complexes are frequently insoluble in water, mildly soluble in lipids, and easily soluble in aprotic
solvents. They are also generally unstable in alcohol. However, upon complexation with phospholipid, the
phytosomes of some lipophilic phytoconstituents, such as curcumin, have demonstrated an increase in water
solubility. [19]

Biological properties

experiments on experimental animal models

* In comparison to traditional herbal extract,

and human volunteers have been used to

phytosome is a more advanced form of herbal

explain and verify the improved bioavailability

product that is more absorbed, used, and

of the phytosome over the non-complexed

generates better effects. Several

botanical derivatives. [20]

pharmacokinetics and  pharmacodynamic
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Different methods of Preparation of phytosome

1. Rotatory evaporation method

A specific weight of herbal extract and
phospholipids were combined in a glass round-
bottom container with 30 ml of water-miscible
organic solvent, such as acetone, and stirred for

two hours at a temperature below 50°C in a rota

2. Solvent evaporation technique

Alcoholic or organic solvents are typically used
as the reaction medium to create the complex of
plant extracts or particular active principles
with dietary phospholipids. The medication and
the phospholipids are placed in the same flask
that contains an appropriate solvent system,
such as tetrahydrofuran or ethanol, in the more
popular solvent evaporation approach. To get
the highest yield and drug trapping, the reaction
must be conducted at a suitable fixed

temperature for a predetermined amount of

3. Anti-solvent precipitation

A precise quantity of herbal extract and soy
lecithin were added to a 100 ml round bottom
flask, and the mixture was refluxed for two
hours at a temperature of no higher than 60 oC
with 20 ml of dichloromethane. In 5-10 ml, the
mixture is concentrated. To obtain the
precipitate, hexane (20 ml) was carefully added
with constant stirring. The precipitate was then
collected, filtered, and overnight stored in
4. Dispersion method

This method involves dissolving phospholipid
in a suitable solvent and adding the active
component drop by drop while sonicating the
solution. They also detailed the process for
making curcumin phytosomes. The process of

making curcumin phospholipid complexes
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evaporator. After continuous swirling with a
stirrer, a thin coating can be produced that can
be treated with an antisolvent like n-hexane.
Precipitate of phytosomes so obtained can be

maintained in amber tinted

glass container at controlled temperature with
prescribed humidity. [21]

time. By using a mechanical dispersion
orientated liquid anti-solvent precipitation
approach, Sikarwar et al. created a marsupsin-
phospholipid complex. To do this, they
dissolved marsupsin in double-distilled water
and soy lecithin in diethyl ether using a
sonicator. The phospholipid solution was then
sonicated while the drug solution was added
drop by drop. When the finished formulation
was analysed, it revealed a 44% marsupsin
entrapment with a 20% cumulative drug

release. [22]

vacuum desiccators.

The synthesis of the andrographolide phyto-
phospholipid complex utilising
dichloromethane as the reaction medium and n-
hexane as the final precipitation anti-solvent is
the subject of research based on a patented
similar approach. Following the solution's
evaporation, the leftover material is typically
dried. Vacuum-based. [23-24]

involves stirring and adding the phospholipid to
an ethanol solution of an HCI extract of the
turmeric rhizome. By wusing nonsolvent
precipitation, lyophilization, spray reagent, or
vacuum drying, the produced complex can be
separated. [25]
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Characterization of Phytosomes

The physical size, membrane permeability,
proportion of entrapped solutes, and chemical
composition of the preparation materials are

only a few of the variables that are crucial in

1. Entrapment efficiency

Centrifugation can be used to determine how
well a herbal extract is entrapped. You can
centrifuge a solution containing weighed
amounts of phytophospholipid complexes
equivalent to the amount of herbal extract that
is capsuled for 30 minutes at 5000 rpm. One to

two hours are given for stirred contents to stay

1. Vesicle stability

Analyzing the evolution of vesicle size and
structure provides insight into the stability of
2. Invitro drug release

At room temperature, the dialysis method can
be used to monitor drug release. An aliquot of
each formulation (0.1 mL) is placed in a dialysis
tube (molecular weight cutoff dialysis
membrane: 12,000-14,000 Mw), which is
tightly sealed, after the freeze-dried formulation
has been reconstituted in distilled water/PBS.
To maintain sink condition, the tube is

3. Differential scanning electron microscopy

Drug phospholipid complex, drug polyphenolic
extract, drug phosphatidylcholine, a physical
mixture of drug extract and

phosphatidylcholine, and drug were all placed

4. NMR

1H-NMR - The NMR spectrum is used to
calculate the amount of phosphatidylcholine
that forms a compound with the active
ingredients. The 1H-NMR signal clearly
changes in nonpolar liquids, starting with the
atoms involved in the complex formation.

Proton signals are amplified in range. In
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defining how phytosomes behave in physical
and biological systems. These characterisation
methods are used to describe the physical

characteristics of phytosomes.

undisturbed  before the absorbance of
supernatant liquid obtained through decantation
is calculated using UV or HPLC. [26-27].

The drug entrapment percentage (%) is
calculated as: Drug entrapment (%) = Actual

amount determined/Theoretical amount

present.

vesicles. DLS measures the mean size, and

TEM tracks structural changes. [28]

submerged in 200 mL of PBS (pH 7.4) release
medium and swirled at 300 rpm on a magnetic
stirrer. For 24 hours, samples (0.5 mL) are
collected at regular intervals and refilled with
an equivalent volume of new medium. After the
required dilution with acetonitrile, the drug
concentration is measured by HPLC or UV

without further processing. [29]

in an aluminium cell and heated at a rate of 50—
250

°C/min from 0 to 400 °C in a nitrogen
atmosphere. [30-31]

contrast to the singlet correlating to the N-
(CH3)3 of choline, which results in an upfield
shift, signals in phospholipids are broadened.
13C-NMR -When recorded in C6D6 at room
temperature for the 13C-NMR of phytosomes,
none of the carbons from the phytoconstituents
are visible. While certain signals are shifted and
much of the resonance of the fatty acids chains
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maintains its original sharp lines, the signals

equivalent to the choline and glycerol sections

Applications of phytosomes

In a 2009 study by Francesco et al., obese
patients (n=100) of both sexes on a
hypocaloric diet were evaluated with a
recently developed oral formulation in the
form of coated tablets (Monoselect
Camellia®) (MonCam) containing highly
accessible green tea extract (GreenSelect®
Phytosome). While the other 50 individuals
merely followed the hypocaloric diet, 50
were assigned to the green tea extract and
hypocaloric diet. After 90 days of
treatment, the group consuming the herbal
extract experienced considerable weight
loss and a decreased body mass index
(BMI) (14 kg reduction in the green tea
group compared to a 5 kg loss in the diet-
only group); the waistline was only
reduced in male patients. In addition to the
impact on weight and BMI, both groups'
biochemical indicators (growth hormone,
insulin-like growth factor-1, LDL, HDL,
and total cholesterol, triglycerides, insulin,
and cortisol) improved. Leptin was
decreased in patients taking MonCam but
was not examined in the diet-only group.
MonCam appears to be a safe and efficient
weight reduction solution when taking into
account the exceptional safety profile of
the product and the complete absence of
adverse effects recorded during and after
the study. [35]

Silymarin  phytosome, a standardised
extract from the seeds of S. marianum, was
the subject of several experiments by
Grange et al. in 1999. They discovered that
it might shield the foetus from ethanol
consumed by the mother. [29] The
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are expanded. [32-34]

oligomeric polyphenols (grape
proanthocyanidins or procyanidins from
grape seed extract, Vitis vinifera) in
grape seed phytosomes are complexed
with phospholipids and have different
molecular sizes. The main
characteristics  of  grape  seed
procyanidin flavonoids include an
increase in total antioxidant capacity
and stimulation of physiological
antioxidant defences in plasma,
protection against heart damage caused
by ischemia/reperfusion, and
protective effects against
atherosclerosis, providing significant
protection for the cardiovascular
system and other organs through a
network of mechanisms that go beyond
their significant antioxidant potency.
[36]

In two distinct investigations, Maiti et al.
created phytosomes of the flavonoids
curcumin (from the turmeric plant,
Curcuma longa linn) and naringenin (from
the grape plant, Vitis vinifera). In every
dose level examined, complex had much
more antioxidant activity than pure
curcumin. In the other study, the
naringenin phytosome produced better
antioxidant activity than the free
compound with a longer half-life, which
may be related to a slowing down of the
molecule's quick removal from the body.
[37-38]

Yanyu et al. synthesised a phytosome of

silymarin and investigated its
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pharmacokinetics in rats. Due to the sizable
improvement in the silybin-phospholipid
combination's lipophilic property, which
resulted in an improved biological effect of
silybin, the bioavailability of silybin in rats
was significantly raised after oral
administration of the complex. According

Giorgi et al. examined in 180 patients with
carpal tunnel syndrome the clinical
efficacy of oral supplementation with a
combination product combining alpha-
lipoic acid, curcumin phytosome, and B

group vitamins (CTS). High levels of

Other diverse applications
1. Phytosomes in Diabetes

Rathee and Kamboj used a three stage,
three factor Box-Behnken design to
create the anti-diabetic phytosomes
that contained extracts of
Mamordicabalsamina, Citrullus
colocynthis, and Mamordicadioica.
Entrapment efficiency (%EE), particle
size, drug content, zeta potential, and
in  vitro dissolution were used to
describe the synthetic phytosomes.
The phytosomes' spherical, enclosed
structure and high stability are shown
by TEM examination. The anti-
diabetic effect of prepared phytosomes
was comparable to metformin at low
doses. [41]

The antihyperlipidemic and anti-

diabetic activity of the Casuarina
2. Phytosomes in wound healing

To assess the Ginkgo
bilobaphytosomes' antioxidant

activity in rat brains, Naik and

hypoxia. The striatum, hippocampus,

Eur. Chem. Bull. 2023, 12(Special Issue 2), 1763-1773

to Tedesco et al., silymarin phytosome has
superior anti- hepatotoxic action to
silymarin alone and can be extremely
effective in preventing the negative effects
of aflatoxin B1 on the performance of
broiler chicks. [39]

patient satisfaction and strong adherence to
the regimen imply potential clinical utility
of this supplementation prior to and
following surgery in CTS patients
scheduled for surgical decompression of
the median nerve. [40]

equisetifolia extract loaded
phytosomes was tested in wistar rats
by Rani and colleagues. The
antisolvent precipitation method was
used to create the phytosomes. The
measured values for zeta potential,
mean particle size, span value, and
%EE were 82.43 1.65%, 295 0.53 nm,
0.34 0.14, and 19.35 mV, respectively.
The results of in vitro drug release
investigations showed that the
Korsmeyer-Peppas model is followed
by drug release. When compared to a
crude extract of a phyto-active
medication, the authors' findings
revealed that synthetic phytosomes
have improved antihyperlipidemic and

antidiabetic potential. [42]

colleagues created them. Wistar rats
were given prepared phytosomes, and
sodium nitrile was used to cause

chemical

cerebral cortex, and cerebellum were

then separated and homogenised after
1768



the animals were sacrificed. In the
supernatant, measurements of
superoxide dismutase, glutathione
peroxidase, glutathione reductase, and
catalase were made. When compared

to those who received sodium nitrile,

Phytosoomes in cancer treatment

In order to supplement gemcitabine's
safety and effectiveness in treating
pancreatic cancer, Pastorelliet al.
created the phytosome complex of
curcumin. In this trial, the subjects
received curcumin-  phytosome
complex together with Gemcitabine.
Response rate served as the study's
primary goal, with tolerability,
progression-free survival, and quality
of life serving as secondary endpoints.
The authors recorded a response rate
of 27.3% and 34.1% of cases with
stable disease, totalling a 61.4%
Phytosomes in brain delivery
The phytosomes and liposomes
containing the aqueous extract of
A.muricata were created by Mancini et
al.to administer phenolic substances.
To support the extract from
A.muricata from GIT
biotransformation and to improve its
penetration via the blood-brain
barrier, liposomes and phytosomes
containing peptide ligand were
created. Fluorescence,
spectrophotometric, DLS, and HPLC
techniques were used to assess the
prepared nanoformulations. Utilizing

an in vitro trans well model of the

Phytosome in liver disorders
The phytosomal curcumin was
created by Tung and colleagues, who

also examined its hepatoprotective

Eur. Chem. Bull. 2023, 12(Special Issue 2), 1763-1773

phytosome therapy improved the
activities of superoxide dismutase,
glutathione peroxidase, glutathione
reductase, and catalase in all regions of
the brain. [43]

disease control rate.10.2 months and
8.4 months, respectively, were spent in
overall and free survival. After the first
round of treatment, CD40L levels
improved and were associated with a
poorer prognosis. The quality of life
did not significantly change following
therapy, according to the authors.
Finally, authors concluded that
gemcitabine and phytosomal complex
of  curcumin  together  offered
improved efficacy and safety in the
treatment of advanced pancreatic

cancer. [44]

blood brain barrier made up of human
immortalised microvascular
endothelial cells, permeability and
cytotoxicity assessment were
explored. Despite liposomes being
seen as more stable and demonstrating
gradual extract release over time, the
results revealed that phytosomes had a
more significant ability to encapsulate
aqueous extract. Comparing
phytosomes to liposomes generally
resulted in lower toxicity in human
immortalised microvascular
endothelial cells, and penetrability
across the cell monolayer was also

improved. [45]

potential against paracetamol-induced
liver injury in mice. Rats received

both pure and phytosomal curcumin
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for seven days. Animals were
euthanized after the treatments, and
liver homogenate was used to
estimate hepatic antioxidants, liver
function indicators, and lipid
peroxidation. Results found by the
authors showed that phytosomal
curcumin, as opposed to pure

curcumin, has a powerful

Conclusion

Herbal medicines contain a variety of
phytoconstituents, particularly the
flavonoidal and terpenoidal fractions,
which have a variety of uses. Its

application is restricted by the poor

these obstacles can be overcome. In
comparison to other phospholipid-
based drug delivery  systems,
phytosome are one of the
phospholipid-based drug delivery
systems with a better absorption and
stability profile. This article aims to
provide a succinct overview of
phytosomes as a delivery method.
Phytosomes are a more sophisticated
type of plant extract that is more
readily absorbed than traditional
herbal extracts. For this kind of new
formulation, the  characterisation
approaches and analytical tools are
well established. For novel phytosome
formulations, procedures, and
applications, numerous patents have
previously been approved. Initially
employed in cosmetics, phytosome
complexes are now widely used in
treatments for cancer, heart disease,
inflammation, tumours, and other
diseases that affect the liver. With the
help of doctors and other researchers,

phytosomes' potential for therapeutic

Eur. Chem. Bull. 2023, 12(Special Issue 2), 1763-1773

hepatoprotective effect. Treatment
with phytosomal curcumin
significantly decreased paracetamol-
induced liver damage in mice by
lowering the degree of lipid
peroxidation and increasing the
antioxidant activity of catalase,
superoxide dismutase, and

glutathione peroxidase. [46]

bioavailability and poor absorption
linked to the polar phytoconstituents.
By creating a suitable medication

delivery system,

applications has a promising future.
Phytosomes has re-explained the
importance of herbals in contemporary
medication targeting approaches with

this newly developed formulation tool.
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