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ABSTRACT

Medicinal plants are abundant sources of bioactive
molecules with significant therapeutic potential.
However, many phytoconstituents face limitations
such as poor water solubility, low oral
bioavailability, rapid metabolism, and instability
under physiological conditions, which restrict their
clinical applications. To overcome these barriers,
novel drug delivery systems such as phytosomes
have been developed. Phytosomes are phyto-
phospholipid complexes formed by binding plant-
derived active constituents with phospholipids,
thereby enhancing solubility, stability, and
membrane permeability. Unlike conventional
herbal extracts, phytosomes demonstrate superior
pharmacokinetic and pharmacological properties,
enabling higher bioavailability, lower dosage
requirements, and improved therapeutic efficacy.
These complexes have been  successfully
formulated  with  diverse  phytoconstituents,
including flavonoids, phenolic acids, terpenoids,
and alkaloids, and evaluated using advanced
characterization techniques. Phytosomes can be
incorporated into multiple dosage forms such as
oral capsules, suspensions, topical gels, and
transdermal patches, showing enhanced
performance in conditions like liver disorders,
cardiovascular diseases, inflammation, cancer, and
skin aging. Despite challenges related to high
production costs and regulatory considerations,
phytosomes represent a promising approach to
bridge traditional herbal medicine with modern
pharmaceutical technologies, paving the way for
safer and more effective delivery of plant-based
therapeutics.

Keywords: Phytosomes, Phospholipid complex,
Herbal drug  delivery, Phytoconstituents,
Bioavailability, Flavonoids, Polyphenols, Novel
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l. INTRODUCTION

Medicinal plants are rich sources of
bioactive molecules with therapeutic potential.
However, many phytoconstituents suffer from poor
water solubility, low oral bioavailability, rapid
metabolism, and instability under physiological
conditions. Enhancing the delivery of these
compounds remains a critical challenge for
translating botanical therapeutics into effective
clinical agents(Dar et al., 2023).

For several decades, medicinal herbs and
their active constituents have been utilized to treat
different diseases. There are some major reasons
for the increased use of herbal drugs: 1) modern
medicine is unable to efficiently cure all the human
pathologies, 2) there are increasing interests and
attention over the assurance and safety of synthetic
drugs, and 3) many natural products are being
shown to produce better results than synthetic
drugs without adverse effects. However, due to
poor oral bioavailability, the clinical application of
numerous active compounds of plants is under
debate (Yatooet al., 2018).The weak absorption
rate of such constituents may be a result of low
lipid solubility, the existence of multi rings
polyphenols in their structures, and high molecular
weight.Different solutions have been suggested to
face such obstacles, including preparing emulsions,
liposomes, and nano-formulation,** the adjustment
of molecular structure,and administration of
prodrugs.Between  all  approaches,  phyto-
phospholipid complexes (hamed phytosomes) are
appeared to be a great method to boost their
bioavailability (Mane et al., 2020).

Herbal medicine, or phytotherapy,
involves studying plants for therapeutic and
nutritional benefits, traditionally using crude
preparations like tinctures, teas, powders, syrups,
and extracts. Valued for affordability, fewer side
effects, and natural benefits, herbal medicines
remain essential in traditional and modern
healthcare, with  WHO estimating 80% of the
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global population relies on them (Saggar et al.,
2022).These plants based remedies contain
bioactive compounds with antioxidant, anti-
inflammatory, antimicrobial, and wound healing
properties. However, low bioavailability limits
their effectiveness, particularly in topical and oral
applications. Modern advancements have improved
usability through tablets, patches, and gels, while
future  innovations focus on  enhancing
bioavailability with phytosomal gels for better
therapeutic outcomes (Bhattacharjee et al., 2024).

Il. PHYTOSOMES: AN INNOVATIVE
DELIVERY SYSTEM

Phytosomes are advanced drug delivery
systems that enhance the solubility, stability, and
absorption of herbal extracts by complexing them
with  phospholipids, significantly  improving
bioavailability and therapeutic efficacy. Unlike
traditional ~ extracts with  poor membrane
penetration, phytosomes facilitate better absorption,
ensuring enhanced therapeutic outcomes. When
incorporated into gels, they provide stable topical
formulations for direct skin delivery, leveraging the
benefits of hydration, ease of application, and
controlled release (KS and Aditi 2021). These
formulations are increasingly preferred in skincare
and therapeutic applications, offering natural
alternatives that rival synthetic products in
effectiveness and stability. Many herbal actives,
such as flavonoids and polyphenols, suffer from
poor solubility and limited permeability, reducing
their efficacy. Phytosome technology overcomes
these limitations by forming lipid compatible
complexes that enhance membrane interaction,
enabling lower dosages and reduced application
frequency while maintaining therapeutic potency
(Shah et al., 2025).

Phytosomes offer several advantages,
including enhanced bioavailability, improved
solubility, and better absorption of herbal
compounds, leading to increased therapeutic
efficacy at lower doses. Their lipid-compatible
structure allows for better interaction with
biological membranes, ensuring efficient delivery
in both oral and topical formulations (Kumar et
al., 2020). Additionally, phytosomal formulations
provide controlled release, improved stability, and
higher patient compliance, making them suitable
for skincare and pharmaceutical applications.

However, they also have limitations, such as high
production costs, complex formulation processes,
and potential stability issues during storage.
Regulatory challenges and the need for extensive
research and standardization further hinder their
widespread adoption. Despite these drawbacks, the
growing demand for natural and effective drug
delivery systems continues to drive innovation in
phytosome technology (Alharbet al., 2021).

1. PHYTOSOMES

The term “Phyto” refers to the plant, while
“some” refers to cell-like.! Phytosomes (or
herbosomes) are the vesicular drug delivery system
enhancing the absorption and bioavailability of
low-soluble drugs. Phytosomes are complex of
phospholipids and natural active phytochemicals,
bound in their structures, obtained by the reaction
between phosphatidylcholine (or any hydrophilic
polar head groups) and plant extracts in an aprotic
solvent (Baraniet al., 2021).These formulations
exhibit improved pharmacological and
pharmacokinetic properties as compared to
prevalent preparations. The lipid-soluble
phosphatidyl portion completely covers the
hydrophilic phytoconstituent-choline complexes.
Phytosomes have remarkable benefits such as high
drug encapsulation, reveal a better stability profile
(chemical bonds are formed among the polar head
of the amphiphile molecule and phytoconstituent),
and have a better bioavailability. Moreover, a
higher absorption rate leads to a lower dosage of
active constituents for exerting a biological effect,
also for polar phytoconstituents (Karimi et al.,
2015).

IV. STRUCTURE OF PHYTOSOMES

e Phytoconstituent: Hydrophilic plant-derived
compound (e.g., polyphenol, flavonoid,
glycoside).

e Phospholipid: Amphiphilic molecule (e.g.,
phosphatidyl choline, phosphatidyl
ethanolamine).

e Complex Formation: The hydrophilic part of
the phytoconstituent (-OH or —COOH groups)
interacts with the polar head of phospholipids
through hydrogen bonds, while the lipophilic
tails provide compatibility with biological
membranes (Tsuchiya, 2015).
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V. COMMON PHYTOCONSTITUENTS
FORMULATED AS PHYTOSOMES

Phytochemicals or plant chemicals are
comprised of a wide range of naturally occurring
bioactive compounds produced by plants. The term
bioactive refers to the ability of these compounds to
interact with different components of living
organisms, thereby exerting their beneficial effects.
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Phenolics, alkaloids, carbohydrates, lipids,
terpenoids, and  other  nitrogen-containing
compounds are the most structurally different
major categories of phytochemicals. Moreover,
there are several subcategories of phytochemicals
based on differences in biogenesis or biosynthetic
pathway (Alamgir, 2018).

Table: Common Phytoconstituents Used in Phytosomes

Category Phytoconstituents Source Pharmacological activity
Silybin (Silymarin) Silybummarianum Hepatoprotective, Antioxidant
Quercetin Onions, Apples, | Anti-inflammatory,  Anticancer,
Ginkgo biloba Cardio protective
Kaempferol Tea, Broccoli, Grapes | Antioxidant, Neuro protective
Flavonoids Hesperidin Citrus fruits Vaso protective, Anti-
inflammatory
Curcumin Curcuma longa Anti-inflammatory, Anticancer,
Tannins & Antimicrobia
Phenolic Acids Ellagic acid Pomegranate, Berries | Antioxidant, Chemo preventive
Gallic acid Green tea, Gallnuts Antioxidant, Antimicrobial
Glycyrrhizin Glycyrrhiza glabra Anti-inflammatory,

Hepatoprotective

Terpenoids &

Ginsenosides

Panax ginseng

Immunomaodulatory,

Glycosides Adaptogenic
Boswellic acids Boswellia serrata Anti-arthritic, Anti-inflammatory
Boswellic acids Boswellia serrata Anti-arthritic, Anti-inflammatory
Berberine Berberis species Antidiabetic, Antimicrobial,
Alkaloids Cardio protective
Vincristine/Vinblastine | Catharanthusroseus Anticancer

V1. COMPONENTS OF PHYTOSOMES
There are three main components of phytosomes:

6.1 Phospholipids
Both cellular and sub-cellular membranes
include phospholipids. Humans, animals, and
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plants all have them. A polar head and nonpolar
acyl chains that are once more connected to alcohol
make up phospholipids. There are many
phospholipids present as a result of differences in
hydrophilic groups, aliphatic chains, and alcohols.
Examples of phospholipids found in eukaryotic cell
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membranes  include  phosphatidyl  choline,
cardiolipin, phosphatidyl ethanolamine,
phosphatidyl serine, sphingolipids, and
phosphatidyl inositol. Many various types of
formulations use phospholipids, including natural,
synthesized, and hydrogenated phospholipids such
as soy lecithin components like
phosphatidylcholine (Abdullah, 2024). Relying on
their backbone, phospholipids are classified as
glycerophospholipids or sphingomyelins.
Phosphatidyl choline  (PC), phosphatidyl
ethanolamine (PE), phosphatidyl serine (PS),
phosphatidic acid (PA), phosphatidyl inositol (PI),
and phosphatidyl glycerol (PG) are all examples of
glycerophospholipids (PG). The main
phospholipids utilized to make complexes with a
hydrophilic head group and two hydrophobic
hydrocarbon chains are PC, PE, and PS.
Phospholipid complexes are most often made with
phosphatidyl choline, which is the most widespread
phospholipid. The amphipathic features of
phosphatidylcholine offer it moderate solubility in
both water and lipid mediums, which is one of its
advantages. Furthermore, because phosphatidyl
choline is a necessary component of cell
membranes, it has a high level of biocompatibility
and is low in toxicity. Hepato-protective properties
of phosphatidyl choline molecules have been
observed in the remedy of liver-colored illnesses
such  as “hepatitis, fatty  liver, and
hepatocirrhosis”(Vishwakarma et al., 2024).

6.2 Active phytoconstituents

Flavonoids make up a large portion of
phytomedicines’ bioactive components (e.g., milk
bramble  contains  silymarin, bilberry  has
anthocyanidins, and green tea comprises catechins).
The majority of flavonoids, however, are poorly
absorbed. Phytosomes are generated from
standardized plant extracts, primarily flavonoids.
Flavonoids are chosen from a category that
includes “quercetin, kaempferol, quercretin-3,
rhamnoglucoside, quercetin-3-rhamnoside,
hyperoside, vitexine, diosmine, 3-rhamnoside, (+)
catechin, (-) epicatechin, apigenin-7-glucoside,
luteolin, luteolinglucoside, ginkgetin, isogink”
(Shuklaet al., 2024).

6.3 Solvents

In the preparation of phytosomes, the
phospholipids are mixed with inorganic solvents;
phytosomes are prepared by a one solvent or mixed
solvent system. Though several publications have
utilized mixed solvent systems in which the
phospholipids are dissolved in a separate solvent

than the drug/extract, for example, aprotic
solvent—tetrahydrofuran, dichloromethane, diethyl
ether and chloroform, protic solvents—ethanol,
even though typical preparation procedures use a
single solvent. More subsequently, protonic
solvents including ethanol and methanol have been
used to make phospholipid aggregates (Mane et
al., 2020).

VIl. PROPERTIES OF PHYTOSOMES
7.1 Physico-chemical properties

As previously discussed, phytosomes are
prepared by reaction of stoichiometric amount of
phospholipid with the standardized plant extract as
substrate. The spectroscopic data reveals that the
phospholipid- substrate interaction is due to the
formation of hydrogen bond between the polar
head (i.e., phosphate and ammonium group) and
the polar functionalities of the substrate. The size
of phytosome varies from 50 nm to a few 100 pm.
Phytosomes when treated with water, they assume
a micellar shape resembling liposome and Photon
Correlation Spectroscopy (PCS) reveals these
liposomal structures acquired by Phytosomes
(Guglielmelliet al., 2023).

From the IHNMR and 13CNMR data, it
can be deduced that the fatty chain gives
unchanged signals both in free phospholipid and in
the complex, which indicates that long aliphatic
chains are wrapped around the active principle,
producing lipophilic envelope. Regarding the
solubility of phytosomes, the complexes are often
freely soluble in aprotic solvents, moderately
soluble in fats, insoluble in water and relatively
unstable in alcohol. But the phytosomes of certain
lipophilic phytoconstituents like curcumin has
shown increased  water  solubility  upon
complexation with phospholipids which has been
discussed later in this paper (Mirzaei et al., 2017).

7.2 Biological properties

Phytosomes are novel complexes which
are better absorbed and utilized, hence they
produce more bioavailability and better result than
the conventional herbal extract or non-complexed
extracts, which has been demonstrated by
pharmacokinetic studies or by pharmacodynamic
tests in experimental animals and in human
subjects. Phytosomes express their behavior in
physical or biological system because of their
physical size, membrane permeability, percentage
entrapment, chemical composition, quantity and
purity of the materials used(Jagtap et al., 2023).
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The phytotomies should not be confused
with liposomes where hydrophilic drug molecules
are entrapped within a cavity or spaces between the
membranes. The liposomes may involve several
hundred  phospholipid  molecules for this
entrapment and are usually now being used for
cosmetic purposes. Instead, the phytosomes
involves interaction of 1- 4 phospholipid molecules
with the phytoconstituents which are chemically
anchored to each other. Several researches have
shown the phytosomes to be a better alternative for
liposomes in terms of membrane permeability and
stability (Ashtianiet al., 2016).

VIII. PREPARATION METHODS
Three  main  techniques for  synthesizing
phytophospholipid complexes.

a. Solvent evaporation method:

Dissolve  the  phytoconstituent  and
phospholipid separately in a suitable organic
solvent, usually chloroform or methanol. Mix the
two solutions to attain a specific ratio of
phytoconstituent to phospholipid. The solvent is
then evaporated under reduced pressure using a
rotary evaporator. The obtained complex is further
dried to ensure complete removal of solvent and
then stored. A quick solvent evaporation process
followed by a self-assembly methodology to create
berberine-phospholipid complexes (P-BER) in
order to produce a more efficient berberine drug
delivery system (Yu et al., 2016).

b. Anhydrous co-solvent lyophilization:

A specified quantity of medicine,
copolymer, and phospholipids can be immersed in
a specific solvent in a rotating cylindrical
distillation flask, and then agitated for 3 hours at
room temperature not exceeding 40°C. Before
adding n-hexane and agitating frequently with a
mechanical stirring, a thin covering of the specimen
can be achieved. The phytosome-loaded aggregate
can be collected and incubated at room temperature
in an orangish glass container(Kumari et al.,
2024).

c. Technique of anti-solvent precipitation:

A precise quantity of medication,
phospholipids, and polymer can be placed in a
spherical bottom flask and refluxed for 2 hours
with a specific solvent at a temperature of not more
than 60°C. A second solvent (referred to as anti-
solvent in various reports) is then added to the
solution with stirring to obtain the precipitated
phospholipid complex. The precipitate can be

filtered and dried to obtain the final product(Nagar,
2019).

IX. CHARACTERIZATION OF
PHYTOSOMES

There are various factors, such as
the physical  size, membrane  permeability,
chemical composition of  the preparing
materials, percentage  of entrapped  solutes
which ~ can dramatically influence  the
performance of phytosomes in physical and
biological systems. Following are the factors
under  which  phytosomesare  characterized
(Alburyhiet al., 2025).

9.1 Visualization

Visualization of  phytosomesis done
by the use of Scanning Electron Microscopy
(SEM) shown in and by Transmission
Electron.

9.2 Solubility and partition coefficient

Characterizing active ingredients, active
constituent phyto-phospholipid complexes, and
physical mixes requires determining solubility
in either water or organic solvents, as well as the
n-octanol/water partition coefficient (P). Phyto-
phospholipid complexes, in general, have higher
lipophilicity and  hydrophilicity  than  active
ingredients, and often have better lipophilicity.
According to Rahila, embelin in complexes
is more soluble in n-octanol and water than
embelin and its physical combinations (Lu et al.,
2019).

9.3Particle size and zeta potential

Particle size and zeta potential are two
crucial features of complexes that are linked to
their stability and repeatability. The typical
particle size of phospholipid complexes ranged
from 50 nm to 100 m. The sinigrin phytosome
complexes with an average particle size of 153 39
nm and a zeta potential of 10.09 0.98 mV,
respectively (Karmakar, 2019).

9.4 Surface tension activity measurement

Du Nouy ring tensiometer drug is used
for  determining the surface activity of the
solution(Ullmann et al., 2020).

9.5 Entrapment efficiency

Phytosomal preparation is exposed to
ultracentrifugation method and the entrapment
efficiency is determined(Rani et al., 2019).
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9.6 Transition temperature

Differential scanning calorimetry is used
for settling the transition temperature of the
vesicular lipid system (Chountoulesiet al., 2019).

9.7 Vesicle size and zeta potential

Dynamic light scattering confirms the
particle size and zeta potential of phytosomes
were accomplished by using a computerized
examination system and photon correlation
spectroscopy(Visht and Sirwan Salih 2023).

X. FORMULATION INTO DOSAGE
FORMS

Phytosome complexes may be formulated into a

range of final dosage forms:

e Oral capsules/tablets (dry powder phytosome
complexes)

e Suspensions and emulsions

e Topical creams and gels for dermal delivery
Transdermal  patches  (with  permeation
enhancers)

e Parenteral formulations (less common; require
careful excipient selection)

In topical and transdermal  systems,
phytosomes often show improved skin permeation
compared to raw extracts (Agarwal et al., 2024).

XI1. APPLICATION OF PHYTOSOMES

Phytosomes are widely usedin  many
different industries because they can improve the
bioavailability and absorption of bioactive
substances found in plant extracts

e Cardiovascular Health: Phytosomes are
used in certain supplements for
cardiovascular ~ health to  boost the
bioavailability of heart-healthy substances
like flavonoids or polyphenols from plants
like red yeast rice or hawthorn(Vaidya, 2024).

e Anti-Inflammatory  Products:  Products
containing herbal  extracts  with  anti-
inflammatory properties are enhanced in
their ability to reduce inflammation and its
accompanying symptoms by the
application of phytosome
technology(Chittasuphoet al., 2023).

e Digestive Health: The utilization of
phytosomes in supplements for digestive
health might enhance the absorption of
herbal ingredients  that  assist  the
gastrointestinal tract(Riva et al., 2019).

e Product Anti-Aging: Resveratrol and
coenzyme Q10 are two examples of
substances ~ with  potential  anti-aging
benefits; some product anti-aging solutions
use phytosomes to boost the bioavailability
of phytosometechnology to improve the
delivery of chemicals that assist cognition,
such as those found in herbs (Ola et al.,
2025).

XIl.  CONCLUSION

Phytosomes serve as a promising delivery
system that bridges the gap between traditional
herbal medicine and modern pharmaceutical
technology. Itoffer a promising strategy to
overcome long-standing delivery challenges of
phytoconstituents. By forming stable, amphiphilic
complexes  with  phospholipids, phytosomes
improve absorption, stability, and efficacy of many
plant-derived actives. Continued innovation in
formulation methods, rigorous characterization, and
clinical evaluation will determine how broadly
phytosome technology is adopted in
pharmaceutical and nutraceutical markets.
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