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I 1 fypr ZEA In the contemporary pharmaceutical landscape, the resurgence of interest in
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phytopharmaceuticals has been curbed by a persistent pharmacokinetic hurdle: the poor
bioavailability of bioactive phytoconstituents. Despite their potent therapeutic
properties, flavonoids, tannins, and terpenoids often exhibit poor lipid solubility and
high molecular size, severely restricting their ability to traverse biological membranes.
Phytosomes, a novel vesicular drug delivery system generated through the
stoichiometric reaction of phospholipids with standardized plant extracts, have emerged
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as a transformative solution to these limitations {1}. Unlike liposomes, which rely on
physical entrapment, phytosomes are characterized by the formation of a chemical
hydrogen bond between the polar head of the phospholipid and the phytoconstituent.
This interaction yields a stable, amphiphilic molecular complex with significantly
enhanced lipid compatibility {2}. This review provides an exhaustive examination of
the physicochemical properties, preparation methodologies, and characterization
protocols of phytosomes. Furthermore, it critically analyzes comparative
pharmacokinetic data, highlighting the superior bioavailability often ranging from 2 to
29fold of phytosomal formulations of curcumin, silymarin, and quercetin compared to
their conventional counterparts {3}.

INTRODUCTION forefront of drug discovery due to their diverse
therapeutic effects and generally favorable safety
profiles. However, the translation of this potential
into clinical efficacy is often hindered by a critical
bottleneck: the “bioavailability gap.”

The global pharmaceutical paradigm is witnessing
a significant shift back towards nature. Herbal
medicines and phytopharmaceuticals, once
relegated to traditional practices, are now at the
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A vast majority of biologically active plant
constituents, such as flavonoids (e.g., quercetin,
silymarin) and terpenoids (e.g., ginkgolides), are
polar molecules. While they are water-soluble to
varying degrees, they are poorly miscible in lipids.
This presents a physiological paradox: to be
absorbed, a molecule must pass through the
gastrointestinal tract’s (GIT) epithelial cells,
which are bounded by lipid-rich biological
membranes {4}. Hydrophilic molecules cannot
easily diffuse through this lipophilic barrier, while
highly lipophilic molecules often fail to dissolve in
the aqueous gastric fluids, limiting their rate of
absorption {5}.To bridge this gap, researchers
have turned to lipid-based delivery systems. While
early attempts utilizing liposomes
promise, they were plagued by issues of instability
and drug leakage. This necessitated the
development of a more robust technology:
Phytosomes. The term, derived from phyto (plant)
and some (cell-like), refers to a proprietary

showed

technology originally developed by Indena S.p.A.
By complexing polyphenolic phytoconstituents
with dietary phospholipids—primarily
phosphatidylcholine—phytosomes  create a
molecular entity that is both water-stable and
highly lipid-soluble {6}. This dual characteristic
allows the “active” fraction of the herb to reach
systemic circulation in therapeutic concentrations,
effectively overcoming the limitations of
conventional extracts {7,8}.

1. The Bioavailability Challenge in
Phytopharmaceuticals

The efficacy of any oral medication is dictated by
its pharmacokinetics—specifically, its absorption,
distribution, metabolism, and excretion (ADME).
For herbal extracts, absorption is the primary
hurdle. The biological membrane is a phospholipid
bilayer that acts as a gatekeeper, preferentially
allowing the passage of lipophilic (fat-loving)

U

‘\Z‘::i:\',\} INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

7

substances while repelling hydrophilic (water-
loving) ones {9} .Many valuable
phytoconstituents possess a chemical structure
rich in hydroxyl groups, making them polar and
hydrophilic. When administered orally, these
molecules tend to remain in the aqueous
environment of the GIT, unable to penetrate the
gut wall, and are eventually excreted without
exerting their therapeutic effect. Conversely, some
compounds are so lipophilic that they cannot
dissolve in the stomach fluids to begin with.
Phytosomes are designed to act as a bridge
between these two extremes. By enveloping the
polar phytoconstituent in a phospholipid sheath,
the phytosome effectively “masks” the polarity of
the drug, allowing it to transition seamlessly from
the hydrophilic environment of the gut lumen into
the lipophilic environment of the enterocyte

membrane.

2. Chemistry and  Mechanism  of

Complexation

Understanding the chemical architecture of
phytosomes 1is essential to appreciating their
superiority over other delivery systems. The
formation of a phytosome is not a random mixing
process but a stoichiometric chemical reaction.

2.1 The fundamental mechanism driving
phytosome formation is the interaction between
the phospholipid and the phytoconstituent.
Phospholipids, such as phosphatidylcholine (PC),
are amphiphilic molecules possessing a polar head
(containing a phosphate group) and two non-polar
fatty acid tails. Phytoconstituents, particularly
polyphenols, are rich in polar functional groups,
specifically hydroxyl (-OH) groups {10}.In a
suitable aprotic solvent, the phosphate group of the
phospholipid forms a hydrogen bond with the
hydroxyl groups of the phytoconstituent. This is a
crucial distinction: the drug is not merely trapped
inside a vesicle; it is chemically anchored to the
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lipid molecule itself. Spectroscopic analyses,
including Fourier-Transform Infrared
Spectroscopy (FTIR) and Proton Nuclear
Magnetic  Resonance ( 1H-NMR), have
definitively confirmed this interaction {11}. The

result is a supramolecular complex where the
lipid’s non-polar tails wrap around the polar core,
creating a highly lipophilic outer surface that is
compatible with cell membranes.
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Figure 1 : Schematic representation of a phytosome
(molecular complex vesicle).

2.2 Phytosomes vs. Liposomes: A Structural
Divergence
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It is a common misconception to conflate
phytosomes with liposomes, yet they are
structurally and functionally distinct entities.

Phytosome

Chemical

Phytoconstituent
Hydrogen Bond

OH OH" "

PC
Phospholipid
,(V%u"\-qq/
SN B Chemically bonded
SN AP 22 phytoconstituent-
fq/ Wi phospholipid complex
O Pox

1 5
¢ e £ 4 o .
% QZQI@:U' L Organized aggregation
K v; with tails wrapping
“OtSase” around

Complexation by chemical bonding

Fig. 2: Figure: Structural Comparison of Phytosomes vs. Liposomes

* Liposomes: These are spherical vesicles formed
by mixing phospholipids with water. They contain
a central aqueous core encapsulated by a lipid
bilayer. In liposomes, the drug is physically
entrapped—either dissolved in the water core (if
hydrophilic) or embedded in the bilayer (if
lipophilic). There is no chemical bond between the
drug and the lipid {12}. Consequently, drugs can
leak out of liposomes during storage or in the GIT.
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* Phytosomes: In contrast, the phytosome is a
molecular complex. The drug is an integral part of
the membrane structure, chemically bonded to the
phospholipid. This imparts superior stability,
preventing the drug from leaking
Furthermore, because the interaction is
stoichiometric (usually 1:1), phytosomes offer a
much higher drug-loading efficiency compared to

out.
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can be unpredictable {13}.

4. Preparation

Optimization

Methodologies

and

The preparation of phytosomes has evolved from
simple solvent evaporation to more sophisticated,
eco-friendly techniques. The choice of method
depends on the scale of production, the sensitivity
of the phytoconstituent, and the desired particle
size.

SELECT PREPARATION METHOD
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4.1 Solvent Evaporation Method

This is the foundational technique used in early
phytosome development and remains popular for
laboratory-scale research.

* Procedure: The standardized herbal extract and
the phospholipid (typically
phosphatidylcholine) are dissolved in an aprotic
organic solvent such as acetone, dioxane, or
dichloromethane. The molar ratio is strictly
controlled, usually kept at 1:1 or 1:2 depending on
the number of reactive sites on the drug {14}. The
mixture is stirred to allow the hydrogen bonding to

soy lecithin or

occur. Subsequently, the solvent is removed,
typically using a rotary evaporator, leaving behind
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a thin film of the complex. This film is then
hydrated with water or a buffer solution to form
the vesicular suspension.

* Advantages: The method is straightforward,
requires minimal specialized equipment, and is
highly reproducible.

* Limitations: The primary drawback is the use of
organic solvents. Complete removal of these
solvents is mandatory to meet pharmaceutical
safety standards, as residues can be toxic.

4.2 Anti-Solvent Precipitation
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Designed to overcome the scalability issues of
solvent evaporation, this method is better for
creating uniform particle sizes.

* Procedure: The drug and lipid are dissolved in a
small amount of a good solvent. Then, a large
volume of an “anti-solvent” (a liquid in which the
complex is insoluble, such as n-hexane) is added
under stirring. This drastic change in solubility
forces the phytosome complex to precipitate out of
the solution instantly {15}.

* Advantages: This technique is often preferred
for industrial scaling because it allows for better
control over the precipitation rate and particle size
distribution.

4.3 Supercritical Fluid Technology (SCFT)

As the industry moves towards “green chemistry,”
SCFT has gained prominence.

* Procedure: This method utilizes supercritical
carbon dioxide (CO$ _2$%) as the solvent or anti-
solvent. Supercritical CO$_2$ has the penetrating
properties of a gas and the solvation properties of
a liquid. By manipulating pressure and
temperature, the complexation can be induced
without the use of toxic organic solvents.

* Advantages: It operates at lower temperatures,
making it the ideal method for thermolabile (heat-
sensitive) phytoconstituents that might degrade
during traditional solvent evaporation {16}.
Furthermore, the resulting product is completely
free of solvent residues.

4.4 Critical Process Variables

Regardless of the method chosen, several variables
must be optimized to ensure high-quality
phytosomes:
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* Molar Ratio: The stoichiometry is paramount.
A 1:1 ratio is generally optimal. If the ratio is
skewed (e.g., too much lipid), the excess lipid may
form empty liposomes, diluting the efficacy of the
formulation.

* Reaction Time: Sufficient time must be
provided for the hydrogen bonds to form.
Incomplete reaction leads to a physical mixture
rather than a chemical complex.

* Solvent Selection: The dielectric constant of the
solvent influences the strength of the hydrogen
bond formation. Aprotic solvents are preferred
because they do not interfere with the hydrogen
bonding between the drug and the lipid.

5. Characterization of Phytosomes

Demonstrating that a phytosome has formed—
rather than just a mixture of ingredients—requires
rigorous analytical testing.

* Differential Scanning Calorimetry (DSC):
DSC is the gold standard for confirming
complexation. In a physical mixture, the thermal
profile would show the individual melting peaks of
the drug and the lipid. In a phytosome, the sharp
melting peak of the drug typically disappears or
shifts significantly. This indicates that the drug has
transitioned from a crystalline state to an
amorphous state within the complex {17}. The
amorphous state requires less energy to dissolve,
further contributing to improved bioavailability.

* Fourier-Transform Infrared Spectroscopy
(FTIR): FTIR provides molecular-level evidence
of the bond. The spectra of the pure drug and the
complex are compared. Significant shifts in the
wave numbers of the hydroxyl (-OH) group of the
phytoconstituent and the phosphate (P=0) group
of the lipid serve as fingerprints for hydrogen bond
formation {18}.
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* Scanning Electron Microscopy (SEM): SEM
allows researchers to visualize the physical
structure of the phytosomes. It helps verify the
particle size and surface morphology. A successful
formulation should show discrete, vesicular
structures without the presence of irregular drug

crystals, which would indicate unreacted material

(19},

* Particle Size and Zeta Potential: Dynamic
Light  Scattering (DLS) measures the
hydrodynamic diameter of the vesicles, usually
aiming for the nanometric range (50-200 nm).
Zeta potential measures the surface charge; a high
negative or positive charge (typically > £30 mV)
suggests that the particles will repel each other,
preventing aggregation and ensuring long-term
physical stability of the suspension {20}.

6. Therapeutic Applications and Clinical

Evidence

The theoretical advantages of phytosomes—
enhanced solubility and membrane permeability—
have been substantiated by a wealth of
pharmacological and clinical data. The technology
has been successfully applied to a diverse range of
phytoconstituents, demonstrating superior
therapeutic outcomes compared to conventional
extracts.

6.1 Hepatoprotection: The Success of Silymarin

Silymarin, a standardized extract from the seeds of
Silybum marianum (Milk Thistle), is a premier
hepatoprotective agent composed chiefly of
silybin, silychristin, and silydianin. Despite its
efficacy in vitro, its clinical utility is often
hampered by poor solubility and low
bioavailability. Research has demonstrated that the
silybin-phospholipid (commercially
available as Siliphos®) marks a significant
advancement in liver therapy. In comparative

complex
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pharmacokinetic studies, the complex exhibited
nearly 4 to 6 times higher absorption in animal
models compared to uncomplexed silymarin
{21}. Mechanistically, the phytosome delivers
high concentrations of silybin to the hepatocytes,
where it acts as a potent antioxidant, scavenging
free radicals stabilizing the liver cell
membrane against toxic insults {22}. Clinical
trials have shown that patients treated with the
phytosome formulation showed a faster
normalization of liver enzymes (SGOT, SGPT)
and bilirubin levels compared to those treated with
standard silymarin {23}.

and

6.2 Oncology: Unlocking the Potential of

Curcumin

Curcumin, the yellow pigment of turmeric
(Curcuma longa), is celebrated for its anti-
inflammatory and anticancer properties. However,
its “rapid metabolism” and “poor aqueous
solubility” result in less than 1% bioavailability
when taken orally {24}. The development of
Curcumin Phytosomes (e.g., Meriva®) has been a
game-changer. Human crossover studies have
reported a staggering 29-fold increase in the
bioavailability of total curcuminoids compared to
standard  extracts {25}. This profound
enhancement curcumin to achieve
therapeutic plasma levels necessary to inhibit
carcinogenesis. In clinical settings, phytosomal
curcumin has shown promise in downregulating

allows

inflammatory markers such as C-reactive protein
(CRP) reducing the side effects of
chemotherapy and radiotherapy in cancer patients
{26}. The improved lipid solubility enables
curcumin to penetrate the dense lipid membranes
of cancer cells, effectively targeting intracellular
signaling pathways like NF-xB {25}.

and

6.3 Cardiovascular and Cognitive Health:
Ginkgo Biloba
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The terpene lactones and flavonoids in Ginkgo
biloba are vital for improving cerebral and
peripheral blood flow. However, their absorption
is often slow and incomplete. Studies on Ginkgo

phytosomes  have revealed a  superior
pharmacokinetic  profile. The phospholipid
complex significantly enhances the brain

penetration of terpene lactones {27}. Comparative
data indicates that the complex produces peak
plasma concentrations significantly faster and
maintains them longer than non-complexed
extracts. This sustained bioavailability translates
to improved cognitive function in geriatric patients
and better management of vascular insufficiency,
such as intermittent claudication {27}.

6.4 Anti-Inflammatory
Quercetin

Quercetin is a ubiquitous flavonoid with potent
anti-inflammatory effects but is plagued by low
oral absorption. Phytosomal technology has been
employed to formulate quercetin for both systemic

Therapeutics:

and topical use.

* Systemic Use: Orally administered quercetin
phytosomes have shown enhanced efficacy in
arthritis models. By achieving higher plasma
concentrations, the  complex  effectively
downregulates the expression of pro-inflammatory
cytokines {28}.

* Topical Use: In dermatological applications,
such as for psoriasis or eczema, quercetin
phytosomes integrated into gels demonstrate
deeper skin penetration. The amphiphilic nature of
the phytosome allows it to traverse the stratum
corneum more effectively than free quercetin,
delivering the active agent to the dermis where
inflammation occurs {28}.

6.5 Metabolic Disorders: Berberine

Berberine is a potent alkaloid used for managing
type 2 diabetes and dyslipidemia, but its
bioavailability is severely limited by P-
glycoprotein (P-gp) mediated efflux in the
intestine. Recent advances have shown that
phospholipid complexation can inhibit this efflux
mechanism. The berberine-phospholipid complex
not only improves lipid solubility but also masks
the drug from P-gp pumps, resulting in a 3- to 4-
fold increase in absorption {29}. This
enhancement allows for lower dosing frequencies

while maintaining glycemic control.
7. Comparative Bioavailability Analysis

The superiority of phytosomes over conventional
extracts is best illustrated through quantitative
enhancement factors. The following analysis
aggregates data from multiple pharmacokinetic

studies to highlight the magnitude of
improvement.
Phytoconstituent Therapeutic class Mechanism of limitation Enhancement Reference
Factor (vs.
Conventional)
Curcumin Anticancer Rapid metabolism & Poor ~20-29 fold {24, 25}
solubility
Silybin Hepatoprotective Low lipid solubility ~4-6 fold {21,22}
Catechins (Green Antioxidant Poor membrane ~2-3 fold {30}
Tea) permeability
Berberine Antidiabetic P-gp efflux & Poor ~3-4 fold {29}
absorption
Apigenin Antioxidant Poor aqueous solubility Significant {31}
/af;;\‘
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Analysis: The data consistently shows that the
degree of enhancement is most profound for
molecules that are highly lipophilic yet poorly
soluble (Class II) or poorly permeable (Class IV).
Curcumin, which suffers from both solubility and
stability  issues, benefits
dramatically from the phospholipid shield.

metabolic most

8. Commercial Landscape and Products

The transition of phytosomes from the laboratory
to the market has been highly successful, with
several patented products now available globally.

* Siliphos® (Indena): A silybin-
phosphatidylcholine complex used extensively in
hepatoprotective supplements.

* Meriva® (Indena): A lecithin-based curcumin
formulation widely used in dietary supplements
for joint health and inflammation.

* Ginkgo Select® Phytosome®: A standardized
ginkgo extract complexed with soy phospholipids
for cognitive support.

* Casperome®: A boswellic acid phytosome
formulation used for managing inflammatory
conditions like asthma and bowel disease.

These commercial successes validate the
scalability and regulatory viability of the
technology.

9. Recent Advances and Future Prospects

The field of phytosomes is not static; it is evolving
through convergence with other nanotechnologies.

* Nanophytosomes: The integration of high-

pressure  homogenization and  sonication
techniques has led to the development of
“nanophytosomes.” These vesicles possess

diameters of less than 100 nm. The reduction in
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particle size exponentially increases the surface
area available for absorption, offering an even
faster onset of action and potentially crossing the
blood-brain barrier more efficiently {20}.

* Dual-Loading and Advanced Carriers:
Innovative research is exploring “system-within-
a-system” approaches. For instance, phytosomes
are being loaded into hydrogels, alginate beads, or
chitosan nanoparticles. This strategy provides a
dual  benefit: the  phytosome
bioavailability, while the secondary carrier (e.g.,
hydrogel) provides controlled or sustained release,
protecting the complex from the harsh acidic

€nsures

environment of the stomach {32}.

* Targeting Capabilities: Future research is
directed
phytosomes. By attaching specific ligands (such as
folate or antibodies) to the phospholipid surface,
researchers aim to create “smart phytosomes” that
can actively target specific tissues, such as tumor
cells, thereby minimizing systemic side effects
{33}.

towards surface modification of

CONCLUSION

Phytosomes represent a scientifically robust and
commercially viable solution to the age-old
problem of herbal bioavailability. By shifting the
paradigm from simple physical mixing to precise
chemical complexation, this technology ensures
that the therapeutic potential of nature’s pharmacy
is fully realized. The formation of a hydrogen-
bonded lipid complex provides a dual advantage:
it enhances lipid solubility for better membrane
crossing and improves stability against
degradation. As evidenced by the success of
products like Meriva® and Siliphos®, phytosomes
have bridged the gap between traditional
herbalism and modern pharmacotherapy. Future
advancements in nanophytosomes and targeted
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delivery promise to further expand the clinical
utility of this versatile platform.
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