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ARTICLE INFO ABSTRACT
Published: 28 Feb 2026 Herbal medicine has great potential for therapy, yet the many obstacles to clinical use
Keywords: include the poor solubility of phytoconstituents, the instability of herbal products, and
phytosomes, the low oral bioavailability of the active ingredients. Phytosomes are a new type of
phytoconstituents, vesicular drug delivery system that has been shown to enhance the absorption and
phosphotidylcholine, herbal therapeutic efficacy of plant-derived bioactive compounds by complexing them with
medicine phospholipids. This review will comprehensively address the concept of phytosomes;
DOI: their structure; how phytosomes are prepared and the physicochemical and biological

10.5281/zenodo.18817131 properties of phytosomes and how they can be formulated and evaluated. The review
will focus on the physical and chemical characterization of phytosomes, bioavailability
of phytosome product, commercial products containing phytosomes; and therapeutic
uses of phytosomes for various diseases. Finally, the review will address the
deficiencies, regulatory issues, and the future directions of phytosome technology and
explain how phytosome technology may help to connect traditional herbal medicine to

modern pharmaceutical drug delivery systems.

INTRODUCTION affinity for both aqueous and lipid environments?.

The traditional use of plant-based medicinal

The combination of polar and hydrophobic
properties found in herbs contributes to low
bioavailability; as a result, the aqueous component
is poorly absorbed, diminishing the effectiveness
of herbal medicines!. The proper delivery of a
herbal product to the gut, as well as its passage
across lipid membranes, requires it to have good

treatments has continued to evolve into many
forms with the development of New Drug
Delivery Systems (NDDS), with considerable
progress in improving the therapeutic efficacy of
plant  extracts  through  targeting  and
sustained/controlled release’.
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When we talk about herbal medicine, which is
made up of compounds like glycosides and
flavonoids (Main ingredients), we find that it does
not absorb well and that the therapeutic value of
the active ingredients is lower when taken in their
natural form. To help address this shortcoming, we
propose that phyto-some liposome
technologies increase the bioavailability of herbal
medicines compared to our traditional extraction
methods®. Phytosomes (one of the proposed
solutions) are a new structure that encapsulates
herbal medicine within a vesicle, protecting it from
breakdown and enabling it to pass through the cell
membrane more easily into the bloodstream?.
There is evidence that the development of
phytosomes, while allowing the treatment of
serious diseases, has preserved the
phytocompounds in herbal medicines, thereby
enhancing their therapeutic effects. Phytosomes
are created by combining phospholipids with
selected plant materials, producing a new entity
that
effectively into the body®.

and

also

delivers the active ingredients more

The use of phytosomes is an innovative approach
that supports the utilisation of a wide range of
polyphenolic flavonoids, terpenes and tannins’. As
previously mentioned, the phytochemicals exhibit
antioxidant and other beneficial health properties,
but they are not significantly bioavailable when

consumed orally®. Research has shown that the
bioavailability = and  pharmacokinetics  of
phytosomal standard pharmacological products,
such as silymarin, curcumin, and Ginkgo biloba
extracts, can be significantly improved compared
with  their  non-phytosomal  counterparts.
Additionally, through the use of phytosomal
technologies, we are discovering how these

phytochemicals can be combined with our
traditional ~ herbal = medicine  development
approaches’.

This article provides a comprehensive overview of
the key components of phytosomes, including
methods of synthesis and characterisation, their
advantages, and potential uses in optimising herbal
medicine delivery systems exploring
opportunities to improve their effectiveness’.
Finally, the article discusses the current and future
directions of this new field, as well as the promise
and potential benefits of phytosomes for the

development of formulations containing natural

and

bioactive compounds. Several different kinds of
vesicles have been created as drug delivery
vehicles. These include liposomes, niosomes,
transfersomes and ethosomes'?. The table below
(Table 1) lists the references used in making these
various vesicle types. Schematic representations of
these vesicle constructions are shown in the image
below (Figure 1).

Table I: Composition of vesicular systems

Vesicular Primary Structural Key Differentiator References
System Composition Characteristics
Liposome Phospholipids + Bilayered spherical The amphiphilic nature 12
Cholesterol vesicles (0.05-5.0 um) allows the entrapment of
polar and non-polar solutes.
Niosome Non-ionic surfactants | Non-biological bilayer; | Higher chemical stability 13
+ Cholesterol lamellar structure and lower production cost
than phospholipids.
Transfersome Phospholipids + Ultra- High curvature elasticity 1413
Edge Activators deformable/elastic allows penetration through
(e.g., Sodium membrane pores smaller than the
cholate) vesicle diameter.
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Ethosome Phospholipids + Soft, malleable Ethanol-induced lipid 1617
Ethanol (20—45%) + | vesicles with fluidised perturbation enhances
Water bilayers penetration of the stratum
corneum.
ote ’: - 20999900,
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Figure I: A) Ethosomes, B) Transferosomes, C) Niosomes, D) Liposomes
History therapeutic effects when taken as phytosomes 19.

Phytosome technology has significantly improved
the bioavailability of natural plant extracts since its
development by Bombardelli in 19915, 18.
Phytosome technology provides a means to
overcome the challenges associated with the poor
absorption of many phytochemicals, such as
flavonoids19.  Phytosome technology
phospholipids to encapsulate plant extracts,
enhancing the bioavailability of those compounds

uses

by increasing uptake through the gastrointestinal
tract. The process of separating individual
compounds from pure plant extracts often results
in a loss of their therapeutic valuel. Developing a
standardised formulation of a plant extract is
essential to ensuring its therapeutic effectiveness.
The use of phospholipids to formulate phytosomes
has been shown to significantly increase the
absorption of herbal extracts and, consequently,
their effectiveness. For instance, many of the most
common herbal products, including Ginkgo biloba
and grape seed, have been shown to have enhanced
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Phytosomes are formed when phytomolecules
associate with phosphatidylcholine via hydrogen
bonds. This allows for more efficient passage
across biological membranes than if they were
taken individually6. Phosphatidylcholine 1is
frequently used in laboratory preparation of
phytosomes because it has an affinity for both
polar and non-polar environments and therefore
increases the solubility and stability of the
phytomolecule. In addition to protecting the
phytoconstituent from degradation in the
gastrointestinal tract, phosphatidylcholine in
phytosomes also has hepatoprotective properties,
thereby contributing to overall health benefits20.
Studies in both animals and humans have shown
that phytosomes exhibit better pharmacokinetics
and pharmacodynamics than traditional herbal
extracts. The of phytosome
technology has enabled improved absorption of
bioactive constituents from herbal products into

the bloodstream?21.

introduction
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Table II: Intellectual Property status of Phytosomes.

Sr.No Title Novelty Patent No Ref
1 Curcumin-containing Curcumin, when combined with WO02009/ 101551 | 22
phytosomes phospholipids, releases more parent (2009)
agent into the bloodstream than
curcumin that has not been
complexed.
2 olive fruits or leaves Oil-rich fruit and their extract EP1844785 (2007) | *
Phytosomes bioavailability increased by forming a
complex with phospholipids
3 Ginkgo biloba containing Treating allergy and inflammatory EP1813280 (2007) | **
phytosomes diseases
4 thymosin-4, treats skin This preparation promotes wound US/2007/ 0015698/ | %
conditions and heals wounds healing and contains thymosin-4. (2007)
5 sorbityl furfural fatty acid For particular anti-hydroxyl radical | EP1690862 (2006) | 2¢
monoesters and mixtures for | action, sorbityl furfural's chosen fatty
cosmetic and medical acid monoesters and lipophilic agents
applications were used.
6 Vitis vinifera extracts as an Atherosclerosis is prevented and cure | US6297218(2001) | %7
anti-atherosclerotic drug by Vitis vinifera with phospholipid
containing phytosomes complexes.
Structure of Phytosomes must be anchored in these complexes. The polar

component is enclosed by fatty acid chains in
Phytosomes (Guggulosomes) are complexes of  complexes that produce a lipophilic surface. A
phyto-phospholipids ~ in  their ~ chemical constituent material is active, either in a space
composition that are produced by the physical and  between the membrane's several layers28. The
chemical = combination  of  the active material that gives phytosomes their activity is a
phytoconstituents and the polar head (choline  part of the membrane.
moiety) (Figure 2). Phospholipid head groups
Phospholipid

tail
(Hydrophobic)

Phospholipid-
phytoconstituent

ljéf complex
”

\ Phospholipid

head
(Hydrophilic)

Figure II: Structure of Phytosomes

PROPERTIES OF PHYTOSOMES herbal extracts, highlighting their potential
therapeutic applications.
properties and biological effects of phytosomes,

complexes formed from natural phospholipids and
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Table III: Physicochemical properties

Property Description Significance Reference
Formation Complex structures are formed via forms a stable entity that is 65
hydrogen bonds between a natural compatible with lipids and
compound and a phospholipid in a suitable enhances bioavailability.
solvent.
Size Measuring a wide range of sizes, from 50 | Measuring a wide range of sizes, 1929
nm to several hundred micrometres from 50 nm to several hundred
micrometres.
Solubility Soluble in non-polar solvents and fats, Enhances the absorption of water- 7
although they usually cannot dissolve in soluble active compounds by
water. making them lipophilic.
Aqueous Comes into a micellar shape that resembles | This structure impacts absorption 30
behaviour liposomes when exposed to water. and efficacy in biological systems.
Table IV: Biological properties
Health Area Phytosomes Effects Reference
Cardiovascular Benefits | Cardiovascular Benefits Reduces myocardial necrosis and 3
increases antioxidant levels, protecting
cardiac tissue from damage.
Neuroprotective Effects Annona muricata Enhances blood-brain barrier 732
phytosome permeability; may improve
antidepressant activity by inhibiting
MAO-B.
Cognitive & Curcumin phytosome Improves brain bioavailability and 2133
Neurodegenerative neuroprotective efficacy compared to
Health standard curcumin.
Cerebral Ischemia Rutin, glycoside Enhances functional recovery after 34
Treatment phytosome stroke, demonstrating strong therapeutic
promise in ischemic models.
Migraine Treatment Ginkgo biloba terpenes + Reduced frequency and duration of 35 36
Vitamin B2 + CoQ10 migraine with aura over 4 months.
Breast Cancer Green tea catechins Demonstrated tumour tissue penetration 3738
and potential therapeutic benefit
Pancreatic Cancer Curcumin phytosome + | A Phase II trial demonstrated improved 3940
Gemcitabine treatment response in patients with
advanced pancreatic cancer.
Urinary Tract Health Cranberry extract Equal antiadhesive effect vs Candida 41
phytosome albicans despite lower proanthocyanidin
levels.
Wound Healing Ginkgo biloba, alpha- Enhanced diabetic foot ulcer healing 4
lipoic acid, grape seed compared to standard care.
phytosome
Respiratory Issues Boswellia serrata Reduced inhaler dependence in asthma 4
phytosome patients when combined with standard
medication

Formulation
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Various types of Phytosome formulations can be
prepared and administered via oral and topical

routes using a range of encapsulation methods**. It
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is generally accepted that soft gelatin capsules are
the most effective dosage form for a "Phytosome
complex" because they enable the development of
"dispersions" using liquid oil-based carriers*. To
determine which oil-based carrier would yield the
highest quality product, you must perform
preliminary experiments with multiple carriers*.
The volumetric filling procedures for hard gelatin
capsules can also be used to encapsulate
"Phytosome" complexes; however, the low density
of Phytosomes makes it challenging to create a
powder with sufficient volume, as the piston-
tamping method for increasing the fill capacity of
the hard gelatin capsule would require pre-
compressing the fill amount, which negatively
affects the time it takes for a hard gelatin capsule
to disintegrate*’. For tablet formulations, the dry
granulation method is the most effective for
producing tablets with extremely high active
ingredient content and other favourable
biopharmaceutical properties. Due to the low
flowability and density of Phytosomes, the direct
compression method is not recommended for
producing Phytosome tablets; therefore, you will
need to dilute the Phytosomes with other
appropriate excipients to improve their flow
characteristics*®. Phytosome complexes can also
be created in a way that is suitable for topical
application, such as the incorporation into an
emulsion at temperatures below 40°C to preserve
their stability and effectiveness*. however, in
these cases, Phytosomes can either be dispersed
throughout the oil phase of an emulsion or
incorporated into the aqueous phase, provided the
process of making the emulsion is performed
under strict temperature control
stability™.

to ensure

Material and Method of Preparation.

The phospholipids selected for phytosome
preparation are derived from sources such as swine

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

brain or dermis, as well as phosphatidylcholine,
phosphatidylethanolamine, phosphatidylserine, or
soy lecithin??. The acyl groups present in these
phospholipids may be identical or different,
primarily originating from stearic, palmitic, oleic,
and linoleic acids’!. The flavonoids used in
phytosome formulation are chosen from
compounds 3-rhamnoside,
luteolin-7-glucoside, ginkgonetine,
isoginkgonetine, vitexine, diosmine, (+)-catechin,
(—)-epicatechin, apigenin-7-glucoside,
kaempferol, quercetin-3-rhamnoglucoside, and
hyperoside®?.

such as luteolin,

a) Antisolvent Precipitation Method:

The Antisolvent precipitation method for
phytosomes is the process by which phospholipids
and other plant metabolites are chemically
combined to make larger molecules that dissolve
better and are ingested more efficiently than those
that do not™. The antisolvent precipitation
procedure  produces the phytosomes. A
phytoconstituent solution, prepared from a good
solvent (such as ethanol or methanol), is combined
with a miscible (equal liquid) antisolvent (usually
water)>*. The phytoconstituents are insoluble in
the antisolvent. They will precipitate from the
solution upon addition of an antisolvent (by
dropwise addition), altering the solubility order
and causing the phytoconstituents to precipitate.

After precipitation, the mixture of
phytoconstituents is stirred with a phospholipid to
produce the final phytosome product. The mixing
will continue until complete phytosome formation
occurs. The phytosomes can then be filtered or
centrifuged from the solution and washed with the
antisolvent to remove any remaining solvent.
Finally, the phytosomes can be vacuum dried, and
the final phytosome product can be packaged and
sold.
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b) Rotating Evaporator method

One way phytosomes may be produced is by using
a rotary evaporator, which is not commonly used.
In the rotary evaporator method, heat is used to
separate volatile compounds (like ethanol or
methanol)*®. These two solvents are used to
dissolve either phytoconstituents or phospholipids,
and the resulting mixture is then placed in a round-
bottom flask on the rotary evaporator >’. A water
bath heated to an appropriate temperature, along
with a vacuum, is used to facilitate evaporation.
The final product of this method is the finished
solid phytosomes. Dissolve the phytoconstituents
and phospholipids in either ethanol or methanol by
preparing a solution of these components in an
organic solvent, using ethanol or methanol as the
t°8. Transfer the newly created solution to a
round-bottom flask, secure the flask onto the
rotovap, place the flask into the heated water bath,
then lower the pressure after heating and allow the
solvent to evaporate®’. Once all of the solvent has

solven

been evaporated, collect the solid phytosomes,
then wash them with an appropriate solvent to
remove all traces of solvent from the solid. Then,
after washing, dry the phytosomes in a vacuum®’.

¢) Solvent evaporation technique

The procedure that relies on the evaporating
solvent to produce Phytosomes is the second
technique available for manufacturing Phytosomal
formulations. The procedure for producing
Phytosomes using this method is superior to the
rotary evaporator method mentioned previously.
The final product from the evaporating solvent
method consists of the solid Phytosome product
(after completing the evaporation procedure) at the
bottom of the evaporating solvent container®®. To
produce the Phytosome formulation through the
evaporating solvent technique, the following steps
are completed: Prepare a mixture (solution) of
Phytoconstituents and Phospholipids with a

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

suitable solvent (Ethanol or Methanol); then pour
the mixture into a shallow container (Petri Dish)
and allow the solvent to evaporate using room
temperature and/or a gentle air flow to produce a
solid residue at the bottom of the evaporating
solvent container. The solid residue contains
Phytosome and may be washed with a suitable
solvent and dried in a vacuum.

d) Lyophilization (Freeze-Drying)

Freeze-drying, or '"lyophilisation, is usually
performed after preparation of the phytosomes to
enhance their shelf-life. It also improves the
formulation's physical characteristics®!. In this
technique, the phytosomal suspension, containing
phosphate buffer, is first frozen. Then the water is
removed or evaporated by a process called
sublimation under vacuum, yielding a porous
powder that is both stable and dry and can be easily
reconstituted at the time of use®.

e) Sonication and Homogenisation

Both techniques were used to reduce aggregate
size¢ and improve dispersion
Sonication is achieved by applying ultrasonic
energy, breaking larger aggregates into small,
uniform  particles. =~ Homogenisation  uses
mechanical forces to accomplish the same. The use
of either sonication or homogenisation can
improve stability and increase the absorption
capacity of the final phytosome product®.

uniformity.

f) Thin-Film Hydration Method:

Thin-film development is analogous to the
evaporation of a liquid. Initially a thin film of
lipids develops on the interface of a solution.
When the solvent has been removed from the
interface, the lipid film is then able to interact with
under controlled conditions so that
phospholipid/phytocomponent vesicles develop

water
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spontaneously [57]. This method produces
vesicles that are very uniform and works with both
hydrophilic and lipophilic materials[58].

g) Complexation method

In the development of a molecular complex using
the complexation method, both  the
phytoconstituent and phospholipid are solubilized
in a specific solvent system before being combined
at a pre-established ratio (1:1 or 1:2 molar ratio).
Once all materials are combined, the two mixtures
will be mixed until complete interaction has
occurred between them before the solvent is
removed so that a stable molecular complex results
[59]. This method results in a stable molecular
complexes via hydrogen bonding between the
phytoconstituent and phospholipid, and this is
beneficial for creating an effective encapsulated
product with good bioavailability [60].

Bioavailability Enhancement

Phytosomes have significant antioxidant activity,
as demonstrated by numerous studies.
Pharmacokinetic studies show that phytosomes
have a higher bioavailability than their parent
molecules when administered at the same dose'®.
There have been countless successful applications
of phytosome technology to well-known herbal
extracts, such as ginseng, Ginkgo biloba, grape

seed, hawthorn, milk thistle, and green tea®*>.

Studies have shown that phytosomes can
significantly increase absorption and
bioavailability compared  to traditional
formulations. By adding flavonoids and
polyphenolic  compounds,  phytosome-based

formulations have produced standardised extracts
with  substantially —higher bioavailability®’.
Silymarin is among the most extensively studied
compounds and has been shown to improve the
distribution of silybin by forming a silybin—
phospholipid complex®®. Yanyu and coworkers

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

conducted a pharmacokinetic study demonstrating
that the bioavailability of silybin was significantly
increased when it was administered orally as a
silybin-phospholipid complex (phytosome), due to
the compound's improved lipophilicity®’. Human
studies have also been performed to assess the
absorption of silybin when bound to
phosphatidylcholine. In one study, plasma silybin
concentrations after a single oral dose of silybin
phytosome were about 7 times higher than those
after a single oral dose of standard milk thistle
t%8. Other studies have shown that Ginkgo

biloba phytosomes outperformed conventional

extrac

standardised extracts, which contain 6% terpene
lactones and 24% ginkgo flavone glycosides, in
terms of bioavailability. A phytosomal GBE
produced a peak plasma concentration that
occurred within three hours. It maintained plasma
concentrations for at least 5 hours after dosing,
achieving a peak terpene concentration 24 times
higher than that of the non-phytosomal GBE.
Clinically, ginkgo phytosomes have been shown to
provide 30-60% improvement in patient
symptoms of peripheral vascular disease
compared with traditional GBE®. Phytosomes
made from Green Tea Phytosome extracts (derived
from Thea sinensis) are composed of (by means of
per cent composition) 66.5% epigallocatechin,
which is part of the polyphenol group of
compounds. The polyphenolic group possesses
many beneficial properties, including antioxidant,
anticarcinogenic, antimutagenic,
antiatherosclerotic, hypocholesterolaemic,
cardioprotective, antibacterial, and anticariogenic
effects, and phytosome types have been shown to
play a significant role in maintaining homeostasis
in chronic degenerative diseases such as cancer
and atherosclerosis. Polyphenols have been shown
to have limited oral bioavailability, i.e., poor
absorption after ingestion®. However, complexing
polyphenols with phospholipids significantly
enhances oral bioavailability’’. There have also

4648 |Page



Nikhil Desale, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 2, 4641-4666 | Review

been studies that have indicated that quercetin-
phospholipid phytosomes were more effective
than pure quercetin in preserving the liver of rats

exposed to CCl4-induced

liver

damage’!.

Hesperetin  complexed with  hydrogenated
phosphatidylcholine exhibited potent antioxidant
and beneficial PK properties in rats treated with

CC14”,

Table V: Commercial Phytosome Products and Their Biological Activity

Commercial product Plant origin Analysis Biological activity | Ref
18B-GLYCYRRHETINIC Glycyrrhiza glabra | >27.0% <31.0% of 18p- Mitigative 73
ACID PHYTOSOME® L. —Root glycyrrhetinic acid by
HPLC
CASPEROME™ Boswellia serrata | >25% boswellic acids by Anti- 74
BOSWELLIA Roxb. ex Colebr. — HPLC inflammatory,
PHYTOSOME® Resin Mitigative
CENTELLA ASIATICA Centella asiatica >30.0% <35.0% of Collagen repair, 75
TRITERPENE (L.) Urban — Leaf selected triterpenes by | Wrinkle removing | 7
PHYTOSOME® HPLC
ESCIN B-SITOSTEROL Aesculus >32.0% <40.0% of escin | Capillary creating | 7’
PHYTOSOME® hippocastanum L. — by TLC
Seed
FRANKINCENSE Boswellia serrata | >25% boswellic acids by Mitigative 78
PHYTOSOME® Roxb. ex Colebr. — HPLC
Resin
GINKGOSELECT® Ginkgo biloba L. — >7.0% of Cognition, 7
PHYTOSOME® Leaf flavonglucosides, >0.8% | roaming increaser,
bilobalide by HPLC vasokinetic
GREENSELECT® Camellia sinensis >19.0% <25.0% of Antioxidant 80
PHYTOSOME® (L.) O. Kuntze — polyphenols by HPLC
Young leaf
LEUCOSELECT® Vitis vinifera L. — >25% <30% of UV protectant, 81
PHYTOSOME® Seed proanthocyanidins by Antioxidant
GPC
MERIVA® TURMERIC Curcuma longa L. — >18.0% <22.0% of Arthrosis health, | %
PHYTOSOME® Rhizome curcuminoids by HPLC | Anti-inflammatory
PROANTHOCYANIDIN A2 Aesculus >31.0% <37.0% of Skin tightener, UV | %
PHYTOSOME® hippocastanum L. — proanthocyanidin by protectant
Bark HPLC
SILIPHOS® SILYBIN Silybum marianum >29.7% <36.3% of Liver protectant 84
PHYTOSOME® (L.) Gaertn. — Fruit silybin by HPLC
TERPENES PHYTOSOME® | Ginkgo biloba L.~ | >30.0% of total ginkgo Anti-allergic, 2
Leaf terpenes by HPLC Mitigative
VIRTIVA® Ginkgo biloba L. — >5.0% of Cognition 85
Leaf flavonglucoside increaser
phosphatidylserine by
HPLC
Table VI: Benefits of Phytosomes
Sr.no Category Benefit Description Ref
1 Composition and Biocompatible and Safe Phytosomes consist of 18
Safety excipients phospholipids and phytochemical
constituents, which are safe for
nutraceutical and medicinal use.
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Phosphatidylcholine as a Acts as a carrier for 19
carrier hepatoprotective and membrane-
stabilising properties.
Structural Chemical bonding Stable complexes are formed by 5
Characteristics phospholipids and
phytoconstituents
Higher stability Chemical linkage gives higher 86
stability
Manufacturing Simple preparation Straightforward and simple 87
Advantage complexation enables easy scale-
up for batch
Pharmacokinetic Enhanced bioavailability It significantly improves the 64
Advantage absorption of phytochemicals.
Improved intestinal absorption It facilitates transport into the 66
enterocyte membrane
Protection from gastric Protects from gastric enzymes and | %2
degradation bacterial degradation.
Protection during digestion Vesicle-like structures prevent the | ¢
inactivation of phytoconstituent.
Therapeutic Advantage Reduced dose requirement It provides nourishment and 89
formulation stability.
Improved therapeutic Enhanced absorption and improved | ®
efficiency bioavailability.
Formulation High entrapment efficiency Predictable high encapsulation 90
Performance efficiency of phytoconstituent
7 Drug Delivery Enhanced skin penetration Suitable for topical and 33
Advantage transdermal delivery.
8 Biological Cell membrane affinity Improves cellular uptake and o
compatibility biocompatibility.
9 Adiitional advantage Skin nourishment and stability Provides nourishment and 92
formulation stability.

Evaluation of Phytosomes

A phytosome is formed by combining a plant-
derived herbal constituent with a
phospholipid to produce a compound that is more

active

Physical
characterisation

; ik »
Particle size and Zeta potential of Morphology of
distribution phytosomes phytosomes
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readily absorbed into the body (bioavailable) and
soluble in water. Several parameters can be used
to assess the effectiveness of a phytosome-based
herbal product, and each has specific acceptable
ranges for the product's intended use’.

Evaluation of
Phytosomes

Chemical
Characterisation

Biological
Evaluation

Drug release Interaction
profile studies
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Physical Characterization

A crucial stage in physical characterisation that
affects stability, bioavailability, and therapeutic
efficacy is the of phytosome
formulations. The behaviour of a formulation can

evaluation

be described by several parameters, such as
morphology, zeta potential, particle size, and
particle size distribution. All three of these
elements define how phytosomes behave in vivo,
how effective their drug encapsulation was and
how stable they are when dispersed. Through
rigorous physical characterisation, using state-of-
the-art analytical tools, you can improve the
reproducibility of formulations, as well as predict
their potential for long-term stability while in
storage...this makes it feasible and rational to
develop phytosomal-based delivery systems that
enhance absorption and produce consistent
pharmacological effects.

1. Particle size and distribution

The size and shape of phytosome particles were
assessed using various analytical methods
including Dynamic Light Scattering (DLS),
Nanoparticle = Tracking  Analysis  (NTA),
Transmission Electron Microscopy (TEM), and
Scanning Electron Microscopy (SEM). DLS
provides an average particle size and PDI for a
wide range of phytosome particles, while NTA
allows you to measure the distribution of sizes and
number of particles in suspension. To visualize the
geometry of the phytosome particles, a SEM can
be used, whereas a TEM demonstrates the
nanoscale dimensions of phytosome particles.
Most forms of Phytosomes measure between 100-
300 nm and typically have low PDI values (<0.3),
therefore making them an excellent candidate for
consistent drug delivery and improved
bioavailability.

a) Dynamic Light Scattering
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Dynamic Light Scattering (DLS) analyses time-
varying intensity changes in light scattered by
small suspended particles (Brownian Motion) and
allows particle size determination. To do this,
phytosomes are suspended in a dilute solution of
water or buffer, placed into a cuvette, inserted into
a DLS unit, and the temperature and measurement
time are set according to the instrument's
instructions. The DLS unit uses the connected
analysis software to determine size distribution
profiles, average particle and the
polydispersity index for the sample, yielding the
most accurate results possible®®. To obtain the best

size,

results, the sample must be well dispersed and free
of aggregates.

b) Nanoparticle Tracking Analysis (NTA)

Nanoparticle tracking analysis (NTA) uses a laser
to illuminate particles suspended in a fluid and
collects data on their motion using scattered light.
NTA can provide both particle size distribution
and particle concentration data®.To perform an
NTA analysis, the phyto-some sample must first
be diluted to the appropriate concentration to allow
accurate measurement with NTA, then loaded into
the NTA instrument. The software associated with
the NTA instrument will then track the motion of
all the individual particles and, using the Stokes-
Einstein equation, compute their respective
sizes”. When performing NTA, ensure the sample
has an appropriate concentration, as both high and
low concentrations can yield inaccurate or
unreliable results.

¢) Scanning electron microscopy

High-Resolution Scanning Electron Microscopy
(SEM) operates under the premise that high-
resolution images of the Surface Morphology of
the Phytosomes can be directly obtained *°. In this
case you would take a small amount of
Phytosomes and Place Them onto an Appropriate
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Substrate (In This Case a Silicon Wafer), Then let
the phytosomes Dry, and If Necessary Coat the
Sample With A Thin Conductive Coating to Allow
For Better Imaging, Then Place The Dried Sample
into The SEM and Capture Images of The Samples
At Different Magnifications, From Which we be
Able To Measure The Particle Sizes Directly from
The Captured Images Using Image Analysis
Software. It Should Be Noted That The Sample
Preparation May Change The Morphology of The
Particles; therefore, Minimal Efforts Should Be
Made To Cause Structural Changes of The Particle
During The Drying Process’’.

d) Transmission Electron Microscopy

Using transmission electron microscopy (TEM),
researchers can visualize detailed images of the
internal structure and dimensions of phytosomes
using highly magnified and high-resolution
images[98]. Phytotype samples were diluted
before examination by TEM; thus, a small amount
was placed on a carbon-coated grid for later
quantification.  The containing  the
phytosomes was located on the grid and examined
by TEM, which provided researchers with

arca

sufficient information to quantify phytosome size..
As with Transmission electron microscopy
(TEM), particular care must be taken to maintain
sample integrity throughout all phases of sample
preparation to prevent loss or contamination from
mishandling.

e) Laser Diffraction

Laser diffraction uses the diffraction pattern
produced when a laser passes through a medium
containing phytosome particles to determine their
size distribution. While preparing samples for
testing, one must avoid forming hydrophobic
agglomerates. It is beneficial to have large
quantities of tiny particles (<1000 nm) so they can
be absorbed easily and distributed evenly®®.
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Additionally, narrow particle size distributions
will give consistent drug delivery and improved
bioavailability.

2. Zeta potential of phytosomes

The greater stability of any dispersion is
considered based on high electrostatic repulsion
between the particles. Zeta potential value > +20
mV or < -20 mV indicates the good physical
stability of a dispersion”’

a) Electrophoretic Light Scattering

Electrophoretic light scattering (ELS) measures
how fast a particle travels in an electric field.
Charged particles migrate toward the electrode of
the opposite charge. The rate at which they do so
depends on the zeta potential. A sample of
phytosomes is placed in a conducting medium
(typically a buffer) between two electrodes. A
(determined by Henry’s equation), each system
has a different set of parameters'%. Each particle’s
velocity of motion is monitored using a laser and
recorded as data; then, you can evaluate either
Henry's or Smoluchowski’s equations, and gather
data at the same time as measuring zeta potential.
The process of collecting data in this way provides
a direct measurement of the zeta potential, in “real-

time™’

b) Electrophoresis

The  methodology  for  calculating the
electrophoretic mobility of single particles in an
electric field relies on estimating the effect of each
particle's electric force on the surrounding
solution’”. Once the electric field has been
measured, the displacement can be converted to
zeta potential using a mathematical formula.
Therefore, by adding a dilute sample of phytosome
to a cell with a known applied electric field, the
motion (displacement) of each particle can be
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observed to measure the velocity at which they
travel. The overall mobility of the particle can later
be converted into a zeta potential based on the
viscosity and dielectric constants defined by
characteristics of the liquid medium containing the
total particle volume, and the overall sample
volume determination!®'. Thus, electrophoresis is
much more effective than traditional methods, as
it provides the same particle-volume analysis
advantages for both concentrated and diluted
suspended samples.

¢) Conductivity Measurements

This method operates on the premise of an indirect
relationship between conductivity and zeta
potential, as well as on changes in the ionic
strength of the solution surrounding the charged
particle that affect their rate of movement. To
obtain the =zeta potential of a phytosome
suspension, conductivity is measured with a
conductivity meter, and the relationship between
conductivity and zeta potential is established either
through calibration or empirically. The analysis
utilises a simple, straightforward procedure that is
highly effective and can provide complementary
analytical data when combined with other
analytical methods.!%%.

d) Laser Doppler Electrophoresis

Laser Doppler Electrophoresis (LDE) is an
advanced technique for measuring particle speed
in a solution when an electric field is applied, using
the Doppler principle’’. The first step of this
technique is to suspend a sample in a measurement
chamber, apply an electric field (to produce
particle motion), and then shine a laser beam at the
sample to measure the frequency of the scattered
light that has travelled along with or to the sample.
The zeta potential can then be calculated from the
speed of the particle moving through the electric
field and the strength of the electric field that was
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applied to the solution. This method is extremely
sensitive and can measure down to microscopic
particles. The main drawback of the technique is
that when the zeta potential is very high (above
+30 mV), it indicates that the dispersion is very
stable and, consequently, there should be no
particle interactions or particle aggregation'>.

3. Morphology of phytosomes

To understand the structure of phytosomes and
how it affects stability, drug release, and drug
efficacy, it is essential to perform a morphological
evaluation. The techniques that determine the
morphological characteristics of phytosomes
consist of Scanning Electron Microscopy (SEM)
and Transmission Electron Microscopy (TEM)®.
While SEM visualised the
phytosomes in  high (surface
morphology, particle size, shape, etc.). it helps to
evaluate the aggregation and distribution of the
phytosomes??. TEM offers even greater resolution
and can reveal both internal and external structural

surface of the
resolution

details, including lipid bilayers and the materials
within them. The ideal shape of a phytosome will
be spherical or ovoid to promote -efficient
encapsulation and controlled drug release'®.

Chemical Characterisation

The phytoformulation must contain the proper
amount of drug to achieve sufficient therapeutic
effect. The entrapped efficiency is the term used to
describe how much of an active ingredient (i.e.,
drug/bioactive) is encapsulated within the
phytoformulation and represents the percentage of
active ingredient that was successfully entrapped
relative to the total amount of active ingredient
within the phytoformulation. Various methods are
available to determine entrapped efficiency. For
example, the centrifugation method separates both
free and entrapped forms of the same active
ingredient by centrifuging the formulation at high
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speed. The free active ingredient remains in the
supernatant while the entrapped active ingredient
settles to the bottom of the pellet. The total
quantity of each active will be determined by
methods such as HPLC. This is also done via
dialysis'*®. The phytoformulation was placed in a
dialysis bag and immersed in a buffer solution.
The concentration of the active ingredient that has
diffused into the buffer over time can be
quantified'®. If the active compound has an
assigned absorbance (UV-Vis) wavelength, you
could use UV-Vis spectroscopy to quantify the
amount of active compound in the
Phytopharmaceutical by measuring its absorbance
and comparing this against a standard calibration
curve for that active compound®®.

a) Drug Release Profile

The drug release from a phytosome formulation
into a release medium over different time periods
provides an essential measure for poorly soluble
drugs'?’, This is because it allows us to learn about
the behaviour of phytosomes within the human
body or any physiological setting where they will
be found based on their composition(s). There are
various types of evaluation methods and
techniques available. One of the most frequently
used evaluation techniques is an in situ release
study'®. In dissolution tests, the dissolution
devices, such as the USP I and USP II apparatus,
are used to simulate GI conditions'®. The
subsequent research consists of placing the
phytosome in a buffer solution of specific(7-7.8)
pH. Collection of samples at different time points
for analysis of the drug amount using HPLC or
UV-visible spectroscopy'?”.Dialysis is one way of
obtaining drug release from a phytosome. To do
this, place a phytosome into a dialysis bag
(membrane), then place it into a larger volume of
a release medium. Next, collect drug diffusion
samples from the surrounding medium over
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time!%. A two-chambered system that uses a
semipermeable membrane to allow the exchange
of substances between chambers, the Franz
Diffusion Cell Method has one chamber (the donor
chamber) containing the matrix for drug to be
released into; the other (the receptor chamber)
contains the medium for drug to be extracted from.
The samples collected at different times and
subjected to chemical or enzymatic analysis will
then be utilized with one of several kinetic
equations to relate sample times to amounts of
drug that will be released ''°. Zero-order kinetics
indicates that the release of the drug is constant
over time, whereas first-order kinetics suggests
that the release of the drug will gradually decrease
over time!!'!. The Higuchi model describes release
via diffusion through the matrix, whereas the
Peppas model accounts for both diffusion and
erosion mechanisms in a polymeric system'!?. The
ideal drug delivery system should allow for the
controlled and sustained release of the drug;
therefore, a system that releases the drug too
quickly may be potentially toxic or render the drug
ineffective as a treatment modality®’,'3,

b) Cell interaction studies

MTT, XTT, and Alamar Blue cytotoxicity assays
were used to assess the safety and biocompatibility
of phytosomes by measuring cellular viability
following exposure to various concentrations’'.
Cell uptake studies utilised fluorescence labelling
and analysis using fluorescence microscopy or
flow cytometry to evaluate the efficiency and level
of  phytosome internalisation!'*,  Uptake
mechanism studies using specific endocytosis
inhibitors were conducted to determine which
cellular pathways the phytosomes used. (i.e.,
endocytosis, phagocytosis, or passive diffusion).

¢) Protein Binding Studies
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Protein interactions are very important for the
efficacy and bioavailability of therapeutic
Phytosomes. Numerous experimental techniques
may be used to examine binding affinities between
proteins and phytosomes; these include Surface
Plasmon Resonance (SPR) or Isothermal Titration
Calorimetry (ITC), both of which allow for
kinetically and quantitatively assessing protein-
phytosome interactions'!®. In addition to these
direct binding methods, competitive binding
studies can be performed using radiolabeled or
fluorescently labelled ligands to determine
whether phytosomes can displace other ligands

from their respective protein binding sites'®.

d) Stability Studies in Biological Fluids:

Phytosomes were evaluated for stability in SGF
and SIF, and for their ability to remain stable in
contact with serum!!’. All three systems examine
the release of the drug from phytosomes and
changes in their morphology and/or size during
exposure to these systems. Particle size, zeta
potential, and the amount of drug contained within
the phytosomes will be measured over time when

exposed to serum proteins.
e) Interaction with Biological Membranes:

Phytosomes have been tested against a variety of
model membranes (liposomes) to determine their
diffusion in and out of lipid bilayers. This is done
using lipid fusion and permeability testing
methods. Hemolysis assays are also used to assess
the compatibility of phytosomes with red blood
cells by measuring haemoglobin release after
incubation!'®. All of the above evaluations will
provide confidence that there isn't a significant
change in the interaction between the
phytochemicals and phospholipids, ensuring the
phytosome formulation will be safe, effective and
biocompatible.
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Biological Studies

Phytosomes' biological evaluation uses in vitro, in
vivo, and stability studies to provide evidence of
superior efficacy compared  to free
phytoconstituents. In vitro studies reveal enhanced
cellular uptake and soluble and dissolution
characteristics (increasing bioavailability without
loss of biological activity). In vivo studies using
appropriate animal models demonstrate that
phytosomes have pharmacokinetic
profiles (increased absorption, longer half-life, and
decreased clearance) and, therefore, greater
therapeutic efficacy. Stability studies
demonstrate that, regardless of storage conditions
(temperature, humidity or light exposure),
phytosomes will retain their physical properties
(morphology and dispersion) and chemical
integrity®2.

superior

will

Various new drug delivery systems

The main goal of new vesicular drug delivery
systems is to deliver the active ingredient, or drug,
to the site of action over time, in response to the
body's needs. The goal of delivery technologies
(including many different methods of drug
administration) is to develop new and better
targeted, controlled ways of delivering drugs.
Targeted drug delivery utilises drug delivery.

Manufacturers are finding innovative ways of
delivering therapeutic agents through targeted
delivery to enhance recovery and
minimise adverse effects; a small number of
innovative drug delivery technologies are listed in
Table 7. Targeted drug delivery is the delivery of
a drug or active ingredient to a specific area of the
human body, such as an organ, cell receptor, or

systems

tissue.
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Table VII: Innovative drug delivery systems

Sr Vesicular Description Ref
No System
1 Aquasomes The particle's noncrystalline calcium phosphate core, which is covered in a 19

polyhydroxyl oligomeric layer, is composed of ceramic diamond.

2 Colloidosome

Additionally, colloidal particles self-assemble at the interface of emulsion
droplets to form hollow, elastic shells with carefully controlled permeability.

120

3 Cryptosomes

A lipid vesicle's surface coat composed of PC and a suitable derivative of
polyoxyethylene phosphatidyl ethanolamine

121

4 Cubosomes In bi-continuous cubic phases, two independent, continuous, but 122
nonintersecting hydrophyllic areas are separated by a lipid layer that has been
twisted into a periodic minimum surface with zero average curvature.
5 Discosomes Niosomes combined with non-ionic surfactants (disc-like shape). 123

6 Enzymosomes

Covalently immobilising the enzyme on the liposome surface

124

7 Erythrosomes

Liposomal system that coats a lipid bilayer with the cytoskeletons of
chemically cross-linked human erythrocytes.

125

8 Virosomes Using liposomal bilayer lipids derived from retroviruses, viral glycoprotein- 126
infused liposomes were integrated.
9 Hemosomes Liposomes containing haemoglobin can be produced by immobilising 127
haemoglobin with polymerisable phospholipids.
Limitations 3. Phytoconstituent limitations: The variability

Phytosomes have many advantages but are
associated with limitations to their use and the
commercialisation of products containing them.

1. Formulation limitations: Developing
phytosomes poses several challenges related to
their formulation, including getting the "drug-to-
phospholipid ratios" right; scaling up to
manufacturing any significant quantity of
phytosomes; consistently achieving reproducible
results; and other difficulties such as high
manufacturing costs and short stability or shelf-
life. Because of these issues, phytosomes are not
practical for large-scale use.

2. Phospholipid limitations: The variation of
phospholipids causes an effect on the final quality
of phytosomes. In addition, phospholipids are
prone to degradation, leading to variability in their
bioavailability and further affecting the
consistency of phytosome formulations.
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of phytoconstituent composition in nature also
impacts the reproducibility of phytosomes.
Unfortunately, many phytoconstituents have poor
solubility and/or low bioavailability, and others
degrade over time under environmental and
processing conditions.

4. Biological limitations: There is a lack of
understanding regarding the interaction between
phytoconstituents and  biological
Therefore, some formulations may demonstrate
adverse effects on different populations and the

systems.

predictability of phytosome use as a therapeutic
agent may vary from person to person.

5. Regulatory limitations: Another area limiting
phytosome development is the absence of
international standardisation and limited guidance
for developing phytosome formulations, which
creates challenges in securing regulatory approval
for commercial applications.

6. Limitations of Technology: To produce
phytosomes, advanced technologies are needed,
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but may not be accessible in many cases. Some
significant obstacles are achieving uniform
particle size and controlling drug release kinetics,
which impede the reproducibility and scale-up of
the technology.

CONCLUSION

The distribution of herbal medications has been
revolutionised by phytosomes, which address
issues with phytoconstituents' poor solubility,
instability, and limited Dbioavailability. By
increasing permeability to cell membranes and
preventing the breakdown of bioactive substances
that results from the complex formation between
phospholipids and phytoconstituents, the use of
phytosomes has improved the pharmacokinetic
and pharmacodynamic profiles of
phytoconstituents. Phytosomes are more effective
than conventional herbal medications, according
to a number of tests, including but not limited to
physical, chemical, biological, and stability
evaluations. Numerous preclinical, clinical, and
commercial investigations provide evidence for
the enhanced effectiveness of phytosomes,
especially in the treatment of neurological,
cardiovascular, inflammatory, and oncological
conditions. Given the remaining difficulties with
formulation, regulatory concerns, and scale-up,
advances in  formulation  science  and
standardisation will further increase the clinical
and commercial value of phytosomes, making
them an extremely exciting prospect for the
delivery of next-generation herbal and
nutraceutical medicines.

REFERENCES

1. Manach C, Williamson G, Morand C,
Scalbert A, Rémésy C. Bioavailability and
bioefficacy of polyphenols in humans. I
Review of 97 bioavailability studies2. Am J

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

10.

Clin Nutr. 2005;81(1):230S-2428S.
doi:10.1093/ajen/81.1.230S

Amidon GL, Lennernds H, Shah VP, Crison
JR. A Theoretical Basis for a
Biopharmaceutic Drug Classification: The
Correlation of in Vitro Drug Product
Dissolution and in Vivo Bioavailability.
Pharm Res. 1995;12(3):413-20.
doi:10.1023/A:1016212804288

Silva P, Bonifacio B, Ramos M, Negri K,
Maria Bauab T, Chorilli M.
Nanotechnology-based  drug  delivery
systems and herbal medicines: a review. Int
J Nanomedicine. 2013;1.
doi:10.2147/1JN.S52634

Lipinski C. Poor aqueous solubility—an
industry-wide problem in drug discovery.
Am Pharm Rev. 2002;5(3):82-5.
Bombardelli E, Curri SB, DELLA LOGGIA
R, Del Negro P, Gariboldi P, Tubaro A.
Complexes between phospholipids and
vegetal derivates of biological interest.1989.
Di Costanzo A, Angelico R. Advanced
nanotechnologies for enhancing the
bioavailability of silymarin: a state of the art.
2019.

Talebi M, Shahbazi K, Dakkali MS, Akbari
M, Ghale RA, Hashemi S, et al. Phytosomes:
A promising nanocarrier system for
enhanced bioavailability and therapeutic
efficacy of herbal products. Phytomedicine
Plus. 2025;100779.

Williamson G, Manach C. Bioavailability
and bioefficacy of polyphenols in humans.
II. Review of 93 intervention studies. Am J
Clin Nutr. 2005;81(1):243S-2558S.

Acharya NS, Acharya SR. Phytosomes:
novel approach for delivering herbal extract
with improved bioavailability 2011.
Al-Jipouri A, Almurisi SH, Al-Japairai K,
Bakar LM, Doolaanea AA. Liposomes or
extracellular vesicles: a comprehensive

4657 |Page



1.

12.

13.

14.

15.

16.

17.

Nikhil Desale, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 2, 4641-4666 | Review

comparison of both lipid bilayer vesicles for
pulmonary drug delivery. Polymers.
2023;15(2):318.

Akbarzadeh A, Rezaei-Sadabady R,
Davaran S, Joo SW, Zarghami N,
Hanifehpour Y, et al. Liposome:
classification, preparation, and applications.
Nanoscale Res Lett. 2013;8(1):102.
doi:10.1186/1556-276X-8-102

Allen TM, Cullis PR. Liposomal drug
delivery systems: from concept to clinical
applications. Adv Drug Deliv Rev.
2013;65(1):36-48.

S, Hadjizadeh A. Nano-
nanoscale drug delivery
systems: an illustrated review. J Controlled
Release. 2014;185:22-36.

Ceve G, Blume G. New, highly efficient
formulation of diclofenac for the topical,

Moghassemi
niosomes as

transdermal administration in
ultradeformable drug carriers,
Transfersomes. Biochim Biophys Acta

BBA-Biomembr. 2001;1514(2):191-205.

Albalawi W, Alharbi S, Alanazi F, Alahmadi
H, Alghamdi M, Soliman GM, et al. Elegant,
Flexible Vesicular Nanocarriers for the
Efficient Skin Delivery ofTopically Applied
Drugs. Curr Nanosci. 2023;19(4):493-508.
doi:10.2174/1573413718666211230111538
Touitou E, Dayan N, Bergelson L, Godin B,

Eliaz M. Ethosomes—novel vesicular
carriers for enhanced delivery:
characterization and skin penetration
properties. J Controlled  Release.

2000;65(3):403-18.

Ascenso A, Batista C, Cardoso P, Mendes T,
Praga F, Bentley V, et al. Development,
characterization, and skin delivery studies of

related ultradeformable vesicles:
transfersomes, ethosomes, and
transethosomes. Int J Nanomedicine.

2015;5837. doi:10.2147/1IN.S86186

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

18.

19.

20.

21.

22.

23.

24.

25.

Bombardelli E, Spelta M. Phospholipid-
polyphenol complexes: A new concept in
skin care ingredients. Cosmet Toilet.
1991;106(3):69-76.

Kidd PM. Bioavailability and activity of
phytosome complexes
polyphenols: the silymarin, curcumin, green
tea, and grape seed extracts. Altern Med
Rev. 2009;14(3):226-46.

Singh A, Ray A, Mishra R, Biswal PK,
Yadav R, Ghatuary SK. Phyto-phospholipid
complexes: Innovative approach to enhance
the bioavailability and therapeutic efficacy
of herbal extract. Pharm Biosci J. 2020;01—
9.

Cuomo J, Appendino G, Dern AS, Schneider
E, McKinnon TP, Brown MJ,
Comparative Absorption of a Standardized
Curcuminoid Mixture and Its Lecithin
Formulation. J Nat Prod. 2011;74(4):664-9.
doi:10.1021/np1007262

Barani M, Sangiovanni E, Angarano M,
Rajizadeh MA, Mehrabani M, Piazza S, et
al. Phytosomes as Innovative Delivery
Systems for Phytochemicals: A
Comprehensive Review of Literature. Int J
Nanomedicine. 202;16:6983-7022.
doi:10.2147/1IN.S318416.

Franceschi F, Giori A. Complexes de
phospholipides et des extraits des fruits ou

from Dbotanical

et al.

des extraits de feuilles d’olive ayant une
biodisponibilit¢ amélioré. EP1844785A1,
2007

Dr. D.K. Sanghi, Rakesh Tiwle.Herbal
Drugs an Emerging Tool for Novel Drug
Delivery Systems.Research J. Pharm. and
Tech. 6(9):2013; Page 962-966

Dwivedi J, Sachan P, Wal P, Kosey S, Khan
MohdMU.  Progressive  Journey  of
Phytosomes: Preparation, Characterization,
Patents, Clinical trials & Commercial
products. J Res Pharm.

4658 |Page



26.

27.

28.

29.

30.

31.

Nikhil Desale, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 2, 4641-4666 | Review

2023;27(5)(27(5)):1687-733.
do0i:10.29228/jrp.457

Patel, Jagruti Patel, Rakesh Khambholja,
Kapil Patel, Nirav:An
phytosomes as an advanced herbal drug

overview of

delivery system. Asian Journal of
Pharmaceutical Sciences 2008.

Permana, Andi Dian & Utami, Rifka &
Courtenay, Aaron & Manggau, Marianti &
Donnelly, Ryan & Rahman, Latifah. (2020).
Phytosomal nanocarriers as platforms for
improved delivery of natural antioxidant and
photoprotective compounds in propolis: An
approach for enhanced both dissolution
behaviour in biorelevant media and skin
retention profiles. Journal of Photochemistry
and Photobiology B: Biology. 205. 111846.
10.1016/j.jphotobiol.2020.111846.

Chen Z peng, Sun J, Chen H xuan, Xiao Y
yu, Liu D, Chen J, et al. Comparative
pharmacokinetics and bioavailability studies
of quercetin, kaempferol and isorhamnetin
after oral administration of Ginkgo biloba
extracts, Ginkgo biloba extract phospholipid
complexes and Ginkgo biloba extract solid
dispersions in rats. Fitoterapia. 2010 Dec
1;81(8):1045-52.
doi:10.1016/j.fitote.2010.06.028
Purkayastha, J., Ghosh, J. Phytosomes: The
Novel Drug Delivery System for
Phytomedicine. In: Singh,B.,Peter,K. (eds)
New Age Herbals. Springer, Singapore
2018. https://doi.org/10.1007/978-981-10-
8291-7 21

Ahmed, Walaa & Al-Taie, Alaa. Strategies
of Nanocarrier-Based Therapeutic Drug
Delivery. Al-Nahrain Journal for
Engineering Sciences.(2024).26. 365-373.
10.29194/NJES.26040365.

Sanjib Kumar Das, Rakesh Acharya and
Koushik Sen (2022). Phytosomes: a cutting-
edge technique for herbal drug delivery and

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

32.

33.

34.

35.

36.

its clinical applications. International
Academic Publishing House (IAPH), B.
Sarkar (eds.), The Basic Handbook of Indian
Ethnobotany and Traditional Medicine,Vol.
1, pp- 96-133.DOI:
https://doi.org/10.52756/bhietm.2022.e01.0
08

Kim, Woo Sik & Kim, Yi-Eun & Cho, Eun-
Ji & Byun, Eui-Baek & Park, Woo Yong &
Song, Ha-Yeon & Kim, Kwangwook &
Park, Sang-Hyun & Byun, Eui-Hong.
Neuroprotective effect of Annona muricata -
derived polysaccharides in neuronal HT22
cell damage induced by hydrogen
peroxide.Bioscience,Biotechnology,andBio
chemistry.(2020).84.112.10.1080/09168451
.2020.1715201.

Small GW, Siddarth P, Li Z, Miller KJ,
Ercoli L, Emerson ND, et al. Memory and
brain amyloid and tau effects of a
bioavailable form of curcumin in non-
demented adults: a double-blind, placebo-
controlled 18-month trial. Am J Geriatr
Psychiatry. 2018;26(3):266—77.

Ahmad H, Arya A, Agrawal S, Mall P,
Samuel S, Sharma K, et al. Rutin
phospholipid complexes confer neuro-
protection in ischemic-stroke rats. RSC Adv.
2016;6:96445-54.
doi:10.1039/C6RA17874]

Dwivedi J, Sachan P, Wal P, Dwivedi S,
Sharma MC, Rao SP. Detailed review on
phytosomal formulation attenuating new
pharmacological therapies. Adv Tradit Med.
2024;(3):659-84. doi:10.1007/s13596-023-
00712-3

D’Andrea G, Colavito D, Dalle Carbonare
M, Leon A. Migraine with
conventional and non-conventional
treatments. Neurol Sci. 2011;32(S1):121-9.
doi:10.1007/s10072-011-0529-0

aura:

4659 |Page



37.

38.

39.

40.

41.

42.

43.

44,

Nikhil Desale, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 2, 4641-4666 | Review

Cai ZY, Li XM, Liang JP, Xiang LP, Wang
KR, Shi YL, et al. Bioavailability of tea
catechins and its improvement. Molecules.
2018;23(9):2346.

Niu L, Li Z, Fan W, Zhong X, Peng M, Liu
Z. Nano-strategies for enhancing the
bioavailability = of tea  polyphenols:
Preparation, applications, and challenges.
Foods. 2022;11(3):387.

Shehzad A. Curcumin Potential
Problems in Pancreatic Cancer. (1000).
Mikolaskova I, Crnogorac-Jurcevic T,
Smolkova B, Hunakova L. Nutraceuticals as

and

supportive therapeutic agents in diabetes and
pancreatic  ductal
systematic review. Biology. 2023 Jan
19;12(2):158.

Rondanelli M, Mansueto F, Gasparri C,
Solerte SB, Misiano P, Perna S.
Supplementation with highly standardized
cranberry extract phytosome achieved the

adenocarcinoma: a

modulation of wurinary tract infection
episodes in diabetic postmenopausal women
taking SGLT-2 inhibitors: a RCT study.
Nutrients. 2024;16(13):2113.

Costanzo L, Grasso A, Tamburino C, Di
Pino L. Usefulness o f A-Lipoc Acid,
Leucoselect and Ginkgoselect Phytosoma in
Chronic Venou s Insufficiency. Angiology.
2016;4:174-8.

Ferrara T, De Vincentiis G, Di Pierro F.
Functional study on Boswellia phytosome as
complementary intervention in asthmatic
patients. Eur Rev Med Pharmacol Sci.
2015;19(19):3757-62.

Loke YH, Jayakrishnan A, Mod Razif MRF,
Yee KM, Kee PE, Goh BH, et al. A
Comprehensive Review of Challenges in
Oral Drug Delivery Systems and Recent
Advancements in Innovative
doi:10.2174/0113816128338560240923073

357

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

45.

46.

47.

48.

49.

50.

51.

52.

53.

Gullapalli RP. Soft gelatin capsules
(softgels). Journal of pharmaceutical
sciences. 2010;99(10):4107-48.

Shrestha H, Bala R, Arora S. Lipid-Based

Drug Delivery Systems. J Pharm.
2014;2014:801820.
doi:10.1155/2014/801820.

Podczeck F, Jones BE, editors.
Pharmaceutical capsules. Pharmaceutical
press; 2004.

Parikh DM. Handbook of pharmaceutical
granulation technology. Drugs and the
pharmaceutical sciences. 2005;81.

Puglia C, Lauro MR, Tirendi GG, Fassari
GE, Carbone C, Bonina F, et al. Modern
drug delivery strategies applied to natural
active compounds. Expert Opin Drug Deliv.
2017;14(6):755-68.
doi:10.1080/17425247.2017.1234452
Waterman KC, Adami RC. Accelerated
aging: prediction of chemical stability of
pharmaceuticals. International journal of
pharmaceutics. 2005;293(1-2):101-25.
Gaikwad AR, Ahire KD, Gosavi AA,
Salunkhe KS, Khalkar A. Gaikwad Abhijeet
R. Phytosome as a Novel Drug Delivery
System for Bioavailability Enhancement of
Phytoconstituents and its Applications: A
Review. J Drug Deliv Ther.
2021;11(3):138-52.
doi:10.22270/jddt.v1113.4847

Gandhi A, Dutta A, Pal A, Bakshi P. Recent
trends of phytosomes for delivering herbal
extract with improved bioavailability. J
Pharmacogn Phytochem. 2012;1(4):6-14.
Chakraborty A, Dhar P. Phospholipid-Based
Nanoplatforms: Evolving as Promising
Carriers for Therapeutic Intervention.
InHandbook  of
Nutraceuticals 2022(pp.
Press.

Nanotechnology  in
183-222). CRC

4660 |Page



54.

55.

56.

57.

58.

59.

60.

61.

62.

Nikhil Desale, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 2, 4641-4666 | Review

Dhase AS, Saboo SS. Preparation and
evaluation of phytosomes containing
methanolic extract of leaves of Aegle
marmelos (bael).(2015) 231-240.

Jain N, Gupta BP, Thakur N, Jain R,
Banweer J, Jain DK, et al. PHYTOSOME: A
NOVEL DRUG DELIVERY SYSTEM
FOR HERBAL MEDICINE. Int J Pharm Sci
Drug Res. 2010;224-8.
doi:10.25004/1IJPSDR.2010.020401

Dejeu IL, Vicas LG, Marian E, Ganea M,
Frent OD, Maghiar PB, Bodea FI, Dejeu GE.
Innovative approaches to enhancing the
biomedical properties of liposomes.
Pharmaceutics. 2024;16(12):1525.
Remington JP. Remington: the science and
practice of pharmacy. Lippincott Williams
& Wilkins; 2006.

Bergstrom CAS, Larsson P. Computational
prediction of drug solubility in water-based
Qualitative and quantitative
approaches used in the current drug
discovery and development setting. Int J
Pharm. 2018;540(1-2):185-93.

Dash S. Kinetic modeling on drug release
from controlled drug delivery systems. Acta
Pol Pharm. 2010.

Moscarella S, Giusti A, Marra F, Marena C,
Lampertico M, Relli P, Gentilini P, Buzzelli
G. Therapeutic and antilipoperoxidant
effects of  silybin-phosphatidylcholine
complex in chronic liver disease:
preliminary results. Current therapeutic
research. 1993;53(1):98-102.

La Grange L, Wang M, Watkins R, Ortiz D,
Sanchez ME, Konst J, et al. Protective
effects of the flavonoid mixture, silymarin,
on fetal rat brain and liver. J
Ethnopharmacol. 1999 ;65(1):53-61.
doi:10.1016/S0378-8741(98)00144-5

Jiang YN, Yu ZP, Yang ZM, Chen JM.
Studies on preparation of herba epimedii

systems:

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

63.

64.

65.

66.

67.

68.

69.

total flavonoids phytosomes and their
pharmaceutics. Zhongguo Zhong yao za
zhi= Zhongguo Zhongyao Zazhi= China
Journal of Chinese Materia Medica.
2001;26(2):105-8.

Maryana W, Rachmawati H, Mudhakir D.
Formation of phytosome containing
silymarin  using thin layer-hydration
technique aimed for oral delivery. Materials
today: proceedings. 2016 Jan;3(3):855-66.
Semalty A, Semalty M, Rawat MSM,
Franceschi F. Supramolecular
phospholipids—polyphenolics interactions:
The PHYTOSOME® strategy to improve
the bioavailability of phytochemicals.
Fitoterapia. 2010;81(5):306—14.

Karimi N, Ghanbarzadeh B, Hamishehkar
H, KEYVANI F, Pezeshki A, Gholian MM.
Phytosome and liposome: the beneficial
encapsulation systems in drug delivery and
food application.2015;17-27.

Barzaghi N, Crema F, Gatti G, Pifferi G,
Perucca E. Pharmacokinetic studies on IdB
1016, a silybin-phosphatidylcholine
complex, in healthy human subjects. Eur J
Drug Metab Pharmacokinet.
1990;15(4):333-8.

Yanyu X, Yunmei S, Zhipeng C, Qineng P.
The preparation of silybin—phospholipid
and the study on its
pharmacokinetics in rats. Int J Pharm.
2006;307(1):77-82.
doi:10.1016/j.ijpharm.2005.10.001

P K, K H. A review of the bioavailability and
clinical efficacy of milk thistle phytosome: a
silybin-phosphatidylcholine
(SILIPHOS). Altern
2005;10(3):193.

Kumar R, Katiyar R, Kumar S, Kumar T,
Singh V. Lantana camara: An alien weed, its
impact on animal health and strategies to
control. J Exp Biol. 2016;4:3S.

complex

complex

Med Rev.

4661 |Page



70.

71.

72.

73.

74.

75.

76.

N

Y

=7~

Nikhil Desale, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 2, 4641-4666 | Review

Manach C, Scalbert A, Morand C, Rémésy
C, Jiménez L. Polyphenols: food sources and
bioavailability. Am J Clin Nutr.
2004;79(5):727-47.
doi:10.1093/ajen/79.5.727

Bharati R, Badola A. PHYTOSOMES — A

MODERNISED AND NEW
TECHNOLOGY: REVOLUTIONARY
PROGRESS IN THE FIELD OF
PHARMACY FOR ENHANCED
BIOAVAILABILITY OF
COSMECEUTICALS AND

NEUTRACEUTICALS. Vol. 10. 10(10).
Hoang TPN, Timmins P, Smith AM,
Conway BR, Ghori MU. Drug delivery and
formulation development of hesperidin: a
systematic review. Expert Opin Drug Deliv.
2026;23(2):363-84.
doi:10.1080/17425247.2025.2581839
Djekic L, Krajisnik D, Miéic Z, Calija B.
Formulation and physicochemical
characterization of hydrogels with 18f-
glycyrrhetinic acid/phospholipid complex
phytosomes. Journal of Drug Delivery
Science and Technology. 2016;35:81-90.
Hiisch J, Bohnet J, Fricker G, Skarke C,
Artaria C, Appendino G, et al. Enhanced
absorption of boswellic acids by a lecithin
delivery form (Phytosome®) of Boswellia
extract. Fitoterapia. 2013;84:89-98.
doi:10.1016/j.fitote.2012.10.002

Ju Ho P, Jun Sung J, Ki Cheon K, Jin Tae H.
Anti-inflammatory  effect of Centella
asiatica phytosome in a mouse model of
phthalic anhydride-induced atopic
dermatitis. Phytomedicine. 2018;43:110-9.
doi:10.1016/j.phymed.2018.04.013
Handayani R, Febriyanti RM, Muhaimin M,
Chearunisaa AY. Centella asiatica (L.) Urb.
in skin health and cosmeceuticals:
mechanisms, clinical evidence, and
advanced delivery systems. Pharmacia.

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

77.

78.

79.

80.

81.

82.

2025;72:1-13.
doi:10.3897/pharmacia.72.e167217

Djekic L, Calija B, Micov A, Tomi¢ M,
Stepanovi¢-Petrovi¢ R. Topical hydrogels
with escin B-sitosterol phytosome and escin:
Formulation development and in vivo
assessment of antihyperalgesic activity.
Drug Dev Res. 2019;80(7):921-32.
doi:10.1002/ddr.21572

Ketabchi N, Esmaeili F, Amani A.
Pharmacokinetic =~ Characteristics and
Therapeutic  Efficacy of Frankincense
Extract Nanoemulsion on  Multiple
Sclerosis: An Animal Study.
BioNanoScience. 2025;15(3):494.
doi:10.1007/s12668-025-02116-w

Naik SR, Panda VS. Hepatoprotective effect
of Ginkgoselect Phytosome® in rifampicin
induced liver injurym in rats: Evidence of
antioxidant activity. Fitoterapia.
2008;79(6):439-45.
doi:10.1016/j.fitote.2008.02.013

Gilardini L, Pasqualinotto L, Di Pierro F,
Risso P, Invitti C. Effects of Greenselect
Phytosome® on weight maintenance after
weight loss in obese women: a randomized
placebo-controlled study. BMC
Complement Altern Med. 2016;16(1):233.
doi:10.1186/s12906-016-1214-x

Magrone T, Pugliese V, Fontana S, Jirillo E.
Human Use Of Leucoselect® Phytosome®
With Special Reference To Inflammatory-
Allergic Pathologies In Frail Elderly
Patients. Curr Pharm Des. 2013;20.
doi:10.2174/138161282006140220144411
Belcaro G, Cesarone M, Dugall M,
Pellegrini L, Ledda A, Grossi M, et al.
Efficacy and safety of Meriva(R), a
curcumin-phosphatidylcholine complex,
during  extended administration in
osteoarthritis patients. Altern Med Rev J
Clin Ther. 2010;15:337—44.

4662 |Page



83.

84.

85.

86.

87.

88.

&9.

Nikhil Desale, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 2, 4641-4666 | Review

Scagliarini A, Petrini S, Colombo G, Turrini
F, Gallina L, Bombardelli E, Giammarioli
M, Rossi E, De Mia GM. An in vivo pilot
study to assess the antiviral efficacy of PA2
phytosome® in pigs experimentally infected
with CSFV. In2nd Antiviral Congress from
bench to bedside.2012 Cambridge, MA
USA 2012 (Vol. 1, pp. 109-109). Elsevier.
Angelico R, Ceglie A, Sacco P,
Colafemmina G, Ripoli M, Mangia A.
Phyto-liposomes as nanoshuttles for water-
insoluble silybin—phospholipid complex. Int
J Pharm. 2014 ;471(1):173-81.
doi:10.1016/j.ijpharm.2014.05.026

Di Pierro F, Togni S, Franceschi F,
Eghenhofner R, Giacomelli L. Effects of
Ginkgo  biloba
complexed with phosphatidylserine
(Virtiva®) on physiological response to
prolonged, intense physical activity.
Minerva Ortop Traumatol. 2016;67(3):119-
23.

LuM, Qiu Q, Luo X, Liu X, Sun J, Wang C,
et al. Phyto-phospholipid complexes
(phytosomes): A novel strategy to improve
the bioavailability of active constituents.
Asian J Pharm Sci. 2019;14(3):265-74.
doi:10.1016/j.ajps.2018.05.011

Chaudhary K, Rajora A. Phytosomes: a
critical tool for delivery of herbal drugs for

standardized extract

cancer: Phytosomes: Advancing Herbal
Medicine Delivery. Phytochem Rev.
2025;24(1):165-95.  doi:10.1007/s11101-
024-09947-7

BEHBOODI, M., A. DANESHVAR, and
M. VEDADI.Enhanced therapeutic benefit
of quercetin—phospholipid complex in
carbon tetrachloride—induced acute liver
injury in rats: a comparative study.(2005):
84-90..

El-Menshawe S, Ali A, Rabeh M, Khalil N.
Nanosized soy phytosome-based thermogel

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

90.

91.

92.

93.

94.

95.

as topical anti-obesity formulation: an
approach for acceptable level of evidence of
an effective novel herbal weight loss
product. Int J Nanomedicine. 2018;Volume
13:307-18. doi:10.2147/1JN.S153429
Bhadoriya SS, Mangal A, Madoriya N, Dixit
P. Bioavailability = and  bioactivity
enhancement of herbal drugs Dby
“Nanotechnology”: a review. J Curr Pharm
Res. 2011;8(1):1-7.

Telange DR, Sohail NK, Hemke AT,
Kharkar PS, Pethe AM. Phospholipid
complex-loaded self-assembled phytosomal
soft nanoparticles: evidence of enhanced
solubility, rate, ex
permeability, bioavailability,
antioxidant potential of mangiferin. Drug
Deliv Transl Res. 2021;11(3):1056-83.
doi:10.1007/s13346-020-00822-4

Dwivedi J, Wal P, Kaushal S, Tripathi AK,
Gupta P, Rao SP. Phytosome based
cosmeceuticals for enhancing percutaneous
absorption and delivery. Journal of Research
in Pharmacy. 2025;29(1):242-71.

Nienhaus K, Nienhaus GU. Brownian
motion-based  nanoparticle  sizing—A
powerful approach for in situ analysis of
nanoparticle-protein interactions.
Biointerphases. 2020;15(6).

Jovanovi¢ AA, Petrovi¢ P, Pirkovi¢ A, Mitié
N, Giampieri F, Battino M, Dekanski D.
Ergosterol-Enriched Liposomes with Post-
Processing Modifications for Serpylli Herba
Polyphenol Delivery: Physicochemical,
Stability and Antioxidant Assessment.
Pharmaceutics. 2025;17(11):1362.

Hasan M, Latifi S, Kahn CJF, Tamayol A,
Habibey R, Passeri E, et al. The Positive
Role of Curcumin-Loaded  Salmon
Nanoliposomes on the Culture of Primary
Cortical Neurons. Mar Drugs. 2018;16(7).
doi:10.3390/md16070218

dissolution vivo

oral and

4663 |Page



96.

97.

98.

99.

100.

101.

102.

Nikhil Desale, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 2, 4641-4666 | Review

Udapurkar PP, Bhusnure OG, Kamble SR.
Diosmin  Phytosomes:  Development,
Optimization and Physicochemical
Characterization. Indian J Pharm Educ Res.
2018;52(4s):529-36.
doi:10.5530/ijper.52.4s.73

HouZ, LiY, Huang Y, Zhou C, Lin J, Wang
Y, et al. Phytosomes Loaded with
Mitomycin C—Soybean Phosphatidylcholine
Complex Developed for Drug Delivery. Mol
Pharm. 2013;10(1):90-101.
doi:10.1021/mp300489p

El-Batal Al, Elmenshawi SF, Abdelhaleem
Ali AM, Eldbaiky EG. Preparation and
Characterization of Silymarin Nanocrystals
and Phytosomes with Investigation of their
Stability using Gamma Irradiation. Indian J
Pharm Educ Res. 2018;52(4s):S174-83.
doi:10.5530/ijper.52.45.96

Visht S, Salih SS. Effect of Cholesterol and
Different Solvents on Particle Size, Zeta
Potential and Drug Release of Eucalyptus
Oil  Phytosome.  Pharmacogn  Res.
2023;15(3):578-90.
doi:10.5530/pres.15.3.061

Deleanu M, Toma L, Sanda GM, Barbalata
T, Niculescu LS, Sima AV, et al
Formulation of Phytosomes with Extracts of

Ginger Rhizomes and Rosehips with
Improved Bioavailability, Antioxidant and
Anti-Inflammatory  Effects In  Vivo.
Pharmaceutics. 2023;15(4).

doi:10.3390/pharmaceutics15041066

Safta DA, Bogdan C, Moldovan ML.

Vesicular nanocarriers for phytocompounds

preparation  and
Pharmaceutics.

in  wound

characterization.
2022;14(5):991.
Saleem MF, Ahmed SA, Hassanzadeh H,

carc:

Hassanzadeh R.  Development and
Optimization of Garlic Extract
Nanophytosome: Effects of Component

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

103.

104.

105.

106.

107.

108.

Ratio and Ultrasonication Time. Chem
Biodivers. 2025;22(11):e00889.
doi:10.1002/cbdv.202500889

Tiwari R, Tiwari G, Sharma S,
Ramachandran V. An Exploration of herbal
loaded phyto-phospholipid
complexes (Phytosomes) against polycystic
ovarian syndrome:
considerations. Pharmaceutical
Nanotechnology. 2023;11(1):44-55.

Anwar E, Farhana N. Formulation and
Evaluation of Phytosome-Loaded
Maltodextrin-Gum  Arabic  Microsphere
System for Delivery of Camellia sinensis
Extract. J Young Pharm. 2018 ;10(2s):S56—
62. doi:10.5530/jyp.2018.2s.11

Kudatarkar N, Jalalpure S, Balekundri A,
Kurangi B. Analytical method development
and validation for estimation of chrysin in
chrysin loaded phytosomes using high
performance thin layer chromatography.

extracts

Formulation

Journal of Liquid Chromatography &
Related Technologies. 2021;44(15-16):760-
5.

Rani A, Kumar S, Khar RK. Murraya
koenigii extract loaded phytosomes prepared
using antisolvent precipitation technique for
improved antidiabetic and hypolidemic
activity. Indian J Pharm Educ Res.
2022;56:5326-38.

Pandita A, Sharma P. Pharmacosomes: An
Emerging Novel Vesicular Drug Delivery
System for Poorly Soluble Synthetic and
Herbal Drugs. Int Sch Res Not.
2013;2013(1):348186.
doi:10.1155/2013/348186

Agarwal A, Wahajuddin M, Chaturvedi S,
Singh SK, Rashid M, Garg R, et al
Formulation and Characterization of
Phytosomes as Drug Delivery System of
Formononetin:  An  Effective  Anti-

4664 |Page



109.

110.

I11.

112.

113.

114.

Nikhil Desale, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 2, 4641-4666 | Review

OsteoporoticAgent.CurrDrugDeliv.2024;21

(2):261-70.
Metkari V, Shah R, Salunkhe N.
Development and validation of UV

spectrophotometric method for estimation of
naringenin in phytosomal formulation:
interlaboratory comparison, capability, and
statistical analysis. Analytical Sciences.
2023;39(11):1917-28.

Mazumder A, Dwivedi A, Fox LT, Briimmer
A, Du Preez JL, Gerber M, et al. In vitro skin
permeation of sinigrin from its phytosome
complex. J Pharm Pharmacol.
2016;68(12):1577-83.
doi:10.1111/jphp.12594

Hendawy OM, Al-Sanea MM, Elbargisy
RM, Rahman HU, Gomaa HAM, Mohamed
AAB, et al. Development of Olive Oil
Containing Phytosomal Nanocomplex for
Improving Skin Delivery of Quercetin:
Formulation Design Optimization, In Vitro
and Ex Vivo Appraisals. Pharmaceutics.
2023;15(4).
doi:10.3390/pharmaceutics15041124
Kamini, Puri D. QbD assisted formulation,
optimization and characterization of
psoralen phytosome prepared through thin
film hydration method. Drug Development
and Industrial Pharmacy. 2025:1-22.
Development and evaluation of a novel
phytosome-loaded chitosan microsphere
system for curcumin delivery. Int J Pharm.
2013;448(1):168-74.
doi:10.1016/j.1jpharm.2013.03.021

Jahangir MA, Mohanty D, Choudhury A,
Imam SS. Theranostic applications of
functionalized vesicular carriers: theranostic
applications
carriers (liposomes, niosomes, virosomes,
ethosomes, phytosomes). InMultifunctional
And Targeted Theranostic Nanomedicines:

Design And Applications

of functionalized vesicular

Formulation,

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

115.

116.

117.

118.

119.

120.

2023(pp. 49-76).
Nature Singapore.
Lin MS, Chiu HM, Fan FJ, Tsai HT, Wang
SSS, Chang Y, et al. Kinetics and enthalpy
measurements of interaction between f-

Singapore:  Springer

amyloid and liposomes by surface plasmon

resonance  and  isothermal titration
microcalorimetry.  Colloids  Surf B
Biointerfaces. 2007;58(2):231-6.

doi:10.1016/j.colsurtb.2007.03.014
Mancini S, Nardo L, Gregori M, Ribeiro 1,
Mantegazza F, Delerue-Matos C, et al.
Functionalized liposomes and phytosomes
loading Annona muricata L. aqueous
extract: Potential nanoshuttles for brain-
delivery of  phenolic compounds.
Phytomedicine. 2018;42:233-44.

Riva A, Ronchi M, Petrangolini G, Bosisio
S, Allegrini P. Improved Oral Absorption of
Quercetin from Quercetin Phytosome®, a
New Delivery System Based on Food Grade
Lecithin. Eur J Drug Metab Pharmacokinet.
2019;44(2):169-77.  doi:10.1007/s13318-
018-0517-3

Hanif H, Abdollahi V, Javani Jouni F,
Nikoukar M, Rahimi Esboei B, Shams E, et
al. Quercetin nano phytosome: as a novel
anti-leishmania and anti-malarial natural
product. J Parasit Dis. 2023;47(2):257—-64.
doi:10.1007/s12639-022-01561-8
Makavana A, Dudhat K. Aquasomes: novel
crystalline nanocarriers ensuring
conformational integrity and high surface
exposure for enhanced drug encapsulation
and delivery. J Nanoparticle Res.
2025;27(5):141.  doi:10.1007/s11051-025-

06336-9

Rozynek Z, Jozefczak A. Patchy
colloidosomes — an emerging class of
structures. Eur Phys J Spec Top.

2016;225(4):741-56.
doi:10.1140/epjst/e2015-50267-7

4665 |Page



121.

122.

123.

124.

&
"

()
1

3

Nikhil Desale, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 2, 4641-4666 | Review

U. AM, Raju K, Menon RB, V. S. L, Nair
SC. CRYPTOSOMES: A
REVOLUTIONARY BREAKTHROUGH
IN NOVEL DRUG DELIVERY. Int J Appl
Pharm. 2019;11(1):7.
doi:10.22159/ijap.2019v11i1.29077

Gozdz WT. Cubosome Topologies at
Various Particle Sizes and Crystallographic
Symmetries. Langmuir.
2015;31(49):13321-6.
doi:10.1021/acs.langmuir.5b03799

Ge X, Wei M, He S, Yuan WE. Advances of
non-ionic surfactant vesicles (niosomes) and
their application in drug delivery.
Pharmaceutics. 2019;11(2):55.

Gaspar MM, Martins MB, Corvo ML, Cruz
MEM. Design and
enzymosomes with surface-exposed
superoxide dismutase. Biochim Biophys
Acta BBA - Biomembr. 2003;1609(2):211—
7. doi:10.1016/S0005-2736(02)00702-2

characterization of

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

125.

126.

127.

Cuppoletti J, Mayhew E, Zobel CR, Jung
CY. Erythrosomes: large proteoliposomes
derived from crosslinked human erythrocyte
cytoskeletons and exogenous lipid. Proc
Natl Acad Sci. 1981;78(5):2786-90.
doi:10.1073/pnas.78.5.2786

Kalra N, Dhanya V, Saini V, Jeyabalan G.
Virosomes: as a drug delivery carrier.
American Journal of Advanced Drug
Delivery. 2013;1(1):29-35.

Szebeni J, Di Iorio EE, Hauser H,
Winterhalter =~ KH.  Encapsulation  of
hemoglobin in phospholipid liposomes:
characterization and stability. Biochemistry.
1985;24(12):2827-32.

HOW TO CITE: Nikhil Desale, Yash Bachhav, Dr. Rima

Kuwar,

Phytosomes: A Promising Approach to

Overcome Limitations of Phytoconstituents, Int. J. of

Pharm. Sci.,

2026, Vol 4, Issue 2, 4641-4666.

https://doi.org/10.5281/zenodo. 18817131

4666 |Page



