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ABSTRACT

Polyphenolic plant secondary metabolite have antioxidant, anti-inflammatory, anti cancer, antiobesity and
hepatoprotective properties but owing to their polar nature they have poor absorption which ultimately lead to their
poor systemic bioavailability, thereby their therapeutic efficacy gets reduced. Phytosome: a phytoconstituent based
lipid derived drug delivery system can surpass these drawbacks .phytosomes are phospholipid-substrate complex in
which there occurs the formation of weak hydrogen bonds between the polar portion while the non polar tail of
phospholipid wraps over the complex thereby imparting lipophilic character to it and hence increases its
absorption.
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INTRODUCTION

Since many years back, medicinal plants and/or their constituents are known to treat aliments and even today they
are used for the same. At present due to the availability of various sophisticated techniques isolation of particular
constituent from a plant is possible which can experimentally demonstrate to have particular therapeutic or
nutritional benefitl. Many phytoconstituents such as flavonoids and various phenolic compounds are known to have
antioxidant, anti-inflammatory, anti cancer and weight loss effect but their full therapeutic efficacy cannot be obtain
due their poor systemic bioavailability own to their poor absorption from the GIT tract . Many reasons are there
which are responsible for the same e.g. some have multiple ring system due to which they cannot be passively
diffuse through the GIT membrane(as molecular weight of the molecule increases), some have poor lipid phase
miscibility?*. Due to these drawbacks a need of such a drug delivery system had always been felt which can made
these constituents to available in high concentration in the systemic circulation so that proper therapeutic or
nutritional efficacy can be obtain. After using many techniques like solubility and bioavailability enhancers which
couldn’t met the requirement, the “phytosome technology” was invented by Indena in 1989°. The word “phytosome”
comprises of two words “phyto” means “plant” “some” means “cell like”®. With the advent of this technology more
drug delivery to systemic circulation and tissues and nutritional safety can be assured. In phytosome there is the
formation of lipid-miscible complexes of hydrophilic phytoconstituents with phospholipids obtained from various
natural and synthetic sources e.g. phosphatidylcholine (PC), phosphatidylethnolamine phospholipids are
amphipathic molecule which have both polar as well as non polar ends” 8. With the use of phytosome technology
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bioavailability, various pharmacokinetic and pharmacodynamic parameters can be improved®*L. With the use of this
technology phytosome of many herbal extracts have already been made e.g. Ginkgo biloba, grape seed, Silybum
marianum, Thea sinensis, Panax ginseng.

Nature of phytosome
As discussed earlier, a phytosome is a complex formed between herbal drug extract/molecule with phospholipids,
brief account on their chemical and biological properties are given below:

Chemical properties

e These complexes are made by reaction between herbal extract/molecules with phospholipids in a stoichiometric
ratio generally in 1:1 or 2:1%2,

e During the interaction there occur formation of hydrogen bonds between the polar groups of phospholipids and
polar portion of the substrate molecule. This can be verified with the help of various spectroscopical techniques®®.

e Melting point — Clear

Solubility- non-polar solvent: freely soluble
Polar solvent (water): micelle formation
Fats: intermediate solubility41"

Biological properties

This involves the determination of various pharmacokinetic and pharmacodynamic parameters associated with
herbal exact/ molecule alone and their phytosome preparation in animal models and human subjects and the
comparison of the result obtained. It has been demonstrated that phytosome offers better bioavailability with respect
to botanical derivatives alone?®,

Advantages of phytosomes

Phytosome offers various advantages over conventional drug delivery system. They are as follow:

e They are proved to be beneficial for botanical derivatives in by passing the GIT barrier. Hence they increase their
absorption and ultimately increase their systemic bioavailability.

o They offer increased permeation through the enterocytes which otherwise is not possible.

e They involve the usage of such components which are already proven for their safety.

e Phospholipids used in them provides 2 advantages:

1. They have synergistic effect for flavonoids.

2. They themselves have hepatoprotective action.

o They offer better permeation through skin (both dermal as well as transdermal). Hence they are very effective in
cosmetic preparations which are meant for protection of skin.

o Phosphatidylcholine is a part of cell membrane which made it a suitable carrier for nourishment of skin.
%entrapment efficacy of phytosome is very high and sometimes found to be more than theoretically determined.
Stability of phytosome is more due to the formation of hydrogen bonds

Phytosome are effective via oral route. Therefore, it is a noninvasive technique of drug delivery.

Their commercial scale production is easy.

They also have application in veterinary field'®2,

Difference between phytosome and liposome?®
Main points of difference are listed in table 1.
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Table 1: Difference between phytosome and liposome %

no Phytosome Liposome
1 There is the formation of hydrogen bonds. No hydrogen bonds are formed during liposome formation.
2 Complexation generally occurs in ratio 1:1 or 2:1. During complexation ratio is very high (e.g. 1:500 or1:1000).

They are prepared in the presence of solvent having high

3 They are prepared in the solvent having low dielectric constant. dielectric constant.

They are suitable to increase bioavailability by non invasive route

4 They are not effective via non invasive route.
(e.g. oral route).

5 They_offer more physical stability due to the formation of weak They have lesser stability as compare to phytosome.
chemical bonds.

6 They are suitable for the dietary supplements. They are not suitable for dietary supplements.

7 They are more superior to liposome in cosmetic products. They are less superior.

Mechanism of working (Figure 1)

Phospholipids are amphipathic in nature they have both polar as well as non Polar Regions. Their polar end consists
of amine or phosphate groups which bound to the substrates polar group via weak hydrogen bonds and the
remaining non polar chain of the phospholipid warps itself over the formed complex thereby imparting a lipophilic
character to the complex. Now it can easily pass through the lipophilic enterocyte membrane and the passage of the
botanical derivative (in the form of complex with phospholipid) through the GIT barrier become easy (water phase >
enterocyte> systemic circulation) 2627,

-

Step 1 Step 2 Step 3
@ PoL head of the phospholipid 1 substrate molecule
MNDI[ polar tail of the phospholipid " Hydrogen bond
Stepl: existence of phospholipid and botanical derivative in the aprotic media (example- di-
oxane and acetone).

Step 2: formation of hydrogen bond.
Step 3: wrapping of non polar tail on polar complex

Figure 1: Schematic representation of the steps involved in formation of complex during phytosome production?

Method of preparation

General method of preparation of phytosome involves following steps:

1. Phospholipids and substrate is mixed in an appropriate ratio (preferably 1:1) in the presence of aprotic solvent
(example- dioxane and acetone).

2. Isolation of the complex is done by precipitation method. Precipitation can be done by any of the following :

o Lyophilization

o Aliphatic hydrocarbons

e Spray drying method.

3. Drying of phytosomes

4. Hydration of prepared phytosomes to obtain phytosomal suspension?%2°,

Various scientists develop various methods for the preparation of phytosomes. Some of the scientists are Jiang, et al
(2001), Yanyu et al (2006) and Maiti et al (2006).
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Jiang, et al (2001) prepared phytosomes of Herba Epimedii flavonoids using different ratios of phospholipids and
compare their cumulative dissolution profile with the tablets formed with normal extract tablets. He found that there
is remarkable increase in cumulative dissolution rate. The phytosomes were prepared by spay drying method. The

conditions of the experiment were as follow:

Solvent used- tetrahydrofuran
Lecithin: PVP- 2.5:1
Temperature-40°C

Time period of experiment- 3hrs®-32,

Yanyu et al (2006) prepared Silybin phytosome using vacuum drying method and ethanol as solvent®3,

Table 2 shows some herbal drugs whose phytosomal preparations are available in the market34,

Table 2: some herbal drugs (along with their uses) whose phytosomes are available in market®

S. no. Herbal drug Use
1 Ginkgo biloba Anti-ageing, Protects brain, Protects vascular lining
2 Olive QOil In treatment of inflammation, In treatment of Hyperlipidemia
3 Silybum marianum | Antioxidant, Anti ageing, Anti inflammatory, Liver protective
4 Panax ginseng Anti ageing, Immunomodulators
5 Green Tea Anti oxidant, Anti neoplastic, Protection of heart
6 Bilberry Anti oxidant
7 Curcuma longa Anti oxidant, Anti neoplastic
8 Visnadine In improvement of blood circulation

Patents related to phytosomes

In different parts of the world many academic scientists and industrialists are working on phytosome technology and

bring about many innovations. Title of some patents and there patent numbers are mentioned in table 3% 42,

Table 3: Patents related to phytosomes

S. no. Patent Patent no.
1 Compositions comprising Ginkgo biloba derivatives for the treatment of asthmatic and allergic conditions EP1813280
2 Complexes of saponins with phospholipids and pharmaceutical and cosmetic compositions containing them EP0283713
3 Treatment of skin, and wound repair, with thymosin beta 4 US/2007/0015698
4 Soluble isoflavone compositions WO/2004/045541
5 Phospholipid complexes of olive fruits or leaves extracts having improved bioavailability EP/1844785
6 Cosmetic and dermatological composition for the treatment of aging or photodamaged skin EP1640041
7 An anti-oxidant preparation based on plant extracts for the treatment of circulation and adiposity problems EP1214084
8 Fatty acid monoesters of sorbityl furfural and compositions for cosmetic and dermatological use EP1690862

Methods of characterization
Various characters of phytosome include:
e Size

o Membrane permeability

e Percentage entrapment of drug

o Chemical characteristics

e Amount of starting material taken
o Purity of starting material

o Release profile

o Spectroscopical evaluation

e Invitro and in vivo evaluation*®

Various techniques to analyze these characters are listed in table 4 453,
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Table 4: techniques used for the determination various characteristics of phytosomes

S. no. Character Technique for determination
e Scanning electron microscopy(SEM)

o Transmission electron microscopy(TEM)

e Dynamic light scattering

1 Microscopy

2 Particle size and zeta potential o Photon correlation spectroscopy(PCS)
3 % entrapment o Ultracentrifugation equipment
4 Transition temperature o Differential scanning calorimetry
5 Surface tension * DuNouy tensiometer
6 Drug content e High performance liquid chromatography (HPLC)
o!H-NMR
7 Spectroscopical evaluations ¢ 3C-NMR
oFTIR
8 In vitro and in vivo evaluation | E.g. anti hepatotoxic activity determination and skin sensitization studies?.

Applications of phytosome technology

Phytosome are supposed to increase the systemic bioavailability of the hydrophilic phytoconstituents and there by
increases their therapeutic efficacy. The applicability of this property is tested by many scientists by comparing the
bioavailability of the phytoconstituents alone as well as their phytosomal complex with phospholipids (table 2).

Quercetin phytosomes were prepared by Maiti et al (2005) and its hepatoprotective activity is tested against carbon
tetrachloride induced hepatotoxicity in rats. They are food to be much more efficient than the native formulation®*.
These positive results inspire Maiti et al to carry out further work in this field and in 2006 they carried out two
independent studies on curcumin and naringenin the former is tested for its hepatoprotective and antioxidant activity
while the latter has only the antioxidant activity for which it was tested. In both the cases positive results was
obtained3! %2,

Many studies have been performed on Silybum marianum by Tedesco et al, Grange et al, Yanyu et al, Barzaghi et
al, Mascarella et al and Bombardelli et al for testing its hepatoprotective, fetoprotective and antioxidant activity and
a comparison of therapeutic efficacy of drug extract alone and their phytosomal preparation was also done which
yield positive results®®:°6.57:58.59.60.61,62,63

CONCLUSION

Many plant derived products especially flavonoids and other phenolic compounds are found to have immense
therapeutic importance but owing to their polar nature they have low absorption rate which ultimately decreases
their therapeutic efficacy. Therefore such delivery system was desired which can overcome these drawbacks —
“phytosome™ a phytolipid delivery system is a novel approach in this regard. Its commercial scale production is
easy. Characterization can easily be done. Percentage entrapment efficacy is high. Many phytosomes have already
been made and marketed. Many patents associated with phytosomes are available. Phytosomes have application in
pharmaceutical, cosmetics as well as in veterinary field.
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