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Abstract: Epicatechin, a polyphenolic flavonoid, shows antioxidant, anti-bacterial, anticarcinogenic
and antitumour activity. Like other flavonoids, epicatechin is poorly absorbed across the gastrointestinal tract
because it has multiple ring molecules that are too large to be absorbed by simple diffusion. It shows poor
miscibility with oils and other lipids which limit its ability to pass across the lipid rich biomembranes of small
intestine. Therefore, in an attempt to improve the problem of poor absorption, solubility and dissolution of
epicatechin its phospholipid complexes were prepared. The prepared epicatechin-phospholipid complex was
characterized for various physico-chemical parameters like drug loading, infrared absorption (FTIR), differential
scanning calorimetry (DSC), scanning electron microscopy (SEM), aqueous/n-octanol solubility and dissolution
study. In the SEM, the complex was observed as nonporous irregular particles with rough surface morphology.
FTIR and DSC data confirmed the formation of phospholipid complex. The water and n-octanol solubility of
epicatechin was improved from 326.32 to 427.12 μg/ml and 378.53 to 502.67 μg/ml, respectively in the
complex. The dissolution was also improved significantly in the phospholipid complex. It was concluded that
the phospholipid complex may be used for improving solubility, dissolution and hence the bioavailability of
epicatechin molecule.
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Introduction
Poor aqueous solubility (and hence the dissolu-

tion) or permeability (across the biomembranes)
of drugs are the major factors which govern
bioavailability of drugs. During the course of drug
discovery and development of dosage form the
solubility and permeability are the key issue and
for the same the drugs are classified in different
classes on the same basis in Biopharmaceutical

Classification System (BCS) 1,2. The phyto-
constituents may have the solubility (dissolution
in aqueous media/gastro intestinal fluid)) rate
limited or the permeation rate limited absorption
from the oral route. For improving solubility
various techniques like solvent deposition,
micronization, solid dispersion, supercritical fluid
process, use of surfactants, use of salt forms,
complexation etc. have been investigated 2-5. Out
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of these, the complexation technique has been
studied exhaustively to improve the solubility and
the dissolution of poor water soluble drugs. In
particular the lipid complexation improves the
solubility as well as the permeability, due to the
formation of an amphiphilic drug-lipid complex.
Moreover, by virtue of their ability to form a
protective coat over the mucosa, the lipid
complexes have also been reported to reduce the
gastric and hepatic toxicities of drug molecule 6-

8. The lipid complexes are prepared with phos-
phatidylcholine (PC, fig. 1b). PC is an integral
part of the cell membrane and exists in
zwitterionic form. PC is not only a passive carrier
for drug delivery but is itself a natural component
with well investigated and reported clinical
efficacy for various liver diseases. These
amphiphilic drug-lipid complexes are stable and
more bioavailable drug delivery systems with low
interfacial tension between the system and the
GI fluid thereby improving the permeation of
drugs across the biomembranes 9, 10.

Polyphenoles, in particular the flavonoids are
the largest group of bioactive phytoconstituents
found very abundantly in nature. But the bio-
availability differs greatly from one polyphenol
to another. Either these are very less soluble in
aqueous media (or the gastrointestinal fluid) or
show very low permeability across the bio-
membranes. These limitations ultimately lead to
poor dissolution, permeation and bioavailability
of drugs upon oral ingestion 10.

Green and black tea is the richest source of
polyphenols (specially flavones) which show a
broad spectrum of bioactivity including the
prophylactic action against the cancer 11. Among
these polyphenoles, epicatechin (Fig 1.b) has
been reported to exhibit a wide range of biological
activities such as antioxidant, anti-bacterial,

anticarcinogenic and antitumour 12-16. It produces
protective effect against peroxynitrite mediated
renal damage 17. It is also a potent inhibitor of
DNA polymerase and angiogenesis 18. Besides
this, the extracts of Margyricarpus setosus in
which catechin and epicatechin are the main
principles, has been reported to show the anti-
HIV activity 19. Despite this wide range of
therapeutic activity, unfavorable pharmaco-
kinetics (lower bioavailability) of epicatechin
associated with a lower half-life and rapid
clearance from the body restricts its use as a
potent phyto molecule 20-22. Like other flavonoids,
epicatechin is poorly absorbed across the GIT
because it has multiple ring molecules that are
too large to be absorbed by simple diffusion. It
has poor miscibility with oils and other lipids
which limit their ability to pass across the lipid
rich outer membranes of enterocytes of small
intestine. Epicatechin (Fig. 1.a) consists of two
benzene rings (A and B) and a pyran ring (called
C – ring), which might be the cause for poor oral
absorption

The problem of poor absorption of epicatechin
can be overcome by preparing its phospholipid
complexes. These complexes may improve their
absorption by imparting an environment of
improved lipophilicity. Thus epicatechin–
phospholipid complex was evaluated for various
physico-chemical investigations like drug
content, chemical interaction (by FTIR), thermal
behavior (by DSC), surface morphology (by
SEM) and in-vitro dissolution study in
comparison with pure epicatechin.

Materials and methods
Materials

(-)-Epicatechin was purchased from Sigma
Aldrich, Mumbai (India), with 90 % purity. Soya

Fig.1 (a) Epicatechin (b) Phosphatidylcholine

(a) (b)
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phosphatidylcholine (LIPOID S-80) was obtained
as a gift sample from LIPOID, Germany. All other
chemical reagents were of analytical grade.

Method of preparation
To prepare the epicatechin-PC complex equi-

molar concentration of phosphatidylcholine (PC)
and epicatechin was taken in a 100 mL round
bottom flask and refluxed in dichloromethane for
3-4 hours. When the solution was concentrated
to about 10 ml, n-hexane (30 ml) was added to
get the complex. The complex was collected and
stored in vacuum desiccators.

Drug content
Epicatechin-PC complex equivalent to 50 mg

of epicatechin was weighed. To the weighed
complex 100 mL of pH 6.8 phosphate buffer was
added in a volumetric flask. After the continuous
stirring on a magnetic stirrer (Remi, 5MLH, India)
for 24 h at room temperature samples were taken,
filtered, diluted suitably and then analyzed
spectrophotometrically (Lambda 25, Perkin
Elmer, USA) at 278 nm to determine the drug
content.

Infrared spectroscopy (FTIR)
The IR spectra were recorded on a Perkin Elmer

FT-IR, RX-1 spectrophotometer in KBr pellets.

Differential scanning calorimetry (DSC)
DSC study was performed for the samples of

epicatechin, phosphatidylcholine and the
prepared complex using a 2910 Modulated
Differential Scanning Calorimeter V4.4E (TA
Instrument, USA). The investigations were
carried out over the temperature range 0-300°C
(@ 10°C min-1).

Scanning electron microscopy (SEM)
To assess the surface morphology of the

prepared complex as compared to its components
Scanning Electron Microscopy (SEM) of the
complex was performed using JEOL JSM 5600.

Solubility Study
To determine the change in solubility due to

complexation, solubility of drug and the complex
was determined in buffer/water and n-octanol by
shake flask method23,24.

Dissolution study (in-vitro drug release)
The dissolution studies were carried out in a

USP XXIII, six station dissolution test apparatus,
type II (6DR, VEEGO, India) at 100 rpm and at
37°C using 900 mL of pH 6.8 phosphate buffer.
The complex equivalent to 50 mg of epicatechin
was taken for the study and its comparison was
done with the dissolution of plain epicatechin (50
mg). Samples of dissolution fluid were withdrawn
at different intervals and replaced with the equal
volume of fresh media. Withdrawn samples were
filtered (through a 0.45 μm membrane filter),
diluted suitably and then analysed spectro-
photometrically at 278 nm.

Results and discussion
In the present study the prepared complex (Epi-

Pc) showed a good encapsulation efficiency of
epicatechin and found to be 98 % as estimated
UV spectrophotometrically. Complexation
provided good encapsulation efficiency, which
could make the delivery of epicatechin clinically
feasible.

Chemical interaction
The possible interaction between epicatechin

and PC in the phospholipid complex was studied
by IR spectroscopy. IR spectra of epicatechin,
phosphatidylcholine, complex and physical
mixtures of both the constituents are shown in
fig 2. PC showed characteristic peaks at 3435
cm-1 (Hydroxyl stretching); 2918 cm-1 and 2850
cm

-
-1 (C-H stretching of long fatty acid chain);

1738 cm
-
-1 (carbonyl stretching of the fatty acid

ester); 1236 cm
-
-1 (P=O stretching band); 1091

cm
-
-1 (P-O-C stretching); and 970 cm

-
-1 (N-+(CH

3
)

3

stretching). Epicatechin showed the main
characteristic bands at 3458.84 cm

-
-1 (hydroxyl

(O-H) stretching) and at 1618 cm--1 (C=O
stretching). In the range of 1300-1500 cm

-
-1

vibrations of benzene ring were observed.
The FTIR of the complex showed the signi-

ficant changes in the spectrum. The absorption
peaks of hydroxyl (O-H) group at 3458 cm--1 was
disappeared and remarkably broadened, whereas,
the keto group frequency shifted to higher wave
number in the complex. The P=O and P-O-C
absorption band of the phosphatidylcholine also
remarkably broadened with shifting towards
lower wave numbers. The spectrum of the
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physical mixture was quite different from the
spectrum of the complex and showed the same
characteristic peaks of epicatechin and PC
without any significant change and this indicated
no interaction in between them. Therefore, the
spectroscopic changes confirmed the formation
of the complex due to the interaction of molecule
to polar end of the phospholipid and this inter-
action was indicated by the disappearance/

shifting of hydroxyl and keto group frequencies
of epicatechin from their original place 25,26.

Thermal analysis
DSC is a fast and reliable method which

provides the maximum information regarding the
possible interactions and detects drug-excipient
compatibility. The complex formation is indicated
by any significant change (elimination of

Fig.2 IR spectra: (a) Phospholipid, (b) Epicatechin
(c) Epicatechin-phospholipid complex and (d) Physical mixture

Ajay Semalty et al. / BDDD 1 (1) 2014 pp 46 - 55 49



endothermic peaks, the appearance of new peaks,
change in peak, shape and its onset, peak
temperature, melting point and relative peak area
or enthalpy) in characteristic peak of the drug and
or the complexation agent in DSC.

Fig.3 DSC Thermogram: (a) Phospholipid, (b) Epicatechin (c) Epicatechin-phospholipid complex

The DSC curve of epicatechin exhibited a sharp
endothermic peak at 246.38°C (ΔH

f 
= 125.7 J/g),

caused by the melting of epicatechin (Fig. 3). The
phosphatidylcholine exhibited a broad endo-
thermic peak at 76.74°C (ΔH

f
 = 31.51 J/g).
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Whereas in the phospholipid complex, a quite
sharp new peak at 51.99°C (ΔH

f
 = 3.586 J/g) and

a mild peak at 63.22°C (ΔH
f
 = 4.779) was

observed. None of the components gave any
thermal signals or the melting peak of individuals
and therefore the complex formation was
confirmed due to the indicated interactions
between the epicatechin and the phosphatidyl-
choline. Hence the complete disappearance of the
endothermic peak of the drug in the prepared
complexes indicated the formation of a true
inclusion complex. Other studies also well
supported the results 27-31.

Surface morphology
The SEM micrographs of epicatechin and the

complex are shown in fig 4. The pure epicatechin
was characterized by crystals of smaller size and
regular shape with an apparently smooth surface.
In contrast, the complex crystals were nonporous
irregular particles with rough surface morphology
which might have contributed to the improved
solubility and dissolution rate of epicatechin from

Fig.4 SEM micrographs: Magnification: 100 X and 400 X
(a) Epicatechin (b) Epicatechin-Phospholipid complex

the complex.

Solubility Study
The epicatechin is poorly soluble in water. The

poor solubility leads to its poor absorption and
permeation across the intestinal epithelial cells
of the gastrointestinal (GI) tract resulting in low
bioavailability of the molecule. Aqueous
solubility of epicatechin improved significantly
from 326.32 to 427.12 μg/mL in the complex
(Table 1). It was also evident that the n octanol
solubility also increased significantly from
378.53 to 502.67 μg/mL. As the n-octanol
solubility indicates the permeability properties of
the drug it might be concluded that the complex
might cross the biomembranes more effectively
with improved bioavailability.

Typically rough surface morphology (as con-
firmed by SEM) and changes brought about due
to complexation (as confirmed by FTIR and DSC)
might have been responsible for the improvement
in solubility. This increase in the solubility of the
complex may be explained by its amorphous
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Table 1. Solubility Study (H2O/ n-Octanol) at 25°C

Sample Aqueous Solubility n-Octanol Solubility
(μμμμμg/ ml)  (μμμμμg/ ml)

Epicatechin 326.32 ± 0.902 378.53 ± 0.76
Epicatechin Complex 427.12 ± 1.025 502.67 ± 0.234

Data expressed as mean values and standard deviations (± SD); n = 3.

characteristics and reduction in molecular
crystallinity of the epicatechin 32. Phospholipids
are the amphiphilic surfactant which have been
reported to increase the solubility of the drugs
33,34, thus, the complex showed an amphiphilic
nature, which in turn may show the improved
dissolution and overall absorption of the
epicatechin by oral delivery.

Dissolution study (in-vitro drug release)
In vitro drug release was developed to predict

the in vivo performance of the epicatechin in
the phospholipid complex. The complex of
epicate-chin (Epi-PC) showed a better
dissolution profile than its free state (Fig. 5).
Unlike free epicatechin or Epicat (which showed
only 53.2 % drug release at the end of 24 h) the
epicatechin complex showed 87.63 % at the end
of 24 h of the disso-lution study. The rate of
release of a drug not only depends on the surface
area and particle size of the processed powder,

Fig.5 Dissolution pattern of epicatechin and its complex

but also greatly affected by crystal morphology
and wettability. Phospho-lipids being amphi-
philic surfactants might have increased the
solubility of the drug by the action of wetting
and dispersion resulting in improved dissolution.
The improved surface morphology and probable
amorphization induced by the complexation
might have resulted in improved dissolution of
epicatechin from its complex 27-31,35.

Conclusion
The physicochemical properties of epicatechin

changed significantly after it was complexed with
the phospholipid and these characteristics
especially, the improved solubility, permeability
and dissolution might contribute to improve oral
absorption of the drug. The water and n-octanol
solubility of epicatechin was improved from
326.32 to 427.12 μg/ml and 378.53 to 502.67 μg/
ml, respectively in the complex. The dissolution
was also improved significantly in the
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