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Abstract Catechin (an anti-inflammatory, antioxidant,
antitumour, and hepatoprotective bioflavonoid) is poorly
absorbed across the GIT because it has multiple ring
molecules that are too large to be absorbed by simple
diffusion. It typically has poor miscibility with oils and
other lipids which limit their ability to pass across the
lipid rich outer membranes of enterocytes of small intes-
tine. Thus catechin—phospholipid complex were prepared
to improve its absorption by imparting an environment of
improved lipophilicity. The phospholipid complexes of
catechin were prepared with phosphatidylcholine in pres-
ence of dichloromethane by conventional solvent evapo-
ration technique. Pharmacosomes thus prepared were
evaluated for solubility, drug content, scanning electron
microscopy (SEM), differential scanning calorimetry
(DSC), X ray powder diffraction (XRPD), in vitro disso-
lution study and in vitro antioxidant activity. Prepared
phospholipid complex showed high drug content (99.40%.
w/w) and improved lipid solubility (0.79-1.97 mg/mL).
FTIR, NMR, DSC and XRPD data confirmed the forma-
tion of phospholipid complex. Unlike the free catechin,
catechin complex showed a sustained release over the 24 h of
study. Catechin-phospholipid complex showed slightly
better antioxidant activity than that of catechin at all dose
levels. Thus it can be concluded that the phospholipid
complex of catechin may be of potential use for improving
absorption of catechin across the lipidic biological barriers in
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gastrointestinal tract. It was concluded that the complexation
with phospholipids did not interfere with the biological
activities. This herbal drug delivery system can pave the way
for large molecules to pass through the lipophilic biological
membrane (by the virtue of their amphiphilic nature) and get
absorbed into the systemic circulation.
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Introduction

Catechins, a group of similarly structured polyphenolic
phytochemicals of chemical and medicinal value come
under pharmacognostic classification as ‘flavonols’. Cat-
echins (the examples include catechin, epicatechin, epi-
gallocatechin, gallocatechin, epigallocatechin gallate etc.)
are poorly absorbed through the gastrointestinal and
[1, 2]. Heating catechins past their point of decomposi-
tion release pyrocatechol, which explains the common
origin of the names of these compounds. They demon-
strated very strong antioxidant activity both in vitro and
in vivo conditions. Our current study deals with investi-
gations on catechin, one of the flavonoids belonging to
catechins family of phytochemicals. Catechin was first
isolated from plant extract catechu, Acacia catechu -
Leguminosae from which it derives its name. Catechin
and epicatechin are epimers with (—)- epicatechin and
(+)-catechin are optical isomers found in nature. Natu-
rally, catechin exists as a mixture of (—)-epicatechin and
(+)-catechin (Fig. 1).

Catechin has demonstrated several pharmacological
benefits. A study reported that catechin prevented the for-
mation of acute gastric lesions by 80% by series of
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Fig. 1 Chemical Structure of catechin (a) and epicatechin (b)

experiments lasting half a year. As the drug had low tox-
icity in humans, it was recommended for clinical trials [3].

It was proved that catechin at a dose of 36 or 72 mg per
rat administered intraperitoneally substantially inhibited
adhesion formation which was induced by gentle scraping
[4]. In a study, the efficacy of catechin to inhibit intestinal
tumor formation and suppression of focal adhesion kinase
activation in the Min/+ mouse was reported [5]. Admin-
istration of (+)-catechin in an AIN — 76A diet at doses of
0.1 and 1% decreased the intestinal tumor number by 75
and 71%, respectively.

Kalender et al. investigated the effect of catechin and
vitamin E on reducing toxic effects of Idarubicin (anthra-
cycline antibiotic used in treating acute leukemia) in rats. It
was showed that catechin significantly reduced Idarubicin
induced carditoxicity in rats [1]. Takano et al. studied the
protective effect of (+)-catechin against 5-fluorouracil
induced myelosuppression in mice [6]. Intraperitoneally
injected (4)-catechin (1-10 mg/kg per day) accelerated the
recovery of number of white blood cells and platelets
against the hematotoxicity produced by S-fluorouracil in
mice. These findings suggested that (4)-catechin selec-
tively enhances the recovery of population of granulocytes
reduced by 5- flurouracil in mice. Similarly, the catechin
demonstrated benefit in chronic fatigue syndrome [7],
prevention of tamoxifen induced biochemical perturbations
in mice [8] and hepatoprotection [9, 10].

Like other flavonoids, catechin 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 mis-
cibility with oils and other lipids which limit their ability to
pass across the lipid rich outer membranes of enterocytes
of small intestine. Catechin consists of two benzene rings
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(A and B) and a pyran ring (called C — ring), which might
be the cause for poor oral absorption [2].

Phospholipids play a major role in drug delivery tech-
nology. It is an important carrier for those drug molecules
which require sustained/controlled release in vivo due to
faster elimination from the body. These amphiphilic drug-
lipid complexes (termed as pharmacosomes or phyto-
somes), are stable and more bioavailable drug delivery
systems with low interfacial tension between the system
and the GI fluid thereby facilitating membrane, tissue, or
cell wall transfer, in the organism [11].

The problem of poor absorption of catechin can be over-
come by preparing phospholipid complexes of it. These
complexes or phytosomes may improve their absorption by
imparting an environment of improved lipophilicity and also
sustaining the release (in dissolution). Thus catechin—
phospholipid complex was evaluated for various physico-
chemical investigations like drug content, chemical interac-
tion (FTIR and NMR), phase transition behavior (DSC),
crystallinity (XRPD), surface morphology (SEM) and in
vitro dissolution study in comparison with pure catechin. The
in vitro antioxidant activity of the complex was also evalu-
ated to observe any probable adverse effect of the process of
complexation on the antioxidant activity of catechin.

Materials and methods
Materials

(+)-Catechin hydrate was purchased from Sigma Aldrich
Mumbai. Soya phosphatidylcholine (LIPOID S-80) was
obtained as a gift sample from LIPOID GmbH Germany.
Butylated hydroxyanisole (BHA) and 2,2-diphenyl-1-
picrylhydrazyl (DPPH) were purchased from E. Merck
Mumbai and Himedia Mumbai respectively. All other
chemicals were of analytical grade.

Methods

Catechin-PC complex was prepared by taking catechin
with an equimolar concentration of PC. The equimolar
concentration of PC and catechin were placed in a 100 mL
round bottom flask and refluxed in dichloromethane for
3 h. On concentrating the solution to 5-10 mL, 30 mL of
n-hexane was added to get the phospholipid complex as a
precipitate followed by filtration. The precipitate was col-
lected and placed in vacuum desiccators.

Drug content

To determine the drug content in the complex, complex
equivalent to 100 mg were weighed and added in 100 mL
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of methanol taken in a 100 mL volumetric flask. The
volumetric flask was stirred continuously for 24 h on a
magnetic stirrer. Dilutions were made suitably and mea-
sured for the drug content UV spectrophotometrically
(Lambda25 Perkin Elmer UV/Visible Spectrophotometer)
at 278 nm in methanol.

Solubility

To determine the change in solubility due to complexation,
solubility of drug and the complex was determined in water
and n-octanol by shake flask method as described in our
previous study [12].

Scanning electron microscopy (SEM)

To detect the surface morphology of the prepared complex,
SEM of complex was performed at UGC-DAE consortium
Indore and IIT Roorkee by Scanning Electron Microscope
(JEOL JSM 5600).

Fourier transform infrared spectroscopy (FT-IR)

FTIR spectra for the various powders were obtained on a
Perkin Elmer FTIR spectrometer (Perkin Elmer Life and
Analytical Sciences, MA, USA) in the transmission mode
with the wave number region 4,000-500 cm~ ! KBr pellets
were prepared by gently mixing 1 mg sample powder with
100 mg KBr.

Differential scanning calorimetry (DSC)

Thermograms of catechin, phosphatidylcholine (80%) and
the naringenin-PC complex were recorded using a differ-
ential scanning calorimeter (2,910 Modulated DSC V4.4E,
TA Instruments, US) in Department of Chemistry, Uni-
versity of Delhi. The thermal behavior was studied by
heating 2.0 + 0.2 mg of each individual sample in a cov-
ered sample pan under nitrogen gas flow. The investiga-
tions were carried out over the temperature range
25-250 °C with a heating rate of 10 °C min~".

X-ray powder diffractometry (XRPD)

The crystalline state of drugs in the different samples was
evaluated with X-ray powder diffraction. Diffraction pat-
terns were obtained on a Bruker Axs- D8 Discover Powder
X-ray diffractometer (Germany). The X-ray generator was
operated at 40 kV tube voltages and 40 mA of tube current,
using the Ka lines of copper as the radiation source. The
scanning angle ranged from 1 to 60 ° of 20 in step scan
mode (step width 1 °/min). Drug, phosphatidylcholine

(80%), and drug-PC complex were analyzed with X-ray
diffractions.

Nuclear magnetic resonance (NMR)

Proton NMR of drug, phospholipids and their complexes
were recorded on Bruker 400 MHz NMR (Germany), using
TMS as internal standard.

Dissolution study

In vitro dissolution studies for drug complex as well as plain
drug were performed in triplicate in a USP XXIII six station
dissolution test apparatus (Veego Model No.6DR, India) at
100 rpm and at 37 °C. An accurately weighed amount of
the complex equivalent to 100 mg of drug was put into
900 mL distilled water (media). Samples (3 mL each) of
dissolution fluid were withdrawn at different intervals and
replaced with the equal volume of fresh media, to maintain
sink conditions. Withdrawn samples were filtered (through
a 0.45 mm membrane filter) and diluted suitably and then
analyzed spectrophotometrically.

In vitro antioxidant activity

In vitro antioxidant activity was determined in terms of
DPPH radical scavenging activity. The free radical scav-
enging activity of catechin and its complex was measured
and compared with the activity of butylated hydroxy anisol
(BHA) for radical-scavenging ability using the stable rad-
ical DPPH [13]. The free-radical scavenging activities of
catechin, its complex and BHA (used as a standard) were
measured by decrease in the absorbance of methanol
solution of DPPH.

0.1 mM solution of DPPH in methanol was prepared
and 1.5 mL of this solution was added to 3.5 mL of extract
solution in water at different concentrations (20-100 pg/
mL). Thirty minutes later, the absorbance was measured at
515 nm. Lower absorbance of the reaction mixture indi-
cates higher free radical scavenging activity. The capability
to scavenge the DPPH radical was calculated using the
following equation:

DPPH Scavenged (%) = [(Acont — Atest)/ Acont] % 100

Where Ao, is the absorbance of the control reaction
and A is the absorbance in the presence of the sample of
the extracts.

Statistical analysis

Results were expressed as mean values and standard
deviations (£ SD).
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Results and discussion

In the present experiment catechin—phospholipid complex
were prepared by a simple and reproducible method.

Content (percent loading) of catechin in the complex, as
estimated by UV spectrophotometry (at 278 nm in meth-
anol), was found to be 99.40%. (w/w). Phyto-phospholipid
complexes or Phytosomes of herbal drugs have been
reported to sow a high percentage of drug loading in var-
ious previous studies [2, 11, 12]. Like pharmacosomes of
synthetic drugs, complexation showed a good percent
loading of the drug which might be a vital aspect for fea-
sibility of the clinical or therapeutic delivery of drug.

Solubility of the catechin complex was found to be
much higher (in water and n octanol) than the catechin.
Table 1 provides the solubility data. Catechin is poorly
miscible with lipids but the complex of catechin with the
phospholipids increased the solubility of catechin in
n-octanol significantly from 0.79 to 1.97 mg/mL. However,
there was a slight increase in water solubility also (from
2.63 to 2.79 mg/mL). This increase in lipophilic nature of
catechin may result in improved bioavailability due to
increase in permeability of the molecule across the lipid
rich biomembrane. The further permeation studies of the
complex with suitable biomembranes may validate the
results. In the next phase of research the permeation studies
shall be conducted.

Scanning Electron Micrographs of the complex are
shown in Fig. 2. Unlike the needle shaped structure of
catechin, their phospholipid complexes were found to be
slightly spherical or irregular shaped with rough surface

Table 1 Solubility study of catechin and its complex

Drug Aqueous solubility  n-Octanol solubility
(mg/mL)* (mg/ml)*

Catechin 2.63 £ 0.003 0.79 £ 0.012

Catechin -PC complex  2.79 + 0.019 1.97 £ 0.026

* Data expressed as mean values and standard deviations (+ SD);
n=23

Fig. 2 SEM of catechin (a) and
catechin phospholipid
complex (b)
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morphology. Complexes were found to be as free flowing
particles. The average particle size of phospholipid com-
plex was found to be 50 pum.

The formation of the complex can be confirmed by the
FT-IR spectroscopy comparing the spectrum of the com-
plex with the spectrum of the individual components and
their mechanical mixtures. FTIR spectra showed the
changes in peaks in complexes and positions from that of
Catechin (Fig. 2a) and PC (Fig. 2b). FTIR spectra showed
the changes in peaks in complexes and positions from that
of catechin and PC. FT-IR spectra of complex were sig-
nificantly different from that of components and that of
physical mixtures (Fig. 3).

Catechin (Fig. 3a) showed the characteristic IR (KBr)
peaks at 3343.28.01,2932.04, 1628.67 and 1605.59 cm™'. PC
(Fig. 3b)showed a broad peak at 3437.05, and sharp peaks at
2917.93 and 2849.91 several sharp peaks below 1800 cm™"
(1739.34, 1651.85, 1468.79 etc.) while the complex (Fig. 3c)
showed a very broad peak at 3282.91 cm™' (which shows that
some interaction has occurred at hydroxyl group). On the
other hand the physical mixture (Fig. 3d) of PC and catechin
showed broad peak just like PC at 3371.27 cm™' while it
shows all the sharp peaks at about the same positions as that of
catechin.

DSC studies

In order to substantiate the association of Catechin with
PC, DSC analysis was performed on Catechin, PC, and the
Catechin -PC complex. The results of the DSC test con-
firmed the association of Catechin and PC in the complex
as both peaks representing Catechin and PC changed
position (Fig. 4). Phospholipids (Fig. 4b) showed two
major peaks at 83.21 °C and 107.90 °C and a small peak at
64.45 °C. The first one peak of phospholipids is mild peak
(at 64.45 °C), which is probably due to the hot movement
of phospholipids polar head group. The second (83.21 °C)
peak is very sharp and it appears due to phase transition
from gel to liquid crystalline state. The non-polar hydro-
carbon tail of phospholipids may be melted during this
phase, yielding a sharp peak. This melting might have
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Fig. 3 FTIR spectra of s
Catechin (a); (a)
phosphatidylcholine or PC (b); -
Catechin -phosphatidylcholine
complex (c¢); and physical
mixture of Catechin with PC (d)
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occurred in two phases which subsequently gave another
peak (107.90 °C) which is relatively less sharp. Catechin
(Fig. 4a) showed four sharp endothermic peaks at 108.48,
147.26, 174.0, 292.67 °C. On the other hand catechin-PC
complex (Fig. 4c) showed a single sharp peak at 54.01 °C,
which is different from the peaks of the individual com-
ponents of the complex. Moreover the onset temperature is
49.33 °C only. It is evident that the original peaks of

174010 2000 (GMT-06:00)
40 Z6 TOOW (RMT-00:00)

]

el

2800 2000 1000

Wavanumbers (cm-=1)

(d)

2800 =000

Wavenumbars (cm-=1)

catechin and phospholipids disappear from the thermogram
of the complex and the phase transition temperature is
lower than that of phospholipids. It has been reported that
reduction in melting point and enthalpy accounts for
reduced crystallinity of the drug [14]. The DSC data of the
prepared complex showed a noticeable reduction in the

enthalpy as well as the melting point in comparison with
catechin and PC.
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Fig. 4 DSC Thermograms of Catechin, PC and Catechin-PC
complex

These DSC data are well supported by the results of
DSC thermograms of the phospholipid complexes of some
phytoconstituents like naringenin, silybin, puerarin, cur-
cumin and gallic acid [12, 15-19]. In all these studies the
thermogram of the complex also exhibited a single peak
which was different from the peak of phytoconstituents and
phospholipids.

This interaction may be due to hydrophobic interaction
and/or hydrogen bonding. The —OH groups of the phenol
rings of catechin may be involved in hydrogen bonding
whereas the aromatic rings may be involved in hydropho-
bic interaction. As a result, the major sharp peaks of
phospholipids disappear and lower the phase transition
temperature.
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X-Ray powder diffraction study

The XRPD of Catechin -phospholipid complex (Fig. 5)
revealed a broad peak similar to PC. It suggested that the
Catechin in phospholipid complex was either in amorphous
form or molecularly dispersed.

These results were well supported by the previous studies
done with the phospholipid complexes of naringenin, puer-
arin, insulin, diclofenac and aceclofenac [12, 20-24]. The
disappearance of Catechin’s crystalline diffraction peaks
confirmed the formation of phospholipid complex. Unlike
liposomes, bonding between drug and the phospholipids in
development of pharmcosomes (drug-phospholipid com-
plex), might have resulted into the significant change of its
X-ray diffraction.

NMR

Proton NMR of Catechin: ¢ 2.4 (dd, 1H, H-4 equatorial);
0 2.78 (dd, 1H, H-4, axial); 6 3.86 (m, 1H, H-3); 6 4.47
(d, 2H, H-2); 6 5.7 (d, 1H, H-6); 6 5.9 (d, 1H, H-8); J 6.6
(dd, 1H, H-6); 6 6.68 (dd, 1H, H-5'); ¢ 6.7 (d, 1H, H-2');
0 3.88 (s, 1H, 3 -OH); 6 8.5 (s, 1H, 5 -OH);. 6 8.6 (s, 1H, 7
-OH); 0 8.2 (s, 1H, 3’ -OH); § 8.04 (s, 1H, 4’ -OH).

The phospholipid complex with catechin (Fig. 6),
revealed similar H-NMR except the proton of phenolic —OH,
which shifted downfield. The phenolic protons assigned for 5
-OHat 6 8.5;7—0OH at 6 8.6; 3’ —OH at § 8.2; and 4’ —OH at §
8.04 are shifted to 0 8.8, 8.9, 8.7 and 8.48, respectively in the
complex, indicating that the interaction of phospholipid with
phenolic —OH of catechin. The downfield of protons in the
phospholipid complex have also been reported and well
supported by various previous studies [12, 25].

Dissolution study

To study the effect of complexation on dissolution profile
of catechin, dissolution study of catechin—phospholipid
complex and pure (free) catechin was done in water. The
catechin—phospholipid complex showed better dissolution
profile than the catechin (i.e. the un complexed or plain/
free catechin) (Fig. 7). Unlike the free catechin, catechin
complex showed a sustained release over the 24 h of
study. Due to high water solubility free catechin goes into
the media with in 1 h of the in vitro drug release study.
The slow or sustained release pattern of the complex may
be due to increased lipophilicity (or n-octanol solubility)
of the complex. However, catechin is released almost
completely (97.5%) from the phytosomes at the end of
24 h. Therefore, it can be concluded that the phospholipid
complexes can serve as value added herbal drug delivery
systems which not only have more lipid solubility (for
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Fig. 5 High resolution X-ray
diffraction (HRXRD) study of
Catechin (a), Phospholipid
(b) and Catechin-Phospholipid
complex (c)
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improved permeation) but also have the sustained release  In vitro antioxidant activity

effect. The phospholipids based carrier drug delivery sys-

tems of catechin, when prepared in the form of liposomes, = DPPH is a stable free radical at room temperature and
also sowed the similar release (sustained) study [26]. accepts an electron or hydrogen radical to become a stable
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Fig. 6 'H NMR of a catechin (a)
(in DMSO) and b catechin-

phospholipid complex (in

DMSO)
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Fig. 7 Dissolution study of catechin (Cat) and catechin — phospho-
lipid complex (Cat-PC)

diamagnetic molecule [27]. Methanolic DPPH (0.1 mM)
solution gives a violet color which shows A, at 515 nm.
When an antioxidant is mixed with this solution, the con-
centration of the stable free radical 2, 2-diphenyl-1- picryl-
hydrazyl or DPPH is reduced which can be detected by the
decrease in the optical absorbance of DPPH at 515 nm.
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Fig. 8 Effect of concentration on in vitro free radical scavenging
activity of catechin and its complex

Catechin showed excellent antioxidant activity at all
dose levels. Catechin-phospholipid complex showed
slightly better antioxidant activity than that of catechin at
all dose levels (Fig. 8). At 100 pg/mL, catechin and its
complex showed 82.22 and 84.47% scavenging activity
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against 90.53% of BHA after 30 min. Therefore, the anti-
oxidant activity of the catechin remains unchanged even
after the complex formation and it can be concluded that
the process of complexation did not adversely affected the
antioxidant activity of catechin. Various studies revealed
that the phospholipid complexes of polyphenolic phyto-
constituents show the improved bioavailability and hence
the better therapeutic effects [28].

Conclusions

In the present study, catechin—phospholipid complex were
prepared by a simple and reproducible method and evaluated
for various physicochemical parameters. The physicochemical
investigations showed that catechin formed complex with
phospholipids with better lipid solubility, The dissolution study
confirmed its sustained release profile and lipopophilic behav-
jour. The FTIR, '"H NMR, DSC and XRPD studies confirmed
the formation of the complex. Moreover, the complexation did
not interfere with the biological activities of catechin. Thus it
can be concluded that the phospholipid complex of catechin
may be of potential use for improving absorption of catechin
across the lipidic biological barriers in gastrointestinal tract and
for sustaining the release. With the sustained release profile, it
may be possible to get a sustained action with smaller dose.
This value added herbal drug delivery system can pave the way
for large molecules to pass through the lipophilic biological
membrane (by the virtue of their amphiphilic nature) and get
absorbed into the systemic circulation.
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