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They were characterized by Fourier transform infrared
spectroscopy (FTIR). The efficiency of EA entrapment revealed
values > 50%. The released ellagic acid quantities were
spectrophotometrically determined at various time intervals: 1, 2,
3, 7 days, and various pH: 3.0, 7.5, 8.0, 9.0. The best cumulative
release of ellagic acid from membranes was obtained at lowest
pH, pH=3. The antioxidant capacity of EA released from
membranes was evaluated by inhibition percent of 2,2-diphenyl-
1-picrylhydrazyl (DPPH). The best result was found also at
pH=3.0, 20% DPPH inhibition (at 48h). The properties of such
membranes recommend them as biomaterial with controlled
antioxidant biological activity.
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INTRODUCTION

Many plants contain high quantities of
polyphenols, having antioxidant, anti-diabetic,
anti-viral, anti-inflammatory, anti-atherogenic and
anti-cancer properties. The polyphenol compounds
were described as inhibitors of cancer development
and propagation; they could be wused as
chemopreventive agents.1

The addition of polyphenol compounds in foods
represents a research area in full development.”
The encapsulation of bioactive compounds as
functional ingredients in different foods and
beverages is of interest, because it allows enriching
them with natural antioxidants.” The nourishing
contribution of phytopigments was estimated to be
approximately 1 g/day for a healthy alimentary
regime.* The polyphenols have low stability and
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solubility,” some of them having also an unpleasant
taste. Such drawbacks could be overcome by
encapsulation.

The literature data regarding the encapsulation
of polyphenolic antioxidants are limited. Among
numerous materials used for encapsulation, the
researchers’ attention was focused especially on
the sodium alginate and chitosan, as systems of
drug release, due to their very good compatibility.°
Chitosan has various applications in the
pharmaceutical industry in the fabrication of
tablets with controlled release " or to improve the
drug adsorption.'” The current techniques of
polyphenols’ encapsulation include: spray drying,
spray cooling/chilling, extrusion, fluidized bed
coating, coacervation, liposome entrapment,
composite inclusion, centrifugal suspension
separation, lyophilisation, co-crystallization and



792 Elena Neagu et al.

emulsifying, nanoencapsulation etc."™”  New

materials, such ascyclodextrin, were used to
encapsulate an extract of olive leaves." The use of
polyphenols as food encapsulated ingredients should
ensure their protection as well as preservation of their
nutritional properties.”” Without such protection
polyphenols could be exposed to unfavorable
conditions inside foods: pH, enzymes and other
components. Some polyphenol sources, like
catechins in tea, curcumin and others, were
encapsulated using methods'® like: coacervation
entrapment in liposomes, composite inclusion, co-
crystallization, nano-encapsulation, >'* lyophilisation
and emulsifying.'® The polyphenols of medicinal
plants (raspberry, hawthorn, ivy, milfoil, nettle) were
encapsulated through electrostatic extrusion into
alginate-chitosan microbeads;"” gallic acid was
encapsulated into starch, inulin and acetylated starch
by spray-drying;* the rosmarinic acid was embedded
in membranes of polygalacturonic acid cross-linked
with hyaluronic acid;” quercetin was included in
nano-particles by nano-precipitation technique. *

The ellagic acid represents a dimer derived from
gallic acid, and it is rarely found in free form, but
more often forming complexes with glycoside
residues (glucose, xylose); it is found prevailing in
pomegranate, persimmon, raspberry, strawberry,
peach, nutmeats, and almonds. The ellagitannins are
not adsorbed at human intestine level, but are
hydrolyzed into ellagic acid.

The ellagic acid became attractive as food
ingredient due to its benefic effects against some
diseases. > The cytostatic effects of ellagic acid
were studied on more types of cancerous cells, where
it exhibited anti-proliferative activity, having the
ability to block the cell cycle and to induce apoptosis
in several human cancerous cell lines.”

The ellagic acid was immobilized on peptidic
microtubules,” in liposomes of soybean lecithin,*
on chitosan based nano-particles.”’

The aim of this study is to obtain a chitosan
membrane with polyvinil pyrrolidone (PVP) and
ellagic acid immobilized by entrapment, the
respective membrane being possible to be used to
obtain biomaterial with controlled release of
polyphenols with antioxidant activity.

MATERIALS AND METHODS

1. Materials

Chitosan with medium molecular weight and
acetylating degree of about 75-85% was obtained

from Aldrich. Ellagic acid (HPCE) was provided
from Fluka. Polyvinil pyrrolidone (PVP), average
mol wt. 360,000 provided from Fluka, 2,2-
diphenyl-1-picrylhydrazyl (DPPH) from Aldrich,
phosphate buffer (PBS) from ROTH. All used
chemicals were of analytical purity.

2. Apparatus

Fourier transform infrared spectroscopy (FTIR)
was performed by FTIR-VAR technique with a
beam incidence angle of 45°, on a Bruker
TENSOR 27 instrument (Germany) using the
OPUS software version 6.0. The samples were not
pre-treated, as whole pieces fixed on a gold mirror
and all the spectra were registered against a
background of clean gold foil between 600 and
4000 cm-'. The spectral resolution was 4 cm™, and
the co-added scans 64, with an aperture of 6 nm.

The Thermo Scientific Evolution 260 Bio UV-
Visible type spectrophotometer (USA) was used
for release ellagic acid analysis from membrane (at
270 nm) and for analysis of the antioxidant activity
using DPPH (at 516 nm).

a. Preparing the chitosan
polyvinilpyrrolidone membranes

Chitosan (1.5% w/v) was dissolved in acetic acid
(2% v/v) by continuously mixing till a homogenous
solution was obtained; the polyvinilpyrrolidone
(PVP) (1% v/v) and glycerin (1% v/v) were added
under permanent stirring. Ratio CH/PVP was 1.5: 1.
Finally, the solution was poured in Petri dishes or on
glass by aid of a “doctor blade”. The obtained
membranes were dried in oven, at 60°C, during one
hour and then were treated with sodium hydroxide
(NaOH) (5% wt/v). Further, they were washed
several times with distillated water to remove the
NaOH and dried.

b. Entrapment of ellagic acid
in the chitosan membranes

Ellagic acid was added to the chitosan solution
0.1% (w/v) the chitosan polyvinilpyrrolidone
membranes with entrapped ellagic acid resulted.

Two types of membranes were obtained:
chitosan, polyvinilpyrrolidone — CH —PVP - and
chitosan, polyvinilpyrrolidone and ellagic acid
entrapped — CH-PVP/EA.

¢. Swelling methods

To determine the swelling degree of the
obtained chitosan-polyvinilpyrrolidone membranes
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(without ellagic acid — CH-PVP), certain size (25-
30 mg) fragments were introduced into phosphate
buffer of pH: 3.0, 7.5, 8.0 and 9.0, at room
temperature. At 10 minutes intervals the fragments
were taken out, dried and weighed, being recorded
the dependence between the swelling degree and
time interval (t).

The swelling degree was calculated by
reference of absorbed water to the dried membrane
weight, according to the formula: **

% swelling = [(w, — wy) / wo] x 100

where: wy= dried membrane weight;
w; = membrane weight at # moment (after
immersion in aqueous medium)

d. In vitro release studies

The ellagic acid release from the chitosan-
polyvinilpyrrolidone membranes (CH-PVP/EA)
was determined with a spectrophotometer, reading

EE

_ used total amount of EA — supernatant EA amount

the absorbance at 270 nm, at different time
intervals: 1, 2, 3, 7 days, and at different pH: 3.0,
7.5, 8.0, 9.0. Small fragments of membranes (40-
50 mg) were placed in 50 mL PBS of different pH,
at 37°C, being permanently stirred. At fixed time
intervals the buffer solution with immersed
membrane fragments was analyzed for ellagic acid
determination, at 270 nm, as well as for the
determination of antioxidant activity.

The ellagic acid released from membrane was
calculated based on a calibration curve (EA
concentration range between 5-25 pg/mL).

e. Determination of entrapment efficiency (EE)

The amount of ellagic acid entrapped in
chitosan-polyvinilpyrrolidone  membranes was
calculated considering the initially used EA
amount and the EA amount found in the buffer
solution, according to the formula:

x 100

total EA amount

f. Antioxidant activity: DPPH (2,2'-diphenyl-1-
picrylhydrazyl) radical scavenging assay

The free radical scavenging activity was
measured using 2,2-diphenyl-1-picrylhydrazyl
(DPPH) according to the modified method of
previous studies.”* Briefly, 100 pL of film
extract solution were mixed with 1mL of DPPH
solution (0.25 mM) and 1.9 mL methanol. The
decrease in DPPH radical absorption at 516 nm
was measured in the presence of antioxidants.

The antioxidant activity (radical scavenging
activity) was calculated using the formula:

% inhibition = [(4y— A)/4] 100
where: A4, = blank absorbance; A; = sample

absorbance.

g. Statistical analysis: The tests were carried
out in triplicate and Microsoft Office Excel 2007
software was used for statistical analysis, the
standard deviation (STDV) being <10.

RESULTS AND DISCUSSION

1. FTIR-spectroscopy

Fig. 1 shows the comparative FTIR spectra of
CH-PVP membrane (a) and CH-PVP/EA (b)
membrane.

Fig. 1a shows the FTIR pattern characteristic of
the CH-PVP membrane. The broad band due to the
stretching vibration of -NH, and —OH groups was
observed at 3400-3500 cm ', The bands assigned to
stretching vibration of C=0O and deformation
vibrations of N-H from carboxamide (O=C-NHR)
groups appeared at 1660 cm™' and 1493 cm™
respectively in pure chitosan spectrum and were
preserved after membrane modification. Bands at
2881 cm ', 1424 cm', 1320 cm ' and 1291 cm'
were assigned to CH, vibrations of the carbohydrate
ring. Bands at 2881 em ', 1424 cm™', 1320 cm ' were
assigned to CH, vibrations of carbohydrate ring and
bands at 1291 cm™' were assigned to tertiary amine
C-N stretching from PVP.

Absorption bands at 1152 cm™' (anti-symmetric
stretching of the C—O—C), 1082 cm' and 1031
cm ' (skeletal vibrations involving the C-O
stretching vibrations) are characteristic of chitosan
saccharide structure.”’ The band assigned to C-N
vibration appears in fingerprint region at 896 cm .

The characteristic bands of CH-PVP membrane
(Fig. 1a) appeared in the spectra of CH-PVP/EA
membrane (Fig. 1b).

The FTIR spectrum of membrane with
entrapped EA is similar to that of chitosan
membrane due to the low quantity of EA included
in membrane. Some changes appear in the CH-
PVP/EA spectrum, the absorption band at 1592
cm ' became smaller indicating the EA entrapment
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into CH. It is also observed that the absorption
bands are more prominent in the case of the
membrane with entrapped ellagic acid.

2. Determination of swelling degree

The swelling behavior of chitosan membrane is
of great importance due to its main potential
applications, namely the contact to aqueous media
or physiological fluids and, consequently, it will
absorb the water with consecutive alteration of its
physical properties.**

Fig. 2 shows the swelling degree of chitosan
membrane and its dependence to pH as follows:
the highest swelling degree was obtained in the
case of the membrane immersed at lowest studied
pH (pH=3.0), then at highest pH (pH = 9.0).

3. In vitro release analysis

The ellagic acid amount released from
membrane in function of duration (1, 2, 3, 7 days)
and at different pH: 3.0, 7.5, 8.0 and 9.0 was
calculated. In our experimental conditions the
highest amounts of EA was released from the
membrane M at lowest pH — pH=3.00, then at the
most basic pH (pH=9.0) as it is observed in Fig. 3.

In similar studies in literature, it was also found
a slow EA release from CH membranes, but after 3
weeks of incubation® or a low EA released from
carbon microtubules at acid pH, while it was
significant at neutral pH (pH=6.0 and 7.0).

Generally, the medicines which are chemically
or physically entrapped in polymers are released
by by a combination of processes of diffusion
through pores, as well as by degradation of
polymer matrices.***

It is known the fact that the degradation of
chitosan films is dependent to the chitosan
deacetylation degree (DDA) and to its molecular
weight; the chitosan films with deacetylation
degree higher than 73% have a slower
biodegradation rate.***%>*

4. Determination of entrapment efficiency (EE)

The entrapment efficiency was assessed based
on EA released in the buffer solution; the results
were generally above 50% for the obtained
membranes. Lower EE values were recorded even
in the case of membranes where the ellagic acid
was more rapidly released and in higher amounts —
respectively at pH=3.0 and 9.0, at 24h and 48h

(Fig. 4).
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Fig. 1 — The FTIR pattern characteristic to the CH-PVP membrane (a) and CH-PVP/EA (b) membrane.
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Fig. 3 — Cumulative release of the ellagic acid from the CH-PVP membrane.
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Fig. 5 — DPPH inhibition percentage.

5. Determination of antioxidant activity

The antioxidant activity of the obtained
membranes was assessed by DPPH inhibition
percent, using ascorbic acid and trolox as
standards. The  chitosan-polyvinilpyrrolidone
membrane (CH-PVP) showed a low antioxidant
activity (4.2% DPPH inhibition). The values
obtained for the tested samples were < 20% DPPH
inhibition, the highest results were obtained at
2 days, at pH=3.0 (20% DPPH inhibition) and
pH=9.0 (17% DPPH inhibition). After the
optimum time interval the antioxidant activity
decreased, the values being lower than previous
ones (Fig. 5).

CONCLUSIONS

In this study two types of membranes based on
chitosan / polyvinyl pyrrolidone: simple — CH-
PVP, and with ellagic acid entrapped — CH-
PVP/EA were obtained. The controlled release of
EA from this type of membranes in function of
time and pH was analyzed. It was found that EA
release in the case of this CH-PVP/EA membrane
is pH dependent.

The CH-PVP/EA membrane was analyzed in
terms of cumulative release of EA, the EA
antioxidant activity and entrapment efficiency of EA.

The obtained membrane characterized by
Fourier transform infrared spectroscopy (FTIR)
had the absorption bands more prominent against

those of CH-PVP membrane without entrapped
ellagic acid.

It was concluded that the highest EA amount
was released from M membrane at lowest pH —
pH=3.0, then at most basic pH — pH=9.0.

The antioxidant capacity of EA released from
membrane, assessed by DPPH inhibition percent,
was the best at pH=3.00 - 20% DPPH inhibition, at
48h. The results regarding the efficiency of EA
entrapment into CH-PVP/EA membrane were
generally above 50%.

The obtained membrane could be used to
controlled release of some polyphenols with
antioxidant activity in pharmaceutical or alimentary
scopes.
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