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Abstract

Spherical calcium-pectic gel particles (CaPGPs) were obtained from pectins of callus cultures of campion Silene vulgaris
(silenan) and duckweed Lemna minor (lemnan), as well as from commercial apple and citrus pectins by the method of ionotropic
gelation. We studied the morphological characteristics of the obtained gel particles and found that the largest gel particles were
formed from citrus pectin, and the densest gel particles were formed from lemnan pectin. The swelling and degradation of CaPGPs
were comparatively evaluated by incubation in a simulated gastrointestinal environment. The swelling and degradation of CaPGPs
formed from pectins of the silenan and lemnan callus cultures were studied at different concentrations of pectinase (0.4, 0.8 and
1.7 mg/ml) in the simulated fluid of the colon. It has been established that the CaPGPs obtained from lemnan are more resistant
to degradation in the simulated colon fluid than CaPGP obtained from silenan. It was shown that the concentration of pectinase in
the simulated fluid of the colon and the type of pectin affect the degradability of CaPGPs formed on the basis of pectins of callus
cultures.(International Journal of Biomedicine. 2018;8(1):60-64.)
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The complex nature of the pectic macromolecule leads to
the existence of a variety of structures of pectins with specific
properties. Their carbohydrate chains have an irregular block

Introduction

Enzymes secreted by the body, as well as the enzymes of

symbiont microflora, participate in the process of digestion.(!
The major components of dietary fibers are cellulose, non-
cellulose polysaccharides, such as hemicelluloses and pectic
substances, and lignin, the non-carbohydrate component.®
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structure and contain various macromolecular fragments that
determine the differences in physico-chemical properties and
physiological activity of pectin. Pectins are widely used in the
pharmaceutical and food industries due to their nontoxicity
and biodegradability, and to their high physiological activity
(immunomodulating, antiulcer, antitoxic, antitumor) and gel-
forming ability.*

Pectins with the main carbohydrate chain formed by
1,4-linked a-D-galactopyranosyluronic acid residues are
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divided into two types: high methyl-esterified (the degree of
esterification greater than 50%) and low methyl-esterified (the
degree of esterification less than 50%).® Low methyl-esterified
pectins (LMEPs) form gels in the presence of calcium ions
due to the cross-linking of pectin molecules by calcium ions.
The study of pectin gels is of particular interest in connection
with the problem of creating new functional materials.”

In human nutrition, pectin is one of the most important
sources of dietary fiber. Like other types of dietary fiber, pectin
is practically invulnerable to depolymerization by endogenous
enzymes of gastrointestinal tract (GIT) when passing through
the stomach and small intestine. The physicochemical
conditions of the stomach and small intestine can lead just to
partial degradation of pectin. In the colon of healthy people and
animals, pectin undergoes more or less complete fermentation
by pectinolytic enzymes produced by symbiotic microflora.® In
this case, LMEPs are more preferable substrates for the pectin-
depolymerizing enzymes of human and animal microflora.”

Currently, the use of pectins in the form of spherical
particles for controlled drug delivery systems (DDS) in the
body is being actively studied. CaPGPs delay the release
of drugs in the upper GIT and release the drugs after the
degradation of the particles by pectinolytic enzymes in the
colon. )

However, the scientific literature lacks information on
the relationship between the degradability of pectins from
different plant sources and the concentration and activity of
pectinases in the colon of humans.

The aim of this work was to study the swelling and
degradation of CaPGPs in an artificial gastrointestinal medium
at different concentrations of pectinase in the artificial medium
of the colon.

Materials and Methods

Objects of study and reagents

In this work, we used LMEPs (10-12%) from callus
cultures of campion Silene vulgaris (M.) G. (SVC) and duckweed
Lemna minor L. (LMC) with molecular masses of >300kDa,”
isolated and chemically characterized in the Department of
Molecular Immunology and Biotechnology, LMEPs of apple
AU-701 (AP, Herbstreith & Fox KG, Germany) and citrus (CP,
MP Biomedicals, Inc., Germany), pectinase from Aspergillus
niger (P, Sigma, 1.18 U/mg of enzyme sample, USA), and
calcium chloride (CaCl,, Sigma, USA).

Formation of dry calcium-pectic gel particles and study of
morphological properties

CaPGPs were obtained from pectins of callus cultures
(SVC, LMC) and from commercial pectins (AP, CP) in the
presence of calcium ions by the method of ionotropic gelling,
which was described earlier.1% 'Y The pectins (30 or 50 mg)
were dissolved in distilled water (1 ml) by slow stirring
with a magnetic stirrer MM-5 (Russia) by 2-5 hours at room
temperature until complete dissolution.

Gel particles of spherical shape were prepared by drop-
by-drop injection of the pectin solution (3% or 5%) from a
syringe through a needle with a hole diameter of 0.63 mm on

the distance of 4-5 cm in the slowly stirred solution of calcium
chloride (0.34 M) and further stirring for 20 minutes at room
temperature. The resulting gel particles were then washed
three times in distilled water with stirring for 5 minutes and
dried for 10-14 h at 37°C.

Further, the diameter, surface area, volume and density
of the calcium-pectic gel particles were determined using an
optical microscope (Altami, Russia) with a camera and an
image analysis program (ImageJ 1.46r program, National
Institutes of Health, USA). For calibration, a linear scale was
used, one pixel corresponded to 0.024 mm.

Study of swelling and degradation of calcium-pectic gel
particles in simulated gastrointestinal media

The swelling and degradation of CaPGPs were
studied the under conditions simulating the gastrointestinal
environment. (Fig.1) For these purposes, the simulated gastric
fluid (SGF solution, pH 1.25), simulated intestinal fluid (SIF
solution, pH 7.0) and simulated colonic fluid (SCF solution,
pH 7.0). The SGF medium was prepared with NaCl (2.0 g/l),
KCI (1.12 g/1), KH,PO, (0.4 g/1) and CaCl,(0.11 g/1).

stomach
(SGF)

\

small intestine
(SIF)

‘Iarge intestine
(SCF)

Fig. 1. Modeling of gastrointestinal tract parts of human by
the artificial model environments.

The pH of the solution was adjusted to 1.25 by addition
of 0.IN HCI solution. The SIF medium was prepared by
addition of 1IN NaHCO, solution to the SGF solution to the
pH value of 7.0. The SCF medium was prepared by addition
of pectinase (Sigma, 1.18 U/mg, USA) to the SIF solution
(Sigma, USA).!® Three variants of the SCF medium with
different concentrations of pectinase were used: 0.4 mg/ml
(0.5 U/ml), 0.8 mg/ml (1.0 U/ml) and 1.7 mg/ml (2.0 U/ml).

10 mg of gel particles of each pectin sample were placed
in Petri dishes (diameter 3.5 cm) and subsequently incubated
in 3 ml of the SGF (2 h), SIF (4 h) and SCF (18 h) solutions
with shaking on a shaker (Titramax 1000, Heidolph, Germany)
at 100 rpm and 37°C. The diameter, surface area, volume
and density of 100 randomly selected gel particles of each
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pectin type were measured as described above after certain
time intervals. The experiments were performed in triplicate.
The degree of gel swelling (SD, %) was determined by the
formula"®: SD = (D-D,)/D,*x100%, where D, — diameter of the
particles (mm) after a certain incubation time in the medium,
D, — initial diameter of the particles (mm).

The statistical analysis was performed using the
statistical software BioStat (version 4.03) and Microsoft
Office Excel 2007. The mean (M) and standard deviation (SD)
were calculated. Multiple comparisons were performed with
one-way ANOVA and Tukey’s HSD test. A probability value
of P<0.05 was considered statistically significant.

Results and Discussion

The gel-forming properties of pectins depend on
the degree of methyl esterification of carboxyl groups of
galacturonic acid residues, on the structure of pectin side chains,
pectin concentration, pH, calcium ion concentration, ionic
strength of solution, and temperature.'*!> Spherical CaPGPs
are formed as a result of the gelation, in which intermolecular
cross-links arise between divalent calcium ions and negatively
charged carboxyl groups of pectin macromolecules.%!”

The 3% aqueous solutions of silenan, lemnan and apple
pectins, and 5% aqueous solutions of CP in the presence of
calcium ions yield the spherical CaPGPs, which were subjected
to determine their morphological characteristics (diameter,
surface area, volume, density). The 3% aqueous solution of
CP did not form spherical CaPGPs; it yielded only plate-like
particles, which were excluded from further experiments.

The diameters of the dry CaPGPs obtained from the
lemnan, silenan, apple and citrus pectins were 0.91£0.03 mm,
1.074£0.07 mm, 1.21£0.05mm and 1.73+0.20 mm, respectively
(Table 1).

Thus, the larger particles were formed from CP. However,
the densest gel particles were formed from LP (0.93+£0.08 mg/
mm?); the density of the gel particles from silenan and apple
pectins was lower (0.64+0.08 mg/mm?®and 0.51+0.05 mg/mm?,
respectively). The gel particles formed by CP were characterized
by the lowest density (0.14+0.05 mg/mm?). Morphological
characteristics of CaPGPs obtained from pectins of callus
cultures of silenan and lemnan and from commercial apple and
citrus pectins have also been studied by other authors.”'®

Table 1.

In the study by E.Giinter,”” CaPGPs had dimensions and
density comparable to our particles. The diameter of the dry gel
particles was 1.134+0.08 mm (silenan), 1.1440.08 mm (lemnan)
and 1.35+0.08 mm (apple pectin), with the density of the gel
particles of 0.62+0.13 mg/mm?® (silenan), 0.63+0.14 mg/mm*
(lemnan), 0.45+0.09 mg/mm? (apple pectin).

Thus, stable spherical CaPGPs can be formed from
pectin polysaccharides according to the described ionotropic
gelling method. Based on the data from various authors, these
particles have similar morphological characteristics (sizes and
density).71619

The influence of pectinase concentration (activity) in the
simulated colonic fluid (SCF) on the degradability of CaPGPs
was studied during their sequential incubation under the
simulated GIT conditions: the simulated gastric fluid (SGF),
the simulated intestinal fluid (SIF), and the simulated colonic
fluid (SCF) with different concentrations of pectinase.

Three concentrations of pectinase (Sigma, USA) were
used in the SCF medium: 0.4mg/ml (0.5U/ml), 0.8mg/ml
(1.0U/ml) and 1.7mg/ml (2.0U/ml). The concentration of
pectinase of 1.7mg/ml (2.0U/ml), also was used in the SCF
medium by other researchers.”'® The enzyme activity of 2.0U/
ml at the concentration of pectinase of 1.7mg/ml was obviously
higher than the activity of pectinase, which we determined in
the large intestine of mice (unpublished data), and higher than
the activity of pectinase produced by fecal human bacteria.
(19200 At pectinase concentrations of 0.8mg/ml and 0.4mg/ml,
the activity of the enzyme was lower than the previous one
by 2 and 4 times, respectively. At the concentration of 0.4mg/
ml, the activity of the enzyme of 0.5U/ml was comparable to
the activity of the enzyme of 0.3U/ml that we revealed in the
colon of mice (unpublished data).

Nutrition components undergo complete degradation and
are metabolized in different parts of GIT. We have established
that CaPGPs formed from commercial pectins of apples and
citrus fruits are completely degraded in the artificial medium
of the small intestine (Fig.2).

The incubation of the gel particles from 3% apple pectin
AU-701 and 5% CP in the simulated fluid of GIT led to their
complete degradation in the simulated fluid of the small
intestine SIF after 3 hours of incubation in it. Other authors have
also showed that CaPGPs formed from apple or citrus pectins
are degraded and dissolved in SIF medium."'®

Morphological characteristics of dry calcium-pectic gel particles

Gel Diameter, Area Volume, Density,
particles mm surface, mm? mm® mg/mm?
Ca-CP (1) 1.73+0.20 9.46+1.65 2.82+0.88 0.14+0.05
Ca-AP (2) 1.21£0.05 4.34+0.28 0.96+0.10 0.51+0.05
Ca-SVC (3) 1.07+0.07 3.67+0.47 0.64+0.11 0.64+0.12
Ca-LMC (4) 0.91+0.03 2.67+0.17 0.42+0.04 0.93+0.08
F=1044.5825 P=0.0000 | F=1202.7884 P=0.0000 | F=602.0298 P=-0.0000 | F=1664.5995 P=0.0000
Statistics 1270 0000 P, ,=0.0000 Pl ,=0.0000 P =0.0000 1270 0000 P, .=0.0000 1270 0000 P, =0.0000
B P,,=0.0000 P —0 0000 B P =0.0000 P —0 0000 | P,,=0.0000 P —O 0000 P, ,=0.0000 P —0 0000
,..—0.0000 P 70 0000 | P,,=0.0000 P 70 0000 | P,,=0.0000 P 70 0030 | P, =0.0000 P 70 0000
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Fig. 2. Swelling and degradation of CaPGPs of apple and
citrus pectins under the conditions of simulated fluid of GIT.

Morphological changes and swelling and degradation of
CaPGPs obtained from pectins of callus cultures of silenan
and lemnan, were studied in the SCF medium containing
different concentrations of pectinase. The silenan particles
were degraded within 2 hours of incubation at the pectinase
concentration of 1.7mg/ml, within 2-4 hours of incubation
at the concentration of 0.8mg/ml, and within 4-6 hours of
incubation in SCF at the concentration of 0.4 mg/ml (Fig.3).
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Fig. 3. Swelling and degradation of CaPGPs of silenan
under the conditions of simulated fluid of GIT.

The lemnan gel particles are more resistant to degradation
in the SCF medium than the particles from silenan, which was
degraded during a longer incubation period in this medium
(Fig.4).

The lemnan gel particles were degraded in the SCF
medium at the pectinase concentrations of 1.7mg/ml, 0.8mg/ml
or 0.4mg/ml after 16, 18 and 20 hours, respectively. Therefore,
reducing pectinase concentration in the SCF medium by 2 or
4 times reduces the degradability of CaPGPs obtained from
SP, and the period of complete degradation and dissolution
of the gel particles increases by 2 or 4 hours, respectively. It
should be noted that in the absence of pectinase in the SCF
medium, the gel particles obtained from silenan were resistant
to degradation during the 18 hours of the incubation period.
It is considered that the lower degradability of CaPGPs based

on pectins of callus cultures in conditions of an artificial
gastrointestinal environment, compared to gel particles from
commercial pectins, can be explained by their higher gel
density and lower degree of methoxylation.(?

Earlier, we and other authors noted that the differences
in stability of gel particles formed from different pectins
may be due to differences in molecular sizes and in the fine
structure of pectic macromolecules.*>19
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Fig. 4. Swelling and degradation of CaPGPs of lemnan
under the conditions of simulated fluid of GIT.

Thus, the degradability of CaPGPs in the conditions of
a gastrointestinal fluid depends on the plant source of pectin,
on the density of gel particles and on the concentration of
pectinase in the simulated fluid of the colon.
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