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Abstract

Hyaluronic acid is polymer widely used in the cosmetology and medicine. In the usage of
HA the size of molecules has a very important significance. The use of hyaluronic acid is due, in
particular, to its hydrophilic properties, which is why the size of the hyaluronic acid molecule
is of great importance. Currently available methods for determining the length of hyaluronic
acid molecules require significant reagent and time consumption. This work demonstrates
the possibility of determining the lengths of hyaluronic acid electromorphes using agarose gel
electrophoresis.
Keywords: hyaluronic acid, molecular size, electrophoresis, electromorphes, molecular

markers

Introduction

Hyaluronic acid (HA) is a mucopolysac-
charide consisting of glucuronic acid and
N-acetylglucosamine residues linked by
3-1,3’ bonds (Wende, 2016). HA is a non-sul-
phated glycosaminoglycan that is part of
connective, epithelial and nervous tissues
and is one of the main components of the
intercellular matrix of vertebrate connective
tissue; it contributes significantly to cell pro-
liferation and migration, and may also play
a role in tumor formation. HA is used in the
treatment of joints, conjunctivitis, infertility,
cosmetic procedures, etc. (Collinsa & Birkin-

shaw, 2013; Lia & Hec, 2014; Kogan, 2007;
Kong, 2013; Ming & Vivek, 2014).

When using HA, the size of the molecule is
important (Lee & Banquy, 2014; Parka et. al.,
2014; Kazuaki et. al., 2003). For example, in
the preparation of ophthalmic preparations,
larger HA fractions are preferred (Xu et. al.,
2007; Hardingham & Muir, 1972; Owen &
Fisher, 2013). The size of HA is determined
either by paper chromatography or by filtra-
tion through micropores with molecular size
markers (Oueslatia et. al., 2015; Lan et. al.,
2013; Unliiera & Ersoz, 2013; Zhoua et. al.,
2006). These techniques are time-consum-
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ing and costly, so the issue of determining the
size of hyaluronic acid by a low-cost, fast, and
high-quality method is relevant (Lee & Ban-
quy, 2014; Ming, 2013; Price et. al., 1997; Vol-
pi, 2000). One such method is electrophoretic
separation in a polyacrylamide gel (PAGE),
which is commonly used for proteins and nu-
cleic acids. Electrophoretic mobility depends
on the size of the molecule, thus, after electro-
phoretic separation, it is possible to determine
the size of molecules relative to molecules of
known size (Duan, 2008; Volpi, 2000).

The aim of the study was to determine
the possibility of electrophoretic separation
of HA in PAAG, visualization and determi-
nation of electrophoretic mobility relative to
the molecular weight marker.

Methods

There have been used HA solutions in dis-
tilled water and HA-containing preparations,
namely Oxyal (contains 15 % HA), Synocrom
(contains 1 % water-soluble sodium hyaluro-
nate), Suplasyin (contains 1 % sodium hy-
aluronate), ‘Hyalgan (contains 2 % sodium
hyaluronate), Syngial (contains 1 % HA) in
concentrations of 100 % (for HA-containing
preparations only), 10 %, 1 %, 0.1 %, 0.01 %,
0.001 %, 0.0001 %.

Solutions of appropriate concentrations
were obtained by multistep dilutions in dis-
tilled water.

The separation of HA solutions and
HA-containing preparations was carried out in
a 10% polyacrylamide gel in 1x Tris-buffer at
a constant voltage of 500 V and a temperature
of 60 °C for 2-4 hours, depending on the size
of the amplification fragments, in a vertical
gel electrophoresis apparatus (Helicon). HA
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solutions, molecular weight marker LADDER
50 (to determine the electrophoretic mobility
of HA solutions) and an aqueous solution of
electrophoretic-neutral dye as a negative con-
trol were applied to the gel. Before applying
the substances to the gel, prephoresis was per-
formed for 30 min at a constant voltage of 300
V and a temperature of 60 °C. Visualization
of the HA solutions separated in the PAGE
was performed with silver nitrate (specific
for organic compounds). The PAGE plate was
washed with deionised water for 1 min and
DNA was fixed with 10.0% ethanol for 10 min.
The plate was transferred to 1.0 % nitric acid
for 6 min and washed 3 times with deionised
water with continuous shaking. The prepa-
rations do not contain organic compounds,
except for HA, which makes it impossible to
obtain false-positive results during staining.

The plate was placed in 0.012 M AgNO,
for 30 min in the dark. After that the plate
was washed twice with deionised water with
vigorous shaking. The plate was incubated in
areducing solution (0.28 M Na,CO,, 0.019 %
formalin), with the solutions being replaced
after each darkening, until the amplification
fragments were visually stained. The plate
was fixed in 10.0% acetic acid for 5 min. The
gel was washed for 2 min with deionised wa-
ter and stored between two sheets of trans-
parent plastic film.

The electrophoretic mobility of HA was
determined by the molecular weight marker
LADDER 50 using the TotalLab software.

Results
The results of the study are presented in
Table 1.

Table 1. Electrophoretic mobility of HA solutions, equivalent/bp

Solution Solution concentration, %
100 10 0.1 0.01 0.001 0.0001
Electrophoretic mobility
HA 1752, 1752, 1752, 1752, 1752, 1752, 1752,
1850 1850 1850 1850 1850 1850 1850
Oxyal 1745, 1745, 1745, 1745, 1745, 1745, 1745,
1841 1841 1841 1841 1841 1841 1841
Synocrom 1650 1650 1650 1650 1650 1650 1650
Suplasyn 1456, 1456, 1456, 1456, 1456, 1456, 1456,
1643 1643 1643 1643 1643 1643 1643

19 DETERMINATION OF ELECTROMORPHES OF HYALURONIC ACID



European Science Review 2024,

Section 3. Medicine

No 11-12.
Solution Solution concentration, %
Hyalgan 1656, 1656, 1656, 1656, 1656, 1656, 1656,
1703 1703 1703 1703 1703 1703 1703
Syngial 1767 1767 1767 1767 1767 1767 1767
Discussion tions Oxyal, Suplasyn, and Hyalgan contain

The results of the study demonstrated
the possibility of electrophoretic separation
of HA in PAGE with subsequent visualiza-
tion. The fractions of different lengths in HA
solutions and HA-containing preparations
were determined, their size relative to each
other and the molecular weight marker was
determined. It was shown that the prepara-

HA fractions of different sizes. The absence
of concentration effect on the electrophoretic
mobility of HA was found.

The use of electrophoretic distribution
allows us to determine the electrophoretic
mobility of HA and to compare the length of
different HA fractions relative to each other
and the molecular weight marker.
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