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Abstract
Changes in lipid composition and the state of the membranes of somatic nerves of rats were studied in case of
damage under the action of potassium hyaluronate. The study has shown that the introduction of the drug contributes to
a less manifested accumulation of lysophospholipids and free fatty acids, and to decreased activity of A2 phospholipase.
Using the method of Raman scattering spectroscopy, it was found that potassium hyaluronate increases the orderliness
of fatty acids that is an indicator of membrane viscosity.
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Introduction
Currently, a lot of attention is paid to the problem of recovering
functions of damaged peripheral nerves. Despite numerous studies
of neurodegenerative processes occurring in somatic nerves in case
of damage, the mechanisms of their development remain poorly
understood [1]. In recent decades, various biologically active
substances, which promote the regeneration of damaged nerve tissue,
have been actively searched for. One of the most promising substances
used in reconstructive surgery and tissue engineering is hyaluronic acid
[2-4]. It is reported that the high molecular weight form of hyaluronic
acid ensured proliferation and self-renewal of neuronal stem cells [5].
It is possible that by accelerating regenerative processes, the hyaluronic
acid helps to restore properties of cell membranes, with lipids being one
of the main components [6].
Numerous experimental data about the role of lipids in passing
agitation through nerve fiber [7-9] have been accumulated. It has been
established that nerve degeneration caused by cutting off is accompanied
by changes in the lipid composition of the nerve fibers [8,9]. In recent
years, more and more data have appeared about regulatory effects of
lysophospholipids (LPL) which work as mediators that cause a variety of
cellular responses. A special place is occupied by lysophosphatidic acid,
lysophosphatidylcholine (LPC), and a number of lysosphingolipids
[10-12]. They are involved in regulating activity of the majority of
enzymes associated with membranes, development of physiological
reactions and pathological processes [10,13,14]. In this regard, the
aim of our work was the study of the influence of hyaluronic acid on
the changes in lipid composition and the state of cell membranes in
degenerative processes in rats’ somatic nerves.

Methods
The study was focused on the sciatic nerves of white outbred
rats weighing 200-250 g, and on the lipids extracted from them. To
create a model of pathology, the sciatic nerve was cut at the level of
rat’s midthigh. In animals of the same group anesthetized with diethyl
ether, the sciatic nerve was exposed, suture was applied to it, and the
nerve was cut. In animals of the second group, solution of potassium
hyaluronate (PH) (hyaluronic acid potassium salt from human
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umbilical cord, Sigma) was applied to the proximal and distal ends of
the severed nerve at concentrations of 2 mg/kg, 17 mg/kg, and 30 mg/kg.
At the end of preparation, the wound was sewed up. The proximal and
distal ends of the nerve were removed after 12 h, 1 day, 3 days, 7 days,
and 30 days, and were placed in Ringer’s solution. Intact animals
were used for reference. Lipids were removed from the nervous tissue
according to the method of Blaye-Dyer [15]. Phospholipids were
separated using the method of one-dimensional chromatography on
silica gel in the chloroform/methanol/ammonia/water (65:30:4:2) [16]
system of solvents. Phospholipids were separated and quantitatively
determined using densitometric method in the CAMAG TLC
Scanner 4 automated complex (Switzerland). For separating free fatty
acids (FFA), the heptane/diethyl ether/glacial acetic acid (60:40:1
by volume) system was used [17]. Fatty acids (FA) were methylated
with a solution of boron trifluoride in methanol [18]. The activity
of phospholipase A₂ (PL A₂) was determined by accumulation of
FFA, composition of which was analyzed using a Shimadzu GS 2010
(Japan) gas chromatograph [9]. Separate fractions of phospholipids
were identified using Rf values, specific coloring agents and markers
(Supelco). Change in the status of the membranes was detected by
a Renishaw Raman spectrometer (UK). Statistical processing was
performed using Student’s t-criterion.

Results and Discussion
It is known that in case of nerve damage, its central and peripheral
segments undergo various changes [19]. It is therefore of interest to
study the depth of development of degenerative processes and the
influence of PH on the regeneration processes in each of the segments
of damaged nerve fibers. It was shown that LPL formed during
activation of phospholipase A₂ are involved in the development of
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many pathological processes [20]. On this basis, we first investigated
the change in the content of LPL in the proximal end of the sciatic nerve
after cutting. The research showed that in the intact sciatic nerves of
rats, the average LPL content was 0.03 µg PLPL/µg PPL. However, in as
little as 12 h after the injury, an increase is observed in the content of
LPC and lysophosphatidylethanolamine (LPEA) in the proximal end of
the nerve, which is 1.3 times higher as compared to the reference. The
increase in the duration of the damaging interference is accompanied
by increasing level of phospholipids lysophorms with the maximum
accumulation on the third day of the experiment. With that, 7 days after
the injury, a tendency is observed to decreasing LPC and LPEA content,
nevertheless their level exceeds the one in the reference group by 33.3%
and 12.5%, respectively. With increasing the post-surgical period up to
30 days, a further decrease in the level of LPL is observed, but their
content within this period is still 1.9 times higher than the reference
values in the average (Figures 1 and 2).
Apparently, accumulation of LPL after damaging the nerve is
due to the increased activity of PL A₂, which catalyzes hydrolysis
of phospholipids mainly in sn-2 position that is characteristic of

Figure 1: The effect of PH on changing the content of LPC in the proximal
end of a nerve after cutting: D1PH 2 mg/kg 2 damage 1 PH in concentration
2 mg/kg, µg PLPC/µg PPC 2 µg of inorganic phosphorus LPC/µg of inorganic
phosphorus PC (phosphatidylcholine).

Figure 2: The effect of PH on changing the content of LPEA in the
proximal end of the nerve after cutting.
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Figure 3: The effect of PH on FFA content in the proximal end
of rat’s sciatic nerve.

polyunsaturated FA [9]. To confirm our assumptions, we performed
a series of experiments for determining the phospholipase activity
in the damaged nerve conductor. In a series of experiments with the
damage, the maximum enzyme activity was found on the seventh
day of the experiment and reached 221 µg of FA/mg of protein*hour.
Thirty days after the injury, the activity of PL A₂ decreased 12 times,
but still exceeded the reference value by 110%. Activation of FL A₂
can be judged by the content change of FFA, which is one of the lipid
metabolites resulting from hydrolysis of PL A₂. According to the results
of the research, 12 h after the trauma, an increase in the proportion
of FFA was observed due to a 2.1 times increase in the content of
long-chain fatty acids, as compared to the reference group. However,
the maximum accumulation of FFA occurred on the third day of the
experiment. Increasing the duration of damaging effect to 30 days was
accompanied by a decrease in FFA level. However, FFA content still
considerably differs from the reference values, exceeding its 2 times on
average (Figure 3).
Thus, the increase in FFA content by the third day of the experiment
followed by its reduction by the 30th day correlated with the similar
change in the amount of LPC, LPEA in the nerve after cutting. This
indicates the direct relationship between the changes in the content of
LPL and FFA.
As already mentioned, hyaluronic acid is an efficient biologically
active compound that affects regeneration processes [5] and nerve
conduction [21]. It has been established that PH in low concentrations
has virtually no effect on changing the content of LPL in the proximal
part of the nerve conductor. Veracious reduction in their level is
observed in case of using the drug at a concentration of 30 mg/kg.
Moreover, the most pronounced effect of PH is observed long time
after the nerve damage. So, on the first, third, and seventh day of
the experiment the content of LPC, LPEA in a series of experiments
with PH is reduced as compared to cutting by 24.4 on average: 21.3%
and 42.6%, respectively. It should be noted that with increasing
postoperative period up to 30 days, the content of LPL in the variant
with PH is reduced 1.6 times on average, as compared to the damage,
and does not significantly differ from the reference (Figures 1 and 2).
In a series of experiments with introducing PH, the phospholipase
activity also increased, but to a lesser degree, as compared to the injured
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nerve without the influence of the drug. The minimum level of enzyme
activity is observed in animals that received injections of PH at the rate
of 30 mg/kg, the phospholipase activity is reduced 2.4 times. The level
of FFA in a series of experiments with the use of the preparation also
changes substantially. The most pronounced effect of the preparation is
manifested in case of its maximum concentration after longer periods
after cutting. So, by the 30th day of the observation, the amount of FFA
is reduced by 37.5%, as compared to the damage, and is slightly higher
than the reference value (Figure 3).
From the obtained data, it can be assumed that LPC accumulation
after cutting the nerve is associated with the increased activity of
phospholipase A₂. This is evidenced by data about PL A₂ participation
in the process of early degradation of myelin in course of Wallerian
degeneration of nerves in rats and mice [22,23] and in sciatic nerves
of frogs [24]. Detergent action in relation to the membranes is
possessed not only by LPL but also by FFA, which are potent effectors
of physiological and biochemical processes [25]. Therefore, an increase
in FFA concentration during the initial period after cutting of the nerve
indicates development of degenerative processes in the proximal end of
the nerve conductor. However, with increasing the post-surgery period,
a tendency is observed to decreasing LPL and FFA. This is consistent
with the literature data, indicating that the degeneration ends on fifth
and seventh day after the nerve injury [8], and reparative regeneration
of the myelin sheaths of nerve fibers actively runs until the 30th day
after nerve compression and lasts up to 50 days of the experiment [19].
It is known that hyaluronic acid reduces hydrolysis of phospholipids,
reducing activity of secretory PL A₂ in case of a sharp tissue damage
[26]. In addition, it plays an important role for protecting phospholipids
in the synovial fluid from lysis by PL A₂ [27]. Considering the literature
data and results of our own research, one can make the assumption that
the manifestation of lipoic properties of PH is implemented through
regulation of the activity of the membrane-bound phospholipase A₂.
It is known that in the distal part of the nerve conductor, due to
disappearance of central regulation, an amplification of degenerative
processes occurs, including oxidation in the absence of regulatory
mechanisms [9]. On this basis, we performed comparative analysis of
changes of the lipid composition in the proximal and distal ends of
the nerve after the damage and introduction of PH. The study showed
that more pronounced degenerative processes throughout its duration
occur in the distal end of the nerve. With that, the minimum level
of LPL, same as in the proximal end, was observed in animals that
received injections of PH in its maximum concentration. However,
on the third and seventh day of the observation, PH had a stronger
positive effect in the distal end of the nerve, as compared to its
proximal segment, and caused average reduction in LPL amount 2
times as compared to the damage. By the 30th day of the experiment,
the content of LPL virtually did not differ from the reference values.
In the fraction of FFA, the similar dynamics was observed: after 3 days,
the amount of FFA reduced 2.4 times, and with increasing duration of
the experiment up to 30 days, the level of FFA decreased 3.6 times in a
series of experiments with the use of the preparation in the maximum
concentration. Comparing the extent of changes in the studied sections
of the nerve, one should note that in the distal end of the nerve they are
more pronounced, and it is in this variant of the experiment that PH
has its stabilizing effect on recovery of LPC and FFA level to the greatest
extent. Probably, connection the central nervous system remains
in the proximal section, and due to the existence of compensatory
mechanisms, degenerative processes flow less intensively in the lipid
phase of somatic nerves.
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It is known that the composition and the state of lipids largely
influence the functional state of excitable formations [28]. Therefore,
in the next phase of the study using the Raman scattering spectroscopy
method, we evaluated the orderliness of fatty acids, which indicates
viscosity of the membrane [9]. It was found that the ratio of intensities
of peaks I1445/I1300 reflects the orderliness of fatty acid chains that form
the hydrophobic layer of the membrane [29,30]. With reduction of
this indicator, the orderliness decreases, which is accompanied by
a decrease in the membrane viscosity. During the experiment, it was
shown that the ratio of intensities of peaks I1445/I1300 reduces till the
seventh day of observation by 77% as compared to the reference group.
However, increasing the time of the damaging effect up to 30 days leads
to an increase in the orderliness of FFA residues in the membrane 1.7
times, which indicates an increase in the membrane micro-viscosity
in the sciatic nerve. In a series of experiments by introducing PH
in low concentrations, the I1445/I1300 ratio virtually does not change.
Its veracious increase is observed in case of using the preparation at
a concentration of 30 mg/kg. And on the third and seventh day of
observation, the value of the index increases, as compared to the day
of the damage, by 50% and 46%, respectively. By the 30th day of the
experiment, the ratio of peaks I1445/I1300 virtually does not differ from
the reference. The orderliness of fatty-acid chains in the hydrophobic
layer of the membrane can also be judged by the indicator of intensities
of the I1650/I1445 bands, which characterizes the saturated to unsaturated
fatty acid ratio. The increase in the ratio of I1650/I1445 peaks reflects the
increased content of unsaturated fatty acids [29,30]. The experiment
showed that the degree of fatty acids desaturation increased till the
seventh day of the experiment by 241% as compared to the reference,
and after 30 days, the value of this indicator reduces, but still exceeds
the reference value 1.7 times on average. In a series of experiments with
PH, this figure is reduced already on the first day of observation, and
with increasing the experiment duration up to 30 days, its value is close
to the reference. Thus, the viscosity of myelinic nerve fiber correlates
with the change in the degree of fatty acids desaturation. Accumulation
of LPL in case of nerve damage is straining orientation of the fatty
acid chains of phospholipids, which is accompanied by loosening and
disruption of the membranes structure, which in its turn contributes to
a reduction in the micro-viscosity of the myelinic nerve fiber [9].

Conclusion
As we can see from the results obtained, the introduction of PH
enhances regenerative processes in the injured nerve: activity of
phospholipase A₂ decreases, orderliness of the membrane increases,
and the ratio of saturated/desaturated fatty acids changes toward
desaturated fatty acids. Considering the results of our own research,
and the data from literature, it can be assumed that hyaluronic acid
accelerates regeneration systems in nerves. It is quite possible that one
of the mechanisms of this process is implemented via phospholipase A₂,
activation of which is the key factor in degenerative and regenerative
processes [22,24,27].
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